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Preface 
 
The Third International Conference on Computational Creativity 2012 represents a growth 

and maturity of a conference series that builds on a series of workshops held over ten years 
and the first two international conferences: the first held in Portugal in 2010 and the second 
held in Mexico in 2011. The purpose of this conference series is to make a scientific 
contribution to the field of computational creativity through discussion and publication on 
progress in fully autonomous creative systems, modeling human and computational creativity, 
computational support for human creativity, simulating creativity, and human/machine 
interaction in creative endeavors. Contributions come from many relevant disciplines, 
including computer science, artificial intelligence, engineering design, cognitive science, 
psychology, and art. 

This year the conference received 59 paper submissions and 11 demonstration submissions. 
The peer review process for paper submissions has two steps: All paper submissions were 
reviewed by three members of the Program Committee and these reviews were further 
reviewed and compared by the Senior Program Committee. All demonstration submissions 
were reviewed by the Senior Program Committee. The committees accepted 34 papers from 
authors representing 18 countries: Australia, Austria, Canada, Finland, Germany, India, 
Indonesia, Ireland, Israel, Italy, Japan, Mexico, Poland, Singapore, Slovenia, Spain, UK, and 
USA. 

In order to provide a snapshot of current progress in computational creativity and a glimpse 
of next steps, the conference invites and encourages two kinds of paper submissions: regular 
papers addressing foundational issues, describing original research on creative systems 
development and modeling, and position papers describing work-in-progress or research 
directions for computational creativity. The conference includes a balance of the two: 18 
regular papers and 16 position papers. As in previous years, the conference also includes 
demonstrations in which conference attendees can play with specific implementations of 
computational creativity. The conference is organized into sessions that reflect the topics of 
interest this year: analogy and conceptual blending, creativity and search, generative systems, 
evaluating computational creativity, cognition and creativity, and language and creativity.  

The collection of papers in this conference proceedings shows a maturity in the field 
through new examples of computational creativity and theoretical advances in understanding 
generative systems and evaluation of computational creativity. The conference series 
demonstrates success as we see publications that build on the advances of previous years 
through references to papers published in this conference series. We look forward to this 
publication providing the foundation for future developments in computational creativity. 
 
 
Mary Lou, Kris, Alison, Rafael, Dan and Geraint 
 
May 2012  
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From Conceptual “Mash-ups” to “Bad-ass” Blends: 

A Robust Computational Model of Conceptual Blending 

Tony Veale 
School of Computer Science and Informatics 

University College Dublin, Belfield D4, Ireland. 
Tony.Veale@UCD.ie 

 
Abstract 

Conceptual blending is a cognitive phenomenon whose 
instances range from the humdrum to the pyrotechnical. 
Most remarkable of all is the ease with which humans 
regularly understand and produce complex blends. 
While this facility will doubtless elude our best efforts 
at computational modeling for some time to come, 
there are practical forms of conceptual blending that are 
amenable to computational exploitation right now. In 
this paper we introduce the notion of a conceptual 
mash-up, a robust form of blending that allows a 
computer to creatively re-use and extend its existing 
common-sense knowledge of a topic. We show also 
how a repository of such knowledge can be harvested 
automatically from the web, by targetting the casual 
questions that we pose to ourselves and to others every 
day. By acquiring its world knowledge from the 
questions of others, a computer can eventually learn to 
pose introspective (and creative) questions of its own. 

 The Plumbing of Creative Thought 
We can think of comparisons as pipes that carry salient 
information from a source to a target concept. Some pipes 
are fatter than others, and thus convey more information: 
think of resonant metaphors or rich analogies that yield 
deeper meaning the more you look at them. By convention, 
pipes carry information in one direction only, from source 
to target. But creativity is no respecter of convention, and 
creative comparisons are sometimes a two-way affair. 
 When the actor and writer Ethan Hawke was asked to 
write a profile of Kris Kristofferson for Rolling Stone 
magazine, Hawke had to create an imaginary star of his 
own to serve as an apt contemporary comparison. For 
Hawke, Brad Pitt is as meaningful a comparison as one can 
make, but even Pitt’s star power is but a dim bulb to that of 
Kristofferson when he shone most brightly in the 1970s. 
To communicate just how impressive the singer-actor-
activist would have seemed to an audience in 1979, Hawke 
assembled the following Frankenstein-monster from the 
body of Pitt and other assorted star parts: 

 “Imagine if Brad Pitt had written a No. 1 single for 
Amy Winehouse, was considered among the finest 

songwriters of his generation, had been a Rhodes 
scholar, a U.S. Army Airborne Ranger, a boxer, a 
professional helicopter pilot – and was as politically 
outspoken as Sean Penn. That’s what a motherfuckin’ 
badass Kris Kristofferson was in 1979.” 

Pitt comes off poorly in the comparison, but this is 
precisely the point: no contemporary star comes off well, 
because in Hawke’s view, none has the wattage that 
Kristofferson had in 1979. The awkwardness of the 
comparison, and the fancifulness of the composite image, 
serves as a creative meta-description of Kristofferson’s 
achievements. In effect Hawke is saying, “look to what 
lengths I must go to find a fair comparison for this man 
without peer”. Notice how salient information flows in 
both directions in this comparison. To create a more 
rounded comparison, Hawke finds it necessary to mix in a 
few elements from other stars (such as Sean Penn), and to 
also burnish Pitt’s résumé with elements borrowed from 
Kristofferson himself. Most of this additional structure is 
imported literally from the target, as when we are asked to 
imagine Pitt as a boxer or a helicopter pilot. Other structure 
is imported in the form of an analogy: while Kristofferson 
wrote songs for Janis Joplin, Pitt is imagined as a writer for 
her modern counterpart, Amy Winehouse. 
 This Pitt 2.0 doesn’t actually exist, of course. Hawke’s 
description is a conceptual blend that constructs a whole 
new source concept in its own counterfactual space. 
Blending is pervasive in modern culture, and can be seen 
in everything from cartoons to movies to popular fiction, 
while the elements of a blend can come from any domain 
of experience, from classic novels to 140-character tweets 
to individual words. As defined by the cognitive linguists 
Gilles Fauconnier and Mark Turner (1998, 2002), 
conceptual blending combines the smoothness of metaphor 
with the structural complexity and organizing power of 
analogy. We can think of blending as a cognitive operation 
in which conceptual ingredients do not flow in a single 
direction, but are thoroughly stirred together, to create a 
new structure with its own emergent meanings. 
 The Kristofferson-as-Pitt blend shows just how complex 
a conceptual blend can be, while nonetheless remaining 
intelligible to a reader: when we interpret these constructs, 
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we are not aware of any special challenge being posed, or 
of any special machinery being engaged. Nonetheless, this 
kind of blend poses significant problems for our computers 
and their current linguistic/cognitive-modelling abilities. In 
this paper we propose a computional middle-ground, called 
a conceptual mash-up, that captures some of the power and 
utility of a conceptual blend, but in a form that is practical 
and robust to implement on a computer. From this starting 
point we can begin to make progress toward the larger goal 
of creative computational systems that – to use Hawke’s 
word  – can formulate truly badass blends of their own. 
 Creative language is a knowledge-hungry phenomenon. 
We need knowledge to create or comprehend an analogy, 
metaphor or blend, while these constructs allow us to bend 
and stretch our knowledge into new forms and niches. But 
computers cannot be creative with language unless they 
first have something that is worth saying creatively, for 
what use is a poetic voice if one has no opinions or beliefs 
of one’s own that need to be expressed? This current work 
describes a re-usable resource – a combination of 
knowledge and of tools for using that knowledge – that can 
allow other computational systems to form their own novel 
hypotheses from mashups of common stereotypical beliefs. 
These hypotheses can be validated in a variety of ways, 
such as via web search, and then expressed in a concise 
and perhaps creative lingustic form, such as in poem, 
metaphor or  riddle. The resource, which is available as a 
public web service called Metaphor-Eyes, produces 
conceptual mash-ups for its input concepts, and returns the 
resulting knowledge structures in an XML format that can 
then be used by other computational systems in a modular, 
distributed fashion. The Metaphor-Eyes service is based on 
an approach to creative introspection first presented in 
Veale & Li (2011), in which stereotypical beliefs about 
everyday concepts are acquired from the web, and then 
blended on demand to create hypotheses about topics that 
the computer may know little about. We present the main 
aspects of Metaphor-Eyes in the following sections, and 
show how the service can be called by clients on the web. 
 Our journey begins in the next section, with a brief over-
view of relevant computational work in the areas of 
metaphor and blending. It is our goal to avoid hand-crafted 
representations, so in the section after that we describe how 
the system can acquire its own common-sense knowledge 
from the web, by eavesdropping on the revealing questions 
that users pose everyday to a search engine like Google. 
This knowledge provides the basis for conceptual mash-
ups, which are constructed by re-purposing web questions 
to form new instrospective hypotheses about a topic. We 
also introduce the notion of a multi-source mash-up, which 
allows us to side-step the vexing problem of context and 
user-intent in the construction of conceptual blends. 
Finally, an empirical evaluation of these ideas is presented, 
and the paper concludes with thoughts on future directions. 

Related Work and Ideas 
We use metaphors and blends not just as rhetorical 
flourishes, but as a basis for extending our inferential 

powers into new domains (Barnden, 2006). Indeed, work 
on analogical metaphors shows how metaphor and analogy 
use knowledge to create knowledge. Gentner’s (1983) 
Structure-Mapping Theory (SMT) argues that analogies 
allow us to impose structure on a poorly-understood 
domain, by mapping knowledge from one that is better 
understood. SME, the Structure-Mapping Engine 
(Falkenhainer et al., 1989), implements these ideas by 
identifying sub-graph isomorphisms between two mental 
representations. SME then projects connected sub-
structures from the source to the target domain. SMT 
prizes analogies that are systematic, yet a key issue in any 
structural approach is how a computer can acquire 
structured representations for itself. 
 Veale and O’Donoghue (2000) proposed an SMT-based 
model of conceptual blending that was perhaps the first 
computational model of the phenomenon. The model, 
called Sapper,  addresses many of the problems faced by 
SME – such as deciding for itself which knowledge is 
relevant to a blend – but succumbs to others, such as the 
need for a hand-crafted knowledge base. Pereira (2007) 
presents an alternative computational model that combines 
SMT with other computational techniques, such as using 
genetic algorithms to search the space of possible blends. 
Pereira’s model was applied both to linguistic problems 
(such as the interpretation of novel noun-noun compounds) 
and to visual problems, such as the generation of novel 
monsters/creatures for video games. Nonetheless, Pereira’s 
approach was just as reliant on hand-crafted knowledge. 
To explore the computational uses of blending without 
such a reliance on specially-crafted knowledge, Veale 
(2006) showed how blending theory can be used to 
understand novel portmanteau words – or “formal” blends 
– such as “Feminazi”  (Feminist + Nazi). This approach, 
called Zeitgeist, automatically harvested and interpreted 
portmanteau blends from Wikipedia, using only Wikipedia 
itself and Wordnet (Fellbaum, 1998) as resources. 
 The availability of large corpora and the Web suggests a 
means of relieving the knowledge bottleneck that afflicts 
computational models of metaphor, analogy and blending. 
Turney and Littman (2005) show how a statistical model of 
relational similarity can be constructed from web texts for 
handling proportional analogies of the kind used in SAT 
and GRE tests. No hand-coded or explicit knowledge is 
employed, yet Turney and Littman’s system achieves an 
average human grade on a set of 376 SAT analogies (such 
as mercenary:soldier::?:? where the best answer among 
four alternatives is hack:reporter). Almuhareb and Poesio 
(2004) describe how attributes and values can be harvested 
for word-concepts from the web, showing how these 
properties allow word-concepts to be clustered into 
category structures that replicate the semantic divisions 
made by a curated resource like WordNet (Fellbaum, 
1998). Veale and Hao (2007a,b) describe how stereotypical 
knowledge can be acquired from the web by harvesting 
similes of the form “as P as C” (as in “as smooth as silk”), 
and go on to show, in Veale (2012), how a body of 4000 
stereotypes is used in a web-based model of metaphor 
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generation and comprehension. 
 Shutova (2010) combines elements of several of these 
approaches. She annotates verbal metaphors in corpora 
(such as “to stir excitement”, where the verb “stir” is used 
metaphorically) with the corresponding conceptual 
metaphors identified in Lakoff and Johnson (1980). 
Statistical clustering techniques are then used to generalize 
from the annotated exemplars, allowing the system to 
recognize other metaphors in the same vein (e.g. “he 
swallowed his anger”). These clusters can also be analyzed 
to identify literal paraphrases for a given metaphor (such as 
“to provoke excitement” or “suppress anger”). Shutova’s 
approach is noteworthy for the way it operates with Lakoff 
and Johnson’s inventory of conceptual metaphors without 
actually using an explicit knowledge representation. 
 The questions people ask, and the web queries they 
pose, are an implicit source of common-sense knowledge. 
The challenge we face as computationalists lies in turning 
this implicit world knowledge into explicit representations. 
For instance, Pasca and Van Durme (2007) show how 
knowledge of classes and their attributes can be extracted 
from the queries that are processed and logged by web 
search engines. We show in this paper how a common-
sense representation that is derived from web questions can 
be used in a model of conceptual blending. We focus on 
well-formed questions, found either in the query logs of a 
search engine or harvested from documents on the web. 
These questions can be viewed as atomic properties of 
their topics, but they can also be parsed to yield logical 
forms for reasoning. We show how, by representing topics 
via the questions that are asked about them, we can also 
grow our knowledge-base via blending, by posing these 
questions introspectively of other topics as well. 

“Milking” Knowledge from the Web 
Amid the ferment and noise of the Web sit nuggets of 
stereotypical world knowledge, in forms that can be 
automatically harvested. To acquire a property P for a topic 
T, one can look for explicit declarations of T’s P-ness, but 
such declarations are rare, as speakers are loathe to 
explicitly articulate truths that are tacitly assumed by 
listeners. Hearst (1992) observes that the best way to 
capture tacit truths in large corpora (or on the Web) is to 
look for stable linguistic constructions that presuppose the 
desired knowledge. So rather than look for “all Xs are Ys”, 
which is logically direct but exceedingly rare, Hearst-
patterns like “Xs and other Ys” presuppose the same 
hypernymic relations. By mining presuppositions rather 
than declarations, a harvester can cut through the layers of 
noise and misdirection that are endemic to the Web. 
 If W is a count noun denoting a topic TW, then the query 
“why do W+plural *” allows us to retrieve questions posed 
about TW on the Web, in this case via the Google API. (If 
W is a mass noun or a proper-name, we instead use the 
query “why does W *”.) These two formulations show the 
benefits of using questions as extraction patterns: a query 
is framed by a WH-question word and a question mark, 
ensuring that a complete statement is retrieved (Google 

snippets often contain sentence fragments); and number 
agreement between “do”/”does” and W suggests that the 
question is syntactically well-formed (good grammar helps 
discriminate well-formed musings from random noise). 
Queries with the subject TW are dispatched whenever the 
system wishes to learn about a topic T. We ask the Google 
API to return 200 snippets per query, which are then 
parsed to extract well-formed questions and their logical 
forms. Questions that cannot be so parsed are rejected as 
being too complex for later re-use in conceptual blending. 
 For instance, the topic pirate yields the query “why do 
pirates *”, to retrieve snippets that include these questions: 
 Why do pirates wear eye patches? 
 Why do pirates hijack vessels? 
 Why do pirates have wooden legs? 

Parsing the 2nd question above, we obtain its logical form: 

  ∀x  pirate(x) à ∃y  vessel(y) ∧  hijack(x, y) 

A computational system needs a critical mass of such 
commonsense knowledge before it can be usefully applied 
to problems such as conceptual blending. Ideally, we could 
extract a large body of everyday musings from the query 
logs of a search engine like Google, since many users 
persist in using full NL questions as Web queries. Yet such 
logs are jealously guarded, not least on concerns about 
privacy. Nonetheless, engines like Google do expose the 
most common queries in the form of text completions: as 
one types a query into the search box, Google anticipates 
the user’s query by matching it against past queries, and 
offers a variety of popular completions. 
 In an approach we call Google milking, we coax 
completions from the Google search box for a long list of 
strings with the prefix “why do”, such as “why do a” 
(which prompts “why do animals hibernate?”), and “why 
do aa” (which prompts “why do aa batteries leak?”). We 
use a manual trie-driven approach, using the input “why do 
X” to determine if any completions are available for a topic 
prefixed with X, before then drilling deeper with “why do 
Xa” … “why do Xz”. Though laborious, this process taps 
into a veritable mother lode of nuggets of conventional 
wisdom. Two weeks of milking yields approx. 25,000 of 
the most common questions on the Web, for over 2,000 
topics, providing critical mass for the processes to come. 

Conceptual “Mash-ups” 
Google milking yields these frequent questions about poets 

 Why do poets repeat words? 
 Why do poets use metaphors? 
 Why do poets use alliteration? 
 Why do poets use rhyme? 
 Why do poets use repetition? 
 Why do poets write poetry? 
 Why do poets write about love? 

Querying the web directly, the system finds other common 
presuppositions about poets, such as “why do poets die 
poor?” and “why do poets die young?”, precisely the kind 
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of knowledge that shapes our stereotypical view of poets 
yet which one is unlikely to find in a dictionary. Now 
suppose a user asks the system to explore the ramifications 
of the blend Philosophers are Poets: this prompts the 
system to introspectively ask “how are philosophers like 
poets?”. This question spawns others, which are produced 
by replacing the subject of the poet-specific questions 
above, yielding new introspective questions such as “do 
philosophers write poetry?”, “do philosophers use 
metaphors?”, and “do philosophers write about love?”. 
 Each repurposed question can be answered by again 
appealing to the web: the system simply looks for evidence 
that the hypothesis in question (such as “philosophers use 
metaphors”) is used in one or more web texts. In this case, 
the Google API finds supporting documents for the 
following hypotheses: “philosophers die poor” (3 results), 
“philosophers die young” (6 results), “philosophers use 
metaphors” (156 results), and “philosophers write about 
love” (just 2 results). The goal is not to show that these 
behaviors are as salient for philosophers as they are for 
poets, rather that they can be meaningful for philosophers. 
 We refer to the construct Philosophers are Poets as a 
conceptual mash-up, since knowledge about a source, poet, 
has been mashed-up with a given target, philosopher, to 
yield a new knowledge network for the latter. Conceptual 
mash-ups are a specific kind of conceptual blend, one that 
is easily constructed via simple computational processes. 
 To generate a mash-up, the system starts from a given 
target T and searches for the source concepts S1 … Sn that 
might plausibly yield a meaningful blend. A locality 
assumption limits the scale of the search space for sources, 
by assuming that T must exhibit a pragmatic similarity to 
any vehicle Si. Budanitsky and Hirst (2006) describe a raft 
of term-similarity measures based on WordNet (Fellbaum, 
1998), but what is needed for blending is a generative 
measure: one that can quantify the similarity of T to S as 
well as suggest a range of likely S’s for any given topic T. 
 We construct such a measure via corpus analysis, since a 
measure trained on corpora can easily be made corpus-
specific and thus domain- or context-specific. The Google 
ngrams (Brants and Franz, 2006) provide a large collection 
of word sequences from Web texts. Looking to the 3-
grams, we extract coordinations of generic nouns of the 
form “Xs and Ys”. For each coordination, such as “tables 
and chairs” or “artists and scientists”, X is considered a 
pragmatic (rather than semantic) neighbor of Y, and vice 
versa. When identifying blend sources for a topic T, we 
consider the neighbors of T as candidate sources for a 
blend. Furthermore, if we consider the neighbors of T to be 
features of T, then a vector space representation for topics 
can be constructed, such that the vector for a topic T 
contains all of the neighbors of T that are identified in the 
Google 3-grams. In turn, this vector representation allows 
us to calculate the similarity of a topic T to a source S, and 
rank the neighbors S1 … Sn of T by their similarity to T. 

 Intuitively, writers use the pattern “Xs and Ys” to denote 
an ad-hoc category, so topics linked by this pattern are not 
just similar but truly comparable, or even interchangeable. 
Potential sources for T are ranked by their perceived 
similarity to T, as described above. Thus, when generating 
mash-ups for philosopher, the most highly ranked sources 
suggested via the Google 3-grams are: scholar, 
epistemologist, ethicist, moralist, naturalist, scientist, 
doctor, pundit, savant, explorer, intellectual and lover. 

Multi-Source Mash-Ups 
The problem of finding good sources for a topic T is highly 
under-constrained, and depends on the contextual goals of 
the speaker. However, when blending is used for 
knowledge acquisition, multi-source mash-ups allow us to 
blend a range of sources into a rich, context-free structure.  
If S1 … Sn are the n closest neighbors of T as ranked by 
similarity to T, then a mash-up can be constructed to 
describe the semantic potential of T by collating all of the 
questions from which the system derives its knowledge of 
S1 … Sn, and by repurposing each for T. A complete 
mashup collates questions from all the neighbors of a topic, 
while a 10-neighbor mashup for philosopher, say, would 
collate all the questions possessed for scholar … explorer 
and then insert philosopher as the subject of each. In this 
way a conceptual picture of philosopher could be created, 
by drawing on beliefs such as naturalists tend to be 
pessimistic and humanists care about morality. 
 A 20-neighbor mashup for philosopher would also 
integrate the system’s knowledge of politician into this 
picture, to suggest e.g. that philosophers lie, philosophers 
cheat, philosophers equivocate and even that philosophers 
have affairs and philosophers kiss babies. Each of these 
hypotheses can be put to the test in the form of a web 
query; thus, the hypotheses “philosophers lie” (586 Google 
hits), “philosophers cheat” (50 hits) and “philosophers 
equivocate” (11 hits) are each validated via Google, 
whereas “philosophers kiss babies” (0 hits) and 
“philosophers have affairs” (0 hits) are not. As one might 
expect, the most domain-general hypotheses show the 
greatest promise of taking root in a target domain. Thus, 
for example, “why do artists use Macs?” is more likely to 
be successfully re-purposed for the target of a blend than 
“why do artists use perspective drawing?”. 
 The generality of a question is related to the number of 
times it appears in our knowledge-base with different 
subjects. Thus, “why do ___ wear black” appears 21 times, 
while “why do ___ wear black hats” and “why do ___ wear 
white coats” each just appear twice. When a mash-up for a 
topic T is presented to the user, each imported question Q 
is ranked according to two criteria: Qcount, the number of 
neighbors of T that suggest Q; and Qsim, the similarity of T 
to its most similar neighbor that suggests Q (as calculated 
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using a WordNet-based metric; see Seco et al., 2006). Both 
combine to give a single salience measure Qsalience  in (1): 

   (1)  Qsalience   =    Qsim * Qcount / (Qcount + 1) 

Note that Qcount is always greater than 0, since each 
question Q must be suggested by at least one neighbor of 
T. Note also that salience is not a measure of surprise, but 
of aptness, so the larger Qcount, the larger Qsalience. It is 
time-consuming to test every question in a mash-up against 
web content, as a mash-up of m questions requires m web 
queries. It is more practical to choose a cut-off w and 
simply test the top w questions, as ranked by salience in 
(1). In the next section we evaluate the ranking of 
questions in a mash-up, and estimate the likelihood of 
successful knowledge transfer from one topic to another. 

Empirical Evaluation 
Our corpus-attested, neighborhood-based approach to 
similarity does not use WordNet, but is capable of 
replicating the same semantic divisions made by WordNet. 
In earlier work, Almuhareb and Poesio (2004) extracted 
features for concepts from text-patterns found on the web. 
These authors tested the efficacy of the extracted features 
by using them to cluster 214 words taken from 13 semantic 
categories in WordNet (henceforth, we denote this 
experimental setup as AP214), and report a cluster purity 
of 0.85 in replicating the category structures of WordNet. 
But if the neighbors of a term are instead used as features 
for that term, and if a term is also considered to be its own 
neighbor, then an even higher purity/accuracy of 0.934 is 
achieved on AP214. Using neighbors as features in this 
way requires a vector space of just 8,300 features for 
AP214, whereas Almuhareb and Poesio’s original 
approach to AP214 used approx. 60,000 features. 
 The locality assumption underlying this notion of a 
pragmatic neighborhood constrains the number of sources 
that can contribute to a multi-source mash-up. Knowledge 
of a source S can be transferred to topic T only if S and T 
are neighbors, as identified via corpus analysis. Yet, the 
Google 3-grams suggest a wealth of neighboring terms, so 
locality does not unduly hinder the transfer of knowledge. 
Consider a test-set of 10 common terms, artist, scientist, 
terrorist, computer, gene, virus, spider, vampire, athlete 
and camera, where knowledge harvested for each of these 
terms is transferred via mash-ups to all of their neighbors. 
For instance, “why do artists use Macs?” suggests 
“musicians use Macs” as a hypothesis because artists and 
musicians are close neighbors, semantically (in WordNet) 
and pragmatically (in the Google n-grams); this hypothesis 
is in turn validated by 5,700 web hits. In total, 410,000 
hypotheses are generated from these 10 test terms, and 
when posed as web queries to validate their content, 
approx. 90,000 (21%) are validated by usage in web texts. 
 Just as knowledge tends to cluster into pragmatic 
neighborhoods, hypotheses likewise tend to be validated in 
clusters. As shown in Figure 1, the probability that a 

hypothesis is valid for a topic T grows with the number of 
neighbors  of T for which it is known to be valid (Qcount). 

 
Figure 1. Likelihood of a hypothesis in a mash-up being 
validated via web search (y-axis) for hypotheses that are 
suggested by Qcount  neighbors (x-axis). 

Unsurprisingly, close neighbors with a high similarity to 
the topic exert a greater influence than more remote 
neighbors. Figure 2 shows that the probability of a 
hypothesis for a topic being validated by web usage grows 
with the number of the topic’s neighbors that suggest it and 
its similarity to the closest of these neighbors (Qsalience). 
 In absolute terms, hypotheses perceived to have high 
salience (e.g. > .6) are much less frequent than those with 
lower ratings. So a more revealing test is the ability of the 
system to rank the hypotheses in a mash-up so that the top-
ranked hypotheses have the greatest likelihood of being 
validated on the web. That is, to avoid information 
overload, the system should be able to distinguish the most 
plausible hypotheses from the least plausible, just as search 
engines like Google are judged on their ability to push the 
most relevant hits to the top of their rankings. 

 
Figure 2. Likelihood of a hypothesis in a mash-up being 
validated via web search (y-axis) for hypotheses with a 
particular Qsalience measure (x-axis). 

Figure 3 shows the average rate of web validation for the 
top-ranked hypotheses (ranked by salience) of complete 
mash-ups generated for each of our 10 test terms from all 
of their neighbors. Since these are common terms, they 
have many neighbors that suggest many hypotheses. On 
average, 85% of the top 20 hypotheses in each mash-up are 
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validated on by web search as plausible, while just 1 in 4 
of the top 60 hypotheses in a mashup is not web-validated. 

 
Figure 3. Average % of top-n hypotheses in a mash-up (as 
ranked by Qsalience) that are validated by Web search. 

Figures 1 – 3 show that the system is capable of extracting 
knowledge from the web which can be successfully 
transferred to neighboring terms via metaphors and mash-
ups, and then meaningfully ranked by salience. But just 
how useful is this knowledge? To determine if it is the kind 
of knowledge that is useful for categorization – and thus 
the kind that captures the perceived essence of a concept – 
we use it to replicate the AP214 categorization test of 
Poesio and Almuhareb (2004). Recall that AP214 tests the 
ability of a feature–set / representation to support the 
category distinctions imposed by WordNet, so that 214 
words can be clustered back into the 13 WordNet 
categories from which they are taken. Thus, for each of 
these 214 words, we harvest questions from the Web, and 
treat each question body as an atomic feature of its subject. 

 
Figure 4. Performance on AP214 improves as knowledge is 
transferred from the n closest neighbors of a term. 

Clustering over these features alone offers poor accuracy 
when reconstructing WordNet categories, yielding a cluster 
purity of just over 0.5. One AP214 category in particular, 
for time units like week and year, offers no traction to the 
question-based approach, and accuracy / purity increases to 
0.6 when this category is excluded. People, it seems, rarely 
question the conceptual status of an abstract temporal unit. 

 But as knowledge is gradually transferred to the terms in 
AP214 from their corpus-attested neighbors, so that each 
term is represented as a conceptual mash-up of its n nearest 
neighbors, categorization markedly improves. Figure 4 
shows the increasing accuracy of the system on AP214 
(excluding the vexing time category) when using mashups 
of increasing numbers of neighbors. Blends really do 
bolster our knowledge of a topic with insights that are 
relevant to categorization. 

Conclusions: A Metaphor-Eye to the Future 
We have shown here how common questions on the web 
can provide the world knowledge needed to drive a robust, 
if limited, form of blending called conceptual mash-ups. 
The ensuing powers of introspection, though basic, can be 
used to speculate upon the conceptual make-up of a given 
topic, not only in individual metaphors but in rich, 
informative mash-ups of multiple concepts.  
 The web is central to this approach: not only are 
questions harvested from the web (e.g., via Google 
“milking”), but newly-formed hypotheses are validated by 
means of simple web queries. The approach is practical, 
robust and quantifiable, and uses an explicit knowledge 
representation that can be acquired on demand for a given 
topic. Most importantly, the approach makes a virtue of 
blending, and argues that we should view blending not as a 
problem of language but as a tool of creative thinking. 
 The ideas described here have been computationally 
realized in a web application called Metaphor-Eyes. Figure 
5 overleaf provides a snapshot of the system in action. The 
user enters a query – in this case the provocative assertion 
“Google is a cult” – and the system provides an 
interpretation based on a mash-up of its knowledge of the 
source (cults) and of the target (Google). Two kinds of 
knowledge are used to provide the interpretation of Figure 
5. The first is common-sense knowledge of cults, of the 
kind that we expect most adults to possess. This knowledge 
includes widely-held stereotypical beliefs such as that cults 
are lead by gurus, that they worship gods and enforce 
beliefs, and that they recruit new members, especially 
celebrities, which often act as apologists for the cult. The 
system possesses no stereotypical beliefs about Google, but 
using the Google 2-grams (somewhat ironically, in this 
case), it can find linguistic evidence for the notions of a 
Google guru, a Google god and a Google apologist. The 
corresponding stereotypical beliefs about cults are then 
projected into the new blend space of Google-as-a-cult. 
 Metaphor-Eyes derives a certain robustness from its 
somewhat superficial treatment of blends as mash-ups.  In 
essence, the system manipulates conceptual-level objects 
(ideas, blends) by using language-level objects (strings, 
phrases, collocations) as proxies: a combination at the 
concept-level is deemed to make sense if a corresponding 
combination at the language-level can be found in a corpus 
(or in the Google n-grams). As such, any creativity 

International Conference on Computational Creativity 2012                                        6



exhibited by the system is often facile or glib. Because the 
system looks for conceptual novelty in the veneer of 
surface language, it follows in the path of humour systems 
that attempt to generate interesting semantic phenomena by 
operating at the punning level of words and their sounds. 
 We have thus delivered on just one half of the promise 
of our title. While conceptual mash-ups are something a 
computer can handle with relative ease, “bad-ass” blends 
of the kind discussed in the introduction still lie far beyond 
our computational reach. Nonetheless, we believe the 
former provides a solid foundation for development of the 
tools and techniques that are needed to achieve the latter. 
Several areas of future research suggest themselves in this 
regard, and one that appears most promising at present is 
the use of mash-ups in the generation of poetry. The tight 
integration of surface-form and meaning that is expected in 
poetry means this is a domain in which a computer can 
serendipitously allow itself to be guided by the possibilities 
of word combination while simultaneously exploring the 
corresponding idea combinations at a deeper level. Indeed, 
the superficiality of mash-ups makes them ideally suited to 
the surface-driven exploration of deeper levels of meaning. 
 Metaphor-Eyes should thus be seen as a community 
resource thru which the basic powers of creative 
introspection (as first described in Veale & Li, 2011)  can 
be made available to a wide variety of third-party 
computational systems. In this regard,  Metaphor-Eyes is a 
single instance of what will hopefully become an 
established trend in the maturing field of computational  
creativity: the commonplace sharing of resources and tools, 
perhaps as a distributed network of web-services, that will 
promote a wider cross-fertilization of ideas in our field. 
The integration of diverse services and components will in 
turn facilitate the construction of systems with an array of 
creative qualities. Only by pooling resources in this way 
can we hope to go beyond single-note systems and produce 
the impressive multi-note “badass blends” of the title.  
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Figure 5. A screen-shot from the computational system Metaphor-Eyes, which implements the model described in 
this paper. Metaphor-Eyes shows how we can use conceptual mash-ups to explore what-ifs and to stimulate 
human creativity. (Note: Because the system has no prior ontological knowledge about Google, each entry above 
shows a default score of 100 and a support/similarity measure of 0). Please visit  http://Afflatus.UCD.ie to 
interact with the Metaphor-Eyes system for yourself, or to find out more about the system’s XML functionality.
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Abstract 

Conceptual blending has been proposed as a creative 
cognitive process, but most theories focus on the 
analysis of existing blends rather than mechanisms for 
the efficient construction of novel blends. While 
conceptual blending is a powerful model for creativity, 
there are many challenges related to the computational 
application of blending. Inspired by recent theoretical 
research, we argue that contexts and context-induced 
goals provide insights into algorithm design for creative 
systems using conceptual blending. We present two 
case studies of creative systems that use goals and 
contexts to efficiently produce novel, creative artifacts 
in the domains of story generation and virtual 
characters engaged in pretend play respectively.  

 Introduction 

Conceptual blending has been proposed as a fundamental 
cognitive process, responsible for the creation of a broad 
range of creative artifacts. (Fauconnier and Turner 1998, 
2002; Grady 2000; Hutchins 2005). Fauconnier and Turner 
(1998, 2002) proposed that conceptual blending involves 
the merger of two or more input spaces into a blended 
space. A griffin, for example, may be considered as a blend 
of an eagle and a lion. Each of the input spaces contains a 
number of concepts and their inter-connections. These 
concepts are selectively merged and projected into the 
blend space. After that, additional structures may emerge 
in the blend by pattern completion and further elaboration. 
 Among artifacts created by conceptual blending, we 
distinguish two types of blends, namely semiotic 
expressions and standalone concepts. Semiotic expressions 
are used in communication to highlight certain aspects of 
or shed light on one of the input spaces. An often discussed 
semiotic expression is "this surgeon is a butcher" (cf. 
Grady, Oakley, and Coulson 1999; Brandt and Brandt 
2002; Veale and O'Donoghue 2000). The input spaces of 
the expression are the conceptual spaces of the surgeon and 
the butcher respectively. The surgeon in the blend 
possesses the brutal attitude of the butcher, forming a 
criticism of the surgeon. 
 This paper focuses on the construction of the second 
type of blend, which we call standalone concepts. An 

example is the lightsaber from Star Wars: a lightsaber 
blends together a sword and a laser emitter, but it is an 
independent concept that does not inform hearers about the 
properties of swords or laser emitters. During blend 
creation, contents are still projected from the input spaces 
into the blend, but the blend is not meant to convey 
information about the input spaces. 
 We share the belief that theories of creativity should be 
computable (Johnson-Laird 2002), yet most accounts of 
blending focus on analyses of existing blends and have not 
fully described how novel blends are constructed 
cognitively or algorithmically. In particular, three key 
procedures required for blending lack sufficient details 
necessary for efficient computation: (1) the selection of 
input spaces, (2) the selective projection of elements of 
input spaces into the blend, and (3) the stopping criteria for 
blend elaboration. Inefficiencies in these procedures can 
lead to significant difficulties in finding appropriate blends 
and elaborations. For example, a simplistic algorithm may 
produce all possible combinations of elements from all 
input spaces, resulting in a combinatorial explosion of 
possible blends.  
 We argue that these three main procedures must 
algorithmically make use of the context and goals of the 
blend being constructed. Brandt and Brandt (2002) 
proposed communication contexts and goals as the driving 
force behind the three key procedures, but their analysis is 
limited to semiotic expressions. We extend their theory to 
the construction of novel standalone concepts and provide 
computational justifications through two case studies of 
working computational systems in the domains of story 
generation and pretend play. Our systems construct blends 
in a goal-driven and context-driven manner. As integral 
aspects of the conceptual blending process, contexts and 
goals provide concrete computational benefits by pruning 
search spaces and improving average-case performance.  

The Theories of Conceptual Blending 

This section reviews the theories of conceptual blending 
described by Fauconnier and Turner (1998, 2002) and 
Brandt and Brandt (2002). We compare these two accounts 
side by side and identify some underspecified parts in the 
theories, which a working system must address. 
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 In the original blending theory (BT) by Fauconnier and 
Turner (1998, 2002), conceptual blending takes two or 
more mental spaces as inputs. Mental spaces are 
dynamically constructed during a discourse (e.g. 
conversation) to contain relevant concepts. The input space 
of the surgeon, for example, includes the surgeon and 
relevant entities, such as his scalpel, patient and so on. 
Elements in one input space are then mapped to their 
counterparts in another input space, using mapping rules 
such as identity or analogy. In the surgeon-as-butcher 
example, the cleaver of the butcher is mapped to the 
scalpel of the surgeon; the dead animal is mapped to the 
patient, and so forth. Elements from input spaces are 
selectively projected into a blend space. The generic space 
captures the structural similarities between input spaces. In 
addition to elements projected from input spaces, the blend 
space can also contain emergent structures created by 
pattern completion or elaboration. This four-space 
formulation is shown in Figure 1, where big circles denote 
mental spaces, black dots represent elements in the spaces, 
solid lines are the mappings between inputs, and dashed 
lines denote correspondences among the elements in the 
four spaces. Hollow dots denote emergent structures in the 
blend. 
 Fauconnier and Turner, however, did not specify how 
elements from these input spaces could be chosen during 
the selective projection. Although eight optimality 
principles—human scale, topology, pattern completion, 
integration, vital relations, unpacking, web, and 
relevance—were proposed as quality measures, they can 
only evaluate the quality of a complete blend after it is 
constructed. This suggests a computational approach where 
all possible blends have to be generated and tested 
individually, called a neo-Darwinian algorithm by 
Johnson-Laird (2002). A neo-Darwinian algorithm could 
lead to a combinational explosion of options and is 
infeasible for large input spaces. In contrast, what Johnson-
Laird calls a neo-Lamarckian approach generates only 
valuable products by applying quality constraints on the 
search space. To do so in blending requires a mechanism 

that selects elements from input spaces effectively during 
the generation process. Note that projection occurs after 
inter-space mappings are built, so the complexity of 
analogy making should not be conflated with the 
complexity of projection. 
 Moreover, BT does not provide detailed procedures for 
the effective retrieval of input spaces, nor for the 
elaboration of blends. A full computational implementation 
of the blending theory should select input spaces by itself, 
rather than assume them as given. To create a powerful 
criticism of the surgeon, a system should decide to blend it 
with a butcher, rather than a driver or a school teacher. A 
creative system may possess a huge amount of knowledge, 
so an efficient selection procedure for input spaces is 
necessary for it to operate within reasonable time limits. 
The same argument goes for elaboration. Neither a human 
nor a computational system should elaborate a blend 
endlessly. We usually do not wish to simulate the entire 
world’s reaction to an irresponsible surgeon, which will 
require excessive computational power or time.  
 In summary, the original blending theory left much 
ambiguity in three key procedures: (1) the selection of 
input spaces, (2) the selection of elements for projection, 
and (3) the stopping criterion for blend elaboration. 
However, a complete working implementation of BT must 
contain these procedures.  

Context-Dependent Blending 

Brandt and Brandt (2002) pointed out that blends used in 
communication do not have fixed meanings. Rather, they 
are real-world phenomena that can only be analyzed in the 
context of the discourse during which they were uttered. 
Under different circumstances, the same utterance “this 
surgeon is a butcher” can mean different things. For 
example, if a soldier referred to a battlefield medic as a 
butcher, he may be highlighting the fact that he has to 
perform an astonishing number of amputations. This 

 

Figure 1. The four-space blending theory, adapted from 

Fauconnier & Turner (2002). 

Figure 2. The context-dependent blending theory, adapted from 

Brandt and Brandt (2002). 
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interpretation is vastly different than the ethical judgment 
about a surgeon’s skills after a failed surgery.  
 To account for this plurality of meanings, blend 
construction must not be based solely on the attributes of 
the input domains, but on the context. Hence, Brandt and 
Brandt abandoned the context-free generic space and 
proposed a context-driven blend construction process. A 
simplified version of Brandt and Brandt’s theory is shown 
in Figure 2, where the dashed arrow indicates that the 
situational relevance prompts the retrieval of the two input 
spaces in order and solid arrows represent selective 
projection. First, the communicative situation (context) 
retrieves the input spaces in order. The situation implies a 
first input space, the reference space based in the actual 
real-world situation. For example, if we are talking about a 
particular surgery, the input space of the surgeon becomes 
available. Based on the goal of communication (e.g. 
conveying that the surgeon is irresponsible), a presentation 
space including the figurative entities (e.g. a butcher) is 
then retrieved and mapped to the reference space. Second, 
the goal of communication, captured through the 
situational relevance, determines what elements from the 
two spaces are projected into the blend. If we want to 
accuse the surgeon of being irresponsible, we should 
project the careless attitude of the butcher into the blend. 
Third, elaboration of blends also depends on the context 
and the goal, fleshing out a blended space until sufficient 
detail is achieved for the guiding goal. In summary, the 
sequential retrieval of input spaces, the selection of 
projected elements, and the stopping criteria are all driven 
by contexts and goals.  

Blending Novel Concepts 

In addition to metaphorical expressions, blending also 
yields novel concepts independent of the input spaces, such 
as the lightsaber. We believe the two cases differ in the 
relationship between the inputs spaces and the blend.  
 Blends used in communication are usually meant to 
underscore certain aspects of, or to attach new properties to 
an input space. In our example, the surgeon who possesses 
a butcher’s attitude in the blend space becomes a criticism 
of the surgeon in the input. The linkage between the blend 
and the input spaces is essential for understanding.  
 In contrast, standalone concepts are blends that are not 
meant to convey meaning about their input spaces. For 
example, the birth stork is a blend of the metaphor birth-is-
arrival, air travel, and the stork (Fauconnier and Turner 
2002, ch. 14), but it does not tell us much about air travel 
or storks in general. As another example, the lightsaber in 
Star Wars is clearly a blend of a sword and a laser emitter, 
but it is not meant to tell us anything about swords or laser, 
even though understanding laser and swords can help us 
understand lightsabers. There are links going from the 
input spaces to the blend spaces, but not vice versa. 
 Standalone concepts created from blending are 
commonly seen in stories and story-related activities. 
Dragons, for example, possess features of snakes, large 
cats and birds of prey, and the instinctive fear of the three 

is postulated to be its origin (Jones 2002). Many other 
mythical creatures are combinations of common animals. 
Novel concepts created from blending also appear in 
modern science fiction. The popular Japanese sci-fi manga 
Doraemon (Fujio 1974-1996) contains several gadgets 
made this way, such as a toy telephone that can transmit flu 
instead of voice. 
 The idea of an independent concept does not contradict 
the notion of contextualized meaning. The meaning of a 
novel concept, when used as a semiotic sign, can still 
change depending on the context. One may say “my new 
kitchen knife is a lightsaber” to emphasize its sharpness. In 
Brandt and Brandt’s framework, this meaning is created 
from the blend of the kitchen knife and the lightsaber, 
which is a different blend than the lightsaber itself. The 
concept lightsaber, on the other hand, is as independent as 
the concept butcher. For another example, the birth stork is 
now often a humorous symbol for baby births rather than 
used to explain births. The contexts and meanings vary, but 
the concepts remain relatively constant. 
 We extend Brandt and Brandt’s contextualized blending 
theory to the construction of novel concepts. Below we 
present two computational systems that generate novel 
concepts in fictions and pretend play. While Brandt and 
Brandt’s (2002) theory initially was not meant to explain 
such blends, we show that a goal and context driven 
approach can account for their generation and bring 
computational benefits.  

Previous Implementations 

Most previous work on computational algorithms for 
conceptual blending are based on the theories of 
Fauconnier and Turner and thus do not fully account for 
input space selection, selective projection, or blend 
elaboration. It is common for computational blending 
algorithms to ignore one or more of these stages. The 
Alloy blending engine, as part of the Griot poem generator 
(Goguen and Harrell 2004), is the earliest implementation 
of BT that we are aware of. Input spaces are manually 
coded as symbolic expressions. Projection into the blend is 
based on a structural mapping between input spaces. 
Without the guidance of goals, any element from the input 
spaces may be projected. The authors found the number of 
possible blends is exponential to the number of relations in 
the input spaces, but did not discuss methods to prune 
these spaces. Hervás et al. (2006) proposed a process that 
enriches texts of stories which can be considered as 
conceptual blends. They proposed that readers’ familarity 
with input spaces, as part of the communication context, is 
important in selecting input spaces and elements for 
projection without specifying an algorithm. 
 Martinez et al. (2011) proposed a blending algorithm 
where input spaces are sets of axioms. Compatible axioms 
are selected for projection. The system does not consider 
goals to directly build blends that meet specific purposes. 
Rather, it "enumerates alternatives ranked by the 
complexity of the underlying mappings". Yamada et al. 
(2011) generate motion of dancing characters by 
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representing motion as wavelet equations and blending is a 
weighted summation of wavelet coefficients. The process 
does not involve any of the three key procedures 
mentioned earlier. Thagard and Steward (2011) proposed 
an implementation of blending at the neural level, which 
also does not consider goals.  
 The Divago system (Pereira 2007) is noteworthy in that 
it considers goals, but only uses them indirectly during 
construction of standalone concepts. Note that the input 
spaces are given to—rather than selected by—Divago. In 
Divago, goals do not directly participate in the selection of 
elements being projected. If an element a is mapped to b, 
one of 4 things can be projected into the blend: a, b, a/b, or 
nothing. This leads to a combinatorial explosion of 
possible blends regardless of the complexity of finding an 
inter-space analogical mapping. To effectively search an 
exponentially growing space, Divago utilizes a genetic 
algorithm (GA) that stochastically samples the space of 
possible blends. From a population of blends, Divago first 
selects those with high scores as computed by an 
evaluation function, consisting of the weighted sum of the 
eight optimality criteria introduced earlier. One of the 
criteria, relevance, is interpreted as goal satisfaction. After 
evaluation, highly ranked blends are randomly modified to 
create the next population. Imitating biological evolution, 
this process repeats in the hope of finding a near-optimal 
blend after sufficient number of iterations. Note however 
that a high score does not guarantee goal satisfaction 
because the evaluation function contains several, possibly 
competing criteria.  
 To elaborate a blend, Divago fires any production rules 
whose premises are true to add content into the blend. 
Divago also supplements details to the blend based on its 
similarity with other frames. For example, if a blend is 
similar enough to the bird frame, Divago will grant it the 
ability to fly. However, given enough rules and frames, 
rule firing and pattern matching can potentially go on 
indefinitely, as it does not specify any explicit stopping 
criteria for elaboration based on the notions of 
meaningfulness or necessity.  
 In the light of the above analysis, it is clear that goals 
and context can guide a computational conceptual blending 
process for the purpose of creating novel, standalone 
concepts. However, context and goals must be used 
directly to ensure successful blends and to focus search 
efficiently. In the next section, we study two creative 
systems that utilize contexts and goals to effectively realize 
the three procedures in conceptual blending. 

Two Case Studies 

This section presents two systems that implement blending 
theory in a goal and context driven manner. We describe 
these systems through the lens of the context-driven 
blending theory. The first system builds fictional gadgets 
in computer-generated stories. The second system 
constructs objects used in pretend play that combine 
features of a desired fantasy-world object with a real-world 
object at hand. The two systems address the three 

aforementioned problems—input space selection, selective 
projection, and elaboration—in a neo-Lamarckian manner 
by employing constraints introduced by the domain of 
application and the specific goal to be achieved. The first 
case study focuses on selective projection and elaboration. 
The second case study focuses on input space selection. 

Generating Gadgets in Fictions  

As a vibrant research field, artificial intelligence (AI) story 
generation aspires to create intelligent systems that can 
create and tell novel stories. Most current approaches to 
story generation are restricted to generating stories for 
static, hand-authored micro-worlds, manipulating given 
characters and objects to produce stories (e.g. Cavazza, 
Charles, and Mead 2002; Gervás et al. 2005; Riedl and 
Young 2010; Ontañón and Zhu 2010). These systems can 
be likened to jigsaw puzzle solvers who play only with 
given pieces and never dream of inventing a new piece. 
These story generation systems are not able to tell stories 
with novel objects or gadgets; they cannot tell Star Wars if 
the idea of lightsaber is not supplied ahead of time.  
 The aim of the gadget generation algorithm (Li and 
Riedl 2011a, 2011b) is to break out of these static world 
configurations and create new types of objects previously 
unknown to the system. Our approach was initially 
presented as a combination of partial-order planning (Weld 
1994) and analogical reasoning. Here we point out its 
connection to conceptual blending. The algorithm blends 
existing concepts to generate novel standalone concepts as 
unforeseen gadgets in support of a goal derived from a 
story context. 
 To generate a gadget, the algorithm reasons about how 
the gadget should be used in the context of a story, 
including events that happen immediately before and after 
its usage. These events are captured as the behavior of the 
gadget, represented as a temporally ordered sequence of 
actions. Given a goal derived from a story (e.g., a character 
must become infected by a flu virus), the algorithm 
iteratively constructs the gadget’s behavior by working 
backward from the goal using actions and entities from 
various input spaces. Goals are first-order logic predicates 
such as infected-by(bob, virus). An action is an 
operator that requires certain predicates as preconditions 
and asserts some predicates as effects. The gadget 
generator works with a conventional story generator, which 
supplies goals considered appropriate for a gadget to 
achieve. The final behavior of the gadget must achieve 
these goals. 
 Goals are first used to identify the input spaces. The 
reference space includes objects in the goal predicates and 
relevant concepts.  For example, the reference space 
implied by the goal infected-by(bob, virus) includes 
concepts such as flu viruses, a character named Bob, and 
actions such as coughing and curing. In fact, the reference 
space exists only conceptually and is not separated from 
the rest of the knowledge in the system. It highlights that 
knowledge structures closely related to the goal play more 
important roles in projection than the rest. The system 
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creates the second input space by retrieving an object from 
its knowledge base of many known objects that achieve 
predicates analogous to the specified goals. This object is 
called the prototype for the gadget. At this time, the list of 
known potential prototypes is small, and we go down the 
list from the best guess. In the long term, a robust 
mechanism to find the best prototype is needed (e.g. 
Wolverton 1994). The second input space, the prototype 
space, includes the prototype object, its behavior, as well 
as actions used and entities referred to in the behavior. For 
example, the behavior of a toy phone object refers to the 
entity voice, which becomes part of the space.  
 The behavior of the gadget, or the blend space, is built 
by projecting actions from the two input spaces selectively. 
This projection is driven by goals in a backward-chaining, 
iterative process. Following the partial-order planning 
representation, actions have causal requirements—
predicates that must be true in the micro-world for the 
action to be performed (also called preconditions). When 
an action is brought in the blend space to solve one goal, 
its own causal requirements are added to the set of goals. 
Actions continue to be projected to satisfy goals until all 
goals are satisfied or determined to be fundamental 
properties of the gadget itself. Note that when there are 
multiple possible ways to achieve a goal, the algorithm 
tries the best first and backtracks when mistakes are made. 
The selective projection process is thus completely goal-
driven. Due to space constraints, we refer interested reader 
to (Li and Riedl 2011b) for details of the algorithm. 
 There are several methods to project actions from the 
input spaces into the blend space. First, the algorithm can 
project an action from the prototype space without any 
changes. Second, an action from either space can be 
projected with arguments from both spaces, constituting a 
form of blending. Figure 3(a) shows the action Cough-
Into being projected with arguments from both input 
spaces. This action is mapped with the action Speak-Into 
in the prototype space because of identified analogical 
similarities. The analogical reasoning engine Sapper 
(Veale and O'Donoghue 2000) is used to establish 
analogical mapping across input spaces. Third, a special 

case of blending occurs when an action from the prototype 
space is combined with illegal arguments from the 
reference space to create a new action previously not 
allowed. As illustrated in Figure 3(b), the Transmit action 
of a toy phone is now allowed to transmit virus instead of 
voice, which otherwise would not have been a legal 
assignment of parameters. The algorithm ignores the rules 
of the micro-world to achieve goals of an imaginary gadget 
phone that can transmit flu virus from one person to 
another. This allows a generated gadget to achieve the 
impossible, producing an object not conceived before. 
 Figure 4 shows the behavior of a gadget phone 
generated by the algorithm, which one can use to give her 
flu to someone else and free herself from it. The goal 
predicates it achieves are infected-by (bob, virus) and 
not(infected-by (alice, virus)). Each box 
represents one action. Solid arrows denote temporal 
precedence and dotted arrows denote closure actions. This 
gadget appeared in the Doraemon manga. Li and Riedl 
(2011a) also describes an example not from the manga. 
 Elaboration in the blend space is simulated with the use 
of closure actions. Closure actions are not necessary for the 
gadget’s goal, but restore some goal-irrelevant aspects of 
the story world to an ordinary state. For example, in Figure 
4, the actions where people put down the phone after use 
(the Let-Gos) are closure actions. Closure actions are 
manually labeled in prototype behaviors and projected into 
the blend space. Their use is motivated by the desire to 
restore an ordinary state after using the gadget, which 
creates a sense of denouement in the story. Although the 
elaboration is not directly driven by goals, it is motivated 
by the domain of storytelling. 
 Finally, the gadget is verified by incorporating the 
gadget behaviors into the story from which the goals were 
originally derived. If any necessary conditions of the 
gadget’s behavior cannot be achieved in the story, the 
gadget does not work and has to be modified further by 
going through additional rounds of blending. When this 
happens, a second prototype is retrieved as yet another 
input space and blended with the current gadget to make it 
even more powerful. The algorithm cannot create two 
gadgets simultaneously. 

 

Figure 4. The behavior of the flu-transmitting gadget phone  

Figure 3. Two projections involved in the generation of the flu-

transmitting gadget phone. 
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 By using means-ends search guided by goals, the search 
space of possible actions to be added to the behavior of the 
gadget is pruned, resulting in improved average-case 
efficiency of the algorithm. Each iteration of the algorithm 
tries to satisfy a goal in the blend space, and will thus only 
consider actions that can achieve that goal. While the total 
number of actions in both input spaces may be large, 
usually only a small fraction of them can be projected to 
achieve any given goal. In contrast, a naïve selective 
projection algorithm will attempt to project all actions in 
any input space using all possible projection methods. 
Although the goal-driven best-first search in the worst case 
has to consider all possibilities in the search space, in an 
average case it only considers a small portion of the total 
possibilities (Weld 1994). A goal-driven blending 
algorithm also has the added benefit of ensuring that any 
result of the algorithm is guaranteed to meet all of the 
acceptability requirements.  
 In summary, the gadget generation system implements a 
goal-driven model of blending, including relatively 
efficient selective projection (due to pruning of the search 
space) and elaboration procedures. These procedures are 
driven by the gadget’s goal, the particular story that serves 
as the context, and the general domain of storytelling. 
However, this system has not fully investigated the 
selection of input spaces, which will be illustrated in the 
next case study. 

A Virtual Character for Pretend Play 

Our second case study illustrates the use of goals in 
blending with a specific focus on the selection of 
appropriate input spaces. In this case, a real-world object is 
selected to represent an object from a fantasy world, as 
required in children’s pretend play. A goal specifies means 
to appropriately prune potential input spaces and select one 
option based on contextual constraints of similarity. Below 
we describe how our pretend play system can be viewed 
through the lens of conceptual blending; full details on the 
system are presented in (Zook, Riedl, and Magerko 2011). 
 In pretend play, children construct and enact story 
scripts and roles with real-life objects (Nourot 1998). 
Examples of pretend play include lightsaber duels with 
cardboard tubes, holding pretend tea parties with stuffed 
animal guests and acting as a group of pirates sailing on a 
couch. When enacting these scripts, pretenders have goals 
of using particular objects from a fictional world, but are 
limited to using the real-world objects that are ready at 
hand. Pretend players imaginatively overlay the fictional 
object onto the real-world object to create a blend, i.e. a 
pretend object existing in both the fictional world and the 
real world. Pretend play research has found children 
project traits of the fictional object on the real object. As an 
example, children engaged in a lightsaber duel with 
cardboard tubes may make buzzing noises when they 
swing the tube. In general, the pretending process involves 
identifying real-world objects as stand-ins for the fictional 
object, and selectively projecting traits of the fictional 
object onto the real object. The objects are input spaces to 

the blend. The construction process must account for how 
input spaces relate to a larger context of a target pretend 
play activity, pruning the options considered.  
 Building computational systems that can engage in 
pretend requires the capacity to construct the objects used 
in these scripts (Zook, Riedl, and Magerko 2011). To 
formalize the problem, the play activity (lightsaber duel) 
provides a structuring situation such that a pretender—
human or agent—selects a real world object (cardboard 
tube) as a presentation space for a given reference space of 
a fictional object (lightsaber). That is, the goal is to find a 
presentation input space that most closely matches the 
reference input space. Once the input spaces are selected, 
the blending process takes the most relevant aspects of the 
fictional object for the activity (buzzing), which are 
imposed onto the real object in the blend space for use in 
play (swinging a cardboard tube while buzzing). This 
process starts with a situation in the fictional world and a 
specific fictional object (the lightsaber I am using in the 
duel), and seeks a presentation object in the real world to 
effectively manifest the fictional object. 
 To reason about numerous objects in the fictional world 
and the real world, we need a computational representation 
of objects and their attributes. Lakoff and Johnson (1980) 
proposed that the salient perceptual, motor-activity, and 
purposive features of objects affect how humans interact 
with them. We model objects in both the fictional and real 
domains using selected attributes in these categories. 
Following prototype theory (Rosch 1978), these attributes 
are assigned fuzzy values to represent a real-valued ([0, 1]) 
range of degree of membership (DOM). As an example, a 
lightsaber may have a 0.8 DOM value for the perceptual 
feature of being blue (very blue, except for the handle), 0.9 
DOM value for the motor-activity feature of ease of 
handling (very easy to hold and swing), and 0.1 DOM 
value for the purpose of supporting weights (unsuitable for 
propping up heavy objects).  
 Iconic attributes are salient attributes of an object that 
distinguish it from similar objects within the same 
category. These attributes help to resolve the potential 
ambiguity of which fictional object is being represented by 
a given real world object. For example, if a pretender grabs 
an object and begins making buzzing noises, it may be 
unclear if they are signaling that they are holding a buzzing 
lightsaber or shooting a laser pistol. An iconic posture of 
handling, however, makes this difference clear. Iconic 
attributes help participants in pretend play interpret other 
players’ behaviors and intentions. 
 The computational play system algorithm has three steps 
for context and goal driven blending: (1) select a real-
world object based on the pretending goal and context;  
(2) select the set of fictional object attributes to project; 
and (3) project these attribute values into the blend. The 
first step is the selection of the input space—the real-world 
object—to be blended with the fictional object. 
 Selecting an input space uses the pretending goal to first 
prune impossible input spaces and then search for the 
optimal input space among those that remain. Conceptually 
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this process is similar to the surface-level filtering process 
used in the MAC/FAC system (Forbus, Gentner and Law 
1995) with the modification of using fuzzy attributes rather 
than predicates. The filtering quickly removes from 
consideration all real-world objects that differ too 
significantly from the desired fictional object on a single 
attribute. The goal specifies attributes that are important to 
the pretend play object and the extent to which they must 
be preserved. Thus, when seeking a lightsaber, all real 
objects that are too difficult to handle would be ignored, as 
they cannot serve as useful lightsabers during the play. 
Computationally, all real objects are compared to the 
desired fictional object on the set of relevant attributes, and 
those that differ by a specified threshold are pruned. For 
example, when considering ease of handling, a cardboard 
tube would be kept as a candidate real object for a 
lightsaber, while a wooden log would be discarded. 
 After filtering, the remaining real-world objects are 
searched for the single real-world object with minimum 
difference from the desired fictional object. 
Computationally, the pretend play system exhaustively 
searches all available real-world objects and calculates the 
Euclidean distances between the attributes of each 
candidate real object and the fictional object. The real-
world object with the minimal distance from the fictional 
object is then selected. In this domain, pruning appears to 
sufficiently constrain the set of potential input spaces to 
enable subsequent exhaustive search, although alternative 
search techniques are likely applicable.  
 Once the input spaces are selected, the second step is to 
bridge the remaining distance between the real-world 
object and the fictional object by determining the set of 
iconic attributes that capture characteristic attributes of the 
fictional object. These will then be mapped back to the 
real-world object so that the agent can play with the real-
world object as a placeholder for the fictional object. 
Iconic attributes of an object are those attributes that are 
most different from other objects under consideration; they 
capture which features are relevant to the pretend goal. The 
level of iconicity of an attribute for the desired pretend 
object is calculated as the sum of Euclidean distances 
between that attribute and the same attribute of all other 
objects in the fictional world. Iconicity values are 
normalized within categories of objects and an attribute is 
considered iconic for an object if it falls in the proximity of 
the maximum value.  
 In the third stage, blending occurs by projecting iconic 
values of the desired fictional object onto the selected real 
object. By default, the blend space contains all attributes of 
the real object. All iconic attributes of the pretend object 
are projected into the real object, replacing the original 
values. This process captures the notion that most action 
and reasoning should treat the real world as the base with 
the pretend domain layered onto this base. 
 In the pretend play algorithm, context and goals are 
utilized to filter the set of possible input spaces to only 
those that are most crucial for the use of a real-world 
object for pretend play. By pruning the set of possible 

objects according to their relevance to a goal, the process 
avoids the naïve consideration of all possible combinations 
of spaces to use for blending. Selective projection of 
attributes is achieved by searching for the most iconic 
attributes of the presentation input space (the fictional 
object) to be blended with attributes of the reference input 
space (the real-world object). While this search is 
performed in a brute-force manner, the number of 
attributes that cross the acceptability threshold for iconicity 
are relatively limited.  

Discussion and Conclusions 

As a powerful mechanism for creativity, conceptual 
blending is capable of synthesizing known concepts into 
new concepts. Much existing theoretical work focuses on 
the blending phenomenon and identifying the input spaces 
and the blend without a mechanism for blending. This 
paper presents our first efforts at building a complete 
computational outline for conceptual blending systems. We 
identify three major procedures in conceptual blending: (1) 
the selection of input spaces, (2) the mechanism for 
selective projection of input space attributes into the blend 
space, and (3) the sufficiency condition for pattern 
completion and elaboration. These components play vital 
roles in conceptual blending and have significant 
implications for the efficiency of computation. In our 
analysis of computational implementations of blending 
theory, we found few systems fully account for all three 
processes.  
 Brandt and Brandt (2002) argued that the construction of 
semiotic expressions as blends are cued by communication 
contexts and guided by the specific communicative goal. 
We argue that context and goals can provide the basis for 
rigorous and efficient computational algorithms for the 
three main processes described above. We present two 
computational systems that utilize goals and context to 
guide generation of standalone conceptual blends. The 
gadget generation algorithm mainly demonstrates 
procedures (2) and (3) by utilizing goals to select concepts 
from the input spaces and elaborating them. The pretend 
play work likewise uses context to determine which input 
spaces to select and which concepts from the input spaces 
to project into the blend, illustrating procedures (1) and (2). 
 These two case studies suggest the three main 
procedures can be implemented efficiently by employing 
constraints introduced by their respective domain of 
application, the contexts of the solutions, and the specific 
goals the solutions must achieve. Our analysis shows that 
goals can be used to prune the search space and improve 
average-case performance. Although our implementations 
are deterministic, we believe determinism and goals are not 
a bundled package. A goal-driven procedure may not be 
completely deterministic or even optimal. Future work is 
needed to reduce the effort required to author the 
knowledge representations used by our systems (e.g. with 
crowdsourcing (Li et al. 2012)). 
 Boden (2004) raised the questions of whether computers 
can appear to be creative, and whether computational 
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systems can help us understand creativity. By 
implementing theories of creativity, we are forced to 
consider procedural details which theories sometimes do 
not cover. We believe a computational approach can help 
expose underspecified components or flaws in existing 
theories, hint at their solution, or even lead to their remedy. 
A computational approach to creativity will strengthen our 
confidence in answering yes to both of Boden’s questions. 
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Abstract 

Are we any closer to creating an autonomous model of 
analogical reasoning that can generate new and creative 
analogical comparisons? A three-phase model of ana-
logical reasoning is presented that encompasses the 
phases of retrieval, mapping and inference validation. 
The model of the retrieval phase maximizes its creativ-
ity by focusing on domain topology, combating the se-
mantic locality suffered by other models. The mapping 
model builds on a standard model of the mapping 
phase, again making use of domain topology. A novel 
validation model helps ensure the quality of the infer-
ences that are accepted by the model. We evaluated the 
ability of our tri-phase model to re-discover several h-
creative analogies (Boden, 1992) from a background 
memory containing many potential source domains. 
The model successfully re-discovered all creative com-
parisons, even when given problem descriptions that 
more accurately reflect the original problem – rather 
than the standard (post hoc) representation of the anal-
ogy. Finally, some remaining challenges for a truly 
autonomous creative analogy machine are assessed. 

Introduction 
Analogy has a long and illustrious history within creativity, 
particularly within scientific and intellectual contexts 
(Brown, 2003). Many episodes of scientific creativity are 
driven by analogical comparisons (Dunbar and Blanchette, 
2001), often involving image related analogies (Clement, 
2008). Much progress has been made in cognitive science 
on modeling this analogical reasoning process (see below), 
prompting the following questions. Are we any closer to 
creating an autonomous model of the analogical reasoning 
that can generate new creative analogies? What progress 
has been made towards such a creative analogy model? 
What are the main challenges that lie ahead? 
 In this paper we envisage a creative process that can take 
any given target description and using a pre-stored collec-
tion of domain descriptions, identify potentially creative 
source domains with which to re-interpret the given prob-
lem. This paper explores and evaluates the potential for a 
model of analogy to act as a creativity engine.  

 While Boden (1992) argues that analogy is effectively 
the lowest form of creativity (improbable), we argue that 
analogical creativity should be seen a part of a cohesive 
human reasoning system. If the inferences mandated by an 
analogy contradicts a fundamental belief, especially one 
that has accrued many consequent implications, then re-
solving this contradiction might well involve the “shock 
and amazement” of transformational creativity. As such, it 
appears that analogies may drive creativity at any of 
Boden’s levels of creativity. Our creativity model is do-
main independent and does not include a pragmatic com-
ponent or domain context. So, as our model does not use 
domain-specific knowledge, arguably it cannot be easily 
cast as improbable, exploratory or transformational crea-
tivity (Boden, 1992).  
 The current work was driven by three main aims. Firstly, 
we wished to assess the creative potential of a three-phase 
model of analogy. Secondly, we wished to assess the im-
pact of using differing knowledge bases upon the creative 
potential of our analogy model. Finally, we wished to as-
sess the wider implications of analogical models for com-
putational creativity. Is a three-phase model either neces-
sary or sufficient to function as an engine of creativity? 
Can such a model re-discover analogies considered to be 
creative by people? Since people often overlook analogies 
(Gick and Holyoak, 1980) even when they are present, will 
such a model uncover many creative analogies or are crea-
tive analogies, in some way, different and rare? 
 We see the current model as being potentially useful in 
three distinct ways, but for now we do not commit to using 
it in one particular manner. Firstly, it could be used as a 
simple model of creativity, yielding creative interpretations 
for a presented problem. Secondly, it could be used as a 
tool to assist human creativity; suggesting source domains 
to people, to enable them to re-interpret a given target 
problem. Finally, it could be used as one possible model of 
how people analogize in a creative means. 
 The paper is structured as follows: first we describe the 
Kilaza1 model for generating creative analogies, briefly 
illustrating its operation on the famous atom:solar-system 

                                                 
1 Kilaza is not an acronym.  
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analogy. Then we present results that reflect the model’s 
ability to re-generate some well-known h-creative analo-
gies (Boden, 1992). Finally, the implications of these re-
sults are assessed and some remaining challenges are dis-
cussed.  

Analogy as an Engine of Creativity 
An analogy is a conceptual comparison between two col-
lections of concepts, a source and target (Gentner, 1983), 
such that the source highlights particular aspects of the 
target, possibly suggesting some new inferences about it. 
In creative analogies, an productive source domain con-
jures up a new and revolutionary interpretations of the tar-
get domain, triggering novel inferences that help explain 
some previously incongruous phenomena or that help inte-
grate some seemingly unrelated phenomena (Boden, 1992; 
Eysenck and Keane, 1995). Creative analogies differ from 
“ordinary” analogies primarily in the conceptual “distance” 
between the source and target domains (i.e., these two do-
mains may never have been linked before) and the useful-
ness of the resulting comparison. Both creative and mun-
dane analogies appear to use the same analogical reasoning 
process, as described in the following section, but different 
in their inputs and outputs.  
 Kekulé’s is famous for his analogy between the carbon-
chain and a snake biting its own tail. But this analogy 
could have been triggered by many alternative and more 
mundane source domains – from tying his own shoe-lace 
to buckling his belt. While many source domains could 
have generated the creative carbon-ring structure, Gick and 
Holyoak (1980) have shown most people (including Ke-
kulé) frequently fail to notice many potential analogies. 
This highlights one potential advantage of a computational 
model, in that a model can tirelessly explore all potential 
analogies, returning only the most promising comparisons 
to a user for more detailed consideration. Thus, computa-
tional models could potentially act a tools helping people 
overcome one barrier; namely, their failure to perceive 
analogies when they are present.  

Kilaza Analogical Creativity Engine  
Keane (1994) presented a five-phase model of the analogi-
cal reasoning process, which recognises the distinct phases 
of representation, retrieval, mapping, validation and in-
duction. While other authors describe slightly different 
subdivisions of this process, there is broad agreement on 
these phases. Our computational model encompasses the 
three central phases of analogy (see Figure 1). We high-
light that Walls & Hadamard subdivide creativity into the 
phases of preparation, incubation, illumination and verifi-
cation (Boden, 1992), which is reminiscent of several 
multi-phase models of analogy.  
  The heart of our creativity model is the central map-
ping phase and this borrows heavily from Keane and Bray-
shaw’s (1988) IAM model (see also Keane, Ledgeway & 
Duff, 1994). Our model of the retrieval phase attempts to 
overcome the semantic bias suffered by many previous 
models, improving the diversity of the source domains that 

are returned. It was intended that this diversity might ad-
dress the quality of novelty (Ritchie, 2001) associated with 
creativity, retrieving more “unexpected” and potentially 
creative sources. Finally, our model of the validation phase 
attempts to filter out invalid inferences, addressing the 
quality (Ritchie, 2001) factor associated with computa-
tional creativity.  
 Ritchie (2001) identifies the essential properties of crea-
tivity as being directed, novel and useful. We argue that 
our model is directed in that it focuses on re-interpreting 
some given target domain. Our model addresses the nov-
elty property by its ability to retrieve potentially useful but 
semantically distant, even disconnected, source domains. 
Finally, the useful property is addressed through a valida-
tion process that imposes a quality measure on the infer-
ences that are accepted by the model.  
 
 
 

Figure 1: Kilaza is a three-phase model of Analogy 
 

Analogical Retrieval Phase-Model 
Existing models for analogical retrieval suffer from the 
limitations in the range of possible retrievals because their 
they either (i) focus exclusively on domain semantics (like 
MAC/FAC; Forbus, Gentner and Law, 1995) or (ii) focus 
primarily on domain semantics (like HRR; Plate, 1998). 
Other models -- such as ARCS (Thagard et al, 1990) and 
Rebuilder (Gomes et al, 2006) - supplement domain repre-
sentations by elaboration from external sources (like 
WordNet) to widen the net to include more semantically 
non-identical sources. However, all of these approaches 
arguably over-constraint retrieval for the the proposes of 
creativity. We argue that a creative retrieval process must 
allow semantically distant and even semantically discon-
nected sources to be retrieved, ideally without overwhelm-
ing the subsequent phase-models with irrelevant domains.  
 
 
 
 
 
 
 
 
 
Figure 2: Topology is a key characteristic in retrieving creative 

source domains 
 
Gentner (1983) mentions two specific qualities are re-
quired of analogical comparisons: semantic similarity and 
structural similarity. The model presented in this paper 
performs retrieval based exclusively on structural similar-
ity, performing retrieval based exclusively on the graph 
structure (or topology) of each domain description. This 
design decision was taken to overcome the semantic nar-
rowness that constrains existing models, with the hope that 
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this would increase the possibility of retrieving surprising 
and creative source domains. As the example in Figure 2 
illustrates, semantics and domain topology are often inter-
twined.  
 Each domain description is mapped onto a location in an 
n-dimensional structure space (Figure 3), where each di-
mension represents a particular topological quality of that 
domain. Structure space is somewhat akin to feature vec-
tors (Yanner and Goel, 2006; Davies, Goel and Yanner, 
2008). Image related analogies are often involved in crea-
tive comparisons (Clement, 2008) and a variety of image-
based analogy models has been developed, focusing on 
specific topics such as; geometric proportional (IQ type) 
analogies (Evans, 1967; Bohan and O’Donoghue, 2000), 
geo-spatial comparisons (O’Donoghue et al, 2006), spatial 
representations of conceptual analogies (Davies et al, 2008; 
Yanner et al, 2008) and reasoning about sketch diagrams 
(Forbus et al, 2011). Our model performs a single retrieval 
process for each presented target, in contrast to the iterative 
retrieval and spreading activation phases employed by 
KDSA to retrieve semantically distant sources (Wolverton 
and Hayes-Roth, 1994).  
 Specific topological features used by our retrieval model 
include quantifying the number of objects and predicates 
(first order and higher order) and number of root predicates 
etc. Thus, the representation in Figure 4 might be mapped 
onto the location (4 0 2 2 0 0 1) in structure space – 4 ob-
ject references, 0 high-order predicates, 2 unique first-
order relations, 2 first-order relations and 2 root predicates 
etc. The distinction between unique and non-unique rela-
tions, for example, distinguishes between domains repeat-
edly using a small number of relations and domains that 
typically have one instance of each relation in its descrip-
tion. One advantage of this scheme is that the distance be-
tween domains is not impacted by the number of domains 
contained in memory so the retrieval system should scale 
reasonably well. For the retrieval results presented later in 
this paper a maximum retrieval distance of 10 is imposed – 
and only candidate source inside this threshold are consid-
ered.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Displacing the Locus of Retrieval within a 3D repre-
sentation of n-dimensional Structure Space. Only source domains 

within the displaced boundary are retrieved and passed to the 
remaining phases of analogy.  

 

 Topologically similar (i.e., homomorphic as well as 
isomorphic) domains are mapped onto similar locations 
within this topology-based structure space (O’Donoghue 
and Crean, 2002). To account for the inferences that were 
sought from any inspiring source domain, the locus of re-
trieval was slightly offset to account for this additional 
source domain material. Included in this offset is the desire 
for sources containing additional first-order relations and 
high-order relations. However, this offset has relatively 
little impact on the final results.  
 

 
 
 
 
 

(heavier nucleus electron) 
(attracts nucleus electron) 

 
Figure 4: Simplified Model of Rutherford’s Problem 

 

Analogical Mapping Phase-Model 
The model for the mapping phase is based on the Incre-
mental Analogy Machine (IAM) model (Keane & Brad-
shaw, 1988; Keane et al, 1994). It consists of the three sub-
processes of root-selection, root-elaboration and inference 
generation. Mapping proceeds as a sequence of root-
selection and root-elaboration activities, gradually building 
up a single inter-domain mapping. Typically a domain de-
scription will consist of a small number of root predicates, 
each controlling a large number of (partly overlapping) 
lower-order predicates. 

Root selection Root selection identifies “root predicates” 
within a representation, which are typically the controlling 
causal relations in that domain. Each root predicate lies at 
the root of a tree of predicates and each root is be seen as 
“controlling” the relations lower down the tree. In our im-
plementation of IAM, the root-selection process examines 
the “order” of each predicate. Objects are defined as order 
zero and first-order relations that connect two objects are 
defined as order one. The order of a causal relation is de-
fined as one plus the maximum order of its arguments. 
Mapping begins with the highest order relations and maps 
any unmapped low-order root-predicates last.  

Root elaboration Root elaboration extends each root-
mapping, placing the corresponding arguments of these 
relations in alignment. If these arguments are themselves 
relations, then their arguments are mapped in turn and so 
on until object arguments are mapped. Items are only 
added to the inter-domain mapping when they conform to 
the 1-to-1 mapping constraint (Gentner, 1983).  

Inference Generation Each analogical comparison is 
passed to the inference generation sub-process. Analogical 
inferences are generated using the standard algorithm for 
pattern completion CWSG – Copy With Substitution and 
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Generation (Holyoak et al, 1994). In effect, additional in-
formation contained in the source domain is carried over to 
the target, creating a more cohesive understanding of that 
target problem.  

Analogical Validation Phase-Model 
The third part of our tri-phase model is focused on analogi-
cal validation. Validation attempts to ensure that the ana-
logical inferences that are produced are correct and useful.  
 O’Donoghue (2007) discusses the accuracy of this vali-
dation process, using human raters to assess the goodness 
of inferences that were rated as either valid or invalid. 
However, this paper did not assess the models ability to 
discover creative analogies. 
 Phineas (Falkenhainer, 1990) is a multi-phase model of 
analogy that incorporates a post-mapping verification 
process. To achieve this Phineas incorporates a model of 
the target domain – qualitative physics simulation - illus-
trating the power of embedding an analogy model within a 
specific problem domain. However, this qualitative-
simulation process effectively limits Phineas to reasoning 
only about physical and physics-related analogies.  
 The validation model presented in this paper is relatively 
simple, aimed at rejecting those predicates that are deemed 
invalid – rather than guaranteeing the validity of those in-
ferences that are accepted. This approach helped maximise 
the creative potential of this model, by resisting the rejec-
tion of potentially plausible inferences. Of course, a more 
complex validation process could make use of problem-
specific domain knowledge (where available). In the ab-
sence of such domain-specific knowledge verification and 
validation of the analogy could be carried using user feed-
back, employing Kilaza in a tool-like way.  
 The validation phase-model is composed to two main 
parts. The first performs validation by comparing the 
newly generated inference to predicates already stored 
somewhere in memory. The second mode of validation is 
more general and driven in part by the functionally rele-
vant attributes that play a role in analogical inference 
(Keane, 1985).  

Validation by Predicate Comparison The validation 
process compares newly inferred predicates (produced by 
CWSG) to the previous contents of memory. Inferences are 
firstly compared to predicates in memory, with both the 
agent and patient roles potentially being validated inde-
pendently. This validation mechanism thus has access to 
the entire contents of memory, accessing predicates from 
any of the domains stored in that memory. This model of 
validation captures the advantages of simplicity and gener-
ality, but it does of course mean that dependencies between 
arguments are not captured. This limitation was deemed 
acceptable within the context of our desire for a creativity 
engine. While many simple inferences were validated by 
this mechanism, many creative inferences were not. This 
may be partly attributed to the relatively small number of 
predicates contained in memory and to the novelty associ-
ated with creative inferences. To address this shortcoming 
validation using functional attributes was introduced.  

Validation with Functional Attributes Functional attrib-
utes specify necessary attribute requirements for each role 
of a predicate – being inspired by the functionally relevant 
attributes of Keane (1985). Functional attributes are intra-
predicate constraints that ensure each predicate appears to 
be a plausible combination of a relation coupled with each 
of its arguments.  
 It should be pointed out that functional attributes have 
only been used with first-order predicates – those whose 
arguments are objects. Although validating higher-order 
(causal) relations might make use of the spatio-temporal 
contiguity associated with causality, but this cannot be 
relied upon (Pazzani, 1991) and is not enforced by our 
model. Thus our model treats all causal inferences as im-
plicitly valid.  
 Functional attribute definitions connect each role of a 
predicate directly into an attribute hierarchy, whereby ar-
guments filling those roles must conform to these attribute 
constraints. Kilaza stores functional attributes for both the 
agent and patient arguments of each relation independ-
ently. More general relations (part-of, next-to) typically 
have few functional attributes, whereas more specific rela-
tions (hit, eat) possess a greater number of attribute restric-
tions. For example the agent role of hit might require the 
hitter to be a physical object, whereas the agent of an eat 
relation might have to be a living organism or an animal. 
Relations that are more specific are seen to be more ame-
nable to the validation process, while their more general 
counterparts are more difficult to validate accurately.  
 In addition, functional attributes have also been used to 
support a form of inference adaptation. This allows an in-
ferred relation to be adapted to a semantically similar rela-
tion that better suits the arguments that pre-existed within 
in the target domain. Adaptation uses the functional attrib-
utes to conduct a local search of the taxonomy, to identify 
a more semantically suitable relation that better fits the 
given arguments.  

Data Sets 
Three datasets were used to conduct experiments using the 
described model. These are referred to as the Professions 
dataset, the Assorted dataset and an Alphanumeric dataset. 
The dataset contained a total of 158 domains and our crea-
tivity engine attempted to find creative source analogues 
for a given number of target problems. It was hoped that 
the differing natures of these collections would provide a 
reasonable grounds on which to evaluate the computational 
model – and to assess its potential to act as a creativity 
engine.  

Professions Dataset consists of descriptions of fourteen 
professions, including accountant, butcher, priest and sci-
entist. These are rather large domain descriptions created 
by Veale (1995) and range in size from 10 to 105 predi-
cates (M=55.4, SD=29.3). One important feature of the 
Professions dataset is its reliance on many different in-
stances of a small number of relational predicates, includ-
ing control, affect, depend, and part. The domains range 
from using just 6 distinct relational predicates (ignoring 
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duplicates) to the most diverse domain that uses 15 
(M=8.9, SD=2.2). Another important feature is that this 
dataset does not appear to use a set of clearly identifiable 
high-order relations (such as a cause, result-in or inhibit) 
between first-order predicates. 

Assorted Dataset consists of a large number of smaller 
and more varied domain descriptions, including many of 
the frequently referenced domains in the analogy literature; 
such as the solar-system, atom, heat-flow and water-flow 
domains. It also includes an assortment of other domains 
describing golf, soccer and story-telling. The 81 domains 
of the Assorted dataset use 108 distinct (ie non-repeated) 
relations. Each of these domains contains between 1 and 15 
predicates (M=4.16, SD = 2.9). The average number of 
distinct relational predicates in each domain is M=3.48, 
indicating that most relational predicates are used just once 
in each of the Assorted domains. 

Alphanumeric Dataset One final dataset contained 62 
semantically constrained domains. However, these do-
mains contained a great deal of topological diversity. It 
was hoped that this mixture of topologies might support 
some novel comparisons and inferences and provided a 
counterpoint to the semantic richness of the other domains.  

Example: p-Creative Re-Discovery of Ruther-
ford’s Analogy  
Before presenting detailed results, we will first see how 
Kilaza can re-discover Rutherford’s famous solar-
system:atom analogy. We highlight that this is a test for the 
p-creativity (Boden 1992) of our model – though not nec-
essarily a model how Ernest Rutherford actually conducted 
his own reasoning.   
 The traditional representation of this analogy (Figure 5) 
is heavily based on a post hoc description of the domains 
involved. These descriptions and are heavily influenced by 
the analogy itself. We shall first look at the traditional rep-
resentation of this domain, before examining how our 
model can also deal with more realistic version of how 
Rutherford might have thought of the target problem be-
fore arriving at his famous comparison.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Traditional representation of Rutherford’s Solution  
 

First, the semantically impoverished target problem (Fig-
ure 4) is mapped onto its location in structure space. We 
highlight that the “locus of retrieval” is slightly displaced 

from the targets original location to account for the addi-
tional information that one expects to be found in a useful 
source domain. In this instance the desired source was re-
trieved at a distance of just over 6 “units” in structure 
space. The desired source (the solar-system domain) and 
all other candidate sources near the locus of retrieval were 
passed in turn to the mapping and validation phases of the 
model. 
 In total 10 other candidate source domains that were 
retrieved also generated inferences, most yielding only one 
inference each. Three domains generated more than one 
candidate inference – but all three were different versions 
of the solar-system domain. We point out that our semantic 
“free” retrieval process can also trigger identification of the 
same source, even if it was represented in a number of al-
ternate ways (O’Donoghue, 2007). Our mapping model 
successfully generated the correct inter-domain mapping 
and CWSG generated the desired inferences without adap-
tation.  

Representation Issues in de novo Discovery of 
p-creative analogies  
We argue that the traditional presentation of Rutherford’s 
analogy is a simplified pedagogical device (Figure 5). This 
description of the target problem effectively removes much 
of the complexity of the real discovery task as encountered 
by Rutherford. The description of the target problem uses 
terminology specifically designed to accentuate the seman-
tic (and structural) similarity that is the result of Ruther-
ford’s comparison – and should not be treated as an input 
when re-creating this creative episode.  
 This distinction between the problem domain as it would 
have existed before the creative analogy and its subsequent 
representation after discovering that analogy is a serious 
problem - one that is easily overlooked. Any model that 
attempts to re-discover known creative analogies must ad-
dress the original problem, not just the representation that 
accentuates the desired similarity. Differences in domain 
terminology and topology are central to the distinction 
between elaborating a given analogy, and the much more 
difficult task of generating a novel h-creative (or p-
creative) analogy (Boden, 1992).  
 We argue that generating Rutherford’s analogy using the 
representation in Figure 6 is a far better test of a models 
creative ability, than the normal post hoc representation in 
Figure 5. Terminological differences are particularly 
prevalent in distant between-domains analogies as the first-
order relationships describing the problem domains origi-
nate in different disciplines. When modeling analogical 
creativity, we must expect to encounter these differences in 
terminology, and our models of retrieval, mapping and 
validation must be able to overcome these problems. 
 Ernest Rutherford would most likely have thought of the 
target relation between the nucleus and electron as elec-
tromagnetic-attraction, and not the more generic 
attracts relation. The corresponding relationship be-
tween source’s sun and planet is gravitation. It is only 
after he found the analogy (which involved mapping 
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electromagnetic-attraction with gravita-
tion) that these relationships can be generalized to a 
common super-class like attracts (Gentner, 1983). 
 We point out that our model can operate successfully on 
either the simplified or more realistic domain descriptions. 
This is primarily the result of our retrieval and mapping 
models using domain topology, rather than using 
identicality (or similarity) between the predicates in both 
domains.  
 
 
 
 
 
 
 
 
 
Figure 6: More realistic representation of Rutherford’s Analogy 
 

Results of Individual Phase Models 
We shall first briefly examine the performance of the re-
trieval and validation models in isolation, before looking at 
their combined performance in the next section. We shall 
briefly examine the results of the mapping model, but our 
focus will remain on the inferences that it produced. Re-
sults were produced from a memory containing the three 
previously described datasets.  

Retrieval Results Retrieval was performed in structure 
space. The distance between domains in structure space 
varied from 2.645 to 230 (M= 80, SD=57.3), with a large 
number of domains being given a unique structural index 
in this space. A small number of locations contained multi-
ple domains – these mostly involved small domains of just 
a few predicates from the Assorted dataset.  

Retrieval and Mapping A broad tendency was identified 
between structure-based retrieval and the size of the result-
ing inter-domain mapping, although the correlation was 
low. A range effect was identified between structure space 
and the size of the resulting mapping, indicating that larger 
distances between domains in structure space tend to pro-
duce smaller inter-domain mappings. This indicates a weak 
connection between structure-based retrieval and the size 
of any resulting mappings.  

Validation Results Although the validation model was 
very simplistic, it proved surprisingly effective. For exam-
ple with the inferences generated on the Professions data-
set, the average (human) rating awarded to predicates that 
Kilaza categorized as valid was M=2.62 (SD=2.09), while 
the average rating awarded to the invalid predicates was 
M=1.57 (SD=1.23). As ratings were given between 1 and 7 
with 7 representing clearly valid inferences, this indicates 
that many of the generated inferences were of rather poor 
quality.  

Adaptation Results In addition, 24 inferences were passed 
to the adaptation process and 20 of these were adapted. 
While we cannot realistically assess if these adapted infer-
ences matched what was “intended” by our analogy model, 
we did assess the validity of these inferences using two 
human raters.  
 When we look at human ratings for the 20 adapted pred-
icates before and after adaptation, we see that the average 
ratings were increased by the adaptation process - from 
1.57 (SD=1.23) to 2.57 (SD=1.70). The average ratings of 
the adapted predicates was broadly in line with the predi-
cates from Kilaza’s valid category above (M=2.62, 
SD=2.09). Before adaptation, 18 of the 20 (90%) predi-
cates were given rated as invalid and after adaptation just 
12 (60%) were rated as invalid. Thus, adaptation has a dis-
tinct influence on improving the ratings of the rejected 
inferences.  

It may well be argued that this adaptation process is it-
self somewhat creative – identifying new relations that 
better fit the available target arguments. In contrast to the 
top-down nature of the creative analogy approach, predi-
cate adaption is a very much a bottom-up process that is 
motivated by the detection of a potential analogical com-
parison.  

Creativity Test Results 

To assess the creative potential of our model, we assess its 
performance at the p-creative task of re-creating some 
well-known h-creative analogies (Boden, 1992). These 
include some of the famous examples of creative analogi-
cal comparisons including the Rutherford’s solar-
system:atom analogy, the heat-flow:water-flow and the 
tumour:fortress analogies. Our descriptions are based on 
the standard representation of these domains as found in 
the analogy literature.  

Creative Retrieval We now examine the performance of 
our model on the creative retrieval task. We presented our 
model with the target domain of each of 10 creative analo-
gies, together with a memory of 158 source domains. From 
this memory of 158 potential sources, the retrieval model 
selected a number of these domains as candidate sources. 
Only the selected candidate sources were passed to the 
mapping and validation phase-models. Evaluating only the 
selected source domains was necessary in order to avoid an 
exhaustive search through all possible analogical compari-
sons. While computationally feasibly in this instance, an 
exhaustive search would be impractical on a larger collec-
tion of domains.  
 Before looking at the results, we point out that many 
comparisons did not generate a viable inter-domain map-
ping. Furthermore, most analogies did not generate any 
valid inferences. The following results ignore these unpro-
ductive comparisons and we focus only on the productive 
analogies.  
 All of the desired creative sources were among the can-
didate sources that were retrieved by the model. This gives 
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our retrieval model a recall value of 100% on this creative 
retrieval task. While a large number of other candidate 
sources were also retrieved, this was still a pleasantly sur-
prising result. The distance within structure space between 
the target and the creative sources ranged from 3.1 to 7.9, 
suggesting that structure based retrieval was reasonably 
accurate in locating candidate sources. 
 The precision of the retrieval processing is summarised 
in Figure 7. As can be seen, precision was above 0.2 for 
two problems showing that few other sources were located 
near the structural index of those targets. However, preci-
sion was much lower for most problems, indicating that the 
desired source was merely one of a larger number of can-
didate sources that had to be explored.  
 

Figure 7 –Precision of retrieval for 10 Creative Analogies 
 

Creative Inferences Next we summarise the inferences 
that were generated by each of these comparisons (Table 
1). These results implicitly encompass a productive inter-
domain mapping between the target and each candidate 
source in turn. Kilaza generated and validated the correct 
inferences for 9 (70%) of the creative analogies. The cy-
cling:driving analogy correctly generated no inferences.  

 

Target 
Correct 

Inferences  
Validated  
Inferences  

Atom: Solar-System y 4 
Atom-Falkenhainer: Solar-System-
Falkenhainer y 3 
General: Surgeon y 4  
Heat-flow: Water-Flow y 4  
Leadbelly : Caravaggio y 4 
Love-triangle: Triangle-Directed y 0 
Requited-love: Love Triangle y 3  
Fish : Bird y 4  
Vampire : Banker y 3  
Cycling: Driving n 0 

Table 1 – Number of Inferences generated by different analogies 
 

 One of these analogies also required one inference to be 
adapted. The bird:fish analogy generated the inference 
(flies-through fish water), which was correctly 
adapted to (swim fish water).  

Conclusion 
We presented a three-phase model of analogy, adapting it 
to function as a tool for discovering creative analogies. 
This model encompasses the three central phases of anal-
ogy, namely retrieval, mapping and validation. We argue 
that a model encompassing these three core phases of anal-
ogy is the minimum required to be considered a model of 
analogical creativity.  
 Our retrieval model overcomes the semantic bias of pre-
vious retrieval models, helping retrieve new and surprising 
source domains. This helps to improve the novelty of the 
source domains identified by our creativity engine. Our 
model of the post-mapping validation phase attempts to 
filter out any clearly invalid inferences, thereby improving 
the quality of the analogies identified as being creative. We 
note that novelty and quality are two attributes strongly 
associated with creativity (Ritchie, 2001).  
 Our three-phase model of analogy successfully re-
discovered 10 examples of creative analogies, including 
the heat-flow:water-flow and solar-system-atom analogies. 
In doing so, the model retrieved the correct source from a 
large memory of potential sources. It then developed the 
correct mapping and successfully validated (and adapted) 
the resulting inferences. We point out that these analogical 
comparisons, if produced by a human analogizer, would be 
considered creative.  
 Our focus on creative analogies rather that the more 
normal (or pedagogical) analogies had a far-reaching im-
pact on the model. Terminological differences are particu-
larly prevalent in creative between-domains analogies, as 
the first-order relations describing each domain originate in 
different disciplines. When modeling analogical creativity, 
we must expect to encounter these differences and cannot 
rely heavily on the presence of identical relations. Our 
model successfully created Rutherford’s famous solar-
system:atom analogy, even when the target was represent-
ed in a more realistic and challenging from. Our model 
shows that very significant progress has been made to-
wards an autonomous creativity machine, re-discovering 
many creative analogies.  
 We briefly outline three remaining challenges to ana-
logical creativity, beginning with the issue of knowledge 
representation. Our results illustrate a trade-off between the 
specifity and the generality of domain descriptions. Overly 
specific representations make comparisons more difficult 
to discover, but overly general representations appear too 
profligate and can overwhelm the validation (and subse-
quent) processes. Perhaps multiple representations of each 
domain might offer a useful avenue for progress. Multiple 
representations might also help explain why exerts are 
more fluent in their use of analogy within their own do-
mains (Dunbar and Blanchette, 2001). Our model does not 
currently include an explicit re-representation process 
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highlighting “tiered identicality” (Gentner and Kurtz, 
2006). 
 It seems that the greatest challenge to computational 
analogizing might lie with the post-mapping phases. Chal-
lenges include assessing analogical inferences for validity, 
evaluating the significance of an analogy and considering 
the implications of creative comparisons. Surprisingly little 
attention has been given to this phase – partly because of 
its ultimate dependency on the target problem domain. 
Phineas (Falkenhainer, 1990) and also Rebuilder (Gomes 
et al, 2006) showed that integration of the analogy and 
case-based reasoning within the target domain can have 
very positive effects. While tight integration of all target 
domains into an analogy model seems most unlikely, Ki-
laza has show that a generic validation model can play a 
part improving the quality of the inferences that are ac-
cepted.  
 Overall, the results presented in this paper highlight that 
a three-phase model of analogical reasoning can operate 
successfully as a model of analogical creativity. Our results 
highlight the improbability of finding a suitable source 
domain to re-interpret a given target in a creative manner. 
Extending this model will necessitate a tighter integration 
of the analogy process with other facets of intelligence.  
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Abstract

Analogy plays an important role in creativity, and is
extensively used in science as well as art. In this pa-
per we introduce a technique for the automated gener-
ation of cross-domain analogies based on a novel evo-
lutionary algorithm (EA). Unlike existing work in com-
putational analogy-making restricted to creating analo-
gies between two given cases, our approach, for a given
case, is capable of creating an analogy along with the
novel analogous case itself. Our algorithm is based on
the concept of “memes”, which are units of culture,
or knowledge, undergoing variation and selection un-
der a fitness measure, and represents evolving pieces
of knowledge as semantic networks. Using a fitness
function based on Gentner’s structure mapping theory
of analogies, we demonstrate the feasibility of sponta-
neously generating semantic networks that are analo-
gous to a given base network.

Introduction
In simplest terms, analogy is the transfer of information
from a known subject (the analogue or base) onto another
particular subject (the target), on the basis of similarity. The
cognitive process of analogy is considered at the heart of
many defining aspects of human intellectual capacity, in-
cluding problem solving, perception, memory, and creativity
(Holyoak and Thagard 1996); and it has been even argued,
by Hofstadter (2001), that analogy is “the core of cognition”.

Analogy-making ability is extensively linked with cre-
ative thought (Hofstadter 1995; Holyoak and Thagard 1996;
Ward, Smith, and Vaid 2001; Boden 2004) and plays a
fundamental role in discoveries and changes of knowledge
in arts as well as science, with key examples such as Jo-
hannes Kepler’s explanation of the laws of heliocentric
planetary motion with an analogy to light radiating from
the Sun1 (Gentner and Markman 1997); or Ernest Ruther-
ford’s analogy between the atom and the Solar System2

(Falkenhainer, Forbus, and Gentner 1989). Boden (2004;
2009) classifies analogy as a form of combinational creativ-
ity, noting that it works by producing unfamiliar combina-
tions of familiar ideas.

1Kepler argued, as light can travel undetectably on its way be-
tween the source and destination, and yet illuminate the destina-
tion, so can motive force be undetectable on its way from the Sun
to planet, yet affect planet’s motion.

2The Rutherford–Bohr model of the atom considers electrons
to circle the nucleus in orbits like planets around the Sun, with
electrostatic forces providing attraction, rather than gravity.

In this paper, we present a technique for the automated
generation of cross-domain analogies using evolutionary
computation. Existing research on computational analogy
is virtually restricted to the discovery and assessment of
analogies between a given pair of base case A and target
case B (French 2002) (An exception is the Kilaza model by
O’Donoghue (2004)). On the other hand, given a base case
A, the approach that we present here is capable of creating
a novel analogous case B itself, along with the analogical
mapping between A and B. This capability of open-ended
creation of novel analogous cases is, to our knowledge, the
first of its kind and makes our approach highly relevant from
a computational creativity perspective. It replicates the psy-
chological observation that an analogy is not always simply
“recognized” between an original case and a retrieved analo-
gous case, but the analogous case can sometimes be created
together with the analogy (Clement 1988).

As the core of our approach, we introduce a novel evo-
lutionary algorithm (EA) based on the concept of “meme”
(Dawkins 1989), where the individuals forming the popula-
tion represent units of culture, or knowledge, that are under-
going variation, transmission, and selection. We represent
individuals as simple semantic networks that are directed
graphs of concepts and binary relations (Sowa 1991). These
go through variation by memetic versions of EA crossover
and mutation, which we adapt to work on semantic net-
works, utilizing the commonsense knowledge bases of Con-
ceptNet (Havasi, Speer, and Alonso 2007) and WordNet
(Fellbaum 1998). Defining a memetic fitness measure using
analogical similarity from Gentner’s psychological structure
mapping theory (Gentner and Markman 1997), we demon-
strate the feasibility of generating semantic networks that are
analogous to a given base network.

In this introductory work, we focus on the evolution of
analogies using a memetic fitness function promoting analo-
gies. But it is of note that considering different possible fit-
ness measures, the proposed representation and algorithm
can serve as a generic tool for the generation of pieces of
knowledge with any desired property that is a quantifiable
function of the represented knowledge. Our algorithm can
also act as a computational model for experimenting with
memetic theories of knowledge, such as evolutionary epis-
temology and cultural selection theory.

After a review of existing research in analogy, evolution,
and creativity, the paper introduces details of our algorithm.
We then present results and discussion of using the fitness
function based on analogical similarity, and conclude with
future work and potential applications in creativity.
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Background
Analogy
Analogical reasoning has been actively studied from both
cognitive and computational perspectives. The dominant
school of research in the field, advanced by Gentner (Falken-
hainer, Forbus, and Gentner 1989; Gentner and Markman
1997), describes analogy as a structural matching, in which
elements from a base domain are mapped to (or aligned
with) those in a target domain via structural similarities of
their relations. This approach named structure mapping the-
ory, with its computational implementation, the Structure
Mapping Engine (SME) (Falkenhainer, Forbus, and Gentner
1989), has been cited as the most influential work to date on
the modeling of analogy-making (French 2002). Alternative
approaches in the field include the coherence based view
developed by Holyoak and Thagard (Thagard et al. 1990;
Holyoak and Thagard 1996), in which analogy is consid-
ered as a constraint satisfaction problem involving structure,
semantic similarity, and purpose; and the view of Hofstadter
(1995) of analogy as a kind of high-level perception, where
one situation is perceived as another one. Veale and Keane
(1997) extend the work in analogical reasoning to the more
specific case of metaphors, which describe the understand-
ing of one kind of thing in terms of another. A highly re-
lated cognitive theory is the conceptual blending idea de-
veloped by Fauconnier and Turner (2002), which involves
connecting several existing concepts to create new meaning,
operating below the level of consciousness as a fundamental
mechanism of cognition. An implementation of this idea is
given by Pereira (2007) as a computational model of abstract
thought, creativity, and language.

According to whether the base and target cases belong to
the same or different domains, there are two types of anal-
ogy: intra-domain, confined to surface similarities within
the same domain; and cross-domain, using deep struc-
tural similarities between semantically distant information.
While much of the research in artificial intelligence has been
restricted to intra-domain analogies (e.g. case-based reason-
ing), studies in psychology have been more concerned with
cross-domain analogical experiments (Thagard et al. 1990).

Evolutionary and Memetic Algorithms
Generalizing the mechanisms of the evolutionary process
that has given rise to the diversity of life on earth, the ap-
proach of Universal Darwinism uses a simple progression of
variation, natural selection, and heredity to explain a wide
variety of phenomena; and it extends the domain of this
process to systems outside biology, including economics,
psychology, physics, and even culture (Dennett 1995). In
terms of application, the metaheuristic optimization method
of evolutionary algorithms (EA) provides an implementation
of this idea, established as a solid technique with diverse
problems in engineering as well as natural and social sci-
ences (Coello Coello, Lamont, and Van Veldhuizen 2007).

In an analogy with the unit of heredity in biological evo-
lution, the gene, the concept of meme was introduced by
Dawkins (1989) as a unit of idea or information in cultural
evolution, hosted, altered, and reproduced in individuals’
minds, forming the basis of the field of memetics3.

3Quoting Dawkins (Dawkins 1989): “Examples of memes are
tunes, ideas, catch-phrases, clothes fashions, ways of making pots
or of building arches. Just as genes propagate themselves in the
gene pool by leaping from body to body via sperms or eggs, so
memes propagate themselves in the meme pool by leaping from
brain to brain...”

Within evolutionary computation, the recently maturing
field of memetic algorithms (MA) has experienced increas-
ing interest as a method for solving many hard optimization
problems (Moscato, Cotta, and Mendes 2004). The existing
formulation of MA is essentially a hybrid approach, com-
bining classical EA with local search, where the population-
based global sampling of EA in each generation is followed
by an individual learning step mimicking cultural evolution,
performed by each candidate solution. For this reason, this
approach has been often referred to under different names
besides MA, such as “hybrid EA” or “Lamarckian EA”. To
date, MA has been successfully applied to a wide variety of
problem domains such as NP-hard optimization problems,
engineering, machine learning, and robotics.

The potential of an evolutionary approach to creativity has
been noted from cultural and practical viewpoints (Gabora
1997; Boden 2009). EA techniques have been shown to em-
ulate creativity in engineering, such as genetic programming
(GP) introduced by Koza (2003) as being capable of “rou-
tinely producing inventive and creative results”4; as well
as in visual art, design, and music (Romero and Machado
2008). In psychology, there are studies providing support
to an evolutionary view of creativity, such as the behavioral
analysis by Simonton (2003) inferring that scientific creativ-
ity constitutes a form of constrained stochastic behavior.

The Algorithm
Our approach is based on a meme pool comprising individ-
uals represented as semantic networks, subject to variation
and selection under a fitness measure. We position our al-
gorithm as a novel memetic algorithm, because (1) it is the
units of culture, or information, that are undergoing varia-
tion, transmission, and selection, very close to the original
sense of “memetics” as it was introduced by Dawkins; and
(2) this is unlike the existing sense of the word in current
MA as an hybridization of individual learning and EA. This
algorithm is intended as a new tool focused exclusively on
the memetic evolution of knowledge itself, which can find
use in knowledge-based systems, reasoning, and creativity.

Our algorithm proceeds similar to a conventional EA cy-
cle (Algorithm 1), with a relatively small set of parameters.
We implement semantic networks as linked-list data struc-
tures of concept and relation objects. The descriptions of
representation, fitness evaluation, variation, and selection
steps are presented in the following sections. Parameters
affecting each step of the algorithm are given in Table 1.

Algorithm 1 Outline of the algorithm
1: procedure MEMETICALGORITHM
2: P (t = 0)← INITIALIZE(Popsize, Cmax, Rmin, T )
3: repeat
4: φ(t)← EVALUATEFITNESSES(P (t))
5: S(t)← SELECTION(P (t), φ(t), Ssize, Sprob)
6: V (t)← VARIATION(S(t), Pc, Pm, T )
7: P (t+ 1)← V (t)
8: t← t+ 1
9: until stop criterion

10: end procedure

4Striking examples of demonstrated GP creativity include repli-
cation of historically important discoveries in engineering, such as
the reinvention of negative feedback circuits originally conceived
by Harold Black in 1920s.
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Representation
The algorithm is centered on the use of semantic networks
(Sowa 1991) for encoding evolving memotypes. An impor-
tant characteristic of a semantic network is whether it is def-
initional or assertional: in definitional networks the empha-
sis is on taxonomic relations (e.g. IsA(bird, animal)5) de-
scribing a subsumption hierarchy that is true by definition;
in assertional networks, relations describe instantiations that
are contingently true (e.g. AtLocation(human, city)). In
this study we combine the two approaches for increased ex-
pressivity. As such, semantic networks provide a simple
yet powerful means to represent the “memes” of Dawkins
as data structures that are algorithmically manipulatable, al-
lowing a procedural implementation of memetic evolution.

In terms of representation, our approach is similar to sev-
eral existing graph-based encodings of individuals in EA.
The most notable is genetic programming (GP) (Koza et
al. 2003), where candidate solutions are computer programs
represented in a tree hierarchy. Montes and Wyatt (2004)
present a detailed overview of graph-based EA techniques
besides GP, which include parallel distributed genetic pro-
gramming (PDGP), genetic network programming (GNP),
evolutionary graph generation, and neural programming.

Using a graph-based representation makes the design of
variation operators specific to graphs necessary. In works
such as GNP, this is facilitated by using a string-based en-
coding of node types and connectivity, permitting operators
very close to their counterparts in conventional EA; and in
PDGP, operations are simplified by making nodes occupy
points in a fixed-size two-dimensional grid. What is com-
mon with GP related algorithms is that the output of each
node in the graph can constitute an input to another node.
In comparison, the range of connections that can form a se-
mantic network of a given set of concepts is limited by com-
monsense knowledge, i.e. the relations have to make sense
to be useful (e.g. IsA(bird, animal) is meaningful while
Causes(bird, table) is not). To address this issue, we in-
troduce new crossover and mutation operations for memetic
variation, making use of commonsense reasoning (Mueller
2006) and adapted to work on semantic networks.

Commonsense Knowledge Bases Commonsense reason-
ing refers to the type of reasoning involved in everyday
thinking, based on commonsense knowledge that an ordinary
person is expected to know, or “the knowledge of how the
world works” (Mueller 2006). Knowledge bases such as the
ConceptNet6 project of MIT Media Lab (Havasi, Speer, and
Alonso 2007) and Cyc7 maintained by Cycorp company are
set up to assemble and classify commonsense information.
The lexical database WordNet8 maintained by the Cognitive
Science Laboratory at Princeton University also has charac-
teristics of a commonsense knowledge base, via synonym,
hypernym9, and hyponym10 relations (Fellbaum 1998).

In our implementation we make use of ConceptNet ver-
sion 4 and WordNet version 3 to process commonsense

5Here we adopt the notation IsA(bird, animal) to mean that
the concepts bird and animal are connected by the directed rela-
tion IsA, i.e. “bird is an animal.”

6http://conceptnet.media.mit.edu
7http://www.cyc.com
8http://wordnet.princeton.edu
9Y is a hypernym of X if every X is a (kind of) Y

(IsA(dog, canine)).
10Y is a hyponym of X if every Y is a (kind of) X.

knowledge, where ConceptNet contributes around 560,000
definitional and assertional relations involving 320,000 con-
cepts and WordNet contributes definitional relations involv-
ing around 117,000 synsets11. The hypernym and hyponym
relations among noun synsets in WordNet provide a reliable
collection of IsA relations. In contrast, the variety of as-
sertions in ConceptNet, contributed by volunteers across the
world, makes it more prone to noise. We address this by ig-
noring all assertions with a reliability score (determined by
contributors’ voting) below a set minimum Rmin (Table 1).

Initialization
At the start of each run of the algorithm, the popu-
lation of size Popsize is initialized with individuals
created by random semantic network generation (Algo-
rithm 1). This is achieved by starting from a network
comprising only one concept randomly picked from
commonsense knowledge bases and running a semantic
network expansion algorithm that (1) randomly picks a
concept in the given network (e.g. human); (2) com-
piles a list of relations—from commonsense knowledge
bases—that the picked concept can be involved in (e.g.
{CapableOf(human, think), Desires(human, eat), · · ·})
(3) appends to the network a relation randomly picked from
this list, together with the other involved concept; and (4)
repeats this until a given number of concepts has been
appended or a set timeout T has been reached (covering
situations where there are not enough relations). Note that
even if grown in a random manner, the resulting network
itself is totally meaningful and consistent because it is a
combination of rational information from commonsense
knowledge bases.

The initialization algorithm depends upon the parame-
ters of Cmax, the maximum number of initial concepts, and
Rmin, the minimum ConceptNet relation score (Table 1).

Fitness Measure
Since the individuals in our approach represent knowledge,
or memes, the fitness for evolutionary selection is defined
as a function of the represented knowledge. For the auto-
mated generation of analogies through evolution, we intro-
duce a memetic fitness based on analogical similarity with
a given semantic network, utilizing the Structure Mapping
Engine (SME) (Falkenhainer, Forbus, and Gentner 1989;
Gentner and Markman 1997). Taking the analogical match-
ing score from SME as the fitness, our algorithm can evolve
collections of information that are analogous to a given one.

In SME, an analogy is a one-to-one mapping from the
base domain into the target domain, which correspond, in
our fitness measure, to the semantic network supplied at the
start and the individual networks whose fitnesses are evalu-
ated by the function. The mapping is guided by the structure
of relations between concepts in the two domains, ignoring
the semantics of the concepts themselves; and is based on
the systematicity principle, where connected knowledge is
preferred over independent facts and is assigned a higher
matching score. As an example, the Rutherford–Bohr atom
and Solar System analogy (Gentner and Markman 1997)
would involve a mapping from sun and planet in the
first domain to nucleus and electron in the second do-
main. The labels and structure of relations in the two do-
mains (e.g. {Attracts(sun, planet), Orbits(planet, sun),

11A synset is a set of synonyms that are interchangeable with-
out changing the truth value of any propositions in which they are
embedded.
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· · ·} and {Attracts(nucleus, electron), Orbits(electron,
nucleus), · · ·}) define and constrain the possible mappings
between concepts that can be formed by SME.

We make use of our own implementation of SME based
on the original description by Falkenhainer et al. (1989) and
adapt it to the simple concept–relation structure of seman-
tic networks, by mapping the predicate calculus constructs
of entities into concepts, relations to relations, attributes to
IsA relations, and excluding functions.

Selection
After assigning fitness values to all individuals in the current
generation, these are replaced with offspring generated by
variation operators on parents. The parents are probabilisti-
cally selected from the population according to their fitness,
with reselection allowed. While individuals with a higher
fitness have a better chance of being selected, even those
with low fitness have a chance to produce offspring, however
small. In our experiments we employ tournament selection
(Coello Coello, Lamont, and Van Veldhuizen 2007), mean-
ing that for each selection, a “tournament” is held among a
few randomly chosen individuals, and the more fit individual
of each successive pair is the winner according to a winning
probability (Table 1).

In each cycle of algorithm, crossover is applied to parents
selected from the population until Popsize×Pc offspring are
created (Table 1). Mutation is applied to Popsize × Pm se-
lected individuals, supplying the remaining part of the next
generation (i.e. Pc + Pm = 1). We also employ elitism,
by replacing a randomly picked offspring in next generation
with the individual with the current best fitness.

Variation Operators
In contrast with existing graph-based evolutionary ap-
proaches that we have mentioned, our representation does
not permit arbitrary connections between different nodes
and requires variation operators that should be based on
information provided by commonsense knowledge bases.
This means that any variation operation on the individu-
als should: (1) preserve the structure within boundaries set
by commonsense knowledge; and (2) ensure that even ver-
tices and edges randomly introduced into a semantic net-
work connect to existing ones through meaningful and con-
sistent relations12.

Here we present commonsense crossover and mutation
operators specific to semantic networks.

Commonsense Crossover In classical EA, features repre-
senting individuals are commonly encoded as linear strings
and the crossover operation simulating genetic recombina-
tion is simply a cutting and merging of this one dimensional
object from two parents. In graph-based approaches such
as GP, subgraphs can be freely exchanged between parent
graphs (Koza et al. 2003; Montes and Wyatt 2004). Here, as
mentioned, the requirement that a semantic network has to
make sense imposes significant constraints on the nature of
recombination.

We introduce two types of commonsense crossover that
are tried in sequence by the variation algorithm. The first
type attempts a sub-graph interchange between two selected
parents similar to common crossover in standard GP; and

12It should be noted that we depend on the meaningfulness and
consistency (i.e. compatibility of relations with others involving
the same concepts) of information in the commonsense knowledge
bases, which should be ensured during their maintenance.

where this is not feasible due to the commonsense structure
of relations forming the parents, the second type falls back
to a combination of both parents into a new offspring.

Type I (subgraph crossover): A pair of concepts, one
from each parent, that are interchangeable13 are selected
as crossover concepts, picked randomly out of all possible
such pairs. For instance, in Figure 1, bird and airplane
are interchangeable, since they can replace each other in
the relations CapableOf(·, f ly) and AtLocation(·, air).
In each parent, a subgraph is formed, containing: (1)
the crossover concept; (2) the set of all relations, and
associated concepts, that are not common with the other
crossover concept (In Figure 1 (a), HasA(bird, feather)
and AtLocation(bird, forest); and in (b)
HasA(airplane, propeller), MadeOf(airplane,metal),
and UsedFor(airplane, travel)); and (3) the set of all
relations and concepts connected to these (In Figure 1 (a)
PartOf(feather, wing) and PartOf(tree, forest); and
in (b) MadeOf(propeller,metal)), excluding the ones
that are also one of those common with the other crossover
concept (the concept fly in Figure 1 (a), because of the rela-
tion CapableOf(·, f ly)). This, in effect, forms a subgraph
of information specific to the crossover concept, which is
insertable into the other parent. Any relations between the
subgraph and the rest of the network not going through the
crossover concept are severed (e.g. UsedFor(wing, fly) in
Figure 1 (a)). The two offspring are formed by exchanging
these subgraphs between the parent networks (Figure 1 (c)
and (d)).

Type II (graph merging crossover): A concept from each
parent that is attachable14 to the other parent is selected as
a crossover concept. The two parents are merged into an
offspring by attaching a concept in one parent to another
concept in the other parent, picked randomly out of all pos-
sible attachments (CreatedBy(art, human) in Figure 2.
Another possibility is Desires(human, joy).). The second
offspring is formed randomly the same way. In the case that
no attachable concepts are found, the parents are merged as
two separate clusters within the same semantic network.

Commonsense Mutation We introduce several types of
commonsense mutation operators that modify a parent by
means of information from commonsense knowledge bases.
For each mutation to be performed, the type is picked at ran-
dom with uniform probability. If the selected type of muta-
tion is not feasible due to the commonsense structure of the
parent, another type is again picked. In the case that a set
timeout of T trials has been reached without any operation,
the parent is returned as it is.

Type I (concept attachment): A new concept randomly
picked from the set of concepts attachable to the parent is
attached through a new relation to one of existing concepts
(Figure 3 (a) and (b)).

Type IIa (relation addition): A new relation connecting
two existing concepts in the parent is added, possibly con-
necting unconnected clusters within the same network (Fig-
ure 3 (c) and (d)).

13We define two concepts from different semantic networks as
interchangeable if both can replace the other in all, or part, of
the relations the other is involved in, queried from commonsense
knowledge bases.

14We define a distinct concept as attachable to a semantic net-
work if at least one commonsense relation connecting the concept
to any of the concepts in the network can be discovered from com-
monsense knowledge bases.
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Figure 1: Commonsense crossover type I (subgraph crossover), centered on the concepts of bird for parent 1 and airplane for
parent 2.
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Figure 2: Commonsense crossover type II (graph merging crossover), merging by the relation CreatedBy(art, human). If no
concepts attachable through commonsense relations are encountered, the offspring is formed by merging the parent networks
as two separate clusters within the same semantic network.

Type IIb (relation deletion): A randomly picked relation
in the parent is deleted, possibly leaving unconnected clus-
ters within the same network (Figure 3 (e) and (f)).

Type IIIa (concept addition): A randomly picked new
concept is added to the parent as a new cluster (Figure 3
(g) and (h)).

Type IIIb (concept deletion): A randomly picked concept
is deleted with all the relations it is involved in, possibly
leaving unconnected clusters within the same network (Fig-
ure 3 (i) and (j)).

Type IV (concept replacement): A concept in the parent,
randomly picked from the set of those with at least one inter-
changeable concept, is replaced with one (randomly picked)
of its interchangeable concepts. Any relations left unsatis-
fied by the new concept are deleted (Figure 3 (k) and (l)).

Results and Discussion
In this introductory study, we adopt values for crossover
and mutation probabilities similar to earlier studies in graph-
based EA (Koza et al. 2003; Montes and Wyatt 2004) (Ta-
ble 1). We use a crossover probability of Pc = 0.85, and
a somewhat-above-average mutation rate of Pm = 0.15,
accounting for the high tendency of mutation postulated in
memetic literature15. In our experiments, we subject a pop-
ulation of Popsize = 200 individuals to tournament selec-
tion with tournament size Ssize = 8 and winning probability
Sprob = 0.8.

Using this parameter set, we present the results from two
runs of experiment: evolved analogies for a network de-

15See Gil-White (Gil-White 2008) for a review and discussion
of mutation in memetics.
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Figure 3: Examples illustrating the types of commonsense mutation used in this study.

scribing some basic astronomical knowledge are shown in
Figure 4 and for a network of familial relations in Figure 5.
We show in Figure 6 (a) the progress of the best and average
fitness in the population during the run that produced the
results in Figure 4. The best and average size of semantic
networks forming the individuals are shown in Figure 6 (b).
We observe that evolution asymptotically reaches a fitness
plateau after about 40 generations. This coincides roughly
with the point where the size of the best individual (13–14)
becomes comparable with that of the given base semantic
network (11, in Figure 4), after which improvements in the
one-to-one analogy become sparser and less feasible. We
also note that, between generations 21–34, the best network
size actually gets smaller, demonstrating the possibility of
improvement in network configuration without adding fur-
ther nodes. Our experiments demonstrate that the proposed
algorithm is capable of spontaneously creating collections
of knowledge analogous to the one given in a base seman-
tic network, with very good performance. In most cases, our
implementation was able to reach extensive analogies within
50 generations and reasonable computational time.

From an analogical reasoning viewpoint, the algorithm
achieves the generation of diverse novel cases analogous
to a given case. Compared with the Kilaza model of
O’Donoghue (2004) for finding novel analogous cases,
which works by evaluating possible analogies to a given
target case from a collection of candidate source domains
that are assumed to be available, our approach is capable
of open-ended and spontaneous creation of analogous cases
from the ground up, replicating an essential mode of creative
behavior observed in psychology (Clement 1988).

An important result is that, even if the use of common-
sense knowledge in our algorithm was prompted by con-
cerns that are practical in nature (i.e. restrictions on the
meaningfulness and consistency of memetic variation by
the introduced crossover and mutation operators), it even-
tually serves to tackle a very fundamental and long-standing
problem in computational creativity: as put forth by Boden
(2009), “no current AI system has access to the rich and sub-
tly structured stock of concepts that any normal adult human
being has built up over a lifetime” and “what’s missing, as
compared with the human mind, is the rich store of world
knowledge (including cultural knowledge) that’s often in-
volved.” We believe that the inherent commonsense reason-
ing element in our approach provides a means to address
this criticism of lack of world knowledge in computational
approaches to creativity.

Conclusions and Future Work
We have presented a novel evolutionary algorithm that em-
ploys semantic networks as evolving individuals, paralleling
the model of cultural evolution in the field of memetics. This
algorithm, to our knowledge, is the first of its kind. The use
of semantic networks provides a suitable basis for imple-
menting variation and selection of memes as put forth by
Dawkins (Dawkins 1989). We have introduced preliminary
versions of variation operators that work on this represen-
tation, utilizing knowledge from commonsense knowledge
bases. We have also contributed a memetic fitness measure
based on the structure mapping theory from psychology.

Even if it is an intuitive fact that human culture and
knowledge are evolving with time, existing models of cul-
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Figure 4: Experiment 1: The evolved individual is encoun-
tered after 35 generations, with fitness value 2.8. Concepts
and relations of the individual not involved in the analogy
are not shown here for clarity.

Table 1: Parameters used during experiments
Parameter Value

Evolution Population size (Popsize) 200
Crossover probability (Pc) 0.85
Mutation probability (Pm) 0.15

Semantic Max. initial concepts (Cmax) 5
networks Min. relation score (Rmin) 2.0

Timeout (T ) 10
Selection Type Tournament

Tournament size (Ssize) 8
Tournament win prob. (Sprob) 0.8

Elitism Employed

ture, in their current state, are too minimalistic and weak in
their descriptions of individual creativity and novelty; and
conversely, theories modeling individual creativity lack con-
sideration of cultural transmission and replication (Gabora
1997). We believe that studies exploring creativity with evo-
lutionary approaches have the potential for bridging this gap.

In future work, an interesting possibility is to start the
random semantic network generation procedure with sev-
eral given concepts, allowing the discovery of cases formed
around a particular set of seed concepts. The simple fitness
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(b) Evolved individual, 10 concepts, 9 relations (target domain)

Figure 5: Experiment 2: The evolved individual is encoun-
tered after 42 generations, with fitness value 2.7. Concepts
and relations of the individual not involved in the analogy
are not shown here for clarity.

function used in this introductory study can be extended to
take graph-theoretical properties of semantic networks into
account, such as the number of nodes or edges, shortest path
length, or the clustering coefficient. The research would
also benefit from exploring different types of mutation and
crossover, and grounding the design of such operators on
existing theories of cultural transmission and variation, dis-
cussed in sociological theories of knowledge.

A direct and very interesting application of our approach
would be to devise experiments with realistically formed
fitness functions modeling selectionist theories of knowl-
edge, which remain untested until this time. One such the-
ory is the evolutionary epistemology of Campbell (Bick-
hard and Campbell 2003), describing the development of
human knowledge and creativity through selectionist princi-
ples such as blind variation and selective retention (BVSR).
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Abstract 

In literature-based creative knowledge discovery one of 
the challenging tasks is to identify interesting bridging 
terms or concepts which relate different domains. To 
find these bridging concepts, our cross-domain litera-
ture mining approach assumes that one first has to iden-
tify two seemingly unrelated domains of interest. Bridg-
ing terms, found in the intersection of these domains, 
are then ranked according to their potential to uncover 
useful, previously unexplored links between the two 
domains. Term ranking, based on voting of an ensemble 
of heuristics, is the main functionality of the CrossBee 
(Cross-Context Bisociation Explorer) system presented 
in this paper. The utility of the proposed approach is 
show-cased by exploring scientific papers on migraine 
and magnesium, which is a reference domain in litera-
ture mining. 

Introduction 
This paper1 investigates the creative knowledge discovery 
process which has its grounds in Mednick’s associative 
creativity theory (Mednick 1962) and Koestler’s domain-
crossing associations, called bisociations (Koestler 1964). 
Mednick defines creative thinking as the capacity of gener-
ating new combinations of distinct associative elements 
(concepts). He explains how thinking about the concepts 
that are not strictly related to the elements under investiga-
tion inspires unforeseen useful connections between these 
elements. On the other hand, according to Koestler, a bi-
sociation is a result of creative processes of the mind when 
making completely new associations between concepts 
from domains that are usually considered separate. Conse-
quently, discovering bisociations may considerably im-
prove creative discovery processes. According to Koestler, 

                                      
1 This work was supported by the European Commission under 
the 7th Framework Programme FP7-ICT-2007-C FET-Open 
project BISON-211898, and Slovenian Research Agency grant 
Knowledge Technologies (P2 0103). 

through the history of science, this mechanism has been a 
crucial element of progressive insights and paradigm shifts. 

The approach to creative knowledge discovery from text 
documents presented in this paper is based on identifying 
and exploring terms which have the potential to relate 
different domains of interest, i.e., two distinct domain 
literatures. While in general literature refers to any docu-
ment corpus (articles, novels, stories, etc.), our approach to 
cross-domain literature mining focuses on the task of min-
ing scientific papers in the so-called closed discovery2 
setting (Weeber et al., 2001) where two domains of inter-
est, A and C, are identified by the expert prior to starting 
the knowledge discovery process, and the goal is to find 
interesting bridging terms that relate the two literatures. 

Weeber et al. (2001) have followed the work of litera-
ture-based knowledge discovery in medical domains by 
Swanson (1986) who designed the so-called ABC model 
approach to investigate whether the phenomenon of inter-
est C in the first domain is related to some phenomenon A 
in the other literature through some interconnecting phe-
nomenon B addressed in both literatures. If the literature 
about C relates C with B, and the literature about A relates 
A with the same B, then combining these relations may 
suggest a relation between C and A. If closer inspection 
confirms that an uncovered relation between C and A is 
new, meaningful and interesting, this can be viewed as new 
evidence or considered as a new piece of knowledge. 

Smalheiser and Swanson (1998) developed an online 
system ARROWSMITH which takes as input two sets of 
titles from disjoint domains A and C and lists terms that are 
common to literatures A and C; the resulting bridging 
terms (b-terms, forming set B) are further investigated for 
their potential to generate new scientific hypotheses (see an 

                                      
2 In contrast with closed discovery, open discovery leads the 
creative knowledge discovery process from a given starting do-
main towards a yet unknown second domain which at the end of 
this process turns out to be connected with the first one. 
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example in Figure 1). Investigation of pairs of documents 
might seem rather straightforward, like in the example 
documents titled “Migraine treatment with calcium channel 
blockers” (Anderson et al., 1986) and “Magnesium: na-
ture’s physiologic calcium blocker” (Iseri and French, 
1984). However, it should be left to domain experts to 
check whether bridging term calcium channel blocker 
suggests a valid, new and interesting relation (in this case, 
the relation that migraine could be treated with magnesi-
um). To this end, it is helpful not just to identify a set of 
candidate bridging terms B between literatures A and C, 
but also to provide an expert with an easy access to the 
documents to be checked and to support this laborious 
process by ranking bridging terms candidates in order to 
start the exploration by considering the most promising 
terms first. 
 

 
Figure 1. Gold standard cross-domain literature mining example: 
migraine (domain C) on the left, magnesium (domain A) on the 
right, and in between a selection of bridging terms B as identified 
by Swanson et al. (2006). 
 

The approach presented in this paper is closely related to 
bridging terms identification in the RaJoLink system (Ur-
bančič et al. 2007, Petrič et al. 2009). RaJoLink can be 
used to identify interesting scientific articles in the Pub-
Med database, to compute different statistics, and to ana-
lyze the articles with the aim to discover new knowledge. 
The RaJoLink method involves three principal steps, Ra, 
Jo and Link, which have been named after the key ele-
ments of each step: Rare terms, Joint terms and Linking 
terms, respectively. In the Ra step, interesting rare terms in 
literature about phenomenon C under investigation are 
identified. In the Jo step, all available articles about the 
selected rare terms are inspected and interesting joint terms 
that appear in the intersection of the literatures about rare 
terms are identified as the candidates for A. This results in 
a candidate hypothesis that C is connected with A. To 
provide explanation for hypotheses generated in the Jo 
step, in the final Link step the method searches for b-terms, 
linking literatures A and C. Note that steps Ra and Jo im-
plement the open discovery, while step Link corresponds 
to the closed discovery process of searching for b-terms 
when A and C are already known (as illustrated in Figure 1). 

Focusing on the closed discovery process, the method 
proposed in this paper aims at finding bridging terms in 
documents of two given domains A and C, enabling the 
exploration of potentially interesting bisociative links be-
tween the given domains with the aid of an ensemble of 
new heuristics for bridging term discovery. Term ranking, 
based on voting of an ensemble of heuristics, is the main 
functionality of the new CrossBee (Cross Context Bisocia-
tion Exploration) system presented in this paper. To verify 
the utility of the proposed approach, CrossBee was tested 
on the problem of rediscovering links between migraine 
and magnesium literatures, first explored by Swanson 
(1986) and later by numerous other authors, including 
Weeber et al. (2001) and (Urbančič et al. 2009). 

This paper is organized as follows. Section 2 presents 
and relates two creative knowledge discovery frameworks: 
Koestler’s bisociative link discovery (Koestler 1964) and 
Swanson’s ABC model of closed discovery in literature 
mining (Swanson 1986). It also relates our work to Bo-
den’s definition of creativity (Boden 1992) and Wigging’s 
computational creativity definition (Wigging 2006). Sec-
tion 3 presents the heuristics used for selecting the most 
promising bridging concepts (bridging terms or b-terms) in 
the intersection of two different sets of documents (two 
domains of interest), evaluated on the migraine-magnesium 
domain pair, explored originally in Swanson’s research. It 
also presents an ensemble heuristic composed of six select-
ed elementary heuristics. Section 4 presents the function-
ality and implementation of our system CrossBee for cross-
context bridging term discovery. We conclude with a dis-
cussion and directions for further work. 

Koestler’s Bisociations, Cross-domain Litera-
ture Mining and Computational Creativity 

Let us present some background on the mechanism of 
bisociative reasoning which is at the heart of creative, 
accidental discovery, referred to as serendipity by Roberts 
(1989). Bisociative discovery, studied in this work, is fo-
cused on finding unexpected terms/concepts linking differ-
ent domains. 

Scientific discovery requires creative thinking to connect 
seemingly unrelated information, for example, by using 
metaphors or analogies between concepts from different 
domains. These modes of thinking allow the mixing of 
conceptual categories or domains, which are normally 
separated. One of the functional bases for these modes is 
the idea of bisociation, coined by Artur Koestler (1964): 

 

“The pattern . . . is the perceiving of a situation or 
idea, L, in two self-consistent but habitually incompat-
ible frames of reference, M1 and M2. The event L, in 
which the two intersect, is made to vibrate simultane-
ously on two different wavelengths, as it were. While 
this unusual situation lasts, L is not merely linked to 
one associative context but bisociated with two.” 

literature 
about 

migraine 
5 hydroxytryptamine 

prostaglandin 
serotonin 

calcium channel blocker 
. . 
. 

literature 
about 
magnesium 

domain C domain A bridging terms B 
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Koestler investigated bisociation as the basis for human 
creativity in seemingly diverse human endeavors, such as 
humor, science, and arts. 

In this paper we explore a specific pattern of bisociation 
(Berthold, 2012): terms, appearing in documents, which 
represent bisociative links between concepts of different 
domains, where the creative act is to find links which lead 
‘out-of-the-plane’ in Koestler’s terms, i.e., links which 
cross two or more different domains. According to 
Berthold (2012), we claim that two concepts are bisociated 
if (a) there is no direct, obvious evidence linking them, (b) 
one has to cross domains to find the link, and (c) this new 
link provides some novel insight into the problem domain. 
We explore an approach to bisociative cross-domain link 
discovery, based on the identification and ranking of terms 
which have the potential of acting as previously unex-
plored links between different predefined domains of ex-
pertise. It can be seen that–in terms of the Swanson’s ABC 
model used in literature mining–this is an approach to 
closed knowledge discovery, where two domains of inter-
est, A and C, are identified by the expert in advance. In 
terms of the Koestler’s model, the two domains, A and C, 
correspond to the two habitually incompatible frames of 
reference, M1 and M2. Moreover, the linking terms (called 
bridging terms or b-terms in this paper) that are common to 
literature A and C, explored by Smalheiser and Swanson 
(1998), clearly correspond to Koestler’s notion of a situa-
tion or idea, L, which is not merely linked to one associa-
tive domain but bisociated with two domains M1 and M2. 

Since our work originates from Koestler’s creative pro-
cess definition, it naturally satisfies his notion of creativity. 
However, the concepts of creativity and computational 
creativity have several other definitions. We argue that our 
approach can be labeled as creative according to at least 
two other definitions, introduced by Boden (1992) and 
Wiggins (2006). 

Boden (1992) defines creativity as “the ability to come 
up with ideas or artefacts that are new, surprising and valu-
able.” Considering this definition, and given that the main 
output of our methodology is a ranked list of potentially 
interesting bridging terms/concepts, we argue that–
although we do not produce new concepts–the ranking of 
potentially interesting bridging concepts itself may repre-
sent new, surprising and valuable ideas or artefacts. The 
proposed approach produces new term rankings, because– 
to the best of our knowledge–there are no similar method-
ologies available. The results are often also surprising, both 
because of their unlikeliness (as not commonly used terms 
may appear at the top of the ranked list) and their effect in 
subjective surprise (as noted by observing the expert using 
our system). The weakest claim we provide is the notion of 
value of the system as until now the developed approach 
did not yet produce any scientific breakthroughs; however, 
we already observed that it triggered novel insights by the 
expert who tested the early versions of our system. There-
fore, we conclude that using Boden’s definition, the level 

of our systems creativity is limited by the value of its re-
sults and only the reduced exploration time and the number 
of users will show how valuable the system is and how 
valuable its results really are. 

Considering computational creativity, Wiggins (2006) 
proposes the following definition for which he states to be 
commonly adapted by the AI community: computational 
creativity refers to “performance of tasks (by a computer) 
which, if performed by a human, would be deemed crea-
tive.” We argue that, although the ranking problem we 
solve is not something people usually do, our system can 
be considered creative according to this definition. Take an 
analogy with online search engines whose task is finding 
documents and ranking the search results. We believe that, 
if such rankings were performed by a human, this could be 
considered as a very creative process. The final results of 
our methodology–the insights which might arise from 
using our system–could also be considered scientifically 
creative, where the ultimate creative act will be performed 
by the experts using the system and not the system alone. 
We designed the methodology in a way to enable the ex-
pert to be more productive when generating such creative 
ideas. Therefore, we argue that this added effectiveness of 
the expert’s creativity process originates from the system 
and its underlying methodology. Hence we believe our 
system possesses some elements of computational creativi-
ty proposed by Wiggins. 

Bridging Term Detection Methodology 
Creative thinking requires focusing on problems from new 
perspectives. In this paper we follow Koestler (1964), who 
investigated bisociation as the basis for human creativity, 
with a goal of developing a computational system with the 
ability to bridge different domains. Such relations between 
distinct domains can be revealed through bridging concepts 
(bridging terms, referred to as b-terms in this paper). Since 
this may lead to the generation of many possible ideas, the 
innovative generation of hypotheses as well as the support 
for facilitated exploration of alternatives are needed for 
creative cross-domain knowledge discovery. 

Based on this assumption, we have developed and ex-
perimented with different heuristics for finding bridging 
terms in the context of closed knowledge discovery from 
two different domains of expertise. The intuition behind 
this research is that by developing appropriate heuristics 
for term evaluation and ranking, this will enable the user to 
inspect only the top-ranked terms which should result in a 
high probability to find observations that may lead to the 
discovery of new bridges between the literatures of differ-
ent domains. 

In summary, our research aim is to find cross-domain 
links by exploring the bridging terms in the intersection of 
two literatures that establish previously unknown links 
between literature A and literature C. In more detail, our 
method of b-term discovery is performed as follows. 
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1. Perform text preprocessing to encode input texts into 
the standard bag-of-words (BoW) representation. As 
in standard text preprocessing for text mining, this is 
performed through a number of steps: 

a. text tokenization (where a continuous charac-
ter sequence is split into meaningful 
sub-tokens, i.e., individual words or terms), 

b. stop-word removal (removing predefined 
words from a language that usually carry no 
relevant information:. and, or, a, an, the, ...), 

c. stemming or lemmatization (the process that 
converts each word/token into its morpholog-
ically neutral form), 

d. n-gram construction (n-grams are terms de-
fined as a concatenation of 1 to n words 
which appear consecutively in the text), 

e. bag-of-words (BoW) representation, i.e., a 
vector representation of a document, with 
value 1 (or word frequency-based weight) for 
words/terms appearing in the document, and 
value 0 for the rest of the corpus vocabulary. 

2. Calculate the values of heuristics which favor b-terms 
over other terms. 

3. Sort the intersecting terms according to the values of 
the best performing heuristics and present the top-
ranked terms (hopefully representing the b-terms) to 
the expert during interactive exploration of the two 
domains. 

The development of the best performing heuristics con-
sisted of two phases: 
1. Training: we proposed over 40 elementary heuristics, 

which vary from very simple term-frequency statistics 
to very elaborate combined measures. We then evalu-
ated their quality on the migraine-magnesium gold 
standard domain investigated already by Swanson et 
al. (1988). Results of the evaluation were used to se-
lect some of the best performing and most comple-
mentary heuristics that were joined into a new ensem-
ble heuristic. The ensemble heuristic proposed in this 
paper is generally more accurate and robust than any 
of the elementary heuristics used in its construction. 

2. Testing: we independently evaluated the ensemble 
heuristic on a second dataset, autism-calcineurin doc-
uments investigated by (Petrič et al. 2009), to confirm 
its domain independence and its potential for b-term 
identification. Note that due to space restrictions, the 
description of testing of the system on the autism-
calcineurin domain pair is out of the scope of this pa-
per; the interested reader can find more information is 
provided in (Juršič et al. 2012). 

Elementary Heuristics for b-term Detection 
We have proposed over 40 elementary heuristics for b-term 
evaluation (Juršič et al. 2012), divided into four groups: 

frequency based, tf-idf based3, similarity based, and outlier 
based heuristics. Most of these heuristics work fundamen-
tally in a similar way: they manipulate the data present in 
the BoW document vector format to derive the term bi-
sociation potential quality measure, named the bisociation 
score. The only exceptions are the outlier based heuristics 
which first detect outlier documents and then use the BoW 
vector information. 

Instead of providing the entire list of heuristics whose 
performance we tested extensively, we only specify a sub-
set of these which we actually selected to construct the 
ensemble heuristic. The selected heuristics are defined as 
follows. 

Term to document frequency ratio: is a frequency based 
heuristic 𝑓𝑟𝑒𝑞𝑅𝑟𝑡𝑖𝑟(𝑡) = 𝑐𝑟𝑟𝑟𝑡𝑇𝑒𝑟𝑟𝐷𝑢(𝑡) 𝑐𝑟𝑟𝑟𝑡𝐷𝑟𝑐𝐷𝑢(𝑡)⁄  
defined as the ratio of the number of occurrences of term t 
in document set Du (named term frequency in tf-idf related 
text preprocessing contexts), and the number of documents 
where term t appears in document set Du (named document 
frequency in tf-idf related contexts). 

Sum of term’s importance in both domains: is a heuristic 
based on tf-idf metrics 𝑡𝑓𝑖𝑟𝑓𝐷𝑟𝑟𝑟𝑆𝑟𝑟(𝑡) =  𝑡𝑓𝑖𝑟𝑓𝐷1(𝑡) +
 𝑡𝑓𝑖𝑟𝑓𝐷2(𝑡), defined as a sum of tf-idf value of term t in the 
centroid vector of document set D1 plus term’s tf-idf value 
in the centroid vector of document set D2, where the cen-
troid vector is defined as the sum of all document vectors 
and thus represents an average document of the given doc-
ument collection. 

Sum of term frequencies in three outlier sets: is an outli-
er based heuristic 𝑟𝑟𝑡𝐹𝑟𝑒𝑞𝑆𝑟𝑟(𝑡) =  𝑐𝑟𝑟𝑟𝑡𝑇𝑒𝑟𝑟𝐷𝐶𝑆(𝑡) +
𝑐𝑟𝑟𝑟𝑡𝑇𝑒𝑟𝑟𝐷𝑅𝐹(𝑡) + 𝑐𝑟𝑟𝑟𝑡𝑇𝑒𝑟𝑟𝐷𝑆𝑉𝑀(𝑡) which computes the 
sum of term frequencies in three outlier sets, where the sets 
of outliers were identified by three classifiers (Sluban et al. 
2012): Centroid Similarity (CS) classifier, Random Forest 
(RF) classifier, and Support Vector Machine (SVM) classi-
fier. 

Relative frequencies in outlier sets: focusses on outlier 
sets 𝑟𝑟𝑡𝐹𝑟𝑒𝑞𝑅𝑒𝑙𝐶𝑆(𝑡) =  𝑐𝑟𝑟𝑟𝑡𝑇𝑒𝑟𝑟𝐷𝐶𝑆(𝑡) 𝑐𝑟𝑟𝑟𝑡𝑇𝑒𝑟𝑟𝐷𝑢(𝑡)⁄ . 
Documents in the outliers set frequently embody new in-
formation that is often hard to explain in the context of 
existing knowledge. We concentrate on specific outliers– 
domain outliers–i.e., documents that tend to be more simi-
lar to the documents of the other domain than to those of 
their own domain. The procedure that we use to detect 
outlier documents first builds a classification model for 
each domain and then classifies all the documents using 
the trained classifier. The documents that are misclassified 
are declared as outlier documents, since according to the 
classification model they do not belong to their initial do-
main. The other two outlier based heuristics–relative fre-
quency in the RF outlier set (outFreqRelRF) and relative 

                                      
3 tf-idf stands for Term Frequency Inverse Document Frequency 
word weight computation, used in text mining (Feldman and 
Sanger, 2007). 
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frequency in the SVM outlier set (outFreqRelSVM)–are 
defined in the same way as the outFreqRelCS heuristic. 

We have defined also a supplementary baseline heuris-
tic: 𝑟𝑟𝑟𝑟𝑟𝑟(𝑡) = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟() which serves as a baseline 
for the others, as it returns a random number from interval 
(0,1) regardless of a term under investigation. 

Evaluation of Elementary Heuristics 
To test the proposed heuristics for b-term detection, we 
have evaluated them on the problem of detecting bisocia-
tive links between migraine and magnesium in the respec-
tive literatures. To this end, we replicated the early Swan-
son’s migraine-magnesium experiment that represents a 
gold standard for literature-based discovery. The evalua-
tion procedure used in this experiment differs from the 
original Swanson’s method and the RaJoLink method in 
that a human expert was not involved. 

Magnesium deficiency has been shown in several stud-
ies to cause migraine headaches (e.g., Swanson 1990; 
Thomas et al. 1992; Thomas et al. 2000; Demirkaya et al. 
2001; Trauninger et al. 2002). In the literature-based closed 
discovery process Swanson managed to find more than 60 
pairs of articles connecting the migraine domain with the 
magnesium deficiency via several bridging concepts. His 
closer inspection of the literature about migraine and the 
literature about magnesium showed that 11 pairs of docu-
ments, when put together, provided confirmation of a hy-
pothesis that magnesium deficiency may cause migraine 
headaches (Swanson 1990). Some of the detected bridging 
terms are shown in Figure 1. 

Similar to Swanson’s original study of the migraine lit-
erature (Swanson 1988) we used titles as input to our 
closed discovery process. We performed the experiments 
on a subset of PubMed titles of articles that were published 
before 1988 (i.e., before Swanson’s literature-based dis-
covery of the migraine-magnesium relation) and were 
retrieved with the PubMed search engine. As a result we 
got 2,425 migraine and 5,633 magnesium titles of PubMed 
articles. These article titles were preprocessed with stand-
ard text mining techniques resulting in 13,525 distinct 
terms which were analyzed and scored by presented ele-
mentary heuristics. Each heuristic assigned a score to every 
term from the list. Afterwards we sorted all 7 lists (6 ele-
mentary heuristics and the baseline heuristic) and thus, 
created 7 ranked lists of terms. Among these 13,525 terms, 
there were also all 43 terms which Swanson (1988) marked 
as b-terms and which we hoped to propagate to the top of 
the ranked list using the designed heuristics methodology. 
The b-terms identified by Swanson, verified by the expert 
to provide new discoveries in the field, are used as a gold 
standard in the evaluation in this work. 

We compared the heuristics based on their ROC (Re-
ceiver Operating Characteristic) curves and AUC (Area 
Under ROC) analysis. The idea underlying ROC curve 
construction is the following: go from the beginning of a 
ranked list and every time a b-term is seen, draw line up on 

the ROC canvas, otherwise draw line right. The ideal curve 
(when all b-terms are at the very beginning of a ranked list) 
would go straight up to the top followed by straight right 
section to the rightmost part of graph. Area under the ideal 
ROC curve is equal to 1 when both scales are normalized. 
 ROC analysis (see Figure 2) shows the performance of 
elementary heuristics on the migraine-magnesium gold 
standard dataset. Details on heuristics evaluation can be 
found in (Juršič et al. 2012), while the main observations 
and results are outlined below. It can be observed that 
some heuristics are really well constructed for the purpose 
of b-term discovery. We are especially satisfied with heu-
ristics which have good performance at the start of the 
ranked list, e.g., heuristic outFreqRelRF places four b-
terms already among the first 50 terms in its ranked list, 
while the random approach finds less than one b-term 
among its first 200 terms. On the other hand some heuris-
tics do not perform so well at the start of the list, e.g., out-
FreqSum and tfidfDomnSum do not look promising at the 
first sight. However, we included them into the set of six 
heuristics on the basis of complementarity–so that they fit 
together well when used in the ensemble heuristics–
providing not only better performance but also greater 
robustness of the ensemble. 
 

 
Figure 2. ROC curves representing the performance of elemen-
tary heuristics on the learning (migraine-magnesium) dataset. 
 

The Ensemble Heuristic 
The ensemble heuristic is a heuristic which combines re-
sults of the selected elementary heuristics (outFreqRelRF, 
outFreqRelSVM, outFreqRelCS, outFreqSum, tfidfDomn-
Sum, and, freqRatio) into an aggregated result. In principle, 
the ensemble heuristic score is a sum of two parts: the 
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ensemble voting score and the ensemble position score and 
is computed as: 𝑠𝑡 =  𝑠𝑡𝑣𝑜𝑡𝑒 + 𝑠𝑡

𝑝𝑜𝑠. 
1. Ensemble voting score (𝑠𝑡𝑣𝑜𝑡𝑒) of term t is based on the 

number of times the term appears in the first third of 
the elementary heuristics ranked lists. Each selected 
base heuristic ℎ𝑖  gives one vote (𝑠𝑡𝑗,ℎ𝑖

𝑣𝑜𝑡𝑒 = 1) to each 
term which is in the first third in its ranked list of 
terms and zero votes to all the other terms (𝑠𝑡𝑗,ℎ𝑖

𝑣𝑜𝑡𝑒 = 0). 
Formally, the ensemble voting score of a term 𝑡𝑗 that is 
at position 𝑝𝑗 in the ranked list of 𝑟 terms is computed 
as a sum of individual heuristics’ voting scores: 

𝑠𝑡𝑗
𝑣𝑜𝑡𝑒 =  � 𝑠𝑡𝑗,ℎ𝑖

𝑣𝑜𝑡𝑒
𝑘

𝑖=1
= � �1: 𝑝𝑗 < 𝑟/3,

0: 𝑟𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑘

𝑖=1
. 

Therefore, each term can get a score 𝑠𝑡𝑗
𝑣𝑜𝑡𝑒 ∈

{0, 1, 2, … , 𝑘}, where 𝑘 is the number of base heuristics 
used in the ensemble. 

2. Ensemble position score (𝑠𝑡
𝑝𝑜𝑠) of term t is based on an 

average position of the term in the elementary heuris-
tics ranked lists. For each heuristic ℎ𝑖, the term’s posi-
tion score 𝑠𝑡𝑗,ℎ𝑖

𝑝𝑜𝑠  is calculated as �𝑟 − 𝑝𝑗� 𝑟⁄ , which re-
sult in position scores being in the interval [0,1). For 
an ensemble of 𝑘 heuristics, the ensemble position 
score is computed as an average of individual heuris-
tics’ position scores: 

stj
pos =

1
k
� stj,hi

pos
k

i=1
=

1
k
�

(n − pj)
n

k

i=1
. 

Using the migraine-magnesium domain pair, we exper-
imentally confirmed–through the ROC curve evaluation of 
different heuristics in terms of the quality of b-term re-
trieval–that the ensemble heuristic is the best measure for 
b-term detection and is able to retrieve b-terms approxi-
mately 7 times faster compared to the random approach. 
Besides testing on the migraine-magnesium dataset we 
evaluated the ensemble heuristic also on an independent 
autism-calcineurin dataset (Petrič et al. 2009) and con-
firmed the utility and domain independence of the pro-
posed approach. 

The CrossBee System 
This section presents our system which helps the experts in 
searching for hidden links that connect two seemingly 
unrelated domains. We designed and implemented an 
online system named CrossBee (Cross-Context Bisociation 
Explorer)4. The system was first designed as an online 
implementation of the ensemble ranking methodology. To 
the core functionality we have however added other func-
tionalities and content presentations which effectively 
turned CrossBee into a user-friendly tool for ranking and 
exploration of bisociative terms that have the potential for 
cross-context link discovery. This enables the user not only 

                                      
4 CrossBee is available at website: http://crossbee.ijs.si/.  

to spot but also to efficiently investigate terms that repre-
sent potential cross-domain links. 

Below we describe a typical use-case and the extended 
system’s functionality. 

A Typical CrossBee Use Case 
The most standard use case is the following. The user starts 
at the system’s home page by inputting two sets of docu-
ments of interest and by tuning the parameters of the sys-
tem. The minimal required user’s input at this point is a file 
with the documents from two domains. The prescribed 
format of the input file is kept simple to enable all users, 
regardless of their computing skills, to prepare the files. 
Each line of the file contains exactly three tab-separated 
entries: (a) document identification number, (b) domain 
acronym, and (c) the document text. The other options 
available to the user include specifying the exact prepro-
cessing options, specifying the base heuristics to be used in 
the ensemble, specifying outlier documents identified by 
an external outlier detection software, defining the already 
known b-terms, and others. When the user selects all the 
desired options he proceeds to the next step. 

CrossBee then starts a computationally very intensive 
step in which it prepares all the data needed for the fast 
subsequent exploration phase. During this step the actual 
text preprocessing, base heuristics, ensemble, bisociation 
scores and rankings are computed in the way presented in 
the previous section. This step does not require any user 
intervention. 

After computation, the user is presented with a ranked 
list of b-term candidates. The list provides the user with 
some additional information including the ensemble’s 
individual base heuristics votes and term’s domain occur-
rence statistics in both domains. The user then browses 
through the list and chooses the term(s) he believes to be 
promising for finding meaningful connections between the 
two domains. 

At this point, the user can start inspecting the actual ap-
pearances of the selected term in both domains, using the 
efficient side-by-side document inspection as shown in 
Figure 3. In this way, he can verify whether his rationale 
behind selecting this term as a bridging term can be justi-
fied based on the contents of the inspected documents. 

The most important result of the exploration procedure 
is a proof for a chosen term to be an actual bridge between 
the two domains, based on supporting facts from the doc-
uments. As experienced in sessions with the experts, the 
identified documents are an important result as well, as 
they usually turn out to be a valuable source of information 
providing a deeper insight into the discovered terms which 
indicate new cross-domain relations. 

Extended CrossBee Functionality 
Below we list the implemented functionalities of the 
CrossBee system. 
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• Document focused exploration empowers the user to 
filter and order the documents by various criteria. The 
user can find it more pleasing to start exploring the 
domains by reading documents and not browsing 
through the term lists. The ensemble ranking can be 
used to propose the user which documents to read by 
suggesting those with the highest proportion of highly 
ranked terms. 

• Detailed document view provides a more detailed 
presentation of a single document including various 
term statistics and a similarity graph showing the simi-
larity between this document and other documents 
from the dataset. 

• Methodology performance analysis supports the eval-
uation of the methodology by providing various data 
which can be used to measure the quality of the re-
sults, e.g., data for plotting the ROC curves. 

• High-ranked term emphasis marks the terms according 
to their bisociation score calculated by the ensemble 

heuristic. When using this feature all high-ranked 
terms are emphasized throughout the whole applica-
tion making them easier to spot. 

• b-term emphasis marks the terms defined as b-terms 
by the user. 

• Domain separation is a simple but effective option 
which colors all the documents from the same domain 
with the same color, making an obvious distinction be-
tween the documents from the two domains. 

• UI customization enables the user to decrease or in-
crease the intensity of the following features: high-
ranked term emphasis, b-term emphasis and domain 
separation. In cooperation with the experts, we discov-
ered that some of them do like the emphasizing fea-
tures while the others do not. Therefore, we introduced 
the UI customization where everybody can set the in-
tensity of these features according to their preferences. 

 

 
Figure 3. Illustration of the side-by-side document inspection of potential cross-domain links functionality of CrossBee, using an example 
from the migraine-magnesium dataset analysis, focusing on the analysis of the paroxysmal term. 
 

Discussion and Further Work 
Current literature-based approaches depend strictly on 
simple, associative information search. Commonly, a liter-
ature-based association is computed using measures of 
similarity or co-occurrence. Because of their ‘hard-wired’ 
underlying criteria of co-occurrence or similarity, associa-
tion-based methods often fail to discover relevant infor-

mation which is not related in obvious associative ways. 
Especially information related across separate domains is 
hard to identify with the conventional associative ap-
proaches. In such cases the domain-crossing connections, 
called bisociations (Berthold, 2012), can help generate 
creative and innovative discoveries. 

There was previous research by Swanson (1986), 
Weeber et al. (2001), Petrič et al. (2009) and several other 
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authors investigating the means for finding novel interest-
ing connections between disparate research findings which 
can be extracted from the published literature. They have 
shown that the analysis of implicit cross-context associa-
tions hidden in scientific literature can guide hypotheses 
formulation and lead to the discovery of new knowledge. 

The methodology presented in this paper has the poten-
tial for improved computational creativity in supporting the 
expert in the task of cross-domain literature mining. The 
main novelty is an approach to ensemble-based bridging 
term ranking. The creative act of finding bridging terms is 
supported by the user-friendly CrossBee system for litera-
ture mining, implementing closed cross-domain link dis-
covery. It has the potential to identify bridging concepts in 
the intersection of different domain literatures, as con-
firmed in the experiments in mining the literature on mi-
graine and magnesium 

In further work we will apply the CrossBee system to 
new domain pairs, focusing on the system’s potential to 
lead to new scientific discoveries. In addition to linking to 
PubMed, we will explore also the ways to connect Cross-
Bee to other document sources, including its connection to 
keyword search from documents on the web, Moreover, it 
would be interesting to explore the potential of CrossBee 
in media research, as well as linguistics where metaphors 
could potentially be discovered by cross-context text min-
ing. One of the priorities of our work will be, however, to 
use CrossBee in collaboration with the experts from differ-
ent fields (e.g. physicists and biologists) to address real life 
domain problems and to get valuable feedback from these 
targeted users. 
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Abstract

Several papers by Wiggins (building on ideas by Bo-
den) have outlined a view of creative concept genera-
tion as a very general search process, but that formal-
isation has not been developed much in the past few
years. Also, there are some aspects where clarification
or spelling out of details would be useful. We present a
re-formulation of the central ideas in Wiggins’s frame-
work, with slightly more rigorous statements of the def-
initions and a number of minor extensions. We also ex-
plain how this framework relates to some hitherto com-
pletely separate proposals by Ritchie.

Introduction
In recent years, there have been various formalisations of as-
pects of the computational creative process ((Pease, Winter-
stein, and Colton 2001), (Colton, Pease, and Ritchie 2001),
(Garcı́a et al. 2006), (Thornton 2007), (Colton, Charnley,
and Pease 2011)). Hence there is a consensus among at least
some established researchers that it is methodologically ben-
eficial to have fully precise, detailed and formal accounts of
any mechanisms being considered as ‘creative’.

A prominent example is Wiggins’s creative systems
framework (CSF), presented in a number of papers (particu-
larly Wiggins(2006a; 2006b)). That framework emphasises
the notion of search as the central mechanism for simulating
creativity, and outlines how a metalevel search could repre-
sent some phenomena sometimes discussed as ‘transforma-
tional’ creativity. Although these ideas are very helpful in
clarifying the nature of creative computation, the published
versions of the CSF are at best a preliminary sketch: some
details are unspecified, some natural extensions are undevel-
oped, and there are some formal errors or infelicities. The
current paper starts from the central ideas of the CSF, but re-
defines the formal mechanisms in a way which leaves fewer
gaps, aspires to have fewer formal inconsistencies, and in-
cludes the description of more aspects of computationally
creative processes. The central motivation for this is that,
if we subscribe to a belief in the benefits of formal models
(as noted above), then these models should not be left unde-
veloped, but should continue to be maintained, repaired, and
extended as necessary.

It is important to realise that the underlying intuitive ideas
– creation as the exploration of a ‘conceptual space’, and

possible ‘transformation’ of that space – have been set out
in numerous articles by Boden, with many illustrative ex-
amples from human creativity. Wiggins’s contribution was
to take those informal, broadbrush ideas and outline a for-
mal framework which both captured the core notions and
made sense computationally. The reader is referred to publi-
cations by Boden, Wiggins, and many others for more about
the intuitive motivation; our aim here is to refine and extend
Wiggins’s proposals.

A summary of Wiggins’s CSF
Although this paper is centrally concerned with formalisa-
tion, we start with a very brief informal overview of the ideas
in the existing version of the CSF.

The framework posits a universal set of all concepts, a
term which covers both abstract ideas (e.g. a mathematical
theorem, a design for a better political system) and concrete
artefacts (e.g. a painting, a poem). Within this wide-ranging
set, there are particular types of idea/artefact (e.g. stories,
paintings, poems), and what counts as a recognisable exam-
ple of a story/painting/poem/etc. may be highly dependent
on socio-cultural norms. For many such creative genres, it
is not realistic for there to be a firm definition of acceptabil-
ity, as the specific concept may be vague in the sense of (van
Deemter 2010). That is, the extent to which a text is or is not
a well-formed story (or other artistic category) is a matter of
degree, rather than an all-or-nothing decision. Hence, within
the CSF, the criterion for acceptability/recognisability is rep-
resented as a rating between 0 and 1; in effect, the set of ex-
amples of a genre is treated as a fuzzy set. As well as whether
something falls within the definition of some artistic genre,
there is the separate question of whether it is a good (high
quality) instance (e.g. a profound poem, a beautiful paint-
ing). This is similarly a ‘vague’ notion, and again is rep-
resented within the CSF as a score between 0 and 1. This
means that an artefact can be an acceptable instance (e.g.
recognisably a story) without being of high quality (e.g. it
may be a poor story); hence the need for two different rat-
ings (mappings from concepts to values).

The inspiration for the CSF was the work of Boden(1998;
2003), in which creativity was described as occurring within
a conceptual space, which could be explored, or – in more
radical creativity – transformed into a new space. This
view has some resemblance to the traditional ideas of search
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within AI (Nilsson 1971), and Wiggins set out both to clar-
ify the relationship between conventional AI search and cre-
ative computation, and to provide a formal framework for
describing the latter. The idea is that a creative system starts
from some set of concepts, and by a series of steps cre-
ates further concepts one after another, thus ‘exploring the
space’. Although the term ‘creative’ has connotations of
‘construction’, the CSF, following the practice in formalis-
ing AI search, regards ‘new’ concepts as not so much ‘con-
structed’ as ‘reached’. That is, notionally all the possible
concepts are elements of some universal set, but the cre-
ative system computes a route through that set to particular
concepts, and those which have been thus reached represent
‘discoveries’ or ‘inventions’.

The exploration of the space of concepts (the search
method) is modelled by an operator which acts on a se-
quence of concepts (a list of the concepts the system has
already processed), and yields as its result a new (presum-
ably longer) list of concepts, which can then be processed in
turn as the next cycle of search. Sequences are used because
the search method, like an agenda-based AI search system,
has to maintain some record of where it has reached within
the space of available concepts, and what to work on next.

Wiggins points out that by separating the acceptability
rating from the search method, we can describe the situa-
tion where different composers, each with a personal way of
finding new artefacts (different search procedures) are work-
ing within the same style of music (a shared notion of ac-
ceptability). A creative agent should be able to recognise
something as being a recognisable artefact, or a high qual-
ity artefact, without necessarily having a search method that
would allow the agent to reach (create) that artefact.

More concretely, this is an intuitively plausible account of
certain potentially creative programs. The MCGONAGALL
poetry generator (Manurung, Ritchie, and Thompson 2012)
uses an explicit search mechanism (a genetic algorithm) to
find suitable candidate texts. Each text must at least be syn-
tactically well-formed according to the system’s linguistic
grammar; this could be regarded as the acceptability map-
ping. During the search, items are scored for rhythmic suit-
ability and proximity to an initial semantic message; this
would be the quality mapping. At each stage, the system
keeps an ordered list of the current candidates, from which
each cycle in the search starts.

A small formal detail is that the CSF search operator takes
as arguments the two fuzzy criteria (for acceptability and
quality), and from there computes a way of going from an
existing concept-sequence to a new concept-sequence. This
means that the search method can be sensitive to these two
criteria if necessary, or that we can describe two systems as
having the same search strategy relative to their own differ-
ent definitions of validity and quality.

For Wiggins, the mappings (the two fuzzy sets and the
search mechanism) are to be represented as expressions in
some symbolic language, translatable to actual mappings.

Hence, in the CSF, an exploratory creative system consists
of the following seven components:

(i) the universal set of concepts
(ii) the language for expressing the relevant mappings

(iii) a symbolic representation of the acceptability mapping
(iv) a symbolic representation of the quality mappings
(v) a symbolic representation of the search mechanism

(vi) an interpreter for expressions like (iii) and (iv)
(vii) an interpreter for expressions like (v)

That constitutes the object level of the creative sys-
tem, which searches through concepts in the domain (e.g.
melodies). Wiggins also proposes that there can be a met-
alevel, which searches through possible object level sys-
tems to find an interestingly different ‘conceptual space’,
thus modelling Boden’s idea of a ‘transforming’ the space.
The metalevel in CSF is structured in the same way as the
object level (i.e. the seven parts as set out above), except
that its set for exploration (i.e. its universal set) contains ex-
pressions in the symbolic language used at the object level.
In this way, the metalevel searches through expressions de-
scribing object-level systems, assessing these descriptions
for acceptability and for quality (using the metalevel’s crite-
ria for these two measures).

Relative to the published accounts of the CSF, the revi-
sions or extensions made here are:
• The symbolic language for expressing the various map-

pings is given a much less central role.
• The way in which the metalevel defines the object level is

explicitly stated. In particular, the notion of ‘transforma-
tion’ of an (object-level) space is defined.

• Some minor inconsistencies in definitions are removed.
• We outline how search methods within the CSF can be

compared at the metalevel.
• The CSF is related to a proposal for formal assessment of

creative systems (Ritchie 2001; 2007).

The object level
The structure of an object level system
Wiggins posits the existence of one universal set, U , the set
of all concepts, but then defines a creative system as a tu-
ple, one component of which is the universal set. If the set
is truly universal across all systems, it should not need to
be mentioned as a defining component of a specific system.
On the other hand, it would be useful to be able to allow
different creative systems to consider only specific subsets
of this hugely general set. The compromise here is to ac-
cept the existence of the wholly universal set, but for the
definition of each creative system to specify a subset of this
universe; this could, in principle, be a non-proper subset.
We will use P (mnemonic for ‘possibilities’) for these sub-
sets in our definitions, below. The idea is that U is universal
enough to contain concepts for every type of artefact that
might ever be conceived: it includes poems, stories, sculp-
tures, jokes, paintings, theorems, architectural plans, designs
for food mixers, etc. On the other hand P represents the
whole range of concepts within some narrower sphere, such
as two-dimensional arrays of coloured pixels (which could
act as a ‘universal’ set for the creation of visual art), or finite
sequences of words and punctuation (a possible ‘universal’
set for various textual artistic forms).
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Notation: For any sets A,B, BA denotes the set of map-
pings from A to B. In particular, for any set X , [0, 1]X
denotes the set of mappings from X to values between 0
and 1 inclusive. Since a fuzzy set is defined by a mapping
from possible elements to values betwen 0 and 1, our fuzzy
sets of ‘acceptable’ elements and of ‘valuable’ elements will
be stated in this way; that is, as members of [0, 1]P . We
also take tuples(X) to denote the set of finite tuples (of any
length) of elements of the set X .

Definition 1: An exploratory creative system comprises:
(i) a subset P of U (possible concepts within this type or

genre)
(ii) N ∈ [0, 1]P , the acceptability mapping (mnemoni-

cally, this describes norms)
(iii) V ∈ [0, 1]P , the value mapping (mnemonically, this

describes value)
(iv) a mapping Q (the exploration scheme) from [0, 1]P ×

[0, 1]P to the set of mappings from tuples(P) to
tuples(P) (mnemonically, this describes a quest for
creations – ‘s’ for ‘search’ is used elsewhere).

The four components in our definition are direct counter-
parts of those in Wiggins’s CSF, but we have chosen differ-
ent symbols for the components of a system, to avoid confu-
sion; the relationships to Wiggins’s notation are: N ∼= [[R]],
V ∼= [[E ]], Q(N ,V) ∼= 〈〈R, T , E〉〉. The intuitive meanings
of the components are the same: P is the set of possible
concepts (e.g. arrays of pixels, sequences of words), N de-
fines the fuzzy set of acceptable instances of whatever do-
main/genre is being explored, V indicates how ‘good’ an in-
stance is, and Q defines how to explore the space.

The component Q, the search method, may need some
explanation. Directly following Wiggins’s proposals, Q is
applied to a particular N and V , and from that produces a
mapping which takes sequences of concepts into sequences
of concepts; hence, N and V could in principle influence
Q, or could be ignored. It might seem odd to describe Q as
taking these two parameters, when the only possible values
for the parameters seem to be fixed as N and V – why not
just ‘compile in’ these two values, as they are specified in
the same 4-tuple package as Q? At present, this level of pa-
rameterisation has no real advantage, but it leaves open the
possibility, as the framework is elaborated, of considering a
‘transformed’ version of an exploratory creative system in
which Q is unchanged, but one or both of N , V are altered,
with automatic consequences for the operation of Q.

As in the original Wiggins formulation, Q(N , V) maps
from sequences of concepts to sequences of concepts, pro-
viding an agenda-like exploration of the set of possibilities,
with the sequence representing the current search state

As noted earlier, the CSF includes a symbolic language in
which mappings are expressed as rules, which are then inter-
preted into mappings. Here, we abstract away from the use
of a language, and define a creative system using mappings.
The advantage of this is that it states the essential relations
within a creative system without regard for representational
issues. In a later section, we show how the symbolic lan-
guage can be incorporated, directly reflecting the Wiggins
approach.

Characterising the conceptual space
As noted above, the basic definition of an exploratory cre-
ative system contains a fuzzy set, N , of concepts, which
are – intuitively – those concepts which conform to the cur-
rent norms of the domain. In Wiggins’s formulation, this
fuzzy set is not regarded as modelling Boden’s ‘conceptual
space’. Instead, Wiggins stipulates that conceptual spaces
are ordinary subsets (not fuzzy) of the universal set U , and
that the conceptual space C (of a given creative system) con-
sists of all concepts mapped by his [[R]] (our counterpart is
N ) to values greater than or equal to 0.5. Similarly, Wig-
gins defines the valued set as those concepts which his [[E ]]
(our equivalent is V) maps to values greater than or equal to
0.5. That is, although the CSF allows both these sets to have
graded membership (0 to 1), Wiggins immediately simpli-
fies them to non-graded sets by imposing a threshold.

Within our formulation, the counterpart to Wiggins’s non-
fuzzy definitions would be as follows:

Definition 2: Given an exploratory creative system S =
(P,N ,V,Q), we define, for any α ∈ [0, 1] andX ⊆ P:

(i) Nα(X) = {c ∈ X | N (c) > α} (the set of concepts
which reach the threshold α in their ‘normality’).

(ii) Vα(X) = {c ∈ X | V(c) > α} (the set of concepts
which reach the threshold α in their ‘quality’).

(iii) the fuzzy conceptual space of S isN (this just confirms
the status of N as outlined earlier).

(iv) the conceptual space of S is N0.5(P) (this is for back-
wards compatibility with Wiggins’s 0.5 threshold).

(v) the fuzzy valued set of S is V (this just confirms the
status of V as outlined earlier)..

(vi) the valued set of S is V0.5(P) (this is for backwards
compatibility with Wiggins’s 0.5 threshold).

Searching
In the CSF, the searching process begins from an initial set
of concepts. This is to allow for the situation where the cre-
ative system starts from some given concept set, represent-
ing the status quo. It is also useful later, when considering
metalevel search. In Wiggins’s definitions, exploration al-
ways starts from the single totally unspecified concept, >,
representing a situation in which the system has no known
concepts already. Here, we generalise this slightly.

If the sequences on which Q operates are to be like an
agenda in conventional AI search, then those sequences
should contain only items which have been produced from
previous steps of the search (i.e. applications of Q). This
means that the initial agenda has to include every item (con-
cept) which could ever participate in discoveries but is not
produced by an application of Q.

Wiggins defines ‘reachable’ concepts using indefinitely
many applications of the search operator. There is a mi-
nor slip in his definition, in that repeated applications of
〈〈R, T , E〉〉 (which corresponds to our Q) will compute se-
quences (tuples) of concepts, not individual concepts. This
is easily remedied (and we can add an intermediate version,
for limited search). First we need a minor definition of all
the items appearing within a set of tuples:

International Conference on Computational Creativity 2012                                        43



Definition 3: Given any set of tuples A, we define
elements(A) ≡
{x | ∃〈y1, . . . , yn〉 ∈ A,∃i 1 ≤ i ≤ n : x = yi}

The Wiggins formalisation defines all the concepts which
can be reached with any amount of search, i.e. without limit.
Although this case is of theoretical interest, in practice any
system will search only to some finite depth, and so we also
define the notion of ‘reachable in a fixed number of steps’,
relying on the fact that a single application of the search
mapping Q corresponds to one step in the search process.

Definition 4: Given an exploratory creative system
(P,N ,V,Q), and a setB ⊂ P of concepts (B is the starting
set of concepts for the search):

(i) the set reachable from B in m steps is
m⋃
n=0

elements(Q(N ,V)n(B))

(i.e. any number of repeated applications of Q, up to
m; this describes search up to some depth.)

(ii) the set reachable from B is
∞⋃
n=0

elements(Q(N ,V)n(B))

(i.e. any number of repeated applications of Q; this al-
lows any depth of search.)

(iii) the set of reachable concepts is the set reachable from
{>}. (This matches Wiggins’s notion, where all search
starts from a single unspecified concept).

(iv) the set of concepts reachable inm steps is the set reach-
able from {>} in m steps. (This is a bounded search
variant of Wiggins’s ‘start from nothing’ definition.)

In considering the behaviour of a creative system, it is
important to know which of its final output (i.e. creations)
were provided to it initially and which were computed by
the system itself. We can define these thus:

Definition 5: Given an exploratory creative system
(P,N ,V,Q), a subset B of P , and a set of concepts K
reachable fromB, the discoveries inK is the set of concepts
in K −B.

Wiggins defines the set of valued concepts as being those
concepts reachable from the undefined concept, >, which
exceed a particular threshold value (0.5) when his ‘value’
mapping (our V) is applied. That definition can be restated
in the terminology here.

Definition 6: Given an exploratory creative system
(P,N ,V,Q), where RC is the set of reachable concepts,
and a value α ∈ [0, 1]:

(i) the α-valued set of reachable concepts is Vα(RC).
(ii) the valued set of reachable concepts is the 0.5-valued

set of reachable concepts (i.e. V0.5(RC)); this mirrors
Wiggins’s definition.

The metalevel
Structure of the metalevel
For the metalevel, the first matter to be clarified concerns the
set of items used for exploration. In the Wiggins papers, this

is the set of possible expressions in a symbolic language L.
An expression in L is defined earlier as defining a rule-set
representing either R (acceptability rules), E (value rules)
or T (search rules), with different interpreters applying de-
pending on which of these is intended. If the metalevel is
considering single L-expressions, how does one such ex-
pression represent an entire object level system, which con-
tains all three of R, E , and T ? Within the language-based
formalisation, a possible response would be to say that L
must contain notation which allows one expression to rep-
resent three rule sets. If following this path, Wiggins’s def-
initions of the language interpreters would also have to be
patched. As we are separating out the language aspect, we
have a different solution.

Here, the object level space is defined by the mappingsN ,
V , Q, so it seems reasonable to have the metalevel search-
ing through triples (N,V,Q) where N , V , Q, are possible
values for N , V , Q respectively (and hence are elements of
the appropriate sets such as [0, 1]P ). The exploration set at
the metalevel will be the set of such triples; for brevity here,
we will call this set of triples ECS(P) (as it is the set of
possible exploratory creative systems for P).

Given a subset P of U , a metalevel creative system for P
is an exploratory creative system made up of:

(i) ECS(P) (i.e. this is the metalevel’s set to explore)
(ii) an element Nmeta of [0, 1]ECS(P); this rates potential

object-level systems as to how ‘normal’ they are, thus
providing a (fuzzy) set of ‘acceptable’ triples (N,V,Q).

(iii) an element Vmeta of [0, 1]ECS(P); this rates potential
object-level systems as to their ‘quality’, thus providing
a (fuzzy) set of ‘valuable’ triples (N,V,Q).

(iv) a mapping Qmeta from [0, 1]ECS(P) × [0, 1]ECS(P)

to the set of mappings from tuples(ECS(P)) to
tuples(ECS(P)); this is structured like the search de-
vice Q in an object-level creative system, but operates
on elements of ECS(P) instead of P .

That is, the structure at the metalevel is exactly parallel to
the structure at the object level, as in the Wiggins version.
A metalevel has information about what an object level cre-
ative system should look like (Nmeta) and what would count
as a ‘good’ object level system (Vmeta). It also contains a way
of searching through potential object level systems (Qmeta).

Characterising an object level system
Given a definition of the components of a metalevel, it is
essential to then define exactly how the parts of the metalevel
characterise an object level system. This is not discussed in
detail by Wiggins, but he indicates that the metalevel is to
operate (in terms of search, etc.) exactly as an object level
creative system.

An object level creative system will ascribe various char-
acteristics to a set of concepts. Each concept will be: rated
(by N ) as to how acceptable it is as an member of the con-
ceptual space in question, rated (by V) as to its value/quality,
and defined (by Q) as either reachable or not. As noted ear-
lier, Wiggins proposes that the ratings by (his equivalents of)
N and V are turned into non-fuzzy sets using a threshold.
However, even then the object level does not characterise a
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single object, or a unique set of systems: it defines three in-
dependent sets, viaN , V andQ. Since the metalevel has ex-
actly the same structure as an object level system, the items
which it explores (for Wiggins, expressions in a symbolic
language L) are presumably similarly allocated to 3 sets:
the recognisable, the valued and the reachable (and for Wig-
gins, reachability is always relative to >, not some specified
starting set of items). Hence, the metalevel is assigning (po-
tential) object level systems to these three categories. What
the metalevel does not do is characterise a single object level
system, or even a unique set of systems. This means that we
do not, from the published papers, have a definition of how
one object level system is a transformation of another, or
how a computation at the metalevel will yield a new object
level system – all that the metalevel provides is this tripar-
tite classification. We will remedy this by defining how a
metalevel can define (or transform) a specific object level
system.

In the next few definitions, we assume two ex-
ploratory creative systems Sobj = (P,N ,V,Q) and
S′
obj = (P,N ′,V ′,Q′), and a metalevel system Smeta =

(ECS(P),Nmeta,Vmeta,Qmeta) for P . Where the relation
‘ 6=’ is used here, this allows for the two items in question to
have elements in common.

Definition 7:
(i) S′

obj is a revision of Sobj using Smeta if S′
obj is in the set

reachable from {Sobj} within Smeta, and S′
obj 6= Sobj .

(ii) for any α ∈ [0, 1], S′
obj is α-valued with respect to

Smeta if Vmeta((N ′,V ′,Q′)) ≥ α.
(iii) S′

obj is a transformation of Sobj using Smeta if S′
obj is a

revision of Sobj using Smeta and also N 6= N ′.
Here we have taken a ‘transformation’ to be a revision in
which the definition of the conceptual space (acceptable set)
changes, as indicated by the condition ‘N 6= N ′’. As this
could be true even if N and N ′ differ only on one element,
proponents of transformation as a form of radical change
might wish to enhance this definition.

Relationship to the original CSF
To clarify the amendments we have made to the formali-
sation, we can compare it with the original version in the
papers by Wiggins. As mentioned earlier, the original CSF
includes a symbolic language in which the components (the
counterparts of ourN , V ,Q) are expressed. We can add this
to our framework by defining a symbolic-language version
of an exploratory creative system, with appropriate links to
the definitions given above. In order to mimic Wiggins’s
definitions, we first have to clarify certain aspects which are
unclear in the published papers. Sometimes the mapping
N (or what corresponds to this in Wiggins’s framework) is
represented as a single expression in a symbolic language,
and sometimes it is said to be a set of expressions. Either
of these accounts could be made to work, if applied consis-
tently. Here, we have opted for the single expression version,
with the observation that the symbolic language could con-
tain connective symbols such as ‘conjunction’, ‘disjunction’

or other logical operators, thereby getting the effect of a set
of rules in one syntactic expression.

Wiggins’s version does not separate clearly the definition
of the language from the specific language expressions used
in a particular creative system. We have tried to draw this
distinction in the next two definitions.

Definition 8: Given a set of concepts P , a creative systems
language for P is a tuple (A,LR,LT , [[.]], 〈〈.〉〉) where:

(i) A is a set of symbols, the alphabet.
(ii) LR and LT are languages over A (only 2 are needed

because the language LR can be used for both the ‘ac-
ceptability’ rules and the ‘value’ rules, since these both
describe fuzzy sets of concepts).

(iii) [[.]] is a mapping from LR to [0, 1]P (this is the inter-
preter which takes an expression in the symbolic lan-
guage and returns a mapping; that mapping is then a
fuzzy set of concepts).

(iv) 〈〈.〉〉 is a mapping from LR × LT × LR to
tuples(P)tuples(P) (this is the interpreter which turns
symbolic expressions specifying a search method into
an actual mapping to carry out the search).

The above definition (which is closely modelled on Wig-
gins’s proposals) provides the symbolic mechanisms, sepa-
rately from any particular creative system which might use
these representations. The next two definitions state how
these mechanisms can be used to define a specific system.

Definition 9: Given a set of concepts P and a creative sys-
tems language (A,LR,LT , [[.]], 〈〈.〉〉) for P , then a symboli-
cally represented exploratory creative system for P consists
of a tuple (WR,WE ,WT ) where:

(i) WR ∈ LR; the norms or acceptability rules.
(ii) WE ∈ LR; the rules assigning value to items.

(iii) WT ∈ LT ; rules which define the search method.

Definition 10: Given a set of concepts P , a creative systems
language (A,LR,LT , [[.]], 〈〈.〉〉), and a symbolically repre-
sented exploratory creative system SE = (WR,WE ,WT ),
then the exploratory creative system associated with SE is
the tuple S = (P,N ,V,Q) where

(i) N = [[WR]]; i.e. the meaning of this rule expression is
the normality mapping.

(ii) V = [[WE ]]; i.e. the meaning of this rule expression is
the value mapping.

(iii) Q(N ,V) = 〈〈WR,WT ,WE〉〉; i.e. the meanings of
these rule expressions give the search mapping.

(This directly mirrors the arrangement of Wiggins’s CSF.)

Using his formalisation, (Wiggins 2006a) provides a num-
ber of definitions of specific behaviours that a creative sys-
tem could display, in terms of what concepts are valued,
which can be reached, etc. These terms can all be defined
within the formalisation given here, as follows, assuming
an exploratory creative system S = (P,N ,V,Q), and using
some of the terminology already defined above:

Hopeless uninspiration: The valued set of concepts is
empty. That is, there are no concepts anywhere within
the universal set that meet the ‘quality’ threshold.
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Conceptual uninspiration: V0.5(N0.5(P)) = ∅. That is,
there are no concepts within the acceptable (‘normal’) set
of concepts that meet the ‘quality’ threshold.

Generative uninspiration: The valued set of reachable
concepts is empty. That is, there are no concepts which
the search mechanism can reach which meet the quality
threshold.

Aberration: Where B consists of exactly those elements in
the reachable set which are not in N0.5(P), aberration
occurs if B 6= ∅. That is, aberration is when the search
mechanism goes outside the ‘normal’ set of concepts.
Perfect aberration is where V0.5(B) = B (i.e. all the non-
normal concepts meet the quality threshold); productive
aberration is where V0.5(B) 6= ∅ and V0.5(B) 6= B (i.e.
just some of the non-normal concepts meet the quality
threshold); pointless aberration is where V0.5(B) = ∅
(i.e. no non-normal concepts meet the quality threshold).

Evaluating search methods
Ventura’s analysis
Ventura(2011) gives an analysis of the limitations of unin-
formed search strategies in a creative context. His defini-
tions and results are general enough that they should be ap-
plicable to the framework here, although there is one small
formal point that needs to be stipulated first. Ventura (im-
plicitly) makes the following assumption:

One concept per step: Each formal ‘step’ in the search
process corresponds to the generation of exactly one
concept/artefact.

That is, Ventura’s analysis does not allow for intermediate
computational steps behind the scenes which do not directly
correspond to the generation of an artefact. The Wiggins
definitions (and our reformulations) do not demand this re-
striction, but it is a plausible constraint, and could be for-
malised thus:

Given an exploratory creative system (P,N ,V,Q), Q
is a one-concept-per-step scheme if, whenever z′ =
Q(N ,V)(z), ∃c′ ∈ P such that:

(i) c′ is an element of z′;
(ii) c′ is not an element of z;

(iii) for every element c of z′ where c′ 6= c, c is an
element of z.

This perspective could be taken even further, by revising
our definition of an exploratory creative system to include
a set OP of operators, which are mappings from tuples of
concepts to concepts; that is, each operator is a member of
PPk

for some integer k. Then we would stipulate that each
step in a search meets the constraint that it corresponds to
the invocation of one operator:

If two concept-sequences 〈c1, . . . , cn〉, 〈d1, . . . , dm〉
are such that Q(N ,V)(〈c1, . . . , cn〉) = 〈d1, . . . , dm〉,
then:
there must be an operator p ∈ OP , and concepts
〈e1, . . . , ek〉 (where k ≤ n) such that for every 1 ≤
i ≤ k, ei = cj for some j, and p(e1, . . . , ek) = dr for

some dr ∈ {d1, . . . , dm}, and dr /∈ {c1, . . . , cn}, and
∀di ∈ {d1, . . . , dm}, either i = r or di ∈ {c1, . . . , cn}.
Ventura’s analysis provides one possible formalisation of

the intuitive notion of a search strategy being ‘better’ (or
‘best’). It posits a set of target elements (concepts, in our ter-
minology) and considers the probability of the search reach-
ing one of these elements. In a footnote, Ventura also offers
a definition where the desirability of elements is a function
to [0, 1] (cf. our V), and computes the probability of reaching
an element with a maximal value.

It is arguable that in the area of creative systems, there is
less emphasis on finding specific target items (or even find-
ing a maximal-scoring item) and more on generally reaching
acceptable or highly valued concepts (a direction in which
Ventura’s footnote moves). Our formalisation allows an al-
ternative perspective on the assessment or comparison of
search methods; see the next subsection.

Comparing search
Our formulation of the CSF allows the comparison of two
search methods according to how the concepts they reach are
rated by the related mappings N and V , taking into account
the depth of search involved. As we will want to apply cer-
tain definitions to various mappings (including N and V),
we will start with a general schematic definition in which
the mapping F can be anything of the appropriate type (so
F is not mnemonic for anything, being just a placeholder
for now). Also, AGG will stand for either AV G (arithmetic
mean) or MAX (maximum) of a function applied to a set.

Definition 11: Suppose there are two exploratory creative
systems (P,N ,V,Q1) and (P,N ,V,Q2), with Si(k, k′) =
the set of concepts reachable in no fewer than k and no more
than k′ steps in these two systems (i = 1, 2). Also, F ∈
[0, 1]P (i.e. a rating of concepts, of some sort). Then

(i) Q1 has higher AGG F-values up to k′ steps than Q2

if AGG(F , S1(0, k
′)) > AGG(F , S2(0, k

′)).
(ii) Q1 has higher AGG F-values beyond k steps than Q2

if AGG(F , S1(k, k
′)) > AGG(F , S2(k, k

′)) for any
k′ > k.

This compares two variants of a system in which only the
search method Q is different. The above definitions will be
applied, below, to specific values for F .

Definition 12: Given a two exploratory creative systems
(P,N ,V,Q1) and (P,N ,V,Q2):

(i) Q1 is higher valued on average up to k steps than Q2

if Q1 has higher AVG V-values up to k steps than Q2.
(ii) Q1 is more normal on average up to k steps than Q2 if
Q1 has higher AVG N -values up to k steps than Q2.

(iii) Q1 achieves higher value up to k steps than Q2 if Q1

has higher MAX V-values up to k steps than Q2.
(iv) Q1 achieves greater conformity up to k steps than Q2

ifQ1 has higher MAXN -values up to k steps thanQ2.
For each of the 4 subparts of the above definition, we can

frame a corresponding definition which says that there exists
some depth k′ after which one of the search methods Qi
gives a higher value than the other; e.g.:
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Q1 is higher valued eventually thanQ2 if there is some
integer k′ > 0 such that Q1 has higher AVG V-values
beyond k′ steps than Q2.

Similar substitutions can be made in the other definitions.
In this way, we have several ways of describing one search

method Q1 as being ‘better’ than another, Q2. Next, we
consider how comparisons of search methods can be more
detailed.

Descriptive criteria
Ritchie(2001; 2007) defines a set of formal criteria which
can be used to describe aspects of a potentially creative sys-
tem’s behaviour. Central to these formal criteria are two rat-
ing schemes for assigning values in [0, 1] to elements of the
set of basic items (i.e. the set of possible artefacts). One rat-
ing scheme (typ) represents typicality, indicating the extent
to which an item lies within the norm for this type of arte-
fact. The other rating (val) is for value, and indicates the
‘quality’ of an item. Ritchie’s typ and val, Wiggins’s R and
E and our N and V all appear to capture the same intuitive
notions: that we can rate possible creations as to their mem-
bership of a concept set, and in terms of the quality of such
creations.

There are some differences of nuance between Ritchie’s
constructs and those in the CSF, to which we will return
later, but for the moment let us consider how the central
ideas in some of Ritchie’s criteria could be used within the
CSF as stated here.

The first eight of Ritchie’s criteria are stated in terms of
a result set, R, which is the set of artefacts produced by the
computer program, and the two ratings typ and val. There is
not space here to reproduce them all, but Criterion 7 illus-
trates the general idea:

ratio(Vγ,1(R) ∩ T0,β(R), T0,β(R)) > θ,
for suitable β, γ, θ.

where Vγ,1(R) is the set of elements of setRwhich are rated
above γ by val, T0,β(R) is the set of elements of R which
are rated below β by typ, and ratio computes the ratio of
the sizes of two sets. That is, this computes the proportion
of the untypical items which are of good quality.

Criteria like this could be applied to a creative system
(P,N ,V,Q), using N to define Ti,j and V to define Vi,j .
There are various ways in which the result set R could be
defined in terms of reachable concepts: all reachable con-
cepts? concepts reachable from a starting set B? concepts
reachable after some number of steps k? All of these are
plausible models of a ‘result set’. Hence there would be a
few families of very similar formula, parameterised accord-
ing to starting set or number of steps.

Ritchie(2007) emphasises that these criteria are not all
measures of creative success, but can be used to ‘profile’
a (potentially) creative program by describing its behaviour
in more detail. In the same way, they could give a more
detailed picture of a creative system, in the CSF sense.

Ritchie also postulates an inspiring set, I , which are
the existing artefacts upon which the design of the cre-
ative program was based. The remaining criteria (9 - 18 in
Ritchie(2007)) make comparisons of different sorts between

I and the result set R. There is no exact counterpart within
the CSF, as there is no ‘design’ stage in the formalisation.
However, the formal structure of Ritchie’s criteria which in-
volve I could be coerced into service within the CSF, by
replacing I with some initial set of concepts B, from which
search starts. That is, where Ritchie has a criterion such as:

ratio(Vγ,1(R − I) ∩ Tα,1(R − I)), (R − I)) > θ, for
suitable α, γ, θ

(informally, ‘a high proportion of the novel results are both
highly valued and very typical of the genre’) we would have:

ratio(Vγ,1(R−B)∩Tα,1(R−B)), (R−B)) > θ, for
suitable α, γ, θ.

where R is the set of concepts reachable from B. (Again,
there is a possible variant where a number of steps k is stip-
ulated.)

Although this seems to indicate that we can simply port
the Ritchie criteria into the CSF, there is one further issue to
consider: there is a difference in the overall perspective of
the two formal accounts. There are various viewpoints one
could assume in devising a formal model in this area. For
example, it would be possible to have an abstract declarative
formalisation of the nature of the creative task, without in-
cluding any details of how this task might be executed. Or
a model might be proposed as describing (at some suitably
abstract level) how a creative system operates. Ritchie’s cri-
teria arguably take a third viewpoint, in which one treats the
program as a conveyor of input/output data, and attempts,
from an external viewpoint, to say more precisely how it
has performed. The typ and val mappings are certainly not
proposed as components of the program or system. Instead,
these are measures which might be applied by, for example,
having humans judge the program’s output.

In Wiggins’s CSF, the formal definitions of R and E (the
symbolic counterparts of ourN , V) would be compatible ei-
ther with a characterisation of the abstract nature of creativ-
ity, or with a model of a creative system. However, the termi-
nology used, and the inclusion of the T (‘agenda’) mapping
(our Q) determine that this is a model (at a very abstract
level) of the working of a creative system. Hence, the whole
intent of the CSF is radically different from that of Ritchie’s
definitions, even though there is a clear parallel between the
intuitive meanings of N and typ, V and val.

This means that what we have sketched above is not the
direction application of Ritchie’s criteria within the frame-
work, but the definition of counterparts within the CSF,
where the Ti,j and Vi,j mappings are defined using inter-
nal components (N , V) of the system, not external judge-
ments. However, this means that if we are scrutinising the
behaviour of a creative system, we can apply the conditions
outlined above (i.e. the counterparts of Ritchie’s criteria) in
distinct ways:

Internal: How is the system performing, in its own terms?
For this, we use N and V to define Ti,j and Vi,j .

External: How is the system performing, in terms of inde-
pendent measures such as human judgements? For this,
we use the independent measures to define Ti,j and Vi,j .
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In both of these, we retain the notions ofB (initial set) andR
(reachable concepts) discussed above. Given that the set of
reachable concepts is in effect the ‘result set’, if the inspiring
set I is known, then using I instead of B, with an External
perspective, is effectively the scenario in the Ritchie papers.

These various adaptations of the criteria to the CSF can be
viewed alongside the definitions in our section Comparing
search above, and provide a slightly finer grained and more
detailed vocabulary for comparing search strategies.

Guiding the metalevel
We have already shown how the metalevel of a creative
system can start from an existing object level system and
search for a variant system, using a metalevel value func-
tion Vmeta. What should the content of Vmeta be? Since
the metalevel has access to the object level mappings N
and V , it would be possible for Vmeta to be defined using
composite criteria such as those we have outlined above,
the counterparts of Ritchie’s criteria. That is, the metalevel
search could be guided by how candidate object-level sys-
tems performed according to these criteria. For this, the
distinction between internally-parameterised and externally-
parameterised versions of the criteria is important. Whereas
the externally-parameterised version (using human judge-
ments or other measures) is exactly appropriate for profil-
ing or assessing the success of the object-level system, the
internally-parameterised version (using N and V) are the
only ones that make sense within the creative (metalevel)
system itself.

This glosses over the significant question of whether
a real creative program would be implemented with the
meta/object strata of the CSF, or whether the formal frame-
work is only a way of describing, at some fairly abstract
level, what creative systems do (or could do). It is possible
that the actual use of structured criteria which compare rat-
ings of initial sets and of reachable concepts would not be
realistically applicable in implemented systems.

Summing up
We have presented a reformalisation of Wiggins’s CSF,
which:
• makes the use of a symbolic language an optional extra
• indicates how search strategies can be formally compared

within the CSF
• clarifies the metalevel, defining some metalevel constructs

in more detail and making explicit some formal compar-
isons.

• shows how Ritchie’s criteria can be adapted, in a number
of ways, to the CSF formalisation, thereby clarifying the
relationship between these frameworks

In this way, we have extended the development of formal
descriptive frameworks for creative systems.
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Abstract

Creative search trajectories are chronologically orga-
nized intermediate products (such as sketches and
drafts) from the creative process. We discuss what
sorts of conclusions can be made when these trajecto-
ries show non-monotonic progress toward the final cre-
ation. We introduce several key distinctions that are of-
ten overlooked, and argue that two null hypothesis pro-
cesses must be rejected before non-monotonicity can be
claimed to support more complex processes. We show
that these null hypotheses are in fact difficult to rule out
definitively using the sorts of evidence that past research
has offered.

The sketches, drafts, revisions, and rejected ideas that cre-
ators leave in their wake on the way toward great master-
pieces offer glimpses of the mental processes that are re-
sponsible for their achievements. Ordered in time, these ar-
tifacts trace a trajectory through a mental space, and may
be the signatures of the specific exploration strategies that
differentiate great thinking from the mundane. Even the dif-
ferences in creativity that can be observed among study par-
ticipants may be explainable by tracing and analyzing the
detailed steps taken with simple creative problems.

This approach—which we call trajectory analysis—
borrows from the problem solving research of Newell and
Simon (1972) and others. However, whereas most problem
solving research uses problems that are concrete, objective,
and formalizable in terms of specific states, operators, and
goals, the creative problems faced by artists, writers, and sci-
entists are less easily reduced to symbols, rules, and compu-
tational steps. Though there are examples where researchers
have meticulously examined creative search trajectories us-
ing objective features (Weisberg 2004), most research has
let subjective judgments stand in for complete formal details
(Kozbelt 2006; Simonton 2007; Kozbelt and Serafin 2009;
Damian and Simonton 2011). Despite taking different ap-
proaches, many of these results point to the conclusion
that creative outcomes are not arrived at directly, but rather
through the twists and turns of false starts and retraced steps.
These observations have been taken as evidence that the cre-
ative process is tentative and experimental rather than delib-
erate and informed.

Given how complex it would be to devise comprehensive
and objective descriptors of intermediate states in creative

problems, it may not be practical to overcome all of the im-
perfections of subjective judgments. However, this does not
mean that conclusions drawn about the creative process on
the basis of these judgments do not need to be rigorously jus-
tified. While it seems intuitively clear that a process that is
tentative, uncertain, or experimental would produce trajecto-
ries that do not move monotonically closer to the final solu-
tion (Simonton 2007; Damian and Simonton 2011) or that do
not show monotonic improvement over time (Kozbelt 2006;
Kozbelt and Serafin 2009), caution must be exercised before
concluding that trajectories with these features could only
have been produced by such processes.

This paper aims to clarify what can and cannot be con-
cluded about the creative process on the basis of creative
search trajectories. Though we are ultimately optimistic
about the potential of this approach and advocate the view
that creativity requires uncertainty and experimentation, we
will show that existing evidence that creative search trajec-
tories are non-monotonic is in fact compatible with very
straightforward search processes, and that more care and
precision must be used when analyzing search trajectories.
We begin with a more detailed discussion of existing tra-
jectory analysis approaches, and then describe in overview
the distinctions that past work has overlooked. We then il-
lustrate these distinctions by presenting simple but formally
complete examples that demonstrate the need for caution
when drawing the conclusion that non-monotonic search tra-
jectories necessarily reflect something other than a straight-
forward process. We conclude by discussing the burden of
proof placed on researchers who wish to infer the causes
of non-monotonicity and by offering suggestions for future
work.

Background
While there are many approaches that people have taken to
using intermediate products to understand the creative pro-
cess (Getzels and Csikszentmihalyi 1976; Finke, Ward, and
Smith 1992; Hennessey 1994; Ruscio, Whitney, and Am-
abile 1998; Rostan 2010), this paper focuses specifically
on techniques that characterize the nature of the changes
between successive revisions of the work (Kozbelt 2006;
Simonton 2007; Kozbelt and Serafin 2009; Damian and Si-
monton 2011). Common to these analyses is the prediction
that creativity should be associated with non-monotonicity,
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Figure 1: Depiction of the key questions, answers (italicized), and terms (bolded) that impact how search trajectories are
analyzed.

which is perhaps best understood as the opposite of direct,
incremental progress toward the final creation (other the-
ories predict this, too, e.g., Perkins 2000). Beyond this
commonality, the theories differ in their reasons that non-
monotonicity should be expected, and indeed in how they
operationalize monotonicity.

One approach to characterizing monotonicity is that taken
by Kozbelt (2006) in his analysis of the sketches preceding
Matisse’s Large Reclining Nude. His approach focuses on
the evaluation of each sketch, and in particular on whether
the sketches become monotonically better with time. Given
that Matisse’s own evaluations are not available, Kozbelt has
both artists and non-artists rate each sketch (presented in a
random order) on 26 items, which are then analyzed in or-
der to extract a latent quality dimension. The artists’ ratings
are found to be maximal at the final image, but beyond this
they show non-monotonic variations over time (the contour
of which is replicated in the non-artist sample). Similarly,
Kozbelt and Serafin (2009) analyze intermediate sketches
from drawings by non-eminent artists, and find that artwork
that had been previously rated as more creative resulted from
less monotonic trajectories. This is suggested to be due to an
“interactive, hypothesis-testing dynamic” (Kozbelt and Ser-
afin 2009, p. 358), though the specifics of this process are
not articulated.

The other approach taken to characterizing monotonic-
ity involves looking at the structure of the sketches them-
selves. The preponderance of this evidence stems from
sketches Picasso left of Guernica. After an informal sugges-

tion by Simonton (1999) that these sketches showed “false
starts and wild experiments” (p. 197), Weisberg (2004) un-
dertook a detailed analysis of the features shared between
sketches and concluded that they were elaborations on a
basic idea that itself had precedent in other work, includ-
ing Picasso’s own Minotauromachy. In response, Simon-
ton (2007) undertook an alternative analysis in which var-
ious raters arranged the sketches in the order they would
most logically have been generated, which reliably resulted
in an order that did not match the actual temporal order.
Later, Damian and Simonton (2011) had raters judge the
similarity of the components from Minotauromachy to their
counterparts in the Guernica sketches, and again found
that the Guernica work did not get monotonically closer
(or further) from the prototypes. Simonton claims this
as evidence in support of the Blind Variation and Selec-
tive Retention (BVSR) theory of creativity (Simonton 2003;
2010), which holds that both desirable and undesirable vari-
ations will be generated during the creative process.

The Simonton work, in particular, has generated a great
deal of recent controversy (Dasgupta 2011; Gabora 2011),
much of it focused on the computational and algorithmic
specifics of BVSR theory. In fact, neither Kozbelt’s nor
Simonton’s analyses offered precise and detailed accounts
of the processes that would lead to non-monotonicity, with
Gabora (2011) suggesting that BVSR wouldn’t even pre-
dict non-monotonicity. While Simonton has begun better
formalizing BVSR theory (Simonton 2011; 2012), the fact
is that there are basic problems for the trajectory analy-
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sis approach that any theory of the creative process must
overcome. Therefore, rather than specifically addressing
the claims by Kozbelt and Simonton, this paper will in-
stead try to address some basic inconsistencies regarding
how monotonicity is conceptualized and operationalized,
and will demonstrate that non-monotonicity can result from
processes that are more straightforward than most theories
suggest.

Overview of Distinctions
In this paper we introduce several distinctions that are es-
sential when analyzing search trajectories. As depicted in
Figure 1, these distinctions revolve around questions about
what the search must find, what aspect of trajectory mono-
tonicity is of interest, and how monotonicity is measured.
Throughout the paper we will define and illustrate the terms
that these questions delineate, using the coordinates in the
margins to reference to the relevant portions of the figure.

The first and most important question is what the search
must find (Figure 1, D1). Problem solving research de-
scribes problems by the set of states and the operators that
move between them. The problem solver’s goal is to find a
sequence of operator applications that transforms the initial
state into (one of) the goal state(s). Because the goal state is
already known, the thing being searched for is the path itself,
which is why we refer to these as path searches (Figure 1,
AB23). (See also Jennings, Simonton, and Palmer 2011.)

Because the goal states are well known in path search,
solution quality depends more on the quality of the path
than on the specific goal state reached, with shorter (or less
costly) paths being better. Though this situation aptly de-
scribes many problems (e.g., proving a theorem, inventing
a process for synthesizing a given protein) there are other
problems where the end points are not known in advance.
For instance, in painting the artist seeks to depict a certain
scene, theme, or emotion using brush and paint. In most
cases we compare paintings not by the set of brushstrokes
that led from an empty canvas to the completed image, but
rather by that image itself. Thinking of these final images as
places in a solution space, we refer to this as a place search
(Figure 1, EF23).

Creativity is possible with both path and place search,
and most real problems involve some element of each (e.g.,
choosing a place and then finding the path to it). Though
we’ll speak of these as distinct kinds of searches in this pa-
per, we recognize that understanding joint path-place search
is an essential task for future work.

Monotonicity in Path Searches
Our discussion begins with path search. For simplicity we’ll
consider the classical Towers of Hanoi problem. (Though
this problem leaves little room for creativity, it nicely illus-
trate our key points.) As depicted in Figure 2, there are three
disks of decreasing size that are initially stacked on the left-
most of three pegs. The problem is to move the disks to the
rightmost peg by moving one disk at a time without placing
larger disks on top of smaller disks. The figure shows the

shortest sequence of states that solves the problem, which
together constitute the path found in this path search.

The Towers of Hanoi is often used to illustrate the fail-
ure of an heuristic called difference reduction, which entails
iteratively applying the operator that most reduces the dis-
crepancy between the current state and the goal state (An-
derson 1993). In fact, solving this problem requires select-
ing operators that temporarily make the current state less
similar to the goal state, and for this reason it could be ar-
gued that even a simple problem like the Towers of Hanoi
has a non-monotonic solution. By this logic, there is no
controversy behind claiming that creative problems exhibit
non-monotonicity. However, we will see that the Towers of
Hanoi isn’t inherently non-monotonic, at least in sense that
matters when making inferences about the search process.

Let’s begin by looking at the monotonicity of the se-
quence of states forming the shortest path in Figure 2.
Though we’ll ultimately conclude that these are not neces-
sarily the states that we should be analyzing when making
inferences about the search process, they conveniently il-
lustrate the different ways that monotonicity can be judged.
The difference reduction heuristic works by economically
comparing the current and goal states. For example, we
could compare states by looking directly at their representa-
tions. Each state in Figure 2 can be described as an ordered
triple indicating which pegs the smallest, middle, and largest
disks are on. (This is sufficiently descriptive since larger
disks cannot be on top of smaller disks.) Thus, the starting
state is (1, 1, 1), the final state is (3, 3, 3), and the interme-
diate states are (3, 1, 1), (3, 2, 1), etc. By analogy to genet-
ics, we can think of the state encoding as being a genotype.
We’ll define genotypic distance to be the dissimilarity be-
tween the encodings of two states, which here we can define
as the sum of absolute differences in state representations
(Figure 1, C78). For instance, the third state, (3, 2, 1) differs
from the final state, (3, 3, 3), by |3−3|+|3−2|+|3−1| = 3.

We could also compare states by looking at their salient
features, which may or may not be directly related to the
state encoding. Again by analogy to genetics, we’ll call
this phenotypic distance (Figure 1, D78). For the Towers
problem, let’s calculate phenotypic distance by counting the
number of disks that are on different pegs. Thus, the first
and final states differ by three, the second and final by two,
and so on.

As Figure 2 shows, the best solution to the Towers prob-
lem is indeed non-monotonic in genotypic distance (DG)
and phenotypic distance (DP ), with the solution becoming
less similar to the goal at various points, and difference re-
duction would indeed fail with either of these methods for
choosing operators. However, the fact remains that the se-
quence of moves shown is minimal (the path is the shortest
path possible). Defining the transformation distance (DT )
as the length of the shortest path between two states (Fig-
ure 1, E78), then we can see in Figure 2 that the path does
get monotonically closer to the final state. On the one hand
this is a useless insight since performing difference reduc-
tion with DT just pushes the work of finding the solution
into calculating DT . On the other hand this reveals that the
solution really isn’t non-monotonic, in the sense that there
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Figure 2: Illustration of non-monotonicity in genotypic distance, DG, and phenotypic distance, DP , but monotonicity in
transformation distance, DT , with the Towers of Hanoi problem. Distances are between the current state and the goal state, and
have been normalized. The sequences of moves shown is optimal.

is no point when the path takes steps leading away from the
goal state.

Having defined the various distance metrics that can ap-
ply to states, we need to ask whether we’re in fact looking at
the states that are relevant when making process inferences.
Recall that in path search the solution is itself a sequence
of states connected by operators. Thus, the states at the bot-
tom of Figure 2 jointly constitute the solution path (Figure 1,
A45). If the problem solver only represents the current state
and the goal state, essentially treating each step in the solu-
tion as a new problem, then each of the individual states in
Figure 2 may indeed describe the problem solver’s internal
state in each step, and we would conclude that the path is in
fact monotonic since no state is ever revisited.

Suppose instead that the problem solver uses a technique
like means-ends analysis (Newell and Simon 1961). In this
case the internal search state would need to represent sub-
goals and paths with gaps. For example, the first subgoal
in means-ends analysis would be to move the largest disk to
the rightmost peg. This might be represented as:

(1, 1, 1)→ ???→ (?, ?, 3)→ ???→ (3, 3, 3)

The path would then be built recursively by filling in
the steps before (?, ?, 3) and then the steps after (?, ?, 3).
Whether this process is monotonic depends on, for example,
whether the problem solver ever fails to achieve one subgoal
and tries another one. Monotonicity would have to be evalu-
ated according to the sequence of internal states (the search
trajectory; Figure 1, B45), not the states of the problem itself
(Figure 1, A45).

The importance of looking at internal states is clear when
we realize that any search process that successfully finds a
monotonic path may have explored longer paths that were
ultimately edited before emitting the solution. For instance,
a mathematician may prove several different lemmas as part
of the proof of a larger theorem before realizing that they
are all part of one general lemma and collapsing them ac-
cordingly. The final published proof would reflect this re-

alization, but that does not imply that the mathematician’s
own thought processes followed the minimal path presented
in the publication.

To summarize, when analyzing path searches, the rele-
vant states to consider are the internal states, which will
contain but may not be identical with the problem states.
Non-monotonicity should be judged using transformation
distance, as this is the most direct measure of whether the
trajectory includes apparently wasted effort.

Monotonicity in Place Searches
We’re now ready to shift our emphasis to place searches,
where the major aim of the search is to find the most desir-
able final state (Figure 1, F23). Here we’ll adopt a landscape
metaphor, wherein states, ~x, are thought of as being topo-
graphically organized according to the available operators.
Each state’s desirability is denoted f(~x), which we’ll call
it’s fitness in keeping with genetics-inspired language used
for genotypic and phenotypic distance.

Our discussion in this section considers search processes
that maintain a single current state that is iteratively im-
proved. Though these processes may consider several al-
ternate states in each iteration, only one survives into the
next iteration. (As with path-place searches, we leave place
searches where multiple states are under simultaneous re-
finement for future work.) We’re not going to attempt to
show that any particular process fitting these parameters is
most plausible. Instead, we discuss two processes that are
relatively implausible and yet not straightforward to rule out
with trajectory analysis. The first is a computationally im-
plausible process that always finds the most efficient path
between the initial and final state, which we call the direct
process.1 The second, which we call the hill climbing pro-
cess, takes the psychologically implausible steps of evaluat-

1Practically speaking, finding evidence for the direct process
suggests that the entire search occurred mentally, making trajectory
analysis the wrong analytical approach for that problem.
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Figure 3: Illustration of (a) the hill-climbing process, which shows non-monotonicity in genotypic distance but monotonicity in
fitness (solid lines), and (b) the direct process, which shows monotonicity in genotypic distance but non-monotonicity in fitness
(dashed lines). Times and distances have been normalized.

ing every available move and always choosing the one that
most improves fitness, stopping when no improvement is
possible (regardless of how low the current state’s fitness).

Whereas monotonicity in path search always referred to
the states in the search trajectory, place search lets us look
at the monotonicity of both the intermediate states and their
fitnesses (Figure 1, F3). We’ll call the monotonicity of the
intermediate states state monotonicity (Figure 1, DE45). The
same distinctions between genotypic, phenotypic, and trans-
formation distance apply, and as before transformation dis-
tance is the most relevant form of monotonicity (though usu-
ally not the most convenient to calculate). We’ll call the
monotonicity of the fitness function over time fitness mono-
tonicity (Figure 1, G45). As we’ll see, different conclusions
can result from considering fitness monotonicity as assessed
during search (Figure 1, FG78) or after search (Figure 1,
H78).

In the following we’ll present visual examples of searches
over two-dimensional grids, with the states in the x-z plane
and fitness on the y-axis. In this way, the ideal endpoint for
a place search is the highest point on the landscape. We’ll
allow single-unit moves in the up-down, left-right, and di-
agonal directions. Note that in this case DG, defined as the
Euclidean distance, is a good proxy for DT .

Insufficiency of Either Monotonicity Alone
Now we can evaluate whether fitness or state trajectories
are individually sufficient to rule out either the direct or hill
climbing processes. For the landscape shown in Figure 3,
a hill-climber that follows the fitness function, f , will trace
a path like the solid line shown in the figure. This trajec-
tory is non-monotonic in genotypic distance but monotonic
in fitness. The direct process would form a trajectory that is
monotonic in genotypic distance but non-monotonic in fit-
ness. Therefore, finding one but not both of state or fitness
non-monotonicity is not sufficient to rule out both null hy-
potheses processes.

Partially Observable States
The trajectory traced in Figure 3 is a spiral. While this is
literally a roundabout path to take, it is at least free of cycles
where the trajectory revisits previously-encountered states.
A trajectory with cycles seems to clearly contradict both null
hypotheses. Indeed, the presence of a cycle can rule out
the direct process, as editing out the cycle will not prevent
the path from reaching the same final state. A cycle is like-
wise impossible with hill climbing, unless the internal state
is only partially observable (cf. Gabora 2011).2

Consider the landscape in Figure 4, where the complete
state ~x = (x, x̂) has an observable part (x) and an unobserv-
able part (x̂). Projecting the full trajectory into x shows a
cycle, but the cycle disappears with (x, x̂).

Criteria Change
In a case almost identical to the previous example, suppose
that people’s criteria change during search. This is akin to
having an unobserved portion of the state that affects the
evaluation function. Here again, cycles could emerge in the
observable state that are in fact monotonic if the evaluation
function’s hidden parameter were observable. (The cases
are not quite identical since changes to this hidden param-
eter are dependent on some higher-level process, and hence
aren’t fully explainable by reference to f .) If one consid-
ers changes to evaluation criteria as separate from the main
search process then it’s still possible for this apparent non-
monotonicity to occur with a hill climber.

A special problem can occur when criteria change occurs
since the same state will be evaluated differently before and
after the change. This could lead to retrospective evalua-
tions of fitness over time showing non-monotonicity while
in fact fitness was experienced as increasing monotonically
during the search (see Figure 1, FH78). Suppose that the

2Cycles could also occur in the special case where all of the
states in the cycle are indistinguishable in terms of fitness.

International Conference on Computational Creativity 2012                                        53



x

x̂

D
G

Observable State
Complete State

f(
x)

Time

Figure 4: Illustration of an apparent cycle using a hill climbing process where the state is only partially observable. Projecting
the trajectory into observable space (horizontal axis) shows a cycle, while the complete trajectory is non-cyclic.
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Figure 5: Illustration of a search over x while a criteria weight w is simultaneously changing. The path (solid line) starts in
the foreground and proceeds to the background. As shown in the right graph, contemporaneous fitness is monotonic. However,
retrospective evaluation of the traversed points would be non-monotonic, as shown by the dashed lines in both graphs.

x1

x 2

D
is

ta
nc

e

DG

DT

f(
x)

Time

Figure 6: Illustration of a path that is non-monotonic with DG but monotonic with DT . The gray region in the left plot shows
infeasible configurations that can be represented with the genotype but that cannot be realized.
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state is a scalar x and that f(x) depends on a weight pa-
rameter w such that f(x) = w · f1(x) + (1 − w) · f2(x).
Figure 5 demonstrates how retrospective fitness evaluation
could show non-monotonicity even though contemporane-
ous fitness was monotonic.

Infeasible Regions
So far we have considered problems where DG is a good
proxy for DT . However, there are problems where the state
representation does a poor job reflecting the actual diffi-
culty of transforming one state into another. Consider the
landscape in Figure 6, where the gray regions are infeasible
states. Though a hill climber would fail on this particular
landscape, the direct process would find the path shown. As
can be seen, the state trajectory appears non-monotonic with
DG but isn’t when judged with DT . The fitness trajectory is
also non-monotonic, though that could occur with any direct
process.

Phenotypic Distance
In real-world situations, both transformation distance and
genotypic distance can be impractical to compute. In con-
trast, phenotypic distance, which is based on comparing the
state’s salient features, can be assessed fairly directly, such
as by having several human raters make intuitive similar-
ity judgments for pairs of intermediate products. However,
there are two issues with this approach. From a psycholog-
ical standpoint, it has long been known that human similar-
ity judgments are not well-behaved metrics, meaning that
they can be context-dependent, asymmetric, and intransi-
tive (Tversky 1977). These properties could introduce non-
monotonicity that was is not in the original stimulus (Gabora
2011).

Another problem with similarity judgments lies in the fact
that genotype and phenotype may be non-monotonically re-
lated. Let the state be a scalar x ∈ [0, 1] and suppose that this
maps to a single salient property, p(x) = sin(2πx) (see top
half of Figure 7). If a search proceeds linearly from x = 0 to
x = 1, DG (the absolute difference in state representations)
will be monotonically decreasing but DP (the absolute dif-
ference in the level of the property) will be non-monotonic
(see bottom half of Figure 7). This is true regardless of what
sort of landscape or search process is used.

Discussion
This paper has introduced a set of important distinctions
that must be made when analyzing creative search trajec-
tories, as summarized in Figure 1. We have argued that
path searches and place searches must be understood dif-
ferently. With path searches, we have claimed that the im-
portant measure of the efficiency of the search process is the
transformation monotonicity of the problem solver’s internal
states, which may or may not be the same as the states of the
problem itself. With place searches, we have argued that re-
searchers claiming that people use complex search processes
must first reject two null hypothesis processes, the direct and
hill-climbing processes. We have shown how rejecting these
processes entails demonstrating not just that there is non-
monotonicity in both states and fitness, but also that:
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Figure 7: The top graph shows the relationship between the
state x and its salient property, p(x). The left graph shows
monotonicity in DG (and presumably DT ) as x goes from
zero to one, but non-monotonicity in DP .

• State non-monotonicity occurs with transformation dis-
tance, not just with the more convenient indices of geno-
typic and phenotypic distance

• The observed state non-monotonicity does not reflect
movement on unobservable dimensions or the effects of
criteria changes

• Fitness non-monotonicity assessed retrospectively would
also have been non-monotonic when assessed contempo-
raneously

We have also illustrated how non-monotonicity may result
from processes that are at either end of the spectrum from
intelligent and informed (the direct process) and mechani-
cal and uninformed (the hill climbing process). Regarding
existing empirical work, we have shown that authors have
differed on whether they’ve analyzed state (Simonton 2007;
Damian and Simonton 2011) or fitness (Kozbelt 2006;
Kozbelt and Serafin 2009) monotonicity. Though we don’t
claim that the counterexamples provided here disprove the
claims made by these authors, we have raised important is-
sues that future work must address.

We also acknowledge that our work has several signif-
icant limitations. First, for simplicity we have falsely di-
chotomized path and place search, even though we are quite
sure that real creativity involves elements of each. Indeed,
the joint operation of these searches may map nicely onto
the problem finding/problem solving distinction that Getzels
and Csikszentmihalyi (1976) introduced. Second, though
we have alluded to criteria change as an important consider-
ation when analyzing place searches, we have avoided dis-
cussing how and when this would occur and what could
drive it. This decision was ultimately practical, since any
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discussion of changes to criteria leads to the question of
what guides criteria selection, and whether this itself can
change—leading to an infinite regresss that may not be re-
solvable at the level of an individual creator (cf. Jennings
2010a). We have also treated criteria change as compatible
with the hill climbing process, which we recognize may not
be without controversy. Third, we recognize that we have
not carefully considered the role of operators, and in par-
ticular how the discovery of new operators mid-search may
affect conclusions about state monotonicity. Finally, we are
fully aware that all of our counterexamples involve highly
abstracted problems, and so ultimately they serve more to
illustrate our points rather than provide an existence proof.
We look forward to addressing these and other limitations in
future work.

Our purpose here is not to cast aspersions on the trajectory
analysis approach. Indeed, we are actively pursuing empiri-
cal techniques that rely upon trajectory analysis (Jennings
2010b; Jennings, Simonton, and Palmer 2011), although
these techniques promise to reveal more about the under-
lying problem than can be obtained from a search trajectory
alone. Beyond this, we continue to believe that trajectory
monotonicity is an eminently practical way to study the cre-
ative process, particularly in cases where the available data
are slim. The objections that we’ve raised in this paper do
not seal the fate of this approach, but rather offer construc-
tive critiques that should be addressed in future research.
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Abstract
A popular definition of computational creativity is that
it consists in behaviour that would be regarded as cre-
ative if performed by humans. This raises the question
of which humans, as there are many different styles of
human creative behaviour. This paper unpacks a num-
ber of ways in which human artistic creativity can be
characterised, compares them with the kinds of cre-
ative actions found in computational creativity, and ex-
plores some aspects of human creativity that are under-
represented in computational creativity systems.

Introduction
Computational creativity (CC) has been pursued for
decades, with intense activity in recent years. One of the
most common definitions of CC is “building software that
exhibits behavior that would be deemed creative in hu-
mans” (Colton and others 2009). This paper explores this
definition.

Creative behaviour is not monolithic; there are many dif-
ferent ways in which to validly be a creative person. It might
be asked what kind of creative behaviour in humans we want
to compare computer systems with. This paper is concerned
with creative systems in artistic domains such as visual art,
music and literature, not with so-called everyday creativity.

Creative Personæ
There are clear parallels between the idea of CC as exhibit-
ing human-like behaviour and with Turing test-style defini-
tions of intelligence. In both, the system is designated as act-
ing in a creative/intelligent way if it can generate behaviour
or product that would require, creative/intelligent action in
humans to produce it, that a human observer would recog-
nise.

Creative acts in artistic domains are not actions that most
people will carry out regularly. So, care must be taken in se-
lecting which humans are taken as exemplars. In traditional
Turing style AI tests, the exemplar human is a member of the
general population. In these tasks we will have to assume
that the exemplar has some specific skills and knowledge.

One approach is to choose beginners in the domain as ex-
emplars. This fits with the approach to CC system devel-
opment that sees the development of systems that can do
beginner tasks as the first step towards the development of
more sophisticated systems. Another approach is to build

systems to be compared with mature creative work, where
the exemplars are mature artists. There is a danger with any
of these exemplar-based systems (Pease and Colton 2011)
that they encourage pastiche; but, if evaluators are primed
sufficiently, perhaps this can be avoided.

McCormack (2005) notes that CC algorithms will be val-
ued when they “produce art recognized by humans for its
artistic contribution (as opposed to any purely technical
fetish or fascination)”. This seems, reasonable; yet, it might
just be a temporary state. Once we have got beyond the
point at which the products/activities of computational artis-
tic creative systems are acknowledged as valid artworks, we
might become interested in “biographical” aspects of them,
and produce works that reflect on the origins of the work
without this seeming like “technical fetish”. This reflection
on origins might become part of the depth of the works.

An important point is that not all creative people are cre-
ative in the same way. This paper will consider a num-
ber of dimensions of what will be termed creative persona
space: an informally defined space representing broad at-
titudes/approaches. This paper considers three dimensions:
the social vs. individualist dimension; the importance (or
not) of ongoing tradition, development and “craft skills”;
ideas of new and old media and the way in which technology
is used in the artistic production itself.

Ritchie (2007) uses the inspiring set in evaluating CC: a
set of human works as exemplars of what a successful CC
system would generate. The intention here is similar, but
with regard to the creator rather than the works: for a par-
ticular CC system, can exemplars of the creator that is being
represented by the system be given?

Dimension 1: Socially Embedded vs.
Individualistic

One dimension of difference between creative artists is be-
tween those that work as individuals and those that create
work in a socially embedded context. No creative artist is
entirely divorced from social context, but we focus on those
that work directly with others in collaborative creation.

This is rare in the literary arts and uncommon in the vi-
sual arts; occasionally small groups will work consistently
together over a long period of time (e.g. artistic duos such
as Thomson & Craighead, the Chapman brothers and Cardiff
& Miller), but literature, visual art and theatre/film writ-
ing are dominated by individual creators (comedy writing—
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especially for TV—is a notable exception, as are the works
of groups such as the Dogme 95 filmmaking collective). In
music, collaboration is more common. This reaches its peak
in performance styles such as free improvisation, where a
number of performers work together to collaboratively cre-
ate a work without a preformed plan or an idea of leadership
or direction. In some more commercial creative domains,
such as advertising, group creative work is standard.

Most work in CC focuses on the individualistic concept of
creativity: writing of stories, creation of jokes, composition
of melodies, creation of pictures. There has been some inter-
est (Cook and Colton 2011) in mapping out the various con-
tributors to creativity in CC; this is explored futher below in
the discussion of computer as medium. Whilst CC systems
might create interactive works—for example in game level
design (Togelius and others 2010)—it is rare that the system
continues to be creatively active during interaction.

There are a number of potential reasons for this focus on
the individual. These are readily criticisable and there is no
reason to believe that all of them are believed by all practi-
tioners, but listing them gives us an initial scoping out of the
potential reasons:

• The work in CC is coming out of an AI tradition, which
has focused on the idea of the simulation of the individual
mind interacting with a task (though multi-agent systems
are a counterexample).

• From an artistic perspective, there is a tradition of the
“lone genius” in the romanticist tradition in art (Lovejoy
1948), which sees the role of the artist as developing their
own authentic and original voice. This idea of the artist
as romantic hero rejects the idea of collaboration and the
development of an ongoing tradition, instead of which the
great artist is seen as creating an individual body of work
expressing their own personal world-view.

• Creativity might be seen as happening because of var-
ious interacting processes within the mind (see e.g.
Koestler (1964)). However, people have a curious
reluctance to admit hierarchical models of interacting
networks, both in intelligence and creativity: creativ-
ity/intelligence might be seen as a product of interactions,
but it is tempting to contain those interactions to one level
in a complex system. It is difficult to conceive of a system
where creativity is a product of interacting systems within
the mind and also a network of interacting minds.

• There is a desire to be able to pin down exactly where
the creativity is coming from. If a system is embedded in
a complex social system with both human and computer
agents, it is harder to point to a specific creative act by the
computers. An easy criticism of such systems is that all
of the creativity is coming from the human agents, and the
seeming creativity of the computer agents is replicating,
decorating or making trivial responses to or elaborations
of the creative acts of the human agents.

• Individual creativity might be seen as the first stage in
the development of more sophisticated interactive cre-
ative systems; therefore, until CC systems have demon-
strated individual creativity, there is no point in tackling
the “more complicated” task of group creativity.

• In practice, most creative work is individual; group cre-
ativity, in the arts, is confined to specialised areas. There-
fore, CC systems are just emulating the world.

There are a number of such collaborative systems that
have been created. Consider Voyager (Lewis 2000), where
heuristics interact within a listening/responding musical sys-
tem that improvises alongside human musicians; and Sanfil-
ippo’s LIES (Sanfilippo 2012), where sound processing sys-
tems are connected, the parameters of these interactions be-
ing adjusted by the user. Is this a CC system? It is easy to say
that the creativity is coming from the user in the form of the
parameter changes; but, those might be provoked by sounds
from the system, what Blackwell and Young call “strong in-
teractivity”, which “depends on instigation and surprise as
well as response.” (Blackwell and Young 2005).

What might a CC system that was designed to work in a
free, collaborative environment look like? Take musical im-
provisation as an example. One source of inspiration might
be the broad guidelines that are given to beginners making a
start in improvisation; whilst improvisation might be “free”,
it is not “anything goes” and there is a strong, often unartic-
ulated, tradition about what is acceptable behaviour in such
performances. This needs to be learned by participation and
reflection, but guidelines can help to guide beginners so that
they are not floundering totally.

Consider, the three guidelines put forward by Dave Smith:
Listen, Don’t waste sounds, and Develop a sense of social
responsibility. How might a CC system attempt to work with
these? “Listen.” is both trivial (we need to have some means
of getting input from the other performers) but, of course, is
actually a very deep and complex guideline, especially con-
sidering that listening is an active process. Clearly, “listen”
means that improvisation should take account of that listen-
ing. However, account-taking can easily become trivial, and
bejust imitation; learning to develop material, and links be-
tween different heard sounds, is important to produce depth.

How might a CC system “listen” in this deeper sense?
One characteristic of listening is that people frame listening
with regard to what has been heard in the past, making subtle
distinctions between some objectively very similar sounds,
and grouping other sounds together that are objectively dif-
ferent (e.g. (Goto 1971)). One way to do this would be to run
a system for a long time, and accumulate a set of listenings.
This runs into the problem (Bown and McCormack 2010) of
getting people to interact over a long period of time with a
“naive” system that isn’t providing engaging feedback.

An alternative would be to take inspiration from the idea
of an adult learner who is new to free improvisation but al-
ready has a body of sonic knowledge from listening, speak-
ing and playing an instrument. For example, a system might
match listened phrases to a corpus of sonic information—
a set of melodies, or a set of nature sounds like birdsong,
or an artificially generated set such as sound contours de-
rived from spoken text. Developments in audio information
retrieval might mean that such information could be gained
from web search. The system could then base responses on
these matches, which would bring in a broader, allusive set
of responses than those that just work with varying the input
based on just that input alone.

Consider the second guideline: “Don’t waste sounds.”.
Again, there is a naive interpretation of this: don’t play all
of the time. This is simplistic, but could provide the basis
for an implementation; indeed, this is how many beginning
improvisers might, with some success, interpret it.
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However, it has more depth. “Waste” could include as-
pects of listening: don’t waste the other sounds that are go-
ing on in the environment, whether by ruining them with
your own sounds or by failing to exploit the sounds that have
potential. There is a suggestion of depth of contribution:
providing a contribution that is constantly striving for more
depth and development and eschewing cliché,

Again, simple versions of these could be implemented in
a CC system, particularly when combined with the deeper
listening ideas above. For example, the agent could mea-
sure the complexity of the current activity and hold back
in over-complex situations, the agent could hold a medium-
term memory of what material is being worked on and wait
until a particular piece of material is being “played out” be-
fore introducing new material, and so on.

Turning to the final point, how could a computational
agent “develop a sense of social responsibility”? The “so-
ciety” in question clearly includes the fellow players; also
perhaps, the audience. One aspect of being socially respon-
sible is recognising when behaviour is regarded by others
as gauche or inappropriate. Could a computer agent mea-
sure this by the inference of affective states from fellow
players (Picard 1997)? Clumsily, this could be done by di-
rect feedback from the players to the agent. Another way
in which humans learn social cues is by observing social
interactions amongst others; could a creative agent build a
model of such interactions within the group of improvisers
and then use this model to develop its own interactions? Or,
more simply, by analyse whether the material it performs is
taken up by fellow players and use that as a proxy for the
appropriateness of certain kinds of interaction?

Finally, how could such a system be evaluated? Evalu-
ation of “individualist” creative systems is typically done
via the impression that the system makes on the audience.
However, a collaborative system could also be evaluated by
the fellow players, and such players might use different cri-
teria to that used by (or, indeed, perceptible by) an audi-
ence. For example, a creative improvisation system might
be rated highly by fellow (human) improvisers if it provides
a contextually-sensitive way of provoking the other impro-
visers to produce more engaging music.

Dimension 2: Tradition-Classicism vs.
Romantic Individualism

Another aspect to the notion of the “romantic hero” is the
contrast between the artist working in isolation as an indi-
vidual genius and the artist working in a tradition. This is
somewhat different to the above discussion: this section con-
siders the contrast between the artist who pursues their own
“individual voice” against the idea of one who is concerned
with developing out from and contributing to the develop-
ment of an ongoing tradition. By contrast, consider a clas-
sicist view which sees originality happening via the gradual
development of a tradition, constantly underpinned by ideals
of balance and proportion.

The idea of romantic originality was a significant shift in
concept of artistic development within the European main-
stream tradition, contrasting with earlier traditions about
artistic creation being about skillful execution within a style,
including reuse and redevelopment of material. The roman-

tic artist creates work that reflects their own, individual, of-
ten troubled, engagement with the world (Butler 1981).

The relationship of CC to this dimension is complex. The
idea of creativity expressed by Boden’s model of transfor-
mational creativity reflects the classicist notion of a gradu-
ally developing tradition; the space is, after all, transformed,
not rejected. But, perhaps too much stall shouldn’t be placed
on this—after all, all artistic work builds to some extent on
previous work, and the most individualist romantic hero uses
tools developed by previous generations. Indeed, individual
initiative eventually tips over into eccentricity; witness the
reviews collected by Slonimsky (2000), or the reception of
“outsider art” (Rhodes 2000).

In areas where there is no ground truth, radical novelty is
difficult to evaluate. A seemly incomprehensible piece could
be madness or genius. In Boden’s terms, if a transformation
consisted of taking one space and replacing it by another,
how would works in this new space be evaluated? For a more
sober transformation, evaluation can start with our existing
ideas of evaluation and push them a little; in a completely
new space there is no corresponding grounding.

The view along this axis therefore gives a contrast to the
previous one. Typical CC systems represent individual cre-
ativity rather than social creativity; but, they represent in-
dividual creativity within a tradition rather than that of the
radical outsider.

Dimension 3: Old vs. New Media
Another distinction that can be made in artistic creativity is
between so-called old media and new media. Defining new
media is complex and contestable. Manovich presents an
initial, naive understanding of new media as those cultural
objects that essentially involve the use “of a computer for
distribution and exhibition.” (Manovich 2001).

He goes on to describe ways in which digital technol-
ogy has influenced the process of creating cultural works.
One example is where speedup faciliates a difference in kind
rather than just a difference in degree. E.g., real-time render-
ing of 3D scenes makes interactive games possible as well
as improving the production process of traditional anima-
tion. Furthermore, computer technologies provoke artists
into exploring new creative areas: for example, the notion
of transcoding (Manovich 2001), i.e. the ready exchange of
data between different media formats, makes us think about
creating works in which different media streams are created
from the same source material, whether in a supportive or
disruptive manner.

Computational Creativity: Old or New Media?
Are the products of CC systems old media or new media?
Perhaps counterintuitively, the vast majority of CC systems
are in an old media tradition. Whilst the computer is essen-
tial in CC, the role it plays is as creator; in new media, the
computer is essential in the work as it is presented.

The work on computational creation of stories (Gervás
2009), poetry (Manurung and others 2000) and
jokes (Ritchie 2009) is clearly in this vein: the aim of
the vast majority of such systems is to create a work that is
presented as words-on-the-page; whether these words are
presented on paper or on the computer screen (or read out
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loud) is not part of their essence. There are a few examples
of literary creativity systems that are clearly within the new
media tradition: for example, nn by Montfort (2007) is an
example of the generation of interactive fiction.

In the case of CC systems for music, the landscape is
more mixed. Systems such as Voyager produce sequences
of notes to be performed by a synthesis system (sounding
like a traditional instrument) or by a mechanical instrument.
However, there are a number of examples that demonstrate
how a creative music computing system could work in a new
media fashion. For example, Magnus’s evolutionary mu-
sic concrète experiments (Magnus 2006) and Sanfilippo’s
LIES system discussed above show how creative computer
systems can create electronic music that is concerned with
sound manipulation rather than the production of notes.

CC works in a real new media tradition are rare. There is
little CC work producing internet art (Greene 2004) or multi-
media works. There are few works that use computationally-
based means of organising material such as transcoding,
or dynamic creation of work from a database (Manovich
2001), or whose aesthetic is a computational one such as
the database aesthetics discussed by Vesna (2007).

One example is Dance Evolution by Dubbin & Stan-
ley (2010), which uses a computer game engine as the basis
for a system whereby characters learn to dance in time to
music. The characters are stock video-game images of sol-
diers; it is not clear whether this was simply a use of the
resources that were readily available within the engine, or
whether the choice was deliberate. Regardless, this unusual
choice of avatar provides a provocative image, reminiscent
of various artists attempts to subvert the video-game cul-
ture by, for example, the performance of street theatre within
MMORPG environments (Greene 2004).

The Creative Networked Computer
Despite CC arising during the “Internet age”, the typical
CC system produces creative output in a fixed medium (e.g.
words, pixels on a screen, MIDI notes) that ignores the net-
worked context of the computer. CC systems that draw on
allusions to the world beyond are rare. Most storytelling
systems (Gervás 2009) produce stories about a fixed set of
ideas and characters. Most of the CC systems for visual arts
work in an abstract medium.

Where they do provide external reference, this has typ-
ically been provided by the system designer directly. One
way is that the designer builds into the system some un-
derstanding of the external world: for example, whilst the
details of how people are drawn in Cohen’s AARON sys-
tem (Cohen 1995; Boden 1990) are created by the system,
the basic idea of a person-shape is part of the system design.
The second way this that the designer might place processes
within the system that generate allusions to the world be-
yond, for example in ecologically inspired systems such as
those discussed by Bown & McCormack (2010) where the
interactions between components of the system are inspired
by the kinds of interactions found in natural ecological sys-
tems. This could well suggest aspects of the natural world
to viewers of the system, even if the presentation is very ab-
stracted; but, the decision to make this allusion is that of the
system designer.

There are exceptions. Krzeczkowska et al. (2010) present
a system where the initial source material is drawn from cur-
rent news stories, and keywords extracted are used in web
searches for pictures, which are used as the source material
for the creation of a collage using Colton’s Painting Fool
system (Colton 2012).

An important part of much art (particularly visual and
conceptual art) is connotation: the depth of the work comes
from ideas that are suggested, triggering connections that
remain under conscious awareness, or revealed via “ah-ha”
moments where the link or allusion is suddenly revealed (the
idea of CC systems framing information as part of their cre-
ativity (Colton and others 2011) captures some of this).

Computer as Creator; Computer as Medium
CC researchers might eschew working in new media be-
cause of the potential for confusion between two different
roles for the computer. For a CC system in a computer-based
medium, the computer is playing two roles; that of creator,
and that of the medium in which the work is realised. In
theory, there is no reason why such a system should not be
successful. However, in terms of evaluation, the creative
computer working in new media is harder to evaluate. There
is a question of the role that the “creative” computer played,
versus the role played by the broader computational context.

McCormack (2005) has argued that to be taken seriously,
CC systems need to create works that are not just exam-
ples of “technical fetish”, but that are accepted in their own
right. This may be why CC systems have avoided new me-
dia works: many new media works play with the idea of
their technological groundedness in a self-referential and es-
sential way, and CC system creators avoid building systems
that work in such media to avoid accusations of “mere” tech-
nical obsession. But, awareness of origins need not reflect
an over-obsession with a trivial part of the work; indeed, the
lack of any sense of biographical depth is one of the shal-
lowing aspects of many CC-produced works.

One new direction would be to build CC systems that ex-
plore and celebrate what computers are good at. One inspi-
ration for this comes from John Cage’s account of his devel-
opment:

After I had been studying with him for two years,
Schoenberg said, “In order to write music, you must have a
feeling for harmony.” I explained to him that I had no feeling
for harmony. He then said that I would always encounter an
obstacle, that it would be as though I came to a wall through
which I could not pass. I said, “In that case I will devote
my life to beating my head against that wall.” (John Cage,
Lecture on Indeterminacy (Cage 1973))

A CC system could adopt a similar attitude, to acknowledge
that computers might not be capable of “passing off” cer-
tain aspects of human creativity (e.g. creating fluent natural
language text) but that certain new forms of creativity are fa-
cilitated that draw on the specific capabilities of computers
and the computational infrastructure.

Let us consider two recent works. Kessel’s 2011 Photog-
raphy In Abundance where a day’s uploads to Flickr were
printed out and placed in a gallery—hundreds of thousands
of photos. Such a work could not have been achieved with-
out computational infrastructure; yet, is this computational
creativity? Presumably not, as the creative decision about
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what to do with the computational capability of Flickr was
made by the human artist. Yet, the computational infrastruc-
ture seems to have played a stronger role here than that of
medium—the contribution of the computer to this work is
greater than the contribution of paint to a painting. Perhaps
we need to get used to the idea of artists working in a richer
medium, which “pushes back” in terms of creative contribu-
tion much more than a conventional medium.

The second example is my own 2011 piece Blank: nine
printed panels containing image search hits for “blank”.
Most of the images are of empty objects: map outlines,
blank signs, empty music paper. One image in the seventh
panel consists of a photo of a number of gun cartridges—
referencing “blanks” as a cartridge without a bullet.

Had this work been produced unaided by a human artist,
people might ascribe it creative depth. Having set up the ex-
pectation of empty, neutral images, there is this single flash
of violence in the middle of one panel, causing us to rein-
terpret the meaning of the emptyness. Of course, there is no
intention to create this as such; it is “mere” serendipity. Yet,
it is deeper than the readerly (Barthes 1970) interpretation
of a purely aleatoric work; the images were “chosen” by a
process that has a huge amount of infrastructure behind it. Is
this any shallower than some purely human-produced work
which has “come to mind” as the end result of the memory
structures produced by the artist’s life experiences?
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Abstract 

We start with a critical examination of the traditional 
view of creativity in which the creator is the major 
player. We analyze many different examples to point 
out that the origin of all different creativity scenarios is 
rooted in the viewer-artifact interaction. To recognize 
this explicitly, we propose an alternative formulation of 
creativity by putting the viewer in the driver’s seat. We 
examine some implications of this formulation, espe-
cially for the role of computers in creativity, and argue 
that it captures the essence of creativity more accu-
rately. 

 Introduction: Traditional View of Creativity 
In a typical creativity scenario, there is a creator, a product 
and the audience. The creator creates the product, and the 
audience appreciates it. The creativity is almost always 
imputed to the creator. One could talk about a creative 
process, but that is again associated with the creator. The 
audience plays a role, and has been dubbed the field by 
Csikszentmihalyi (1996), but somewhat indirectly, and 
even then, one usually makes a distinction between a popu-
lar artist and a creative artist, which are not synonymous. 
 This framework is questioned in this paper by analyzing 
a number of creativity scenarios and tracing the root factor 
that allows us to dub them creative. It is not the first time 
that these issues are being raised, for they are well known 
in the literature. But it may be the first time we are bring-
ing them all together to suggest that perhaps there is some-
thing fundamentally wrong with this view of creativity. We 
then propose an alternative formalism for creativity by 
looking at it from the audience’s point of view. Though 
this may seem almost heretical at first sight, we argue that 
it provides a more accurate framework to address various 
issues surrounding creativity, including the role of comput-
ers therein. 

Analysis of Some Creativity Scenarios 
We present here several creativity scenarios and analyze 
them to identify the root cause as to why they are labeled 
creative. 

Case of Creative Individuals 
If we try to think of creative people, who comes to mind? 
Perhaps Einstein, Mozart, Michelangelo or Leonardo da 
Vinci. In the modern times, we might think of Steve Jobs. 
But what do we mean when we say that they are creative?  

 Perhaps music came naturally to Mozart. In a letter to 
his father on Nov. 8, 1777, he wrote: “I cannot write in 
verse, for I am no poet. I cannot arrange the parts of speech 
with such art as to produce effects of light and shade, for I 
am no painter. Even by signs and gestures I cannot express 
my thoughts and feelings, for I am no dancer. But I can do 
so by means of sounds, for I am a musician.” However, 
what makes his work great is because of the way people 
have responded to his music over more than two centuries. 
(See also Kozbelt 2005; and Painter 2002.)  
 Steve Jobs has sprouted and nurtured many creative 
ideas, but again it is how people responded to the artifacts 
based on his ideas, like Mac, iPod, and iPhone, that is the 
key factor in his having become an icon of technological 
innovation and creativity. And one could easily dispute 
whether he was creative when it came to his clothes. 
 Einstein’s brain was preserved after his death so that 
people can study it to get any clues about the biological 
basis for creativity. But here also it is the impact of his 
theory of relativity, and its eventual acceptance by the sci-
entific community that was a key factor in him becoming 
an icon of scientific creativity of the twentieth century. 
Moreover, Einstein was also dogmatic at times, perhaps the 
most famous case being his rejection of Alexander Fried-
mann’s expanding universe hypothesis (Singh 2004). 
 Needless to say, we are not trying to argue that these 
people were not creative, but merely to point out that they 
were creative some of the times, and in some areas; and, 
more importantly for the discussion here, that we deter-
mine when they were creative based on how the audience 
responded to their ideas or artifacts. 

Creativity in Mentally Different Individuals 
Take the case of Stephen Wiltshire, discussed in Sacks 
(1995). He has an amazing ability to draw a landscape 
from memory after seeing it only once. Though he is diag-
nosed with autism, his work is highly regarded both by 
critics and general population. He was awarded Member of 
the Order of the British Empire for services to art in 2006. 
So he is no doubt a very creative person, no matter which 
criterion one chooses to apply. 
 But let us think about it a minute. What do we mean by 
saying that he is creative? His work has a certain style, 
level of details that most people cannot reach, aesthetic 
appeal, and all that. As with Mozart, we can go further and 
say that perhaps this is the way he expresses himself natu-
rally: just like you and I might describe what we did on our 
last summer vacation, he draws fantastic landscapes. The 
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landscapes are fantastic to us, his audience, and that is the 
crucial factor in his being recognized as a creative genius. 
 We can now throw in here examples of people with 
schizophrenia or brain damage, savants or manic-
depressive people, and so on (Sawyer 2006). When these 
people produce work that is considered creative, it is ex-
clusively the evaluation of the audience that is the key fac-
tor in this judgment. For many of them, this is their mode 
of being, and it could not have been otherwise. Often the 
intention is missing as well. (See also Abraham et al. 2007; 
Glicksohn 2011.) 

Cultural Creativity 
In many cultures, art is practiced as a group activity. For 
example, Maduro (1976) provides a study of Mewari paint-
ing community in a village in the Rajasthan province of 
India. It describes a strictly hierarchical group with each 
artist belonging to one of the laborers, master craftsmen or 
creative artists class. They mostly copy existing forms and 
patterns, with rarely an innovation, at least in the way it is 
considered in the Western art.  
 Sawyer (2006) discusses this and many other examples 
to argue that for such scenarios, one needs to take into ac-
count cultural context to evaluate creativity, and novelty 
may be neither necessary nor sufficient. However, the 
audience response is still a key factor. Notice that the cul-
ture itself can be an audience. 

Computer and Creativity 
We now consider the scenario at the other extreme, when 
technically there is no creator and the intent is missing. 
Even though the last two or three decades have seen a 
steady progress in the development of computer systems 
that produce artifacts in the domain of visual art (Cohen 
1981; McCorduck 1991), music (Chordia & Rae 2010; 
López et al.  2010; Monteith et al. 2010), literature (Kurz-
weil 2001, Pérez y Pérez et al. 2010); and so on, generally 
they have received a negative press as regard to their crea-
tivity: computers cannot have emotions, programs do not 
have intents, creativity cannot be algorithmic, etc. etc. 
(Boden 2009; Sawyer 2006). In fact, such views blatantly 
expose the implicit assumptions underlying creativity: 
namely that it crucially needs a creator with emotions, in-
tentions, and such. However, we have just seen a number 
of scenarios above involving humans where the intentions 
and emotions are missing and, even when they are there, 
what determines whether something is creative or not is the 
audience response. So why should we not apply the same 
yardstick for computer-generated artifacts? 

Creativity in Viewer-Artifact Interaction 
In all the scenarios above, we have seen that it is the audi-
ence response that determines whether an action (of the 
creator or the group), a process, or a product is creative. So 
suppose we drop the pretense, stop being apologetic about 
it, and embrace this view formally: We define creativity as 
the process by which a cognitive agent acquires a novel 

perspective that is useful (or meaningful) to it in some way 
by interacting with an object or a situation. 
 There are two aspects of this definition that need to be 
emphasized here. One is that we are taking completely the 
audience’s perspective here, so the creator is not even men-
tioned. Needless to say, this is not the first time that such a 
position is articulated. Barthes’ (1977) concluded: “We 
know that to restore to writing its future, we must reverse 
its myth: the birth of the reader must be ransomed by the 
death of the Author,” and he traced this view to even ear-
lier scholars. Moreover, even when one does not take this 
extreme position, most accounts of creativity do acknowl-
edge the role of audience (Cropley et al. 2011; Csikszent-
mihalyi 1996; Horn & Salvendy 2006; Maher 2010). Our 
aim here is to explore the implications of this authorless 
view of creativity, especially for computational systems. 
 Secondly, both the novelty and the usefulness are de-
fined from the agent’s personal point of view. So in this 
way, this definition refers to little-c creativity, or P-
creativity (Boden 1990; Kaufman & Beghetto 2009). How-
ever, as we will see soon, it can be extended to Big-C or H-
creativity. 

Implications of the Proposed View 
We will now discuss how many intuitive notions associ-
ated with creativity can be rooted in the formulation pro-
posed above. We start with the four Ps of creativity (Runco 
& Kim 2011). 

Product: Potential of Artifacts for Creativity 
If an agent can interact with an object to get a novel and 
useful perspective, we can impute creative potential to that 
object. If many people can get a novel and useful perspec-
tive, it should be emphasized that the perspective that each 
agent gets need not be the same, or need not be useful in 
the same way. So, for instance, different agents may see a 
work of modern art in various ways, and find it meaningful 
in different ways, and some may not see anything at all. 
 Though most accounts of creativity incorporate audience 
response to some extent, the extreme view we are examin-
ing here would allow Oracle readings of tea leaves and 
such as creative interactions. (See also Indurkhya 2007.) 
Just to contrast, in the traditional view, such objects lack a 
creator so, by association, lack creativity as well. This is a 
common argument to deny creativity to computer systems. 

Process: Creativity in Generating Artifacts 
Now we can take another step back and consider the proc-
ess of generating a creative artifact. In other words, we 
need to consider the process of generating an artifact with 
which a viewer can interact and get a novel and useful per-
spective. So the viewer is always hovering in the back-
ground, and has a significant impact on whether the proc-
ess is really generating an ordinary artifact as opposed to a 
creative artifact. 
 The main implication for modeling the generative aspect 
of creativity is that we cannot pursue it without considering 
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the audience, and making some assumptions about how 
they are likely to interact with the generated artifacts. 

Person: Creativity of an Individual/Group 
We can step back some more and consider the creativity of 
an individual or a group of individuals. Here we are look-
ing at the ability of the individual to generate artifacts with 
which viewers can interact and get novel and useful per-
spectives. So the viewer is again in the background and is 
playing a critical role. Moreover, even though we speak of 
this person or that person as being creative, we are really 
focusing on certain artifacts that they have generated in 
their career, which have given their audience some novel 
and useful perspective. 
 The implication of this is that though we can certainly 
study personality traits of certain individuals who gener-
ated some artifacts during their career that were deemed 
creative by the audience, it does not follow that those per-
sonality traits in a different culture, in a different context 
and with a different audience will necessarily result in the 
generation of artifacts that would also be considered crea-
tive. This point is highlighted in the essay ‘Late Bloomers’ 
(Gladwell 2009), where early geniuses are contrasted with 
late bloomers. The relevant point here is that whether a 
work is accepted by the audience or not does not depend 
much on whether it was produced early or late in the ca-
reer, but on the kind of work and the context and the cul-
ture in which it was produced. 

Press: Context, Culture and H-Creativity 
Press refers to the environmental factors that have an influ-
ence on the generation of the artifact; but that is taking the 
traditional perspective, where the focus is on the creator. If 
we are putting the viewer in the drivers’ seat, then an 
analogous set of environmental factors can be identified 
that determine how a work is received by the viewer, and 
whether it is successful or not. 
 Let us first consider the artifact interaction with an indi-
vidual viewer. Clearly, the context in which a viewer inter-
acts with the artifact can have a major influence in what 
perspective is gleaned from it, and whether it is novel or 
meaningful. The most classic example of this might be 
Marcel Duchamp’s Fountain, which was a urinal turned 
around. (See also ‘When is Art?’ in Goodman 1978.) There 
is also the effect of the viewer’s background knowledge: 
when one views the Parthenon in Athens, one’s knowledge 
of the history and culture of ancient Greek certainly effects 
one’s perceptions and aesthetic experience. 
 Moving to larger groups and societies, there are many 
instances when a novel and potentially useful idea was not 
successful when introduced in one context, but the same 
idea was a big hit in another context. We mentioned above 
the example of Alexander Friedmann’s expanding universe 
hypothesis, which was rejected when introduced because 
of Einstein’s influence but was widely heralded later. 
Wegener’s (1966) theory of continental drift suffered a 
similar fate when it was first introduced in 1915, even 
though that was no fault of Einstein. 

 There are also cases where the theory, although novel 
and carefully worked out, never received acceptance: for 
instance, Velikovsky’s theory, which hypothesized Earth’s 
encounters with a large comet expelled from Jupiter and 
provided explanations for many biblical events (Casti 
1989, pp. 7–10). 
 History of marketing and product development also pro-
vides many such examples that are studied in business 
schools all over. Gladwell (2009), for instance, recounts 
Jim Wigon’s not-so-successful odyssey to develop creative 
ketchup flavors, and contrasts this with mustard and spa-
ghetti sauce, for which similar efforts were more readily 
accepted by the consumers. 
 The implication of all this simply is that one needs to 
study all these contextual factors that make an idea or an 
artifact novel and meaningful, and thereby eligible for the 
‘creativity’ label. But this is essentially what is called H-
creativity: novelty and usefulness for a culture or society. 
We should emphasize here that this novelty and usefulness 
with respect to a culture is not the same as popularity. Cer-
tain ideas or artifact can be popular in a society without 
being considered novel (by the members of the society 
themselves), and vice versa. 

Who is Creative? 
This is one question that is often asked with regard to arti-
ficial creativity systems. For example, who is being crea-
tive when the computer program Aaron generates a paint-
ing in which many people see some aesthetic value? Is it 
the program? Is it the programmer? In many complex com-
putational systems, the programmer cannot see all the 
consequences of what their system can generate, and can 
be quite surprised by the artifacts it produces. 
 We would like to argue that this question is meaningless 
in the framework of creativity we are proposing here. Just 
to get away from the computational system scenario, con-
sider a painting by a schizophrenic person that many peo-
ple find interesting and insightful. Now obviously, the 
schizophrenic person is the creator of the painting. But is 
she or he creative? How can we determine this? Perhaps it 
is a natural way for them to express themselves; they may 
not see what all the fuss is about the artifact they created. 
In other words, if we zoom out and look at the larger pic-
ture, they are creating artifacts that many people find in-
sightful, and so in that sense we can ascribe them creativity 
as explained above. But if we zoom in on the processes by 
which they generate these artifacts, where is the creativity? 
They may not be trying to generate some aesthetically 
pleasing object, and may not even be aware of any audi-
ence. The point is that there is nothing distinctive about the 
generation process itself that we can label it as creative. 

Creativity and Computational Systems 
Once we acknowledge that it is meaningless to ask who is 
being creative, the stigma surrounding the potential crea-
tivity of computational systems recedes away. The goal 
becomes simply to create artifacts that give them some 
novel and meaningful perspectives. 
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 This seemingly small shift of focus has far reaching con-
sequences, and our society is already moving towards it. 
To start with, modeling the audience, their cultural tastes 
and preferences, their cognitive processes that influence 
their response to novel stimuli, and so on, becomes very 
crucial. In the last 10-15 years, research in neuroscience 
has revealed that at least some of our aesthetic values are 
hardwired in the structure of the brain (Ramachandran & 
Hirstein 1999; Zeki 2000). Then to add to that, machine 
learning techniques can learn about the cultural prefer-
ences of an audience based on the past data. For instance, 
Ni et al. (2011) trained their program with the official UK 
top-40 singles chart over the past 50 years to learn as to 
what makes a song popular. A program like this might suc-
cessfully predict, for instance, the winner of the future 
Eurovision competitions. 
 To reiterate a subtle point, creativity is not the same as 
popularity. So to be able to predict whether a song, or a 
book, or a video will become popular (Szabo & Huberman 
2010) is not the same thing as evaluating their creativity. 
Nonetheless, we expect that similar techniques, perhaps 
with some adaptations, are more likely to yield the key to 
creativity. 
 Going one step further, once audience-based models of 
creativity are articulated, we can design, implement and 
experiment with computational systems that generate arti-
facts that are more likely to appeal to the audience, both 
with respect to their novelty and meaningfulness. One 
could even argue that computational systems are more ide-
ally suited than humans to explore this space of creative 
possibilities (Harry 1992; Indurkhya, to appear). 

Designing Creativity-Support Systems 
A related issue is how to stimulate and enhance creativity 
in people, if it is possible at all. Indeed, a number of ap-
proaches have been proposed and tried out over the years 
(de Bono 1975; Gordon 1961; Holstein 1970; Rodari 1996; 
Shapira & Liberman 2009). One key observation that re-
curs in many of these studies is that trying to associate un-
related objects or situations stimulates creativity (Indurk-
hya 2010). In our past research, we have explored some 
approaches to design creativity-support systems based on 
this observation (Indurkhya 1997; Indurkhya et al. 2008; 
Ishii et al. 1998), but much more remains to be done. 

Conclusions 
Though most of the research on computational creativity 
has implicitly assumed that the creative value is in the arti-
fact, they have been sort of apologetic about it. For exam-
ple, Colton (2008) argues that it is not enough to generate 
an interesting or creative artifact, but one must also take 
into account the process by which the artifact was gener-
ated. Krzeczkowska et al. (2010) took pains to project 
some notion of purpose in their painting tool so that it 
might be perceived as creative.  
 In this paper we have sought to not only drop this veil of 
apology, but move to the other extreme by proposing a 
formulation of creativity that puts the onus on the viewer 

by characterizing it as the process of getting a new and 
meaningful insight about an object or situation. 
 We have argued that this formulation reflects more accu-
rately what actually goes on in the whole creativity cycle. 
Moreover, other situations, like when we deem an artifact 
or an individual as being creative, we are really implicitly 
relying on the viewer-artifact interaction to make this 
judgment. Therefore, creativity of an agent and that of an 
artifact are best seen as derived concepts based on our pro-
posed formulation of creativity. 
 We hope that this will stimulate further discussion about 
the nature of creativity and, more importantly, will gener-
ate new approaches to the design and development of 
computational creativity systems. 
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Abstract 
Creativity research has traditionally focused on human crea-
tivity, and even more specifically, on the psychology of in-
dividual creative people. In contrast, computational creativ-
ity research involves the development and evaluation of 
creativity in a computational system. As we study the effect 
of scaling up from the creativity of a computational system 
and individual people to large numbers of diverse computa-
tional agents and people, we have a new perspective: crea-
tivity can ascribed to a computational agent, an individual 
person, collectives of people and agents and/or their interac-
tion. By asking “Who is being creative?” this paper exam-
ines the source of creativity in computational and collective 
creativity. A framework based on ideation and interaction 
provides a way of characterizing existing research in com-
putational and collective creativity and identifying direc-
tions for future research. 

Human and Computational Creativity 
Creativity is a topic of philosophical and scientific study 
considering the scenarios and human characteristics that 
facilitate creativity as well as the properties of computa-
tional systems that exhibit creative behavior. “The four Ps 
of creativity”, as introduced in Rhodes (1987) and more re-
cently summarized by Runco (2011), decompose the com-
plexity of creativity into separate but related influences: 

• Person: characteristics of the individual,  
• Product: an outcome focus on ideas,  
• Press: the environmental and contextual factors,  
• Process: cognitive process and thinking techniques. 

While the four Ps are presented in the context of the psy-
chology of human creativity, they can be modified for 
computational creativity if process includes a computa-
tional process. The study of human creativity has a focus 
on the characteristics and cognitive behavior of creative 
people and the environments in which creativity is facili-
tated. The study of computational creativity, while inspired 
by concepts of human creativity, is often expressed in the 
formal language of search spaces and algorithms.  
 Why do we ask who is being creative? Firstly, there is 
an increasing interest in understanding computational sys-
tems that can formalize or model creative processes and 
therefore exhibit creative behaviors or acts. Yet there are 
still skeptics that claim computers aren’t creative, the com-
puter is just following instructions. Second and in contrast, 
there is increasing interest in computational systems that 
encourage and enhance human creativity that make no 

claims about whether the computer is being or could be 
creative. Finally, as we develop more capable socially in-
telligent computational systems and systems that enable 
collective intelligence among humans and computers, the 
boundary between human creativity and computer creativ-
ity blurs. As the boundary blurs, we need to develop ways 
of recognizing creativity that makes no assumptions about 
whether the creative entity is a person, a computer, a po-
tentially large group of people, or the collective intelli-
gence of human and computational entities. This paper 
presents a framework that characterizes the source of crea-
tivity from two perspectives, ideation and interaction, as a 
guide to current and future research in computational and 
collective creativity.  

Creativity: Process and Product 
Understanding the nature of creativity as process and prod-
uct is critical in computational creativity if we want to 
avoid any bias that only humans are creative and comput-
ers are not. While process and product in creativity are 
tightly coupled in practice, a distinction between the two 
provides two ways of recognizing computational creativity 
by describing the characteristics of a creative process and 
separately, the characteristics of a creative product. Study-
ing and describing the processes that generate creative 
products focus on the cognitive behavior of a creative per-
son or the properties of a computational system, and de-
scribing ways of recognizing a creative product focus on 
the characteristics of the result of a creative process.  
 When describing creative processes there is an assump-
tion that there is a space of possibilities. Boden (2003) re-
fers to this as conceptual spaces and describes these spaces 
as structured styles of thought. In computational systems 
such a space is called a state space. How such spaces are 
changed, or the relationship between the set of known 
products, the space of possibilities, and the potentially 
creative product, is the basis for describing processes that 
can generate potentially creative artifacts.   
 There are many accounts of the processes for generating 
creative products. Two sources are described here: Boden 
(2003) from the philosophical and artificial intelligence 
perspective and Gero (2000) from the design science per-
spective. Boden (2003) describes three ways in which crea-
tive products can be generated: combination, exploration, 

International Conference on Computational Creativity 2012                                        67



and transformation: each one describes the way in which 
the conceptual space of known products provides a basis 
for generating a creative product and how the conceptual 
space changes as a result of the creative artifact. Combina-
tion brings together two or more concepts in ways that 
hasn’t occurred in existing products. Exploration finds 
concepts in parts of the space that have not been consid-
ered in existing products. Transformation modifies con-
cepts in the space to generate products that change the 
boundaries of the space. Gero (2000) describes computa-
tional processes for creative design as combination, trans-
formation, analogy, emergence, and first principles. Com-
bination and transformation are similar to Boden’s proc-
esses. Analogy transfers concepts from a source product 
that may be in a different conceptual space to a target 
product to generate a novel product in the target’s space. 
Emergence is a process that finds new underlying struc-
tures in a concept that give rise to a new product, effec-
tively a re-representation process. First principles as a 
process generates new products without relying on con-
cepts as defined in existing products.  
 While these processes provide insight into the nature of 
creativity and provide a basis for computational creativity, 
they have little to say about how we recognize a creative 
product. As we move towards computational systems that 
enhance or contribute to human creativity, the articulation 
of process models for generating creative artifacts does not 
provide an evaluation of the product. Computational sys-
tems that generate creative products need evaluation crite-
ria that are independent of the process by which the prod-
uct was generated.  
 There are also numerous approaches to defining charac-
teristics of creative products as the basis for evaluating or 
assessing creativity. Boden (2003) claims that novelty and 
value are the essential criteria and that other aspects, such 
as surprise, are kinds of novelty or value. Wiggins (2006) 
often uses value to indicate all valuable aspects of a crea-
tive products, yet provides definitions for novelty and 
value as different features that are relevant to creativity. 
Oman and Tumer (2009) combine novelty and quality to 
evaluate individual ideas in engineering design as a relative 
measure of creativity. Shah, Smith, and Vargas-Hernandez 
(2003) associate creative design with ideation and develop 
metrics for novelty, variety, quality, and quantity of ideas. 
Wiggins (2006) argues that surprise is a property of the re-
ceiver of a creative artifact, that is, it is an emotional re-
sponse. Cropley and Cropley (2005) propose four broad 
properties of products that can be used to describe the level 
and kind of creativity they possess: effectiveness, novelty, 
elegance, genesis. Besemer and O'Quin (1987) describe a 
Creative Product Semantic Scale which defines the creativ-
ity of products in three dimensions: novelty (the product is 
original, surprising and germinal), resolution (the product 
is valuable, logical, useful, and understandable), and elabo-

ration and synthesis (the product is organic, elegant, com-
plex, and well-crafted). Horn and Salvendy (2006) after 
doing an analysis of many properties of creative products, 
report on consumer perception of creativity in three critical 
perceptions: affect (our emotional response to the product), 
importance, and novelty. Goldenberg and Mazursky (2002) 
report on research that has found the observable character-
istics of creativity in products to include "original, of 
value, novel, interesting, elegant, unique, surprising."  
 Amabile (1982) says it most clearly when she summa-
rizes the social psychology literature on the assessment of 
creativity: While most definitions of creativity refer to 
novelty, appropriateness, and surprise, current creativity 
tests or assessment techniques are not closely linked to 
these criteria. She further argues that “There is no clear, 
explicit statement of the criteria that conceptually underlie 
the assessment procedures.” In response to an inability to 
establish and define criteria for evaluating creativity that is 
acceptable to all domains, Amabile (1982, 1996) intro-
duced a Consensual Assessment Technique (CAT) in 
which creativity is assessed by a group of judges that are 
knowledgeable of the field. Since then, several scales for 
assisting human evaluators have been developed to guide 
human evaluators, for example, Besemer and O'Quin's 
(1999) Creative Product Semantic Scale, Reis and 
Renzulli's (1991) Student Product Assessment Form, and 
Cropley et al’s (2011) Creative Solution Diagnosis Scale. 
 Maher (2010) presents an AI approach to evaluating 
creativity of a product by measuring novelty, value and 
surprise that provides a formal model for evaluating crea-
tive products. Novelty is a measure of how different the 
product is from existing products and is measured as a dis-
tance from clusters of other products in a conceptual space, 
characterizing the artifact as similar but different. Value is 
a measure of how the creative product compares to other 
products in its class in utility, performance, or attractive-
ness. The measure of value uses clustering algorithms and 
distance measures operating on the value attributes of ex-
isting products. Surprise has to do with how we develop 
expectations for the next new idea. This is distinguished 
from novelty because it is based on tracking the progres-
sion of one or more attributes, and changing the expected 
next difference.  
 Computational creativity can be described by identifying 
the generative processes that are associated with being 
creative and how the process changes the conceptual space. 
Alternatively, computational creativity can be asserted 
when the product is recognized as creative, independently 
of the process. However, computational creativity is more 
complicated than a single process that generates a self-
contained product, partly due to the different roles that 
people and computers play in computational creativity but 
also due to recent phenomena of scaling up participation to 
achieve collective human-computer creativity.  
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Collective Creativity 
Collective creativity is associated with two or more people 
contributing to a creative process. Using the internet to de-
velop and encourage creative communities has led to large 
scale collective creativity. Some examples of such creative 
communities are: Designcrowd.com, Quirky.com, 
99Designs.com and OpeningDesign.com. Designcrowd and 
99Designs are examples of websites that source creative 
work from a very large community of people that identify 
themselves as designers. Quirky crowdsources innovative 
product development, where the community works to-
gether with an in-house design team to design products 
from idea to market. OpeningDesign is a platform for ar-
chitecture and urban planning, encouraging people from 
different backgrounds to participate in projects and provid-
ing a space for opinion polls and crowdsourcing jobs.  
 These platforms rely on community participation, both 
amateur and professional, and their websites support com-
munity discussion and various amounts of involvement. 
They attract a range of contributions, from the casual ob-
server who might be motivated to comment once or twice, 
to the active contributor who closely tracks progress, con-
tributes new ideas, and responds often and with minimal 
delay. Maher, Paulini, and Murty (2010) show how the na-
ture of the contributions and collaboration can be consid-
ered along a spectrum of approaches, ranging from col-
lected intelligence to collective intelligence. DesignCrowd 
collects individual designs and is an example of collected 
intelligence and Quirky is an example of collective intelli-
gence in design by encouraging collaboration and voting.  
 Large scale participation from individuals that may or 
may not have expertise in the class of products being de-
signed or created can synthesis ideas that go beyond the 
capability of a single person or a more carefully con-
structed team. Page (2007) describes how diverse individu-
als bring different perspectives and heuristics to problem 
solving, and shows how that diversity can result in better 
solutions than those produced by a group of like-minded 
individuals. Hong and Page (2004) prove a theorem that 
“Diversity Trumps Ability” every time. Page (2007) argues 
that diversity improves problem solving, even though our 
individual experiences in working with a diverse group 
may be associated with the difficulty of understanding 
other viewpoints and reaching consensus. Many of the suc-
cessful examples of collective creativity encourage diver-
sity but do not require that everyone understand others’ 
perspectives or even necessarily to reach concensus. 
 A recent study of communication in Quirky.com shows 
how the crowd contributes to ideation and evaluation as 
part of a larger design process (Paulini, Maher, and Murty, 
2011). Their analysis shows that a design process that in-
cludes crowdsourcing shares processes of ideation and 
evaluation with individual and team design, and also in-

cludes a significant amount of social networking. Collec-
tive creativity is an emergent property of an online com-
munity where team design is structured and managed in-
tentionally to produce an innovative product. 

Who is being creative? 
Creativity can be the result of introducing a novel and sur-
prising idea and developing that idea into a product that is 
valuable in the context of an existing conceptual class of 
products. A creative idea can originate by bringing a dif-
ferent perspective or set of heuristics (as described by Page 
(2007)) to a conceptual class or existing patterns of design. 
This diversity can be achieved through social, computa-
tional and collective creativity. The various processes as 
described by Boden and Gero show how different algo-
rithms or heuristics result in creative ideas. The various 
approaches to evaluating creativity show how creative 
ideas can be evaluated. The field of computational creativ-
ity now has the basis for developing and evaluating crea-
tive systems, and can benefit from characterizing individ-
ual contributions to the field. By asking “Who is being 
creative?” we can identify where the focus of computa-
tional creativity is now, and where there are research op-
portunities. Did the computer generate the creative idea or 
did a person, or was it an emergent structure from the in-
teraction of people and computational systems? In this sec-
tion we structure a framework around the concept of hu-
man/computer ideation and interaction, and map individual 
contributions onto a space of possibilities. The contribu-
tions include a sample of computational creativity drawing 
on the proceedings of ICCC 2011 (Ventura et al, 2011) and 
ICCCX (Ventura et al, 2010), including Quirky 
(quirky.com) and Scratch (Maloney et al, 2010) to fill gaps 
in ICCC coverage. 

Ideation 
Ideation is a process of generating, synthesizing, evaluat-
ing, implementing ideas that lead to a potentially creative 
product or solution. Ideation is a creative process and an 
idea is a product of that process. Using the term ideation to 
characterize computational creativity provides a basis for 
analyzing human, computational, and collective creativity 
with respect to the origin of a creative idea. While it may 
be hard to track precisely where an idea comes from in a 
complex creative process, we can identify where in a hu-
man-computer collective there is potential for creative 
ideas to be expressed and evaluated. Figure 1 places sys-
tems that contribute to computational creativity within a 
space according to the origin of the creative idea as human 
or computational agent. The “human” and “computational 
agent” dimensions of this space characterize the role of 
each in the computational creativity system. 
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 Along the human dimension the framework includes two 
categories that describe the role of the human in computa-
tional creativity: model or generate.  
• Model: the role of the human is developing a computa-

tional model or process. The computational system is ef-
fectively being creative because it is the source of the 
creative ideas or artifact. For example, The Painting Fool 
is a computational system that generates artistic paint-
ings (Colton, 2011).  

• Generate: the human generates the creative idea and the 
computational system facilitates or enhances human 
creativity by providing information, by providing a digi-
tal environment for generating the creative artifact, 
and/or by providing a perceptual interface to digital con-
tent that influences creative cognition. For example, 
Scratch, is a computational system for people to create 
interactive stories, animations, games, music, and art 
(Maloney et al, 2010). 

 Along the computational dimension the framework in-
cludes three categories that describe the role of the compu-
tational system: support, enhance, generate.  
• Support: the computational system supports human 

creativity by providing tools and techniques. Scratch is 
an example of a creativity support tool.  

• Enhance: the computational system extends the ability 
of the person to be creative by providing knowledge or 
changing human perception in ways that encourage crea-
tive cognition. For example, Scuddle uses a genetic algo-
rithm to generate movement catalysts for dancers (Carl-
son et al, 2011).  

• Generate: the computational system generates creative 
ideas that the human then interprets, evaluates or inte-
grates as a creative product. The Painting Fool is a com-
putational system that generates creative paintings. 

Figure 1 shows a distribution of computational systems in 
which the human generates the creative ideas, aka creativ-
ity support tools, and the computational system generates 
creative ideas. The contributions in the space that is empty 
in Figure 1 includes theoretical contributions rather than 
the development of computational systems, for example 
the contributions to models of process that generate crea-
tive products and models for evaluating creative products. 

Interaction 
Interaction plays an important role in computational crea-
tivity, particularly interaction between computers and hu-
mans (as the generators or users of the computational sys-
tem). Traditionally, human-computer interaction has been a 
one-to-one interaction in which one person interacts with 
one computational device or environment. Recently, inter-
action has changed in scale. Figure 2 places the same sys-
tems from Figure 1 within a space that characterizes the in-
teraction between people and computers where the dimen-

sions of this space express scale: from a single human or 
computational system to many. 

Figure 1. Ideation and Computational Creativity 

 Along the human dimension there are three categories 
that describe the scale of the human interaction: individual, 
group, or public.  
• Individual: the computational system is developed to 

support one person working alone, for example Scuddle.  
• Group: the computational system supports a group or a 

predefined team of people. This is exemplified by the 
collaborative technologies that support design and draw-
ing such as Groupboard1. This area is not well repre-
sented in the ICCC series.  

• Society: the computational system encourages crowd-
sourcing and collective intelligence, for example Quirky. 

 Along the computational agent dimension there are three 
categories that describe the scale of the computational 
agent interaction: individual, team, or multi-agent society. 
• Individual: there is one computational system with a 

centralized control that is interacting with a person or 
people, for example The Painting Fool. 

• Team: there are multiple, centrally organized agents that 
interact with one or more people. For example, Curious 
Whispers is a collection of autonomous mobile robots 
that communicate through simple songs (Saunders et al, 
2010).  

• Multi-agent society: the computational system is a multi-
agent society with distributed control. For example, the 
designer agents and consumer agents in Gomez de Silva 
Garza and Gero (2010). This area is not well represented 
in the ICCC series. 

From Figure 2 we see that the contributions in the ICCC 
series focus on the interaction is between one person and 
one computational system.  

                                                 
1 http://www.groupboard.com/products/ 

International Conference on Computational Creativity 2012                                        70



Figure 2. Interaction and Computational Creativity 

Conclusions 
As we develop a better understanding of processes and 
products in creative people or systems, we are able to de-
velop more capable computational creativity. Ideation and 
interaction distinguish research in computational creativity 
by asking: Who is being creative? The word “who” is used 
to refer to one or more people or computational systems. 
When creativity is ascribed to the plural “who”, that is 
when the ideas come from multiple sources, there is an as-
sumption of interaction. An area of research in computa-
tional creativity that has received little attention is the role 
and scale of interaction. Interaction at the scale of one per-
son and one computational system has been the norm in 
computational creativity, with a recent trend in developing 
collaborative environments to support or enhance creativ-
ity, multi-agent models of creativity and online communi-
ties that achieve collective creativity. This paper shows 
that there is an opportunity for researchers in computa-
tional creativity to build on our theoretical and practical 
advances in understanding creative processes and the 
evaluation of creative products to address the concepts of 
interaction and scale.  
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Abstract 

We present a novel quantitative approach for studying creative 

leaps. Participants explored the space of shapes composed of ten 

adjacent squares, searching for ‘interesting and beautiful’ shapes. 

By recording players’ actions we were able to quantitatively 

study aspects of their exploration process. In particular our goal is 

to identify populated sub-regions in the shape space and study the 

dynamics of ‘creative leaps’: a jump from one such area to anoth-

er. We present here the experimental system, our methods of 

analysis and some preliminary results. We show that the network 

of shapes created by human participants is different from the class 

of networks created by applying a simple random-walk algorithm. 

Chosen shapes show an interesting negative correlation between 

their abundance and the probability to be chosen as beautiful. We 

further analyzed the human network unique signature using its 

network motifs profile.  Intriguingly, this signature shows similar-

ity to words-adjacency networks extracted from texts. Lastly, we 

find preliminary evidence that human players exhibit two types of 

exploration: ‘scavenging’, where shapes similar in their visual-

iconic meaning are quickly accumulated, and ‘creative leaps’, 

where players shift to a new region in the shape space after a 

prolonged search. We plan to build upon this result to quantita-

tively study creative processes in general and creative leaps in 

particular. 

 

 Introduction 

In his book “the Act of Creation” the author Arthur Koes-
tler describes the similarities between three types of crea-
tive acts: the pun of the joker, the discovery of the scientist 
and the lyric expression of the poet (Koestler 1964). The 
crux of the creative act is the creative leap, the momentary 
intersection of two different matrices of association (Fig. 1, 
left). Consider a search resulting in a creative solution for a 
given problem. Before the creative leap the search is con-
fined to some familiar sub-space (the horizontal plane in 
Fig. 1, left). Using chance or intuition the solver has man-
aged somehow to reach a point on the plane which also 
belongs to another plane, a totally different class of solu-
tions (the vertical plane in Fig. 1, left). The creative leap is 
the ability to recognize this transition point and to jump 
from one class of solutions to another.  

Figure 1. A Symbolic representation of creative leaps. Left: ac-

cording to Koestler the heart of any creative act is a creative leap 

between two intersecting domains. Right: a hypothetical creative 

space. Solutions are grouped into two clusters. Searching within a 

cluster requires short moves and creates similar solutions. In or-

der to move to a different cluster of solutions the agent needs to 

perform a creative leap. 
 
 Little is known about the dynamics of creative leaps. 
Previous work has described creative leaps of exceptional 
creators (Miller 1996) while empirical work has focused 
mainly on moments of insight in problem solving, such as 
the Remote Association Test, using both behavioral (Dom-
inowski and Dallob 1995) and brain studies (Sandkühler 
2008). It is difficult to capture creative leaps in a laborato-
ry setting. Moreover, many solution spaces might be high-
dimensional and complex, with no clear metric defining 
the similarity between points. For example, consider the 
space of all answers to the following question used in a 
group creativity test: “how can the number of tourists visit-
ing your city be increased” (Nijstad and Stroebe 2006).  
While this problem has solutions that belong to different 
classes (for example ‘increase advertisement’ vs. ‘improve 
infrastructure’) it is not clear how to define and construct 
the space of all such ideas.  
 Our goal is to study a creative task with an underlying 
solution space that is (a) simple and well defined to enable 
a quantitative investigation of the search dynamic (b) that 
contains clusters of solutions, with the possibility of per-
forming creative leaps between them (see Fig. 1, right). 
Our approach resembles recent work by Jennings that simi-
larly studied people’s search trajectories in a visual domain 
(Jennings 2010; Jennings et al. 2011). 
 We searched for a parameterized space that will be com-
plex enough to allow for possible creative leaps, but not 
too complex to allow a computational description of hu-
man search in this space. We suggest using the set of all N-
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size polyominoes – the set of two dimensional shapes com-
posed of N adjacent squares (Golomb 1994).  

Besides its well defined structure which allows for es-
tablishing a metric on the search space, the polyominoes 
space provides a crucial advantage: the shape space explo-
ration complexity is tunable by changing the parameter N. 
We can thus aim to have an exploration process which is 
on one hand not too trivial and on the other hand not too 
complex to quantify. In that we hope to capture the gist of 
what Boden describes as ‘an exploratory frame of mind’ 
(Boden, 2004). Since this exploration process resembles a 
creative process undertaken by, say, a graphic designer 
designing a new icon in a limited space, we hope to gain 
insights in the growing field of computational models for 
design processes (Gero, 2000). 
 We analyzed the network of shapes and moves created 
by human participants and compared the human explora-
tion with a simple random-walk algorithm that transverses 
the network of shapes discovered by the human partici-
pants. This comparison shows that the human search be-
havior is not simply the results of a random travel between 
the shapes. Our results suggest that humans perform two 
types of searches: ‘scavenging’, a simple search in an area 
of shapes, which can be explained by an algorithmic 
search, and ‘insight’ moves, or leaps, that cannot be ex-
plained by simple algorithm. The first type of moves corre-
sponds to the within cluster exploration in Fig. 1, while the 
second type contains, we hope, the creative leaps.  
 We next describe our experimental setup, the methods of 
analysis we employed and some initial findings supporting 
the notion that creative leaps can be quantitatively studied 
using the suggested approach.  

Experimental Setup 

System 

We developed a system to experimentally test human tra-
jectories in the shape space of polyominoes. We are cur-
rently experimenting with decominoes, 10-size poly-
ominoes (consisting of 4655 unique shapes and 36,446 
shapes if rotations and mirror images are counted).  
 We tested several variants of the creative task and report 
here results from the ‘journey in shape space’: exploring 
the space by moving one square at a time, transforming 
one legitimate shape to another. The starting point shape is 
always the horizontal line. We ask people to “explore the 
space of ‘shifting shapes’ and to discover shapes that you 
find interesting and beautiful”.  
 We developed an experimental setup using Processing, 
an open source, cross-platform, programming language 
used for visualization (see Fig. 2). 

Figure 2. Exploring the space of shapes. Left: a screen shot of the 

‘Shape Shifter’ game. At each step players move one square to 

create a new polyomino.  Shapes can be stored in the ‘shape gal-

lery’ by pressing the gray rectangle at the top-right corner. Right: 

examples of different shapes created by human players. 

Procedure 

123 participants (58 females and 65 males, ages 12-75 

years, mean = 34.3), recruited through emails and social 

networks, were invited to participate in a short experiment 

in creativity. At any point players could store the current 

shape to a ‘shape gallery’. The players moved freely be-

tween shapes, within a time limit of 25 minutes (no partic-

ipant reached this limit). When choosing to finish the ex-

ploration they continued to the ‘rating stage’. In this last 

stage players observed the ‘shapes gallery’ and were asked 

to choose ‘the five most creative shapes you discovered’.  
We recorded square moves between shapes and their tim-

ing, as well as each player chosen gallery shapes and the 

final five shapes.  

Analysis 

A random-walk algorithm over the entire shape net-
work 
We used a network representation (a graph) of the shape 
space in the following way. Each shape is a node in the 
graph. Shape A and B are connected by an edge if shape A 
can be reached from shape B by moving a single square in 
a valid way. This structure is a directed graph representing 
all possible valid moves  
 The algorithm explores the network by first randomly 
removing one square from the current shape. The next de-
comino in the path is then generated by placing the 10th 
square in a new random location (self-loops are not ex-
cluded). This extends the path by one step. The path is fur-
ther extended by repeating these steps up to a pre-
determined steps number.  
 This algorithm was used to establish both the entire 
shape space network and a random walk generated network 
to compare with the human generated network of travelled 
shapes.  For the entire shape space the algorithm was run 
until all possible 36,446 decominoes were generated (with 
mean path length of 150,000 steps). For comparison with 
the human network, the algorithm was run 123 times (the 
number of human participants) with a number of steps 
which is sampled from the number of steps distribution of 
the human players. 
  

International Conference on Computational Creativity 2012                                        73



 

 

A random-walk algorithm over the human generated 
network  
In order to create computer generated networks which are 
more closely related to the human networks we restricted 
the algorithm to travel only on edges which were travelled 
by at least one human player.  
 First the human generated decominoes network is gener-
ated and the allowed steps are listed. Although the network 
is naturally directed, the computerized walker is allowed to 
move on the undirected network (that is, the computer can 
also move backward on any human edge).  
 The algorithm is seeded and a new shape is chosen ran-
domly from the set of shapes which are connected by al-
lowed edges. The length of the path is sampled from the 
distribution of lengths of paths traversed by the human 
players. This process is repeated 123 times.  

 
Figure 3. Comparing human and computational exploration net-

works. The number of occurrences of edges where edges are 

grouped by the number of times they were traversed. Shown are 

the values for human players’ network (red) and the random walk 

network restricted to the human network shapes (mean of 10 sim-

ulation in dark blue, each specific simulation in light blue).  

 
Our current goal is to compare the features of the human 
generated network to a network generated by a random-
walk algorithm and to study if there is a noticeable differ-
ence between the two, in order to show that the human 
behavior cannot be explained as a result of a  random-walk 
in the shape-space.  
 
Triad Significance Profile Calculation 
The 13 network motif frequencies of the human and ran-
dom generated networks were calculated. The normalized 
Z score of each of the 13 possible triads was then calculat-
ed. Z score is computed by the difference of the triad fre-
quency to the mean frequency of the same triad in a com-
puterized agents' network, measured in STD units. Fre-
quency mean and STD were calculated from 10 simula-
tions of the computational networks. 

Results 

Human and Computational Networks 

We first asked whether the exploration network created by 
human players is different from the network created by a 

random-walk algorithm traveling the entire shape net-
works. We find that the exploration network created by 
human players is much more compact. Furthermore, the 
players’ network obeys a power-law distribution of node 
degree frequencies (how many edges go in or out from a 
specific node), while the computational algorithm produces 
a Gaussian-like distribution of node degree frequencies. In 
addition, human exploration on the network of all allowed 
edges is very constrained and compact relative to a random 
exploration process of the whole shapes space.  
 We next asked whether the type of exploration players 
perform is dictated only by some constraint on shapes 
available to people’s perception. We thus compared the 
human exploration network with an ensemble of networks 
created by allowing a random-walk algorithm to choose 
shapes randomly, but restricting it to shapes that were se-
lected by the human players. We find that the algorithm 
travels much less than the human players and so create a 
much smaller network than the players’ network. Further-
more, the properties of the computational exploration net-
works, such as the distribution of nodes degrees is marked-
ly different from the human exploration network (Fig. 3). 

 Consensus in Participants’ Choices  

A possible concern regarding our creative task is whether 
there is some consensus among different participants re-
garding their aesthetic choices. While we do not expect to 
have total agreement – for example some players preferred 
iconic shapes, while other preferred more abstract ones, a 
total lack of consensus could raise doubts on the validity of 
this task to measure human creativity.  
 To assess the consensus in participants’ choices we plot-
ted the selection ratio, the percentage of times a shape was 
chosen (number of times chosen divided by number of 
times traversed) against the number of times a shape was 
traversed (Fig. 4). We differentiated between shapes 
ranked as interesting shapes in the last stage of the game 
(in blue) and those that were only chosen to the gallery (in 
red). 
 We note that there is a large number of shapes with high 
(>50%) selection ratio, with few shapes exhibiting selec-
tion ratio of more than 90%. At least for these shapes there 
seems to be a consensus among the different human partic-
ipants. In addition, shapes that were ranked in the last stage 
had a statistically significant higher selection ratio (ranked: 
centered around (23.34, 50) with STD (19.41, 20); not-
ranked: centered around (15.6, 20) with STD (6.7, 13); 
non-paired t-test, p<10

-7
). 

 We also note the negative correlation (Pearson correla-
tion = -0.25, p<0.05) between the prevalence of a shape 
(how many times it was traversed) and its selection ratio. 
Intriguingly, this might suggest that shapes ‘less traveled 
by’ are appreciated more by the people who have reached 
them.  

A Network Motifs Signature 

In order to further characterize the human exploration net-
work we measured its network motifs signature, termed 
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triad significance profile (TSP). This network signature is 
calculated by taking the frequencies of all three node sub-
groups of a network and normalizing each frequency by 
the triad frequency in a network created by a similar ran-
dom process (Milo 2002). In our case, we compared triad 
frequencies of human network with triad frequencies creat-
ed by the random walk algorithm on the human network 
(see Analysis). Previous studies in our lab showed that 
networks with similar structure and function have a similar 
TSP signature. Thus, this method offers another quantita-
tive classification to networks. 
  This preliminary calculation (Fig. 5) indicates that the 
network motifs significance profile shares a similar fre-
quency signature of  text networks (Milo 2004), suggesting 
that the human visual exploration process in shape space 
consists of visual rules similar to those of language net-
works, having categories of words with a certain formulat-
ed way of combining between different categories. Future 
work should check the dependency of the calculated triad 
significance profile on the randomization process used to 
create the base-line random network.  

Figure 4. Consensus in participants’ choice of shapes. Y-axis: the 

number of times a shape was admitted into the gallery out of the 

number of times it was visited. X-axis: the number of times a 

shape was visited. Only shapes that were visited at least 10 times 

are presented.  Dots in blue represent shapes that were also 

ranked in the final stage while red dots represent shapes that were 

chosen to the gallery but were not ranked. Correspondingly, 

shapes shaded in blue are representative of the set of finally cho-

sen shapes. 

Initial Evidence for Creative Leaps 

In order to more closely examine the exploration process 
of individual players, we focused on the ‘chosen to the 
gallery’ shapes (Fig. 6), enumerating both the number of 
steps between two sequential shapes (the number above 
each shape) and the time interval between selections of the 
two shapes (the y axis). For several players we observe an 
interesting pattern: the time and number of steps between 
two sequential chosen shapes is declining at the beginning, 
usually creating similar content shapes.  Then, a long tra-
versal exploration process is commenced, usually leading 
to shapes belonging to a new cluster of similar shapes. As 

exemplified in Fig. 6, the player moves from “Animals” 
shapes to “Space invaders” shape to “Symbolic 
male/female” shapes. One can interpret this saw-tooth pat-
tern as consisting of scavenger explorations connected by a 
creative leap, which serves to reach a new iconographic 
domain.  

We hope to utilize these processes to cluster the shapes 
automatically into different domains and thus create a 
semi-metric on the shape space. Another utility to aid 
building the metric comes from the use of the rating pro-
cess at the end of the game. Subjects are requested to 
choose the five most creative shapes. Our assumption is 
that subjects will choose shapes that they see as most dis-
tinct from one another, thus providing another metric 
measure on the shape space. 

Figure 5. The triad significance profile (TSP) of the human play-

ers’ network suggests a similarity to word-adjacency networks of 

texts. The main feature of the TSP is the under-representation of 

triangle-shaped triads 7 to 13.  

Conclusions and Future Work 

We presented a novel quantitative approach for studying 
creative leaps. Our goal is to study a creative task using 
computational tools. Specifically we aim to define the 
space of products of the creative task, to detect clusters of 
similar products and to study creative leaps between them. 
 Working toward this goal we developed a web-based 
game in which players explored a visual space composed 
of 10-size polyominoes, while searching for interesting and 
beautiful shapes. As a first step we tested whether human 
behavior in this task can be explained as a result of a ran-
dom-walk algorithm. We therefore compared the explora-
tion network created by human players to two computa-
tional exploration networks. The first network was created 
by random walks on all possible shapes, and the second 
one was created by random walks restricted to shapes cho-
sen by human players. We compared general properties of 
these networks, such as in/out degree, and found a signifi-
cant difference between the human and the computational 
networks. Compared to a network made by a random walk 
on shapes chosen by players, the computer’s random walk 
is much smaller, suggesting that the trajectories of human 
exploration contain also segments of directed motion to-
ward interesting regions of the space. Following the foggi-
ness metaphor of Jennings (2011) these segments might 
correspond to the areas of the landscape with have ‘good 
visibility’. 
 We also used the concept of network motifs to charac-
terize the human search network. We identified which of a 
known super-families of networks (e.g. social, transcrip-
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tion networks, and language originated), matches the hu-
man exploration network. We find that the human network 
is similar to language-originated network, and are planning 
to further study the connection between these two net-
works.  
 We further find preliminary evidence of players’ para-
digm shift while playing the game. Players show periods of 
‘scavenging’, where they exploit shapes similar in iconic 
meaning (e.g. animals, letter, symmetric shapes) accompa-
nied by long walks on the grid of possible shapes, which 
leads to a different region in the shapes space. The ‘saw-
tooth’ pattern we have found in the time between chosen 
shapes (Fig. 6) might be the first clue for the existence of 
clusters in our shape space. We plan to corroborate these 
finding by different methods that can be used to detect 
clusters of shapes in this visual domain. In particular, we 
plan to use the human choices embedded in our task at 
multiple levels (which shape to move to; which shapes to 
insert to the gallery; which shapes to choose in the final 
stage) as a different probe into the structure of the shape 
space.  
 This paper presents work-in-progress aiming to develop 
a computational platform for studying human search in 
creative tasks, and in particular to study creative leaps. We 
are currently performing a large-scale human experiment 
with this platform and plan to apply a host of quantitative 
methods to further test the preliminary results presented 
here. Using these methods we hope to be able to measure 
and study the dynamics of creative leaps.  
 

Fig 6. Preliminary evidence for clusters in the shape space. Look-

ing at the time differences between chose shapes we often see 

‘saw-tooth’ patterns. Humans seem to reach a fruitful region, 

‘scavenge’ it, that is, to quickly pick a few similar shapes, and 

then to move to another region, a move that takes much more 

time. Notice for example the two clusters of similar shapes 

around 100 and 180 seconds. Only chosen shapes are shown, and 

shapes in the ‘top five’ (chosen between all gallery shapes) ap-

pear with a blue background. The number above each shape is the 

number of moves from the previous shape. 
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Abstract

In most domains, artefacts and the creativity that went into
their production is judged within a context; where a context
may include background information on how the creator feels
about their work, what they think it expresses, how it fits in
with other work done within their community, their mood be-
fore, during and after creation, and so on. We identify areas
of framing information, such as motivation, intention, or the
processes involved in creating a work, and consider how these
areas might be applicable to the context of Computational
Creativity. We suggest examples of how such framing infor-
mation may be derived in existing creative systems and pro-
pose a novel dually-creative approach to framing, whereby
an automated story generation system is employed, in tan-
dem with the artefact generator, to produce suitable framing
information. We outline how this method might be developed
and some longer term goals.

Introduction
Michael Craig-Martin’s 1973 work, An Oak Tree, comprises
a glass of water on a shelf and an accompanying text, in
which Craig-Martin claims that the object which appears
to be a glass of water is really an oak tree. The text takes
the form of a question and answer session written by Craig-
Martin about how he has changed the water into a tree:

A. [.....] I’ve changed the physical substance of the glass of
water into that of an oak tree.
Q. It looks like a glass of water.
A. Of course it does. I didn’t change its appearance. But it’s
not a glass of water, it’s an oak tree.
...
Q. Haven’t you simply called this glass of water an oak tree?
A. Absolutely not.

Craig-Martin is rather mysterious as to how he has accom-
plished the change:

Q. Was it difficult to effect the change?
A. No effort at all. But it took me years of work before I
realised I could do it.
Q. When precisely did the glass of water become an oak tree?
A. When I put the water in the glass.
Q. Does this happen every time you fill a glass with water?
A. No, of course not. Only when I intend to change it into an
oak tree.

The status of the piece as a work of art is then raised:

Q. Do you consider that changing the glass of water into an
oak tree constitutes an art work?
A. Yes.
Q. What precisely is the art work? The glass of water?
A. There is no glass of water anymore.
Q. The process of change?
A. There is no process involved in the change.
Q. The oak tree?
A. Yes. The oak tree.

This is an example of human creativity which is taken se-
riously in its field. First shown in 1974, it was bought by the
National Gallery of Australia in Canberra in 1977, and has
been exhibited all over the world with the text translated into
at least twenty languages. Like many important works, opin-
ion is divided: artist Michael Daley referred to it as “self-
deluding” and “pretentious” (Daley August 31 2002), while
art critic Richard Cork wrote:

“I realise that one of the most challenging moments oc-
curred in 1974 when the Rowan Gallery mounted an
exhibition of Michael Craig-Martin’s work.” (Cork Oc-
tober 9 2006).

Researchers in Computational Creativity (CC) can learn
from this work. The main point that we consider in this pa-
per is that the artefact (the glass of water) has no creative
value without the title and accompanying text. The value,
the creativity associated with the piece, lies in the narrative
surrounding the glass of water. This point has clear impli-
cations for CC, which has traditionally focused on artefact
generation, to the extent that the degree of creativity judged
to be in the system is often considered to be entirely de-
pendent on characteristics of the set of artefacts it produces
(for instance, see (Ritchie 2007)). Very few systems in CC
currently generate their own narrative, or framing informa-
tion. Artefacts are judged either in isolation or in conjunc-
tion with a human-produced narrative, such as the name of
the system and any scientific papers which describe how
it works. Researchers in CC will be familiar with what
Bedworth and Norwood call “carbon fascism” (Bedworth
and Norwood 1999) (the bias that only biological creativ-
ity can produce valuable artefacts), and, for the most part,
computer-generated creative artefacts are not taken seriously
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by experts in the domain in which the artefacts belong. We
believe that enabling creative software to produce its own
framing information will help to gain acceptance from these
experts. While An Oak Tree may be a rather extreme exam-
ple of the importance of framing information, we hold that
such information almost always plays some role in creative
acts, and is a fundamental aspect of human creativity. We
consider here which types of framing information we could
feasibly expect a piece of software to produce, and begin to
propose ways in which we could formalise this. Specifically,
we consider three areas in computational terms: motivation
(why did you do X?), intention (what did you mean when
you did X?), and processes (how did you do X?). We make
the following contributions:

1. We highlight the importance of framing information in
human creativity.

2. We propose an approach to automatically generating
framing information, in which a separate creative act of
automated story generation is performed alongside tradi-
tional artefact generation.

Framing in human creativity
Sir John Tusa is a British arts administrator, radio and tele-
vision journalist, known for his BBC Radio 3 series The
John Tusa Interview, in which he interviews contemporary
artists. These interviews have been reproduced as two books
in which he explores the processes of creativity (Tusa 2003;
2006). We have analysed all thirteen interviews in his most
recent collection, in order to provide the starting point for a
taxonomy of framing information. In the following discus-
sion, unless otherwise specified, all page numbers refer to
this collection of interviews (Tusa 2006). We identified two
categories which artists spoke about: INTERNAL, or inward
looking, in which the artist talks about their own Work, Ca-
reer and Life, and EXTERNAL, or outward looking, in which
the artist talks about their view of their Audience and Field.

The artist’s work
Discussion about artists’ work is very common in the Tusa
interviews. This might concern a specific piece; such as how
an artist feels about a piece, what they think it expresses, or
how it relates to everyday concepts; or this might concern
details of the generative process, such as how the work is
created, how processes involved in its creation fit together,
or whether a new technique or material changed the way that
something was done. As an example below, Cunningham
(MC) relates his work to scientific and religious concepts:

MC: ...it was the statement of Einstein’s which I read at that
time, where he said, ‘There are no fixed points in space.’ And
it was like a flash of lightning; I felt, Well, that’s marvellous
for the stage. Instead of thinking it’s front and centre, to al-
low any point, very Buddhist, any point in the space to be as
important as any other. (p. 66)

The artist’s career
A picture of the structure of an artist’s career, in terms of his
or her past, present and possible future directions, can aid

understanding of current work. Questions about previous
work include asking how two pieces differ; what category
work from certain periods falls into; classification of a career
into different stages, such as early and late, or pre-work X
and post-work X.

Examples from (Tusa 2006) include the questions: “So
you think you are recognisably the same person, creatively
the same person as you would have been if you’d stayed in
New York?” (to Forsythe, p. 93); “What’s the next stage of
your evolution as a maker of ballets?” (also to Forsythe,
p. 105), and “When you look back over the last twenty
years, would you ever have guessed that the work that you
do would have travelled so far ..... I mean this is an extraor-
dinary journey. How aware have you been of the evolution
as you’ve been through it?” (to McBurney, pp. 181-2).

The artist’s life
Audiences are interested in the personalities and influences
behind society’s “creative heroes”. Topics of interest include
political, intellectual, personal, cultural and religious influ-
ences; value systems; reasons for working in a particular
area; important events in the life of the artist, and so on.

John Tusa asks many questions in this vein. For instance,
he asks: “Are you an optimist or a pessimist as a person?”
(to Rovner); “When did you discover that you had this con-
dition called Dysgraphia, where I think the brain wants to
write words as pictures?” (to Viola); “What do you feel, as
you’re coming in to work?” (to McBurney); and “What mu-
sic do you like?” (to Piano), and has some rather poignant
exchanges, such as one with Viola in which he asks about a
near-death experience (pp. 221-3); and this exchange with
Rovner (MR):

JT: Are you lonely as an artist?
MR: You mean as an artist or as a person?
JT: Well as a person who is an artist.
MR: I’m alone. I don’t know if I’m lonely. I am single, you
know I’m a single person, I’m a single person. (p. 213)

The artist’s view of their audience
The perception that an artist has of his or her audience may
influence their work. Queries in this topic included ques-
tions about effect of a particular field on audiences, and what
the effect of certain pieces of work are on the collective sub-
conscious. Egoyan, for instance, discusses responsibility to
one’s audience with Tusa (p75).

The artist’s view of the field
Embedding a particular artist’s work into the context of a
body of work is one of the purposes of framing informa-
tion. Queries include definitional questions about particular
fields, and their relationship to other fields; how a piece fits
into a field; in which field an artist sees themselves; the in-
fluence of external characteristics such as politics, or how
modern advancements such as new techniques have affected
a field; the history of a field and directions in which it could
go, and so on. For instance, Egoyan discusses how he thinks
video compares to film (p76), and Forsythe talks about how
his work fits into great classical ballets (p. 106).
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Framing for Computational Creativity
Analysis of the interview responses suggests a new direc-
tion for CC: enabling creative software to generate some of
its own framing information. As with human artworks, the
appeal of computer creativity will be enhanced by the pres-
ence of framing. However, there are obvious restrictions on
the scope to which the various forms of framing apply in the
computer generated context. Here we consider three areas in
computational terms: motivation (why did you do X?), in-
tention (what did you mean when you did X?), and processes
(how did you do X?).

Motivation
Many creative systems currently rely upon human interven-
tion to begin, or guide, a creative session and the extent
to which the systems themselves act autonomously varies
widely. In some sense, the level to which these systems
could be considered self-motivating is inversely proportional
to the amount of guidance they receive. However, it is pos-
sible to foresee situations where this reliance has been re-
moved to such an extent – and the human input rendered so
remote – that it is considered inconsequential to the creative
process. For instance, the field of Genetic Programming
(Koza 1992) has resulted in software which can, itself, de-
velop software. In the CC domain, software may eventually
produce its own creative software which, in turn, produces
further creative software, and so forth. In such a scenario,
there could be several generations in an overall geneology of
creative software. As the distance between the original hu-
man creator and the software that directly creates the artefact
increases, the notion of self-motivation becomes blurred.

Beyond this, the scope for a system’s motivation towards
a particular generative act is broad. For example, a suitably
configured system may be able to perform creative acts in
numerous fields and be able to muster its effort in directions
of its own choosing. With this in mind, we can make a dis-
tinction between motivation to perform creative acts in gen-
eral, motivation to create in a particular field and motivation
to create specific instances.

In the human context, the motivation towards a specific
field may be variously influenced by the life of the artist,
their career and their attitudes, in particular towards their
field and audience. Several of these are distinctly human in
nature and it currently makes limited sense to speak of the
life or attitudes of software in any real sense. By contrast,
we can speak of the career of a software artist, as in the cor-
pus of its previous output. This may be used as part of a
process by which a computer system decides which area to
operate within. For example, we can imagine software that
chooses its field of operation based upon how successful it
has previously been in that area. For instance, it could re-
fer to external assessments of its historic output to rate how
well-received it has been, focusing its future effort accord-
ingly.

The fact that a computer has no life from which to draw
motivation does not preclude its use as part of framing infor-
mation. All those aspects missing from a computer could, al-
ternatively, be simulated. For example, we have seen music

software that aims to exhibit characteristics of well-known
composers in attempts to capture their compositional style
(Cope 2006). The extent to which the simulation of human
motivation enhances the appeal of computer generated arte-
facts is, however, still unquantified. The motivation of a soft-
ware creator may come from a bespoke process which has
no basis in how humans are motivated. The details of such a
process, and how it is executed for a given instance, would
form valid framing information, specific to that software ap-
proach.

Intention
The aims for a particular piece are closely related to motiva-
tion, described above. A human creator will often undertake
an endeavour because of a desire to achieve a particular out-
come. Factors such as attitudes to the field contribute to this
desire. Certainly, by the fact that some output is produced,
every computer generative act displays intent. The aims of
the process exist and they can, therefore, be described as
part of the framing. In the context of a computer generative
act, we might distinguish between a priori intent and inten-
tions that arise as part of the generative process. That is, the
software may be pre-configured to achieve a particular goal
although with some discretion regarding details of the final
outcome, which will be decided during the generative pro-
cess. The details of the underlying intent will depend upon
the creative process applied. For example, as above, soft-
ware creators might simulate aspects of human intent.

Intent has been investigated in collage-generation systems
(Krzeczkowska et al. 2010). Here, the software based its
collage upon events from the news of that day with the aim
of inviting the audience to consider the artwork in the con-
text of the wider world around them. This method was later
generalised to consider wider combinations of creative sys-
tems and more-closely analyse the point in the creative pro-
cess at which intentionality arose (Cook and Colton 2011).

Processes
In an act of human creativity, information about the creative
process may be lost due to human fallibility, memory, aware-
ness, and so on. However, in a computational context there
is an inherent ability to perfectly store and retrieve infor-
mation. The majority of creative systems would have the
ability to produce an audit trail, indicating the results of key
decisions in the generative process. For example, an evolu-
tionary art system might be able to provide details of the an-
cestry of a finished piece, showing each of the generations in
between. The extent to which the generative process can be
fully recounted in CC is, nevertheless, limited by the ability
to fully recreate the sources of information that played into
the generative process. Software may, for instance, use in-
formation from a dynamic data source in producing an arte-
fact, and it may not be possible to recreate the whole of this
source in retrospect.

One system that produces its own framing is an automated
poetry generator currently being developed (Colton, Good-
win, and Veale 2012). In addition to creating a poem, this
system produces text which describes particular aspects of
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its poetry that it found appealing and aspects of how it gen-
erated its output. In order to fully engage with a human au-
dience, creative systems will need to adopt some or all of the
creative responsibility in generating framing information.

Details of the creative process are valid aspects of fram-
ing information, which are relevant to both computational
and human creative contexts. There is a notion of an ap-
propriate level of detail: extensive detail may be dull and
the appreciation of artefacts is sometimes enhanced by the
absence of information about the generative process.

Examples of framing for Computational Creativity
There are many ways in which creative systems might gen-
erate their own framing information. For example, an au-
tomated art system, such as AARON (McCorduck 1991),
could store details of all its previous artworks and provide an
assessment of how a new piece differs, in various respects,
from its past output. A poetry system, such as (Colton,
Goodwin, and Veale 2012), might reveal the general mood
of the inspiring source it used as a basis for an affective
poem. Mathematical software, such as HR (Colton 2002),
could be given the ability to compare the conjectures it finds
against on-line mathematical databases and report on how its
output relates to known theorems. By corollary, an art sys-
tem could appeal to image databases to suggest similarities
to other artists. A simple enhancement to the collage gen-
eration program of (Krzeczkowska et al. 2010) could see it
provide the text of the news story that formed the inspiration
for the collage. In this mode, the framing information would
become as important an aspect of the overall presentation as
the collage itself. The artwork would be a combination of
both the collage and underlying story, rather than the collage
alone. This list is by no means exhaustive. The varied nature
of framing information that we have been describing shows
that the opportunities for enhancing works with framing are
extensive.

A dually-creative approach to framing
Framing information has the potential to greatly impact an
audience’s assessment of an artefact. In some instances,
framing is arguably as much a part of the overall creative
presentation as the artefact itself: this was seen in Craig-
Martin’s An Oak Tree, described above, as well as, for ex-
ample, elements of Marcel Duchamp’s readymades series
such as Fountain. The information can be as simple as a ti-
tle for the artefact, or might encompass much of the type of
framing indicated in our analysis. Framing can add to the
mystique and mystery surrounding an artefact, as we have
described.

Framing information need not be factually accurate. In-
formation surrounding human creativity can be lost, delib-
erately falsified or made vague for artistic impact. Thus,
the generation of framing information can itself be seen as
a creative act. The overall impact of the package – namely
the artefact and the associated framing information – will
depend on both the assessed quality of the artefact, together
with the impression given by the framing information. We
propose one approach to artefact-with-framing generation,

where the two are produced simultaneously, by a dually-
creative process. Under this approach, the most appropriate
creative paradigm for the framing information would be a
form of automated storytelling. One part of a combined sys-
tem would create the artefact itself and a storytelling aspect
would generate a framing story. The framing story could be
as simple or as complex as those which accompany human
creations. Tools which were able to perform tasks such as
metaphor and analogy (see (Gentner, Holyoak, and Kokinov
2001; Gibbs Jr. 2008)) might be integrated into the story-
telling aspect.

In the previous section, we discussed aspects of framing
which might be relevant to the CC setting. This information
could form much of the input to the story generation sys-
tem, becoming part of the basis of the story. For example,
purely factual information about how the software arrived at
the final product could be retained. Given that there is no re-
quirement for the framing story to be factually correct, some
or all of the story might be fictional and there is no prescrip-
tion for the extent to which the framing story should directly
correspond with the artefact. Consider, for example, a fram-
ing story which describes all aspects of the creative process
in full detail compared with a framing story consisting of a
random seemingly-unrelated word. Both have artistic value,
but in entirely different ways.

An initial approach to the fact that no configuration of a
particular automated story generation system would be able
to generate the variety of framing stories that we have wit-
nessed in human creativity, might be to develop a small num-
ber of story-telling paradigms, each based upon a particular
story template. One challenge might then be to achieve an
appropriate balance between fact and fiction in the gener-
ated stories. In future, we might hand such decisions over
the software. For example, a sufficiently-able software suite
might decide which story-telling paradigm is most appro-
priate for a particular effect, the balance between fact and
fiction and how extensive the framing should be. In a more
complex manifestation, the story might form an interactive
dialogue, providing answers to audience queries in a manner
akin to an interview. As with human creativity, the answers
to those questions may be entirely at the whim of the gen-
erating system. Going further, software might employ story
generation approaches to simulate aspects of the framing in-
formation which might otherwise be absent, such as a reli-
gious belief or other motivation. This could, in turn, feed
back into the generation of the creative artefact itself. Sto-
rytelling for framing information represents an interesting
challenge for our existing and future automated story gener-
ation systems.

Related work
In (Colton, Pease, and Charnley 2011; Pease and Colton
2011), two generalisations were introduced with the aim of
enabling more precise discussion of the kinds of behaviour
exhibited by software when undertaking creative tasks. The
first generalisation places the notion of a generative act,
wherein an artefact such as a theorem, melody, artwork or
poem is produced, into the broader notion of a creative act.
During a creative act, multiple types of generative acts are
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undertaken which might produce framing information, F ,
aesthetic considerations, A, concepts, C, and exemplars, E;
in addition to generative acts which lead to the invention of
novel generative processes for the invention of information
of types F , A, C and/or E.

The second generalisation places the notion of assessment
of the aesthetic and/or utilitarian value of a generated arte-
fact into the broader notion of the impact of a creative act, X .
In particular, an assumption was introduced that in assessing
the artefacts resulting from a creative act, we actually cele-
brate the entire creative act, which naturally includes infor-
mation about the methods underlying the generation of the
new material, and the framing information, which may put
X into various contexts or explain motivations, etc., gener-
ally adding value to the generated artefacts over and above
their intrinsic value.

The introduction of these two generalisations enabled the
FACE and IDEA descriptive models to be introduced as the
first in the fledgling formalisation known as Computational
Creativity Theory. In this paper we have extended this model
by exploring the notion of framing.

Future work and conclusions
Creativity is not performed in a vacuum and the human con-
text gives an artefact meaning and value. Implicit in the
Computational Creativity Theory models so far developed
is the notion that the FACE information/artefacts resulting
from creative acts can be seen as invitations to a dialogue.
For instance, when a person appreciates a painting, they are
encouraged to ask questions of it, and look for answers, ei-
ther explicitly from the artist or some perceived notion of
how artists work, via visual interrogation of the piece itself,
or through certain cultural contexts; for example, by under-
standing the culture in the time and place when the painting
was produced.

Despite the importance of framing information as part of
the overall artistic endeavour, we are only aware of a very
small number of systems that generate framing informa-
tion to accompany their creative output. We have proposed
one approach to this, whereby automated story generation
is used to generate framing information. There are no real
bounds to what information such framing can contain, its
basis in fact versus fiction, or the format in which it is pre-
sented. Consequently, we suggest that initial attempts be
restricted to a small number of simplified paradigms, tak-
ing their basis from a more complete investigation into how
humanly-produced framing information relates to CC. Ex-
panding upon this starting point, we imagine software tak-
ing over some of the creative responsibility for the framing
information, such as determining the story-telling paradigm
and the story’s emphasis or level of detail.

Craig-Martin, via his narrative of An Oak Tree, opens up
a dialogue with the viewer on the nature of essence, proof,
faith, matter, reality, art, and so on. The viewer engages
with this narrative, which includes the manner of presenta-
tion of the piece, Craig-Martin’s background as an artist and
a person, critics’ and artists’ responses to the piece, stories
surrounding the work and effects that it has on everyday life

(for instance, there is a myth that Australian customs offi-
cials barred it from entering the country since it was clas-
sified as “vegetation”, and in February 2012 the first three
hits from google images on the search term “an oak tree”
are images of Craig-Martin’s work). We anticipate that the
direction outlined in this paper will form an important axis
of development for CC systems. Our long-term goal is to
help to develop CC to such an extent that one day a piece
of creative software will appear in the table of contents of a
collection of Tusa-style interviews, to discuss its work and
itself, alongside other contemporary artists.
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Abstract
Creative computational systems have often been large-
scale endeavors, based on elaborate models of creativity 
and sometimes featuring an accumulation of heuristics 
and numerous subsystems. An argument is presented 
for facilitating the exploration of creativity through 
small-scale systems, which can be more transparent, re-
usable, focused, and easily generalized across domains 
and languages. These systems retain the ability, howev-
er, to model important aspects of aesthetic and creative 
processes. Examples of extremely simple story genera-
tors are presented along with their implications for 
larger-scale systems. A case study focuses on a system 
that implements the simplest possible model of ellipsis.

 Introduction
For a variety of institutional, intellectual, and other rea-
sons, the typical computational system developed to model 
or produce creativity is a sizable one. Some of these sys-
tems, such as Harold Cohen’s AARON, even become life-
long projects of their creators, continuing to accumulate 
rules and heuristics for decades.

There are certainly virtues to large-scale systems, which 
have revealed a great deal about formal models of creativi-
ty and creative computing. We  present the argument that 
small-scale systems can also make contributions, serving to 
complement more extensive projects and to lead into them. 
Specifically, the argument is advanced that it makes sense 
to welcome such systems in new ways in conferences, in 
thesis work, and in the developing large-scale systems.

Rather than directly claiming that these small-scale sys-
tems are creative based on some formal definition, we ar-
gue that they  engage creativity and are relevant to larger-
scale systems that have been argued to be creative.

Small-Scale Systems that Engage Creativity

Many of the systems that will be discussed here are small – 
often limited to around 1 KB – and most were developed in 
a matter of hours or days. These are not systems built 

around a model of creativity; many of them, in fact, were 
not created with any particular  research purpose in mind. 
However, each of these systems does explore one or more 
aspects of creativity relevant to its domain. These systems, 
without modeling creativity directly, nevertheless  inquire 
about creativity. They also can focus larger-scale investiga-
tions of creativity that implement complete models.

The systems discussed here all use randomness within 
some framework of regularity. It can be creative to intro-
duce randomness in a context where, individually or as a 
culture,  regularity  is  the norm – and vice versa.  But the 
connection between regular elements (a recurring vocabu-
lary,  a  poetic  form,  etc.)  and  randomness  (deployed  in 
many  different  ways)  is  much  more  complex,  as  is  the 
question of when randomness is a quick and easy substitute 
for  a more sophisticated process  and when it  is  the best 
method. While we believe that small-scale systems can be 
used to address  issues of randomness and creativity,  full 
discussion of this topic must be left for later.

Creative Text Generators of the 1950s and 1960s
By 1952, Christopher Strachey’s innovative and certainly 
small-scale love letter generator was running on the Man-
chester Mark I and producing texts such as “YOU ARE 
MY EROTIC APPETITE: MY SWEET ENTHUSIASM. 
MY LOVE FONDLY WOOS YOUR CURIOUS TEN-
DERNESS. YOU ARE MY WISTFUL SYMPATHY.” 
The system runs today in emulation (Link 2007)  and has 
been discussed recently as “the first experiment in digital 
literature” (Wardrip-Fruin 2011). Its purpose, it seems, was 
not to shine with brilliance but to parody the formulaic 
process of love-letter writing. By being a parody of a banal 
writing  process,  this  small-scale  system  did  serve  as  a 
model – a model of a lack of creativity – and demonstrated 
that computational processes could relate to human writing 
processes.

In 1959 Theo Lutz published on his small-scale system 
to generate stochastic texts based on Kafka’s The Castle, 
pairs of “elementary sentences” with a logical connective. 
These include (in English translation from the German) “A 
CASTLE IS FREE AND EVERY FARMER IS FAR.” and 
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“NO COUNT IS QUIET THEREFORE NOT EVERY 
CHURCH IS ANGRY.” By drawing on a well-known au-
thor and transforming the text in a way that intensified his 
disquieting juxtapositions, Lutz created a system with a lit-
erary purpose. His system’s operation, and its results, were 
consonant with Kafka’s description of a formally valid so-
cial system in which the particular combinations were of-
ten meaningless.

In the United States, and in connection with the Fluxus 
movement, Alison Knowles and James Tenney published 
the 1968 chapbook A House of Dust. It consisted of 20 
connected sheets of computer paper on which a poem gen-
erated by a Fortran program was printed, with each stanza 
of the same form. An example:

A HOUSE OF GLASS
IN A DESERTED FACTORY

USING ALL AVAILABLE LIGHTING
INHABITED BY COLLECTORS OF ALL TYPES

This project showed that variations of a regular stanza 
could be interesting when lined up and read one after the 
other, and that a creative language generator could produce 
a reasonably lengthy work that is compelling and worth 
reading.

“about so many things” and “Arrested”
from Electronic Flipbooks
Nannette Wylde, 1998
These very simple systems for text generation were written 
in Macromedia Director. They merely place some strings 
that are selected uniformly at random into a simple tem-
plate, the nature of which is self-evident. “Arrested” 
presents a sort of stanza that describes different situations 
in which people are arrested, and is, as Wylde describes it, 
“a play on preconceptions regarding social, ethnic, reli-
gious, and political affiliations.”  In the case of “about so 
many things,” the template is simply “He”  followed by a 
sentence completion and the “She” followed by a sentence 
completion, to produce text such as: “He likes chocolate / 
She thinks things should be different.” The sentence com-
pletions range from being rather  gender-neutral  to being 
quite different when applied to people of different genders. 
For instance: “feels stressful,” “is a good parent,” “has a 
crush on the teacher,” “is a firefighter.”

The  READ_ME file for “about so many things”  ex-
plains: “the activities are drawn from the same pool of pos-
sibilities. Any line of text could be applied to either sub-
ject. In essence, the work explores the release of societal 
constraints regarding gender roles.”  Many sentences have 
different connotations when associated with people of dif-
ferent genders. By simply assigning sentences at random to 
be about either “He” or “She,” “about so many things” pro-
duces interesting texts that provoke the reader to think 
about cultural preconceptions related to gender. The lesson 
for large-scale creative text generator is that determining 
the gender of a character, or transforming the gender of a 
character in an existing story, can be an important decision 
that is part of the creative process.

“The Two” and “Through the Park”
Nick Montfort, 2008
“The Two” builds on the core conceit of “About so Many 
Things.”  It uses even less text and only a slightly more 
complex template, such that the original Python program 
fits into 1 KB and the JavaScript version is not much larg-
er. (The 1 KB limit is inspired in part by the demoscene, 
but also by poetic compression. While limitations of this 
sort are useful in many ways, and do enforce certain types 
of simplicity, they do not guarantee algorithmic simplicity 
or clear and readable code.) Two people described by their 
roles are introduced in the first line of each generated stan-
za; pronouns introduced in the second line require that the 
reader assign specific genders to the people in those two 
roles; and a conclusion involving both of them is provided:

The indigent turns to the librarian.
She smacks him.
They pray together.

In  this  case,  two  characters  are  introduced,  the  first  of 
which is stereotypically male in U.S. culture. The second is 
usually culturally assumed to be female. Then, “she” and 
“he” appear on the second line, suggesting an obvious but 
disturbing resolution of reference: The librarian smacking 
the indigent. Since the typical reader’s assumptions about 
the behavior  of  librarians  and  indigents  will  not  line  up 
with this  interpretation,  the  reader  may be  compelled  to 
consider the other interpretation, that the indigent is female 
and the librarian male. In either case,  this generated text 
(and many of the texts that are generated) will challenge 
the reader’s  assumptions and stereotypes.  This and other 
small-scale systems by this developer have been described 
and compared to systems of other sizes (Montfort, 2012). 

Another 1 KB Python program that has also been made 
available  in  a  JavaScript  version is  “Through the Park.” 
This system is an attempt to build a very simple model of 
ellipsis or elision, the omission of part of a story. A care-
fully  constructed  list  of  sentences  is  reduced  by a  fixed 
number (removing sentences at random but keeping their 
order) and the resulting shorter story is output. The method 
of ellipsis has no intelligence or creativity to it, but with 
carefully constructed sentences it  can nevertheless be ef-
fective. “Through the Park” is the subject of a short case 
study in the next section.

“The Semi-Automatic Doodle Machine”
from Microcodes
Páll Thayer, 2010
This tiny program (at 756 characters, “a bit longer than 
most” in the Microcodes series, as Thayer notes) produces 
some simple instructions for that non-artistic but potential-
ly creative drawing practice known as doodling. The pro-
gram first prints “Use a pencil and a 210mm x 210mm 
sheet of paper. Start with your hand at the upper-left cor-
ner.” and then prints some instruction such as “With pencil 
up, move 8mm to the right,” printing a new one endlessly 
each time ENTER is pressed.

As a creative text generator, the program is curious be-
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cause it generates instructions  rather than a story or poem. 
Of course, the program is not framed as generating creative 
writing, but rather that non-artistic form of drawing known 
as a doodle. Seen as a generator of visual art, the program 
is rather hilarious. It uses a person as a sort of plotter, in-
verting the typical  relationship between “user” and com-
puter. With its tedious, precise instructions about how to 
do a task that has no external value, it might be a parody of 
creativity assistance software. It also highlights how com-
putation can be applied at different stages of the creative 
process, questioning whether the entire pipeline of creative 
generation needs to be built for a system to be effective.

“Through the Park”: A Case Study

The small-scale system “Through the Park”  is about as 
simple as it can be while incorporating any computational 
elements at all. It provides a highly simplified model of an 
important narrative technique, however, a technique useful 
in full-scale story generation systems.

The Importance of Ellipsis
One way of understanding ellipsis is as one possible tempo 
at which a narrative may be related. In this view, it is the 
leaping over of one or more events in no time at all, which 
corresponds to telling the story at the fastest possible speed 
–  an infinite speed (Prince 1982). The importance of this 
narrative technique has been articulated by narrative theo-
rists, including Seymour Chatman: “Ellipsis is as old as 
The Illiad. But ... ellipsis of a particularly broad and abrupt 
sort is characteristic of modern narratives”  (1978, p. 71). 
These omissions can allow the reader’s imagination to fill 
the story in, as Fielding explains at the beginning of book 
III of Tom Jones:

The reader will be pleased to remember, that … we gave 
him a hint of our intention to pass over several large peri-
ods of time ...
  In so doing, we do not only consult our own dignity and 
ease, but the good and advantage of the reader: for be-
sides that by these means we prevent him from throwing 
away his time, in reading without either pleasure or emol-
ument, we give him, at all such seasons, an opportunity 
of employing that wonderful sagacity, of which he is 
master, by filling up these vacant spaces of time with his 
own conjectures; for which purpose we have taken care to 
qualify him in the preceding pages.

Understanding  ellipses  has  been  the subject  of  some re-
search, but generating ellipses has not been as well-studied. 
As recently as 2006, it appeared that computational narra-
tive systems did not incorporate an ability to use ellipsis 
(Gervás et al.). Those in the field have noted the relevance 
of this technique to cinematic and textual story generation, 
however. The interactive fiction system Curveship (Mont-
fort 2007 p. 107) can generate ellipses but does not deter-
mine  how  to  do  so. Ellipsis was also supported in the 
Mimesis system, because “narrative effects in [3D] envi-
ronments are often achieved by selecting elements of the 

story world to elide from the narrative discourse (e.g., tem-
poral and causal ellipsis) ...” (Young 2007 p. 14)

A Minimal Ellipsis System
“Through the Park” was prompted by a conversation with 
Michael Mateas about how to develop the simplest story 
generator  grounded  in  a  meaningful  narrative  technique. 
The first version of it, a 1 KB Python program, was posted 
on Grand Text Auto on November 20, 2008.  It has 25 sen-
tences. Nine are removed during execution and the remain-
ing 16 are printed in their original order. The sentences are:

The girl grins and grabs a granola bar.
The girl puts on a slutty dress.
The girl sets off through the park.
A wolf whistle sounds.
The girl turns to smile and wink. 
The muscular man paces the girl.
Chatter and compliments cajole.
The man makes a fist behind his back.
A wildflower nods, tightly gripped.
A snatch of song reminds the girl of her grandmother.
The man and girl exchange a knowing glance.
The two circle.
Laughter booms.
A giggle weaves through the air.
The man’s breathing quickens. 
A lamp above fails to come on.
The man dashes, leaving pretense behind.
Pigeons scatter.
The girl runs.
The man’s there first.
Things are forgotten in carelessness.
The girl’s bag lies open.
Pairs of people relax after journeys and work.
The park’s green is gray.
A patrol car’s siren chirps.

The system is meant to tell a version of, or at least alludes 
to,  the folktale  Little  Red Riding Hood.  On  Grand Text  
Auto,  readers were asked if they considered a system this 
simple to be a story generator. While not all commenters 
agreed that it was one, game developer Gregory Weir was 
the first to reply, echoing Fielding in some ways:

It’s definitely a story generator. I like how my interpre-
tation of the story can vary drastically on which cues are 
included.  This  is  partly  due to  a  few sharply-charged 
cues:  the  girl’s  smile,  the  knowing glance,  the  blank 
stare, and the police siren. Depending on which of these 
are included, cues like the girl’s bag or the movement 
can be erotic or horrific. 
It does depend heavily on the mind’s ability to fill in 

gaps … (Montfort 2008a)
The  sentences  were  consciously  written  to  suggest  (al-
though not directly assert) that the two characters might be 
in a friendlier  or more antagonistic relationship, and that 
the situation is more playful or sinister.

Developing  this  generator  led  to  an  improved  under-
standing of ellipsis and of the characteristics (both ontolog-
ical and linguistic) of story elements and their representa-
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tions. In this simple system, there is no representation of 
the underlying fabula or story levels that is separate from a 
potential text, which may or may not be included in the fi-
nal, realized discourse. Linguistically,  it is problematic to 
include pronouns or  other  words that  refer  to other  sen-
tences; if such words are used, “she” or “he” might appear 
before “the girl” or “the man” are introduced. The more 
cohesive a text is, the harder it is to elide a sentence from it 
without adjusting the other sentences.

The underlying events in a story also should be able to 
stand apart, but for narrative interest, it is appropriate that 
they are, in Weir’s terms, “charged” with varying emotion-
al implications. While it seems valuable for the events to 
be of different valences, it is also helpful that they contrib-
ute to a consistent scenario and agree on, for instance, who 
the two main characters are and what the setting is.

A more general model would allow different events/sen-
tences to have different probabilities of being omitted; an 
even more general one would allow for conditional proba-
bilities. Since experience with “Through the Park” suggests 
some qualities of the relationship between intersentential 
cohesion, the relationship between underlying events, and 
the opportunity for ellipsis, there are insights that could be 
applied in the development of more elaborate systems.

Generality across Languages
Gregory Rabassa has stated that “translation is essentially 
the closest reading one can give a text” (1989), suggesting 
that the translation of a computational system to produce 
linguistic or narrative creativity would at least have to in-
volve a very deep analysis and understanding of the sys-
tem. Large-scale systems are seldom translated because of 
the great effort that would be needed; small-scale systems 
are more manageable and can be translated in fairly short 
amounts of time, sometimes even by volunteers.

Fedorova  translated  “Through  the  Park”  to  Russian, 
demonstrating that the system does not only work in Eng-
lish. The small size of the system and simplicity of its op-
eration facilitated this. The need to maintain an ambiguity 
of tone or emotion did complicate the translation process to 
some  extent,  further  highlighting  the  particular  way  in 
which  the original sentences were constructed. However, 
each  of  the sentences  could be translated,  resulting in  a 
Russian system that produced ellipses with the same sorts 
of effects as the original English system.

Because “Through the Park” works at the sentence level, 
modifying  the  discourse  without  making  adjustments  to 
syntax, it is less language-specific than some other creative 
text generators are. “The Two” uses the ambiguity of gen-
der of noun phrases in its first lines to achieve its effect; 
this ambiguity is not easy to achieve in all languages.

Generality across Story Domains
A system that is so specific that it can only tell one story, 
or one class of stories, is probably not worth much time or 
attention. While large systems are often difficult to convert 
to other story domains, adaptation is a good sign that the 

system is general. In the case of large-scale systems, such 
adaptations would often be difficult and time consuming; 
they are easier in smaller-scale systems.

The  simple  underlying  system in  “Through  the  Park” 
was re-used by writer and artist J. R. Carpenter to create 
two  story  generators,  “Excerpts  from  the  Chronicles  of 
Pookie & JR” and “I’ve Died and Gone to Devon.” The 
former program was used to produce much of the text of 
Carpenter’s book Generation[s]. “Excerpts” was ported to 
JavaScript in 2009  by  Ravi Rajakumar (independently of 
the port  of  “Through the  Park”),  translated  into Spanish 
and Catalan in 2011 by Laura Borràs Castanyer, and trans-
lated into Russian by Natalia Fedorova in 2012.

Another system that uses “Through the Park” as a basis 
is  Fedorova’s  “Halfway  Through.”  This  system has  one 
Russian and one English array of sentences; it mingles an 
inner soliloquy with overheard phrases.

“Through the Park” is not the most-reused small-scale 
creative  text  generator  (for  instance,  Montfort’s  Taroko 
Gorge, which was also originally a 1 KB Python program, 
has been appropriated and reworked online more than ten 
times)  nor  the  most-translated  (for  instance,  Montfort’s 
“The Two,” another originally 1 KB Python program port-
ed to JavaScript,  has been translated to French, Spanish, 
and Russian). Still, that it has been ported, translated, and 
re-used attests to its accessibility and flexibility.

Benchmarks, Baselines, and Subsystems for 
Larger-Scale Systems
A small-scale system can be used as a benchmark or base-
line for  evaluating larger-scale systems use similar  tech-
niques, driven by more elaborate methods. For instance, it 
could  be  worthwhile  to  compare  a  sophisticated  system 
that elides parts of a story for a particular purpose (to gen-
erate suspense, to increase reader interest) against a system 
that elides at random, as “Through the Park” does. Even 
without a purpose-built story, such a system would reveal 
something about how effective the technique of elision or 
omission is when applied without any special logic, intelli-
gence, or creativity. As a first step, developers of a creative 
system for ellipsis should show that it can exceed, by what-
ever metric, the effectiveness of a random one.

If an elaborate creative system to address one particular 
aspect of story-generation does not exceed the small-scale 
baseline, all is not lost. A larger-scale system that incorpo-
rates several  subsystems can simply use the simple, ran-
dom system to deal with that particular technique (ellipsis, 
assignment  of  gender  to  characters,  or  something  else) 
while using more elaborate methods elsewhere.

Allowing for Small-Scale Work

Small-scale systems can be of direct as well as indirect sig-
nificance.  They  can  be  easily  understood  and  modified, 
even  without  the  involvement  of  their  original  creators. 
The new systems that are developed in this way can con-
tribute to new types of cultural production, having value 
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inside and outside the computational creativity community. 
They can be provocative, challenging the ideas that have 
been developed using large-scale systems and helping to 
develop some that have been overlooked. They can be used 
in teaching as the starting point for literary work or more 
elaborate exercises in computational expression.  Finally, 
they can be used to sketch, as an artist would, in prepara-
tion for undertaking a large-scale work.

Despite the worth of small-scale projects and the slight 
effort that is needed to execute them,  the context of com-
puter science, and many interdisciplinary contexts, discour-
ages work on such sketches and encourages researchers to 
proceed  more  directly  to  the  development  of  large-scale 
systems. There are a few cases where small-scale systems 
are seen to have a place – for use as examples, for instance, 
or as subsystems in a larger system – but not many.

A  dissertation  project  usually  corresponds  to  a  large-
scale  system,  and  the  master’s  thesis  and  undergraduate 
capstone projects are typically reduced versions. Most con-
ference papers are based on work with large-scale systems; 
even short papers, such as this one, are often invited not for 
the discussion of small-scale systems but for the dissemi-
nation of intermediate results about work in progress.

Ph.D. students in every field are already expected to un-
derstand their research area thoroughly by reviewing and 
understanding the relevant literature. It seems appropriate 
for them to spend as much time as they would reading a 
handful  of  articles  in the development  of  one,  or a few, 
small-scale systems. Such systems allow for different per-
spectives  and  approaches  to  be  attempted;  they  also en-
courage a focus on the essential and on extreme abstraction 
of method and of the domain of creativity.

There are institutions that support, or could support, the 
development  of  small-scale  systems.  In  particular,  the 
hackathon, codefest, demo party, or other sort of competi-
tion, as often arranged outside of an academic context as 
inside it, could be employed to encourage the development 
of small-scale creativity systems. Although adding such an 
event to an existing conference would not change the para-
digm for system development radically – those who were 
able to attend and compete would be there because their 
paper about a large-scale system was accepted – an event 
for quick development of systems could call  attention to 
the value of such systems.

Small-scale systems have definite benefits,  despite the 
institutional preference for using and discussing large-scale 
ones. These systems are easily portable across platforms, 
easily  translated, easily  generalized to different  domains, 
and capable of capturing the essential aspects of important 
narrative techniques. Since they are also quick to put to-
gether, it would be sensible to do more to allow and en-
courage their development. 
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Abstract
Music and speech are two realms predominately
species-specific to humans, and many human creative
endeavors involve these two modalities. The pairing
of music and spoken text can heighten the emotional
and cognitive impact of both - the complete song be-
ing much more compelling than either the lyrics or the
accompaniment alone. This work describes a system
that is able to automatically generate and evaluate mu-
sical accompaniments for a given set of lyrics. It de-
rives the rhythm for the melodic accompaniment from
the cadence of the text. Pitches are generated through
the use of n-gram models constructed from melodies of
songs with a similar style. This system is able to gen-
erate pleasing melodies that fit well with the text of the
lyrics, often doing so at a level similar to that of human
ability.

Introduction
Programmers and researchers have often attempted to endow
machines with some form of intelligence. In some cases, the
end goal of this is purely practical; a machine with the capac-
ity to learn could provide a multitude of useful and resource-
saving tasks. But in other cases, the goal is simply to make
machines behave in a more creative or more “human” man-
ner. As one author explains, “Looked at in one way, ours
is a history of self-imitation...We are ten times more fasci-
nated by clockwork imitations than by real human beings
performing the same task.” (McCorduck 2004).

One major area of human creativity involves the produc-
tion of music. Wiggins (2006) states that, “...musical behav-
ior is a uniquely human trait...further, it is also ubiquitously
human: there is no known human society which does not
exhibit musical behaviour in some form.” Naturally, many
computer science researchers have turned their attention to
musical computation tasks. Researchers have attempted
to classify music, measure musical similarity, and predict
the musical preferences of users (Chai and Vercoe 2001;
McKay and Fujinaga 2004). Others have investigated the
ability to search through, annotate, and identify audio files
(Dannenberg et al. 2003; Dickerson and Ventura 2009).
More directly in the realm of computational creativity, re-
searchers have developed systems that can automatically
arrange and compose music (Oliveira and Cardoso 2007;
Delgado, Fajardo, and Molina-Solana 2009).

Like music, speech is an ability that is almost exclusively
human. While species such as whales or birds may com-
municate through audio expressions, and apes may even
be taught simple human-like vocabularies and grammars
using sign language, the complexities of human language
set us apart in the animal kingdom. Major research ef-
forts have been directed toward machine recognition and
synthesis of human speech (Rabiner 1989; Koskenniemi
1983) Computers programs have been designed to carry
on conversations, some of them doing so in a surprisingly
human-like manner (Weizenbaum 1966; Saygin, Cicekli,
and Akman 2000). More creative programming endeav-
ors have involved the generation of poetry (Gervás 2001;
Rahman and Manurung 2011) or text for stories (Riedl 2004;
Pérez y Pérez and Sharples 2004; Gervás et al. 2005;
Ang, Yu, and Ong 2011).

Gfeller (1990) points out the similarities between speech
and music: “Both speech and music are species specific and
can be found in all known cultures. Both forms of com-
munication evolve over time and have structural similari-
ties such as pitch, duration, timbre, and intensity organized
through particular rules (i.e. syntax or grammar) that result
in listener expectations.” Studies show that music and the
spoken word can be particularly powerful when paired to-
gether. For example, in one study, researchers found that
a sung version of a story was often more effective at re-
ducing an undesirable target behavior than a read version
of the story (Brownell 2002). Music can help individuals
with autism and auditory processing disorders more easily
engage in dialog (Wigram 2002). The pairing of music with
language can even help individuals regain lost speech abil-
ities through a process known as Melodic Intonation Ther-
apy (Gfeller 1990; Schlaug, Marchina, and Norton 2008).
On the other hand, lyrics have the advantage of being able
to impart discursive information where the more abstract na-
ture of music makes it less fit to do so (Kreitler and Kreitler
1972). Lyrics can also contribute to the emotional impact
of a song. One study found that lyrics enhanced the emo-
tional impact of a selection with sad or angry music (Ali
and Peynircioglu 2006). Another found that lyrics tended to
be a better estimator of the overall mood of a song than the
melody when the lyrics and the melody disagree (Wu et al.
2009).

This work describes a system that can automatically com-
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pose melodic accompaniments for any given text. For each
given lyric, it generates hundreds of different possibilities
for rhythms and pitches and evaluates these possibilities
with a number of different metrics in order to select a final
output. The system also incorporates an awareness of musi-
cal style. It learns stylistic elements from a training corpus
of melodies in a given genre and uses these to output a new
piece with similar elements. In addition to self-evaluation,
the generated selections are further evaluated by a human
audience. Survey feedback indicates that the system is able
to generate melodies that fit well with the cadence of the text
and that are often as pleasing as the original accompanying
tunes. Colton, Charnley, and Pease (2011) suggest a number
of different measures that can be used to evaluate systems
during the creative process. We direct particular attention to
two of these–precision and reliability–and demonstrate that,
for simpler styles, our system is able to perform well with
regard to these metrics.

Related Work
Conklin (2003) summarizes a number of statistical models
which can be used for music generation, including random
walk, Hidden Markov Models, stochastic sampling, and
pattern-based sampling. These approaches can be seen in a
number of different studies. For example, Chuan and Chew
(2007) use Markov chains to harmonize given melody lines,
focusing on harmonization in a given style. Cope (2006)
also uses statistical models to generate music in a partic-
ular style, producing pieces indistinguishable from human-
generated compositions. Pearce and Wiggins (2007) provide
an analysis of a number of strategies for melodic generation,
including one similar to the generative model used in this
paper.

Delgado, Fajardo, and Molina-Solana (2009) use a rule-
based system to generate compositions according to a spec-
ified mood. Oliveira and Cardoso (2007) describe a wide
array of features that contribute to emotional content in mu-
sic and present a system that uses this information to select
and transform chunks of music in accordance with a target
emotion.

Researchers have also directed efforts towards develop-
ing systems intended for accompaniment purposes. Dan-
nenberg (1985) presents a system of automatic accompani-
ment designed to adapt to a live soloist. Lewis (2000) also
details a “virtual improvising orchestra” that responds to a
performer’s musical choices.

While not directly related to generating melodic accompa-
niment for lyrics, a number of studies have looked at align-
ing musical signals to textual lyrics (the end result being
similar to manually-aligned karaoke tracks). For example,
Wang and associates (2004) use both low-level audio fea-
tures and high-level musical knowledge to find the rhythm
of the audio track and use this information to align the mu-
sic with the corresponding lyrics.

Methodology
In order to generate original melodies, a set of melodies
is compiled for each different style of composition. These

melodies were isolated from MIDIs obtained from the Free
MIDI File Database1 and the “I Love MIDIs” website2.
These selections help determine both the rhythmic values
and pitches that will be assigned to each syllable of the
text. The system catalogs the rhythmic patterns that occur
for each of the various numbers of notes in a given mea-
sure. The system also creates an n-gram model representing
what notes are most likely to follow a given series of notes
in a given set of melodies. Models were developed for three
stylistic categories: nursery rhymes, folk songs (bluegrass),
and rock songs (Beatles).

For each lyric, the system first analyzes the text and as-
signs rhythms. It determines where the downbeats will fall
for each given line of the text. One hundred different down-
beat assignments are generated randomly, and evaluated ac-
cording to a number of aesthetic measures. The system se-
lects the random assignment with the highest score for use
in the generated melody. The system then determines the
rhythmic values that will be assigned to each syllable in the
text by counting the number of syllables in a given measure
and finding a rhythm that matches that number of syllables
in one of the songs of the training corpus. Once rhythmic
values are assigned, the system assigns pitches to each value
using the n-gram model constructed from the training cor-
pus. Once again, one hundred different assignments are gen-
erated and evaluated according to a number of metrics. Fur-
ther details on the rhythm and pitch generation are provided
in the following subsections.

Rhythm Generation
Rhythms are generated based on patterns of syllabic stress
in the lyrics. Each word of the text is located in the CMU
Pronunciation Dictionary3 to determine the stress patterns of
the constituent phonemes. (Each phoneme in the dictionary
is labeled 0, 1, or 2 for “No Stress,” “Primary Stress,” or
“Secondary Stress.”) The system also looks up each word to
determine if it occurs on a list of common articles, preposi-
tions, and conjunctions.

The system then attempts to find the best positions for
downbeats. For each given line of text, the system gener-
ates 100 possible downbeat assignments. The text of each
line is distributed over four measures, so four syllables are
randomly selected to carry a downbeat. Each assignment
is then scored, and the system selects the assignment re-
ceiving the highest score for use in the melodic accompani-
ment. Downbeat assignments that fall on stressed syllables
are rated highly, as are downbeats that fall on the beginning
of a word and ones that do not fall on articles, prepositions,
or conjunctions. Downbeat assignments that space syllables
more evenly across the allotted four measures are also rated
more highly (i.e. assignments that have a lower standard de-
viation for number of syllables per measure receive higher
scores). See Figure 4 for further details on the precise down-
beat scoring metrics. Figure 1 illustrates a possible down-
beat assignment for a sample lyric.

1http://www.mididb.com/
2http://www.ilovemidis.com/ForKids/NurseryRhymes/
3http://www.speech.cs.cmu.edu/cgi-bin/cmudict
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Lyrics: Pat a cake pat a cake
Phonemes: PAET AH KEYK PAET AH KEYK
Stress: 1 0 1 1 0 1
Downbeats: true false false true false false

Lyrics: ba- ker’s man
Phonemes: BEY KERZ MAEN
Stress: 1 0 1
Downbeats: true false true

Figure 1: Sample downbeat assignments for Pat-A-Cake
lyrics

Figure 2: Default rhythm assignments for Pat-A-Cake lyrics

Once the downbeats are assigned, a rhythmic value is
assigned to each syllable. The system randomly selects a
piece in the training corpus to provide rhythmic inspiration.
This selection determines the time signature of the gener-
ated piece (e.g. three beats or four beats to a measure).
For each measure of music generated, the system looks to
the selected piece and randomly chooses a measure that has
the necessary number of notes. For example, if the system
needs to generate a rhythm for a measure with three sylla-
bles, it randomly chooses a measure in the training corpus
piece that has three notes in it and uses its rhythm in the
generated piece. If no measures are available that match
the number of syllables in the lyric, the system arbitrarily
assigns rhythmic values, with longer values being assigned
to earlier syllables. For example, in a measure with three
syllables using a three-beat pattern, each syllable would be
assigned to a quarter note. In a measure with four syllables,
the first two syllables would be assigned to quarter notes and
the last two syllables to eighth notes. Figure 2 illustrates the
default rhythms assignment for a sample lyric.

Pitch Generation
Once the rhythm is determined, pitches are selected for the
various rhythmic durations. Selections from a given style
corpus are first transposed into the same key. Then an n-
gram model with an n value of four is constructed from these
original melodic lines. The model was created simply from
the original training melodies, with no smoothing. For the
new, computer-generated selections, melodies are initialized
with a series of random notes, selected from a distribution
that models which notes are most likely to begin musical
selections in the given corpus. In order to foster song cohe-
sion, each line of the song is initialized with the same ran-
domly generated three notes. Additional notes for each line
are randomly selected based on a probability distribution of
what note is most likely to follow the given three notes as
indicated by the n-gram model of the style corpus.

The system generates several hundred possible series of
pitches for each line. Each possible pitch assignment is
then scored. To encourage melodic interest, higher scores
are given to melodic lines with a higher number of distinct

Figure 3: Sample pitch assignments for Pat-A-Cake lyrics

pitches and melodies featuring excessive repeated notes are
penalized. Melodies with a range greater than an octave and
a half or with interval jumps greater than an octave are pe-
nalized since these are less “sing-able.” Melodic lines that
do not end on a note in a typical major or minor scale and
final melodic lines that do not end on a tonic note are given
a score of zero. More precise details about the scoring of
pitch assignments are given in Figure 4. Possible pitch as-
signments for a sample lyric are shown in Figure 3.

Results
Accompaniments were generated for lyrics in three stylistic
categories: nursery rhymes, folk songs (bluegrass), and rock
songs (Beatles). In each case, an attempt was made to find
less commonly known melodies, so that the generated music
could be more fairly compared to the original melodic lines.
Melodic lines were generated for the following:

Nursery rhymes:

• Goosey Goosey Gander

• Little Bo Peep

• Pat-a-Cake

• Rub-a-Dub-Dub

• The Three Little Kittens

Folk songs:

• Arkansas Traveler

• Battle of New Orleans

• Old Joe Clark

• Sally Goodin

• Wabash Cannonball

Rock songs:

• Act Naturally

• Ask Me Why

• A Taste of Honey

• Don’t Pass Me By

• I’ll Cry Instead

Three melodies were generated for each of the fifteen
lyrics considered. One was generated using a corpus of
songs that matched the style of the lyrics (e.g. to generate
a melody for Goosey Goosey Gander the four other nursery
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1: MelodicAccompaniment(Lyric,StyleCorpus)
2: for all LINEi in Lyric do
3: STRi ← patterns of syllabic stress in LINEi

4: POSi ← parts of speech for each syllable in LINEi

5: BEGi ← boolean values indicating that a syllable in
LINEi begins a word

6: for i = 1→ 100 do
7: DBj ← randomly assign downbeats to four syllables
8: scorej ← ScoreDownbeats(DBj ,STRi,POSi,BEGi)
9: end for

10: DBi ← DBj that coincides with the largest scorej

11: RHY THMi ← SelectRhythms(DBi)
12: for i = 1→ 100 do
13: PITCHESj ← assign pitches using n-gram model

from StyleCorpus
14: scorej ← ScorePitches(PITCHESj)
15: end for
16: PITCHESi ← PITCHESj that coincides with the

largest scorej

17: MELODYi ← combine RHY THMi and PITCHESi

18: MELODY + = MELODYi

19: end for
20: return MELODY

1: ScoreDownbeats(DBj ,STRi,POSi,BEGi)
2: for k = 1→ j do
3: If DBjk and STRik = 1 then score+ = 1
4: If DBjk and POSik! = Art|Prep|Conj then score+ =

0.5
5: If DBjk and BEGik then score+ = 0.5
6: x← maxSyllablesPerMeasure
7: score+ = (x− stdDevSyllablesPerMeasure) ∗ 0.5
8: score+ = (x− numPickupSyllables) ∗ 0.25
9: score+ = (x− numSyllablesLastMeasure) ∗ 0.25

10: end for
11: return score

1: SelectRhythms(Di, Si)
2: M ← divide Si into measures based on Di

3: C ← randomly select a song in StyleCorpus
4: R← 0
5: for all Mj in M do
6: Rj ← randomly selected measure from C with the same #

of notes as syllables in Mj

7: R += Rj

8: end for
9: return R

1: ScorePitches(PITCHESj)
2: score← uniqueP itches(PITCHESj)/size(PITCHESj)
3: If MaxRepeatP itches(PITCHESj) <

maxRepeatP itches then score+ = 1
4: If Range(PITCHESj) < maxRange then score+ = 1
5: If MaxInterval(PITCHESj) < maxInterval then

score+ = 1
6: If !EndsOnScaleNote(PITCHESj) then score = 0
7: If LastLine(j) and !EndsOnTonic(PITCHESj) then

score = 0
8: return score

Figure 4: Algorithm for automatically generating melodic
accompaniment for text

bluegrass nursery rock average
bluegrass 1.34 3.09 1.19 1.87
nursery 1.14 3.32 1.19 1.88
rock 1.25 3.28 1.11 1.88
original 1.50 3.50 1.47 2.16

Table 1: Average responses to the question “How familiar
are you with these lyrics?” Each row represents a composi-
tional style and each column a category of lyrics.

rhyme songs were used to build the n-gram model) and two
more were generated in the remaining two creative styles4.

Study participants were divided into four groups. Each
group was asked to listen to versions of songs for each of the
fifteen lyrics, with selections for each group being a mixture
of lyrics with the original human-composed melodies and
lyrics with the three types of computer-generated melodies.
Subjects were not informed that any of the melodies were
computer-generated until after data collection. Fifty-two
subjects participated in the study, and each melodic version
was played for thirteen people.

After each selection, subjects were asked to respond to the
following questions (1=not at all, 5=very much):

• How familiar are you with these lyrics? 1 2 3 4 5

• How familiar are you with this melody? 1 2 3 4 5

• How pleasing is the melodic line? 1 2 3 4 5

• How well does the music fit with the lyrics? 1 2 3 4 5

• Is this the style of melody you would have expected to
accompany these lyrics? 1 2 3 4 5

• Are you familiar with any other melodies for these lyrics?
YES NO

Table 1 shows the average responses to the question about
familiarity of lyrics for each of the three categories. In
each case, lyrics were rated as more familiar when they
were paired with their original melodies as opposed to the
computer-generated melodies. However, none of these dif-
ferences were significant at the p < 0.05 level. The majority
of subjects were relatively unfamiliar with the bluegrass and
rock lyrics. The nursery rhyme lyrics were slightly more
familiar, but in many cases, subjects were familiar with the
lyrics but not any specific tune.

Table 2 shows the average responses to the question about
familiarity of melody for each of the three categories. On
average, subjects were slightly more familiar with the orig-
inal melodies in the bluegrass and rock categories than they
were with the lyrics. The original nursery rhymes melodies
were rated as slightly less familiar on average than the lyrics.
System-generated melodies received an average score of less
than two for familiarity in each of the three categories (sig-
nificantly lower than original melodies with a statistical sig-
nificance of p < 0.01).

Subjects were likely to be less receptive to new melodies
if they were very familiar with the old ones. (One respondent

4Selections generated for these experiments are available at
http://axon.cs.byu.edu/emotiveMusicGeneration
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bluegrass nursery rock average
bluegrass 1.62 1.49 1.40 1.50
nursery 1.53 2.17 1.34 1.68
rock 1.41 1.39 1.24 1.35
original 2.31 2.94 1.81 2.35

Table 2: Average responses to the question “How familiar
are you with this melody?” Each row represents a composi-
tional style and each column a category of lyrics.

bluegrass nursery rock average
bluegrass 3.50 3.50 3.56 3.52
nursery 3.37 3.24 3.09 3.23
rock 2.70 2.17 2.16 2.34
original 3.79 3.79 2.95 3.51

Table 3: Average responses to the question “How pleasing
is the melodic line?” Each row represents a compositional
style and each column a category of lyrics.

mentioned that hearing a new melody to a familiar childhood
song was a little “unnerving”.) Tables 3 through 7 report
only the responses where subjects indicated that they were
not familiar with an alternate melody for a given set of lyrics.

As shown in Table 3, the system was able to generate
melodies that received the same average ratings for pleasing
melodic lines as the original melodies. The average rating
for songs in the bluegrass style was almost identical to that
of the original melodies. The average ratings for pleasant-
ness of generated nursery rhythm melodies was not signifi-
cantly different than the original tunes.

For over a third of the lyrics, a computer-generated
melody in at least one style was rated as more pleasing than
the original melody. These tunes are listed in Table 4 along
with their average ratings. For example, the original melody
for Battle of New Orleans received a rating of 3.33 for aver-
age melodic pleasantness. The computer-generated melody
for this lyric in a nursery rhyme style received a rating of
3.92. The original melody for Little Bo Peep received an
average melodic pleasantness rating of 3.22. The bluegrass-
styled computer-generated melody received a rating of 3.80,
and the nursery-rhyme-styled generated melody received a
rating of 3.43.

Table 5 shows that the original melodies were rated on
average as fitting a little better with the lyrics (although the
difference between the original melodies and the songs com-
posed in the bluegrass style is not statistically significant).
However, as shown in Table 6 a number of the individual
computer-generated melodies were still rated as fitting bet-
ter with the lyrics than the original melodies. For example,
the rock version of Old Joe Clark received a rating of 3.00
from this metric while the original version received a rating
of 2.75. Both the bluegrass and nursery-rhyme versions of
Ask Me Why received higher ratings than the original ver-
sion.

Table 7 reports responses to the question “Is this the
style of melody you would have expected to accompany
these lyrics?” Not surprisingly, the original melodies were
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bluegrass 3.23 3.60 3.80 3.50 4.23 3.79
nursery 3.92 3.43 3.17 2.91 3.14 2.92
rock 2.83 2.60 2.13 2.54 2.00 2.36
original 3.33 3.22 3.50 2.70 2.83 2.12

Table 4: Average responses to the question “How pleasing
is the melodic line?” for six songs where system-generated
melody in one or more styles scored higher than the original
melody.

bluegrass nursery rock average
bluegrass 3.59 3.20 3.18 3.32
nursery 3.35 3.36 2.71 3.14
rock 3.23 2.18 2.26 2.56
original 3.88 4.27 2.90 3.68

Table 5: Average responses to the question “How well does
the music fit with the lyrics?” Each row represents a compo-
sitional style and each column a category of lyrics.

more “expected” on average than melodies composed in
new styles. The computer-generated melodies composed in
the style of the original melodies were also generally more
expected with one exception: bluegrass melodies for rock
lyrics tended to receive higher expectation ratings.

In a number of cases, the system was able to compose an
unexpected melody that still received high ratings for pleas-
ing melodies and a lyric/note match. Two such examples are
shown in Table 8. In both cases, the songs received above
average ratings for melodic pleasantness and average ratings
for music/lyric match, but below average ratings for style ex-
pectedness.

Discussion
The original nursery rhymes were composed predominantly
with notes of the major scale, and the rhythms in these
songs were similarly simple. (Songs generated with corpus-
inspired rhythms were quite similar to songs generated with
the system’s default rhythms.) With the exception of a
flat seventh introduced by the mixolydian scale of Old Joe
Clark, the bluegrass melodies also feature pitches exclu-
sively from the major scale. Bluegrass rhythms also tended
to be similarly straightforward. With simpler rhythms and
fewer accidentals, more of the melodies generated in these
two styles are likely to “work.” The original bluegrass
melodies tended to have more interesting melodic motion,
and this appears to have translated into more interesting
system-generated melodies. In contrast, the rock songs fea-
tured a much wider variety of scales and accidentals. These
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bluegrass 4.08 2.71 4.25 3.54 2.57 3.43
nursery 3.08 2.75 3.80 3.07 2.85 2.38
rock 3.08 3.00 2.18 1.77 2.08 2.27
original 3.91 2.75 4.17 2.75 2.79 2.15

Table 6: Average responses to the question “How well does
the music fit with the lyrics?” for six songs where system-
generated melody in one or more styles scored higher than
the original melody.

bluegrass nursery rock average
bluegrass 3.47 2.85 2.91 3.08
nursery 3.22 3.46 2.44 3.04
rock 3.12 1.82 2.14 2.36
original 3.69 4.27 2.79 3.58

Table 7: Average responses to the question “Is this the style
of melody you would have expected to accompany these
lyrics?”

extra tones do add color to the generated selections, but fur-
ther refinements may be necessary to select which more
complicated melodies are “fresh” or “original” instead of
just “weird.”

Wiggins (2006) proposes a definition for computational
creativity as “The performance of tasks which, if performed
by a human, would be deemed creative.” The task of simply
composing any decent new melody for an established tune
could be considered creative. Composing one that improved
on the original constitutes an even greater degree of creative
talent. By this metric, our system fits the definition of “cre-
ative.”
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How pleasing is the melodic line? 3.80 3.50
How well does the music fit with the lyrics? 3.20 3.17
Is this the style of melody you would have expected? 2.60 2.50

Table 8: Average responses to questions for two songs where
the melodic accompaniment was surprising but still worked.

Colton (2008) suggests that, for a computational system
to be considered creative, it must be perceived as possess-
ing skill, appreciation, and imagination. A basic knowledge
of traditional music behavior allows a system to meet the
“skillful” criteria. Our system takes advantage of statistical
information about rhythms and melodic movement found in
the training songs to compose new melodies that behave ac-
cording to traditional musical conventions. A computational
system may be considered “appreciative” if it can produce
something of value and adjust its work according the pref-
erences of itself or others. Our system addresses this cri-
terion by producing hundreds of different possible rhythm
and pitch assignments and evaluating them against some ba-
sic rules for pleasantness and singability. The “imaginative”
criterion can be met if the system can create new material in-
dependent of both its creators and other composers. Since all
of the generated melodies can be distinguished from songs
in the training corpora, this criterion is met at least on a ba-
sic level. Our system further demonstrates its imaginative
abilities by composing melodies in alternate styles that still
manage to demonstrate an acceptable level of melodic pleas-
antness and synchronization with the cadence of the text.

Boden (1995) argues that unpredictability is also a criti-
cal element of creativity, and a number of researchers have
investigated the role of unpredictability in creative systems
(Macedo 2001; Macedo and Cardoso 2002) Our system
meets the requirement of unpredictability with its ability to
compose in various and sometimes unexpected styles. It
is able to generate melodies that surprise listeners but still
achieve high ratings for pleasantness.

Colton, Charnley, and Pease (2011) propose a number of
different metrics in conjunction with their FACE and IDEA
models that can be used to assess software during a session
of creative acts. Equations for calculating these metrics are
listed in Figure 5, were S is the creative system, (cgi , e

g
i )

is a concept/expression pair generated by the system, ag is
an aesthetic measure of evaluation, and t is a minimum ac-
ceptable aesthetic threshold. Two of the measures suggested
are precision (obtained by dividing the number of generated
works by the number that met a minimum acceptable aes-
thetic level) and reliability (obtained from taking the sys-
tem’s best creation as calculated by some aesthetic measure
and subtracting the system’s worst). Table 9 reports the re-
sults of these calculations for the system’s compositions in
each of the three styles and compares them to the same met-
rics calculated for the original songs using responses to the
question “How pleasing is the melodic line?” as the scoring
metric. In order to calculate precision, we consider the worst
score obtained by an original, human-composed melody to
be the minimum acceptable threshold value. While the prize
for most pleasing melody still goes to a human-composed
song, all of the songs composed in a bluegrass and nursery
style and two-thirds of the rock songs meet the basic crite-
ria of being better than the worst original melody. The sys-
tem is generating original melodies that are better than some
established, human-generated songs a remarkable percent-
age of the time. The reliability of the system in generating
bluegrass and nursery-style melodies is also worth mention-
ing. The reliability measures for these two categories are
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reliability(S) = best ever(S)− worst ever(S)

Figure 5: Assessment metrics proposed by Colton, Charn-
ley, and Pease (2011)

bluegrass nursery rock original
average 3.52 3.23 2.34 3.51
best ever 4.23 3.92 3.83 4.50
worst ever 2.93 2.58 1.73 2.12
precision 1.00 1.00 0.67 1.00
reliability 1.30 1.33 2.11 2.38

Table 9: Assessment metrics calculate on average responses
to the question “How well does the music fit with the
lyrics?”

1.30 and 1.33 as compared to the 2.38 reliability measure
for original songs. (Note that, for reliability, smaller scores
are more desirable.) While the system probably shouldn’t
quit its day job to become a classic rock songwriter quite
yet, it is considerably reliable at producing reasonable and
pleasing melodies in the other two genres.

Similar results can be seen in Table 10 where responses to
the question “How well does the music fit with the lyrics?”
are used as the aesthetic measure. As with the previous cal-
culations, the “worst ever” score for an original melody was
used as a minimum aesthetic threshold for the generated
melodies. Again, all of the nursery rhyme and bluegrass-
styled compositions meet this threshold, as do two-thirds
of the rock-styled songs. A song generated in the nurs-
ery rhyme or bluegrass style also more reliably matches the
lyrics than an arbitrarily selected human-generated song.

Previous versions of our system analyzed each melody
in a given training corpus according to a number of dif-
ferent metrics and used the results in the construction of
neural networks designed to evaluate generated melodies
(Monteith, Martinez, and Ventura 2010). For the sake of
simplicity and computational speed, the most pertinent of
these findings were distilled into rules for use by the sys-
tem in these experiments. In other words, the information
gathered by the system to date about melody generation has
been simplified and codified so that more focus could be di-
rected towards matching rhythms to text. However, the sys-
tem could likely benefit from the use of additional metrics
and further “observation” of human-generated and approved
tunes in its attempts to create pleasing melodies. A simi-
lar process of evaluation could be applied to the process of
rhythm generation, particularly in the assignment of down-
beats. Currently, the system relies on a small set of arbi-
trary, pre-coded rules to determine downbeat placement. It
would likely require a much larger training corpus than we
currently have available, but perhaps more natural-sounding
placements could be obtained if the system could learn from
a corpus of “good” lyric/melody pairings the types of words

bluegrass nursery rock original
average 3.32 3.14 2.56 3.68
best ever 4.25 3.86 4.23 4.75
worst ever 2.57 2.36 1.63 2.15
precision 1.00 1.00 0.67 1.00
reliability 1.68 1.49 2.61 2.60

Table 10: Assessment metrics calculate on average re-
sponses to the question “How well does the music fit with
the lyrics?”

and syllables best suited for supporting downbeats. Audi-
ence feedback could help determine an optimal weighting
of the various evaluation criteria.
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Abstract

We describe a corpus-based poetry generation system which
uses templates to construct poems according to given con-
straints on rhyme, meter, stress, sentiment, word frequency
and word similarity. Moreover, the software constructs a
mood for the day by analysing newspaper articles; uses this
to determine both an article to base a poem on and a tem-
plate for the poem; creates an aesthetic based on relevance
to the article, lyricism, sentiment and flamboyancy; searches
for an instantiation of the template which maximises the aes-
thetic; and provides a commentary for the whole process to
add value to the creative act. We describe the processes be-
hind this approach, present some experimental results which
helped in fine tuning, and provide some illustrative poems and
commentaries. We argue that this is the first poetry system
which generates examples, forms concepts, invents aesthetics
and frames its work, and so can be assessed favourably with
respect to the FACE model for comparing creative systems.

Introduction
Mainstream poetry is a particularly human endeavour: writ-
ten by people, to be read by people, and often about people.
Therefore – while there are some exceptions – audiences
expect the opportunity to connect on an intellectual and/or
emotional level with a person, which is often the author.
Even when the connection is made with characters portrayed
in the poem, the expectation is that the characters have been
written from a human author’s perspective. In the absence of
information about an author, there is a default, often roman-
tic, impression of a poet which can be relied upon to pro-
vide sufficient context to appreciate the humanity behind a
poem. Using such an explicit, default or romantic context to
enhance one’s understanding of a poem is very much part of
the poetry reading experience, and should not be discounted.

Automated poetry generation has been a mainstay of com-
putational creativity research, with dozens of computational
systems written to produce poetry of varying sophistication
over the past fifty years. In the literature review given be-
low, it is clear that the emphasis has been almost entirely
on artefact generation, i.e., producing text to be read as po-
etry, rather than addressing the issues of context mentioned
above. Therefore, without exception, each of these systems
has to be seen as an assistant (with various levels of auton-
omy) for the system’s user and/or programmer, because that
person provides the majority of the context. This is usually
achieved by supplying the background material and tem-
plates; or curating the output; or writing technical papers
to describe the sophistication of the system; or writing mo-
tivational text to enhance audience understanding, etc.

While such poetry assistants are very worthwhile, we aim
instead to build a fully autonomous computer poet, and for

its poems to be taken seriously in full disclosure of the com-
putational setting. The first step towards this aim is to ac-
knowledge that the poems generated will not provide the
usual opportunities to connect with a human author, as men-
tioned above. A second step therefore involves providing a
suitable substitute for the missing aspects of humanity. To
partly address this, we have built a system to construct po-
ems via a corpus-based approach within which existing snip-
pets of human-written text are collated, modified and em-
ployed within the stanzas of poem templates. In particular,
in the Corpus-Based Poetry section below, we describe how
a database of similes mined from the internet, along with
newspaper articles can be used to generate poems.

A third step, which also addresses the missing human el-
ement to some extent, involves providing a context within
which a poem can be read. Software may not be able to
provide an author-centric human context, but it can provide
a context which adds value to a poem via an appeal to as-
pects of humanity, in particular emotions. In the section
below entitled Handing over High-Level Control, we de-
scribe how the software uses a corpus of newspaper articles
to (a) determine a mood for the day in which it is writing
a poem, which it uses to (b) generate an aesthetic and tem-
plates within which to generate poems, then (c) selects and
modifies corpus material to instantiate the templates with,
ultimately producing poems that express the aesthetic as best
as possible. To communicate aspects of the context, a final
step has been to enable it to provide a commentary on its
work, which can be referred to by readers if required.

In the Illustrative Results section, we present some po-
ems along with the commentaries generated alongside them.
Given our aim for the poems to be considered in full disclo-
sure of their computational context, along with various other
arguments given in (Pease and Colton 2011b), we believe it
is not appropriate to use Turing-style tests in the evaluation
of this poetry generation project. Instead, we turn initially
to the FACE descriptive model described in (Colton, Charn-
ley, and Pease 2011) and (Pease and Colton 2011a), which
suggests mechanisms for evaluating software in terms of the
types of generative acts it performs. In the Conclusions and
Future Work section below, we argue that we can reason-
ably claim that our software is the first poetry generator to
achieve ground artefact generation of each of the four types
prescribed in the FACE model, namely: examples, concepts,
aesthetics and framing information. We believe that such
full-FACE generation is the bare minimum required before
we can start to properly assess computer poets in the wider
context of English literature, which is a longer term aim for
this project. We describe how we plan to increase the auton-
omy and sophistication of the software to this end.
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Background
Perhaps the first computational poetry generator, the
Stochastische Texte system (Lutz 1959), sought recognisably
Modernist literary affect using a very small lexicon made
from sixteen subjects and sixteen predicates from Kafka’s
Das Schloß. The software randomly fitted Kafka’s words
into a pre-defined grammatical template. Poems by soft-
ware in this genre – where a user-selected input of texts are
processed according to some stochastic algorithm and as-
signed to a pre-defined grammatical and/or formal template
– have been published, as in (Chamberlain and Etter 1984)
and (Hartman 1996), and they remain popular on the inter-
net, as discussed in (Addad 2010). Such constrained poetry
generation follows on from the OULIPO movement, who in-
augurated the poetics of the mathematical sublime with Cent
mille milliards de poèmes (Queneau 1961), an aesthetic ex-
pressed today in digital poems like Sea and Spar Between
(Montfort and Strickland 2010).

Most of the more sophisticated poetry generation software
available on the internet is designed to facilitate digital po-
etry, that is, poetry which employs the new rhetorics offered
by computation. For examples, see (Montfort and Strickland
2010), (Montfort 2009) and (Roque 2011). We distinguish
this from a stronger definition of computationally creative
poetry generation, where an autonomous intelligent system
creates unpredictable yet meaningful poetic artefacts. Re-
cent work has made significant progress towards this goal;
in particular, the seminal evolutionary generator McGONA-
GALL (Manurung 2004) has made a programmatic come-
back, as described in (Rahman and Manurung 2011) and
(Manurung, Ritchie, and Thompson 2012). This work is
based on the maxim that “deviations from the rules and
norms [of syntax and semantics] must have some purpose,
and not be random” and the authors specify that falsifiable
poetry generation software must meet the triple constraints
of grammaticality, meaningfulness and poeticness. McG-
ONAGALL, the most recent incarnation of the WASP sys-
tem described in (Gervás 2010), and the system described in
(Greene, Bodrumlu, and Knight 2010), all produce techni-
cally proficient poems satisfying these criteria.

There are a number of systems which use corpora of
human-generated text as source material for poems. In par-
ticular, (Greene, Bodrumlu, and Knight 2010) and (Gervás
2010) rely on small corpora of already-poetic texts. The
Hiveku system (www.prism.gatech.edu/˜aledoux6/hiveKu/)
uses real-time data from Twitter; (Wong and Chun 2008) use
data from the blogosphere and search engines; and (Elhadad
et al. 2009) have used Project Gutenberg and the Google
n-grams corpus. These approaches all rely on user-provided
keywords to start a search for source material and seed the
poetry generation process. The haikus produced by the sys-
tem described in (Wong and Chun 2008) using Vector Space
manipulation demonstrate basic meaningfulness, grammati-
cality and poeticness, but are tightly constrained by a con-
cept lexicon of just 50 keywords distilled from the most
commonly used words in the haiku genre. The Electronic
Text Composition (ETC) poetry engine (Carpenter 2004) is
one of a few generators to use a very large corpus of every-
day language in the service of meaningful poetry generation.

Its knowledge base is constituted from the 85 million parsed
words of the British National Corpus, which has been turned
into a lexicon of 560,000 words and 49 million tables of
word associations. ETC generates its own poem templates,
and its corporal magnitude encourages surprising, grammat-
ically well-formed output. A dozen of its poems were pub-
lished under a pseudonym (Carpenter 2004).

The creative use of figurative language is essential to po-
etry, and is a notion alluded to, but declared beyond the
scope of (Manurung, Ritchie, and Thompson 2012). One
example of prior research in this direction is the system
of (Elhadad et al. 2009), which generates haiku, based
on a database of 5,000 empirically gathered word associa-
tion norms. It was reported that this cognitive-associative
source principle produced better poems than a WordNet
based search. Other aspects of small-scale linguistic cre-
ativity relevant to poetry generation include the production
and validation of neologisms (Veale 2006), and the elabo-
rations of the Jigsaw Bard system (Veale and Hao 2011),
which works with a database of simple and ironic similes to
produce novel compound similes.

Concerning aspects of computational poetry at a higher
level than example generation, the WASP system can be
considered as performing concept formation, as it em-
ploys a cultural meta-level generation process, whereby
a text is considered and evolved by a group of distinct
expert subsystems “like a cooperative society of read-
ers/critics/editors/writers” (Gervás 2010). However, the re-
sults of the iterative evaluation are not presented with the
final output, and the system does not generate the aesthet-
ics it evaluates, which are “strongly determined by the ac-
cumulated sources used to train the content generator”, in a
similar way to (Greene, Bodrumlu, and Knight 2010) and
(Dı́az-Agudo, Gervás, and González-Calero 2002).

To the best of our knowledge, there are no poetry gener-
ation systems which produce an aesthetic framework within
which to assess the poems they produce. Moreover, none of
the existing systems provide any level of context for their po-
etry. In general, the context within which the poems can be
appreciated is either deliberately obfuscated to attempt to fa-
cilitate an objective evaluation, as per Turing-style tests, or is
provided by the programmer via a technical paper, foreword
to an anthology, or web page. There are a myriad of websites
available which generate poems in unsophisticated ways and
then invite the reader to interpret them. For instance, the
RoboPoem website (www.cutnmix.com/robopoem), states
that: “A great deal of poetry mystifies it’s readers: It may
sound pretty, but it leaves you wondering ‘what the hell
was that supposed to mean?”’ then extols the virtue of ran-
domly generating mysterious-sounding poetry. This misses
the point that poets use their intellect to write poetry which
might need unpicking, in order to better convey a message,
mood or style. A random sequence of words is just that, re-
gardless of how poem-shaped it may be. The RoboPoet (the
smartphone version of which enables you to “generate non-
sensical random poems while waiting at the bus-stop”) and
similar programs only serve to highlight that people have an
amazing capacity to find meaning in texts generated with no
communicative purpose.
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Corpus-Based Poetry Generation
As we see above, using human-produced corpora is common
in computational poetry. It has the advantages of (a) help-
ing to avoid text which is utterly un-interpretable (as most
human-written text is not like this), which would likely lead
to a moment where readers remember that they are not read-
ing the output of a fully intelligent agent, and (b) having
an obvious connection to humanity which can increase the
semantic value of the poem text, and can be used in fram-
ing information to add value to the creative act. However
– especially if corpora of existing poems are used – there
is the possibility of accusations of plagiarism, and/or the
damning verdict of producing pastiches inherent with this
approach. Hence, we have chosen initially to work with very
short phrases (similes) mined from the internet, alongside
the phrases of professional writers, namely journalists writ-
ing for the British Guardian newspaper. The former fits into
the long-standing tradition of using the words of the common
man in poetry, and the latter reflects the desire to increase
quality while not appropriating text intended for poems.

The simile corpus comes from the Jigsaw Bard system1

which exploits similes as readymades to drive a “modest
form of linguistic creativity”, as described in (Veale and
Hao 2011). Each simile is provided with an evidence score
that indicates how many times phrases expressing the simile
were seen in the Google n-gram corpus2 from which they
were mined. There are 21,984 similes in total, with 16,579
having evidence 1 and the simile “As happy as a child’s life”
having the most evidence (1,424,184). Each simile can be
described as a tuple of 〈object, aspect, description〉, for
instance 〈child, life, happy〉. Our database of Guardian
newspaper articles was produced by using (i) their extensive
API3 to find URLs of articles under headings such as World
and UK on certain days (ii) the Jericho package4 to extract
text from the web pages pointed to by the URLs, and (iii)
the Stanford CoreNLP package5 to extract sentences from
the raw text. As of writing, the database has all 12,820 arti-
cles made available online since 1st January 2012, with the
World section containing the most articles at 1,232.

In addition to the corpora from which we directly use text,
we also employ the following linguistic resources:
[1] The CMU Pronunciation Dictionary6 of 133,000 words.
[2] The DISCO API7 for calculating word similarities, using
a database of distributionally similar words (Kolb 2008).
[3] The Kilgariff database of 208,000 word frequencies (Kil-
garriff 1997), mined from the British National Corpus8. This
database also supplies detailed part-of-speech (POS) tagging
for each word, with major and minor tags given.
[4] An implementation9 of the Porter Stemmer algorithm

1afflatus.ucd.ie/jigsaw 10wordnet.princeton.edu
2books.google.com/ngrams/datasets
3www.guardian.co.uk/open-platform
4jericho.htmlparser.net 11lit.csci.unt.edu
5nlp.stanford.edu/software 12fnielsen.posterous.com/tag/afinn
6www.speech.cs.cmu.edu/cgi-bin/cmudict
7www.linguatools.de/disco/disco en.html
8www.natcorp.ox.ac.uk
9www.tartarus.org/˜martin/PorterStemmer

(Porter 1980) for extracting the linguistic stems of words.
[5] The well known WordNet10 lexical database.
[6] An implementation11 of the Text Rank keyphrase extrac-
tion algorithm (Mihalcea and Tarau 2004).
[7] The Afinn12 sentiment dictionary, containing 2,477
words tagged with an integer from -5 (negative affect) to 5
(positive affect). We expanded this to a dictionary of around
10,000 words by repeatedly adding in synonyms for each
word identified by WordNet.

Poetry generation is driven by a four stage process of:
retrieval, multiplication, combination and instantiation. In
the first stage, similes are retrieved, according to both sen-
timent and evidence. That is, a range of relative evidence
values can be given between 1% (very little evidence) and
100% (the most evidence) along with a sentiment range of
between -5 and 5 (as per [7]). Note that the sentiment value
of the 〈object, aspect, description〉 triple is calculated as
the average of the three words, with a value of zero being
assigned to any word not found in [7]. Constraints on word
frequencies, as per [3], can also be put on the retrieval, as
can constraints on the pronunciation of words in the sim-
ile, as per [1]. In addition, an article from the Guardian can
be retrieved from the database (with details of how the arti-
cle is chosen given later), keyphrases can be extracted using
[6], and these can be further filtered to only contain rela-
tively unusual words (as per [3]), which often contain the
most pertinent information in the article.

Simile Multiplication
In the second stage, variations for each simile are produced
by substituting either an object, aspect or description word,
or any combination thereof. The system is given a value
n for the number of variations of given simile G required,
plus a substitution scheme specifying which parts should be
substituted, and a choice of three substitution methods to
use. Denoting Go, Ga and Gd for the object, aspect and
description parts of G, the three methods are:
(d) Using DISCO [2] to retrieve the n most similar words to
each word, as determined by that system.
(s) Using the corpus of similes to retrieve the n most simi-
lar words to each word. This is calculated with reference to
G and the whole corpus. For instance, suppose Gd is to be
substituted. Then all the matching similes, {M1, . . . ,Mk},
for which M i

o = M i
o or M i

a = M i
a are retrieved from the

database. The set M i
d of words for i = 1, . . . , k are collated,

and a repetition score r(M i
d) for each one is calculated as:

r(M i
d) = |{j ∈ 1, . . . , k : M j

d = M i
d}|. Informally, for a

potential substitute, this method calculates how many sim-
iles it appears in with another word from G. The n words
with the highest score are used as substitutes.
(w) Using Wordnet [5] to retrieve the n most frequent syn-
onyms of each word, with frequency assessed by [3].

Each variation, V , of G is checked and pruned if (i) the
simile exists already in the database, (ii) the major POS of
either Vo, Va or Vd differs from the corresponding part of
G, or (iii) the overall sentiment of V is positive when that
of G is negative (or vice-versa). To determine the yield of
variations each method can produce, we ran the system to
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Scheme d s w Average
001 61.68 23.16 0.04 28.29

2.02 1.68 3.22 2.31
010 59.04 25.58 4.50 29.71

2.27 1.99 2.09 2.12
100 37.06 28.38 2.26 22.57

2.08 1.75 1.93 1.92
011 44.50 47.78 0.26 30.85

2.27 2.25 3.35 2.62
101 39.68 41.94 0.10 27.24

2.25 1.89 2.83 2.32
110 37.06 40.54 5.84 27.81

2.21 2.02 2.21 2.15
111 27.84 39.44 0.01 22.43

2.40 2.10 2.67 2.39
Average 43.69 35.26 1.86 26.94

2.21 1.95 2.61 2.26

Table 1: Top lines: the average yield (to 2 d.p) of variations re-
turned by each method and substitution scheme when asked to pro-
duce 100 variations for 100 similes. Bottom lines: the average in-
terpretation level required for similes generated by the method and
scheme. Note that 101 means that the object and description were
substituted but not the aspect in the 〈o, a, d〉 simile triple, etc.

generate 100 variations – before pruning – of 100 randomly
chosen similes, for each method, with every possible substi-
tution scheme. The results are given in table 1. We see that
the d and s methods yield high numbers of variations, but the
w method delivers very low yields, especially when asked to
find substitutes for Gd. This is because the number of syn-
onyms for a word is less than the number of similar words,
and the number of synonyms for adjectives is particularly
low. Unexpectedly, replacing more parts of a simile does
not necessarily lead to more similes. On inspection, this is
because the increase in degrees of freedom is balanced by an
increase in likelihood of pruning due to (i), (ii) or (iii) above.

In addition to observing the quantity of variations pro-
duced, we also checked the variations qualitatively. We no-
ticed subjectively that, even out of context, certain variations
were very easy to interpret, others were more challenging,
and for some no suitable interpretation could be derived. For
each of the methods d, s and w, we extracted 1,000 varia-
tions from those produced for table 1, and the first author
subjectively hand-annotated each variation with a value 1 to
4, with 1 representing obvious similes, 2 representing sim-
iles for which an interpretation was more difficult but pos-
sible, 3 representing similes which took some time to form
an interpretation for, and 4 representing similes for which
no interpretation was possible. Some example similes with
annotations are given in table 2. On inspection of the level 4
variations, we noted that often the problem lay in the POS-
tagging of an adjective as a noun. For instance, in table 2,
kind is identified as a noun, hence similes with nouns like
form instead of kind are allowed, producing syntactically
ill-formed sentences. We plan to rule this out using context-
aware POS tagging, available in a number of NLP packages.

The average interpretation level for each of the substitu-
tion methods and schemes is given in table 1. We turned
this analysis into a method enabling the software to con-
trol (to some extent) the level of interpretation required.

Interp. Method Variation
Level Scheme Original

1 d as sad as the groan of a widow
011 as lonely as the moan of a widow

2 s as deadly as the face of a dagger
110 as deadly as the sting of a scorpion

3 d as shallow as the space-time of a fork
110 as shallow as the curve of a spoon

4 w as form as the pump of a dove
011 as kind as the heart of a dove

Table 2: Example simile variations, given with the interpretation
level required and the original versions.

Meth. Bound. Naı̈ve % Best % Best Method
d 1/2 72.00 75.20 RandomForest
s 1/2 60.40 65.80 LogitBoost
w 1/2 68.10 72.00 Bagging
d 2/3 59.20 68.30 OneR
s 2/3 71.20 75.70 RotationForest
w 2/3 63.20 71.10 RandomCommittee

average 65.68 71.35

Table 3: Ten-fold cross-validation results for the best classifier on
the boundary problems for each method.

To do this, given a required interpretation level n for sim-
ile variations, pairings of substitution (method, scheme)
which produce an average interpretation level between n and
n + 1 in table 1 are employed. So, for instance, if simi-
les of interpretation level 1 are required, the software uses
a (s, 001), (s, 010), (s, 100), (s, 101) or (w, 100) pairing to
generate them. To increase the performance of the approach,
we used the WEKA machine learning system (Hall et al.
2009) to train a predictor for the interpretation levels which
could be used to prune any variation predicted to have an
interpretation level different to n. To produce the data to
do so, we recorded 22 attributes of each of the 3,000 anno-
tated similes, namely: the word frequencies [3] of each part
and the minimum, average and maximum of these; the pair-
wise similarity [2] of each pair of parts, and the min/av/max
of these; the pairwise number of collocations of each pair
in the corpus of similes and the min/av/max of these; the
method used for finding substitutions (d, s or w); whether
the object, aspect and/or description parts have been substi-
tuted from the original; and the interpretation level.

Unfortunately, using 30 different machine learning meth-
ods in WEKA (with default settings for each), the best pre-
dictive accuracy we could achieve was 47.3%, using the Ro-
tationForest learning method. We deemed this insufficient
for our purposes. However, for each variation method, we
were able to derive adequate predictors for two associated
binary problems, in particular (i) to predict which side of the
1/2 boundary the level of interpretation an unseen simile will
be on, and (ii) the same for the 2/3 boundary. The best meth-
ods, assessed under 10-fold cross validation, and their pre-
dictive accuracy for the boundary problems for the d, s and
w variation methods are given in table 3. We found that in
each case, a classifier which is significantly better (as tested
by WEKA using a paired T-test) than the naı̈ve classifier had
been learned, and we can expect a predictive accuracy of
around 71% on average. The best learning method was dif-
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ferent for each boundary problem, but some methods per-
formed well in general. While not the best for any, the Ran-
domSubspace method was the only one which achieved a
significant classifier for all the problems. The Bagging, Ro-
tationForest, and RandomForest methods all produced sig-
nificant classifiers for five of the six problems.

WEKA enables the learned predictors to be used exter-
nally, so we implemented a process whereby the genera-
tive procedure above produces potential simile variants of
a given level, then the result is tested against both boundary
predictors appropriate to the method. If it is predicted to fall
on the wrong side of either boundary, it is rejected. As a
final validation of the process, we generated 300 new simile
variations, with 100 of level 1, 2 and 3 each. We mixed them
randomly and tagged them by hand as before. Our hand tag-
ging corresponded with what the software expected 82% of
the time, which we believe represents sufficient control.

Combination and Instantiation
The third and fourth phases of poetry generation are more
straightforward. In the combination phase, similes, varia-
tions of them and keyphrases extracted from newspaper ar-
ticles are combined as per user-given templates. The tem-
plates dictate what words in each of a pair of text fragments
must match exactly, what the POS tags of these words and
others in the fragments must be, and how they are to be com-
bined. Templates often simply pair two phrases together ac-
cording to certain constraints, to be used in the instantiation
phase later. Alternatively, they can provide more interesting
ways of producing a compound phrase. The process can be
iterated, so that triples, quadruples, etc., can be generated.

As an example, suppose we have the keyphrase “excess
baggage” from a newspaper article about travel. This can
be matched with the simile “the emotional baggage of a di-
vorce”, and presented in various ways, from simple expres-
sions such as “the emotional excess baggage of a divorce”, to
the more elaborate “Oh divorce! So much emotional excess
baggage”, as determined by the combination template. It
is possible to drop certain words, for instance the keyphrase
“gorgeous history” (about a 1980s pop group) and the simile
“As gorgeous as the nature of a supermodel” could produce
“a supermodel-gorgeous history”, and variations thereof. As
a final example, keyphrases such as “emotional jigsaw puz-
zle” (describing a surreal play in a review) can be elaborated
by combination with the simile “As emotional as the journey
of a pregnancy” to produce: “An emotional jigsaw puzzle,
like the journey of a pregnancy”.

The retrieval, multiplication and combination stages of
the process perform the most important functions, which
leaves the instantiation process able to simply choose from
the sets of elaborated phrases at random, and populate the
fields of a user-given template. Templates allow the extrac-
tion of parts of phrases to be interleaved with user-given text,
and there are also some final constraints that can be applied
to the choice of phrases for the template, in particular to re-
duce repetition by only choosing sets of phrases where the
word stems (constructed by [4]) are different.

In terms of linguistic and semantic constraints, the four
stage process is quite powerful, as highlighted with the ex-

Stealthy swiftness of a leopard, 
Happy singing of a bird.

In the morning, I am loyal
Like the comfort of a friend.
But the morning grows more lifeless 
Than the fabric of a rag.
And the mid-day makes me nervous 
Like the spirit of a bride.

Active frenzy of a beehive, 
Dreary blackness of a cave.

In the daytime, I am slimy
Like the motion of a snake.
But the sunlight grows more comfy 
Than the confines of a couch.
And the day, it makes me tasty 
Like the flavor of a coke.

Shiny luster of a diamond, 
Homey feeling of a bed.

In the evening, I am solid
Like the haven of a house.
But the evening grows more fragile 
Than the mindset of a child.
And the twilight makes me frozen 
Like the bosom of a corpse.

Famous fervor of a poet, 
Wily movement of a cat.

In the night-time, I am hollow
Like the body of a drum.
But the moonlight grows more supple 
Than the coating of an eel.
And the darkness makes me subtle 
Like the color of a gem.

Stealthy swiftness of a leopard, 
Happy singing of a bird.

                                         Circadian No. 39

Figure 1: An example instantiation of a user-given template.

ample poem given in figure 1, produced using a highly con-
strained search for pairs of similes. We used no simile multi-
plication here, in order to highlight the linguistic rather than
inventive abilities. The circadian aspects of the poem are
part of the template, with only the similes provided by the
software. We see that the poem contains only straightfor-
ward words, because during the retrieval stage, only similes
with words having frequencies in the top 5% were retrieved
(as determined by [3]). Moreover, the only direct repetition
is there by design in the template, and no repetition even of
word stems is allowed anywhere else. This was achieved
during the instantiation process, which recorded the similes
used, and avoided using any word where [4] suggested the
same word stem with an existing word in the poem.

The poem also has strictly controlled meter and stress.
For instance, each two-line stanza firstly uses a simile with
〈sw, sw, sw〉 pronunciation (where s and w are syllables,
with s being the stressed one), and then uses a simile with
〈sw, sw, s〉 pronunciation. This is achieved during the re-
trieval stage, which uses the pronunciation dictionary [1]
to select only similes of the right form, and the combina-
tion process, which puts together appropriate pairs of lines.
There is similar regularity in the six-line stanzas. Possi-
bly less obvious is the subtle rhyming at play, with the
final phonemes of selected pairs of lines being the same
(such as beehive and cave, snake and coke, drum and gem).
Moreover, inadvertent rhyming – which can be jarring – is
ruled out elsewhere, for instance, snake and couch were con-
strained to have no rhyming, as were house and child, drum
and eel, etc. The rhyming constraints come into play during
the combination phase, when sets of lines are collated for
final use in the stanzas. Finally, we notice that the stanzas
alternate in sentiment during the course of the poem, for in-
stance the line “Happy singing of a bird” in the first two-line
stanza, contrasts starkly with the line “Dreary blackness of a
cave” in the second. This is also achieved during the combi-
nation phase, which can be constrained to only put together
similes of certain sentiments, as approximated by [7].

International Conference on Computational Creativity 2012                                        99



Handing over High-Level Control
We see automated poetry generation as the simultaneous
production of an artefact and a context within which that
artefact can be appreciated. Normally, the context is pro-
vided by the programmer/user/curator, but, as described be-
low, to give more autonomy to the software, we enabled it
to provide its own context, situated in the events of the day
in which it is writing poems. In order to deliver the context
alongside each poem, we also implemented a rudimentary
ability to provide a commentary on the poem, and how it
was produced, as described in the second subsection below.

Context Generation
In overview, the software determines a mood for the day,
then uses this to choose both a Guardian article from which
to extract keyphrases which will be combined with sim-
ile variations and form lines of the poem, and an aesthetic
within which to assess the generated poems. These are then
used to produce a set of templates for the four-stage poem
generation process described above. Finally, the software
instantiates the templates to produce a set of poems, and
chooses to output the one which maximises the aesthetic.

As in the automated collage generation of (Krzeczkowska
et al. 2010), the software appeals to daily newspaper articles
for raw material. We extend that approach by also using the
articles to derive a mood, from which an aesthetic is gen-
erated. In particular, each of the 12,820 articles in the cor-
pus has been assigned a sentiment value between -5 and 5,
as the average of the sentiment of the words in the article,
assessed by [7]. Thus, when a poetry generation session be-
gins, the software is able to check the sentiment of the set N
of newspaper articles posted during the previous 24 hours,
and if it is less than the average, the software determines the
mood as bad, or good otherwise. If the mood is good, then
an article, A, from the happiest five articles from N is cho-
sen, with melancholy articles similarly chosen during a bad
mood. The keyphrases, key(A), are then extracted from the
article, and we denote as words(A) the set of words appear-
ing in key(A). Note that very common words such as “a”,
“the”, “of”, etc., are removed from words(A).

As an example, on 17/01/2012, the mood was assessed as
bad, and a downbeat article about the Costa Concordia dis-
aster was retrieved. In contrast, on 24/01/2012, the mood
was assessed as good, and an article describing the buoy-
ant nature of tourism in Cuba was retrieved, from which
keyphrases such as “beach resorts”, “jam-packed bar”, “sea-
side boulevard” and “recent sunny day” were extracted us-
ing [6]. Note that [6] also returns a relevancy score for each
keyphrase, e.g., “recent sunny day” was given a score of 0.48
for relevance, while “jam-packed bar” only scored 0.31.

The mood is sufficient to derive an aesthetic within which
to create poems, but this will be projected partly through
members of words(A) appearing in the poem, and mood is
only one aspect of the nature of a poem. Letting words(P )
denote the words in poem P , for more variety, the software
can choose from the following four measures:

• Appropriateness: the distance between the average sen-
timent of the words in words(P ) from 5 if it is a good

mood day, or from -5 if it is a bad mood day.
• Flamboyance: the average of f(w) over words(P ),

where f(w) = 0 if w ∈ words(A) and f(w) =
1/frequency(w) if w 6∈ words(A), where frequency is
calculated by [4].

• Lyricism: the proportion of linguistic constraints adhered
to by P , with the constraints determined by the set of tem-
plates generated for the poem, as described below.

• Relevancy to the Guardian article: the average of rel(w)
over words(P ), where rel(w) = 0 if w 6∈ words(A) and
rel(w) is the relevancy [6] of w, if w ∈ words(A).
The choice of which set of measures, M , to use in the aes-

thetic for a poem is determined somewhat by A and key(A).
In particular, if A is assessed as being in the most emo-
tive 10% of articles ever seen (either happy or sad), then M
is chosen as either {Appropriateness} or {Appropriateness,
Relevance} in order to give due consideration to the gravity
or brevity of the article. If not, and the size of key(A) is
less than 20% of the average over the corpus, then it might
be difficult to gain relevancy to A in the poem, hence M is
chosen as {Relevance}. In all other cases, M is chosen ran-
domly to consist of either 1 or 2 of the four measures – we
found that mixing more than 2 diluted their effect, leading
to poems with little discernible style.

The software also generates templates to dictate the struc-
ture of the poem. The number of stanzas, z, is taken
to be between 2 and 10, with the number dictated by
the size of key(A), i.e., larger poems are produced when
key(A) is relatively large, compared to the rest of the cor-
pus. The structure of the poem can be equal, i.e., of the
form A1A2 . . . Az with each stanza Ai being of the same
length (chosen randomly between 2 and 6 lines). The
structure can also be chosen to be alternating of the form
A1B2A3 . . . Az or A1B2A3 . . . Bz; or bookended of the
form A1B2 . . . Bz−1Az . The choice of structure is currently
made randomly, and there is no relationship between pairs of
stanzas, except that the templates constrain against the usage
of a new phrase (combined from a keyphrase and simile as
described above) in the template if one of the words has the
same stem as a word in an already-used phrase. As part of
the template generation, the software chooses the number of
times (between 0 and 5) this constraint is allowed to be bro-
ken per phrase, as a level of repetition can add flavour to a
poem. Note that the counts per phrase are reset to zero if the
software runs out of phrases to add to the template.

If M contains the Lyricism measure, then the templates
are also constrained to express some linguistic qualities,
which are added at the stanza level. In particular, the line
structure of all stanzas of type A is chosen to be either equal,
alternating or bookended in the same fashion as the stanza
structure, with stanzas of type B also given a structure. This
structure allows linguistic constraints to be added. For in-
stance, if a stanza has alternating structure abab, the soft-
ware chooses a single linguistic constraint from: syllable-
count, end-rhyme, start-rhyme, and constrains all lines of
type a accordingly. It does the same (with a possibly dif-
ferent linguistic constraint) for lines of type b. Note that
syllable-count means that the two lines should have the same
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number of syllables as each other (within a threshold of
two syllables), end-rhyme means that the two lines should
at least end in the same phoneme, with start-rhyme similar.

The random nature of the choices to fill in the final poem
template ensures variety. In each session, the software gen-
erates 1,000 poems, and their scores for each of the measures
in M are calculated. The average rank over the measures
is taken as an overall rank for each poem, and the highest
ranked is presented as the poem for the day. If the templates
over-constrain the problem and no poems are produced, then
a single constraint is chosen to be dropped, and the session
re-started iteratively until poems are produced.

Commentary Generation
In addition to the four stage process of retrieval, multiplica-
tion, combination and instantiation, the software chooses a
Guardian article, performs sentiment analysis, aesthetic in-
vention, template construction and searches for appropriate
poems. While some of these methods are at present rather
rudimentary and perhaps a little arbitrary, it is our hypothe-
sis that a well-formed commentary about how the software
has produced a poem will provide a context for the poem
and add value to the appreciation process, as argued above.

In order for the software to generate the commentary, we
re-use the four stage process, but with the retrieval stage
sampling not from corpora of human produced text, but
rather from a set of recorded statements about how each of
the processes worked, and what they produced. In particu-
lar, the software records details such as (a) the mood of the
day (b) the Guardian article it retrieved and how emotive it
was (c) the keyphrases extracted, which sentences they came
from, and which were used in the final poem (d) the combi-
nations of keyphrase and similes it produced (e) the nature
of the poem structure dictated by the template, (f) the aes-
thetic weightings used, and (g) what successes and failures
it had in instantiating the templates. We have produced by
hand a number of (sets of) commentary templates that can
present the statements in a supportive way. Currently, the
software randomly chooses which set of templates to use to
generate the commentary. The software chooses the title for
each poem as the keyphrase occurring the most often in the
poem, choosing randomly if there is a tie for the most used.

Illustrative Examples
We artificially situated the software in the days from
1/01/2012 to 10/02/2012, and asked it to produce a single
poem for each day, along with a commentary. We added the
constraint that the poem should be exactly four stanzas in
length for presentation purposes in this paper. We curated
three for presentation here, in figure 2 below. The commen-
taries are meant to provide enough context for proper appre-
ciation of each poem, so we will not add detail here to the
commentaries of the individual poems. Viewing the entire
set of generated poem/commentaries subjectively, we were
disappointed by the number of compound sentences avail-
able for the templates. Even with large sets of keyphrases
extracted from an article, and extensive simile multiplica-
tion employed, we found that there were few opportunities

for a simile to be used for embellishment, which meant that
the software had limited choices for the final poem template,
which led to an over-reliance on repeating lines, or using
similar lines. More importantly, the differences in the aes-
thetic evaluations over the 1,000 poems generated for a day
were not great, hence the aesthetic generation was driving
the production of poems less than we would have liked.

Conclusions and Future Work
We agree with (Pease and Colton 2011b) that Turing-style
tests encourage naı̈vety and pastiche in creative systems.
However, eschewing their use leaves a hole regarding proper
evaluation of our poetry generation system. Instead, we can
turn to the FACE descriptive model put forward in (Colton,
Charnley, and Pease 2011) and (Pease and Colton 2011a),
which advocates describing a creative system in terms of the
creative acts it performs, which are in turn tuples of genera-
tive acts. The generative acts produce outputs of four types:
examples of concepts, concepts themselves, aesthetic mea-
sures which can evaluate concept/example pairs, and fram-
ing information. Looking at the literature review above, the
WASP and Electronic Text Composition systems can be con-
sidered as generating concepts, as can any system which
generates and employs a statistical model of written or ver-
bal language (such as in Markovian approaches). It does not
appear that any system invents aesthetic measures or pro-
duces framing information such as a commentary which can
be used as a context for the poem. Hence, according to the
FACE model, our approach can be considered favourably,
as it has processes producing examples (instantiation), con-
cepts (template generation), aesthetics (choosing measures)
and framing information (producing commentaries), within
the creative act of poem generation. This represents an ad-
vance in the state of the art of automatic poetry generation.

It is clear that many aspects of the process presented here
are fairly rudimentary, often with random choice substitut-
ing a reasoned approach. Our main contribution has been
to implement a rounded system which can function on the
majority of levels required to be taken seriously as a poet,
albeit in a simplistic manner. We plan further enhancements
to all of the processes described above, including (i) imple-
menting improved ways to generate phrases for templates,
as the yield is currently too low to enable the software to use
its more advanced linguistic constraining features (ii) work-
ing with other corpora (iii) enabling the software to auto-
matically add higher level structures to poems via the kinds
of narratives seen in the circadian poem given above, and
(iv) turn the commentary generation processes into full-story
telling, which may include the introduction of fictions. Af-
ter the enhancements, we will work with a poet and explore
gaining critical feedback via the publication of anthologies.

While the imitation-game aspect of Turing-style tests are
not conducive for creativity, we do applaud the usage of di-
alogue they prescribe. Indeed, in the future, we imagine all
creative systems being enhanced with a story generator able
to produce both static framing information, and to reply with
a story to any question asked of it in a dialogue situation. We
believe that only with such abilities will software systems be
taken seriously as creative entities in the cultural world.
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It was generally a bad news day. I read an article in 
the Guardian entitled: “Police investigate alleged race 
hate crime in Rochdale”. Apparently, “Stringer-Prince, 
17, has undergone surgery following the attack on 
Saturday in which his skull, eye sockets and 
cheekbone were fractured” and “This was a 
completely unprovoked and relentless attack that has 
left both victims shocked by their ordeal”. I decided to 
focus on mood and lyricism, with an emphasis on 
syllables and matching line lengths, with very 
occasional rhyming. I like how words like attack and 
snake sound together. I wrote this poem.

Relentless attack
a glacier-relentless attack
the wild unprovoked attack of a snake

the wild relentless attack of a snake
a relentless attack, like a glacier
the high-level function of eye sockets

a relentless attack, like a machine
the low-level role of eye sockets
a relentless attack, like the tick of a machine

the high-level role of eye sockets
a relentless attack, like a bloodhound

It was generally a good news day. I read a story in the 
Guardian culture section entitled: “South Africa's ANC 
celebrates centenary with moment in the sun”. It talked of 
south africans, interfaith prayers and monochrome photos. 
Apparently, “The heroic struggle against a racist regime was 
remembered: those thousands who sacrificed their lives in a 
quest for human rights and democracy that took more than 
eight decades” and “At midnight he watched with amusement 
as Zuma lit the centenary flame, at the second attempt, with 
some help from a man in blue overalls marked ʻExplosivesʼ”. 
I wanted to write something highly relevant to the original 
article. I wrote this poem.

Blue overalls

the repetitive attention of some traditional african chants
a heroic struggle, like the personality of a soldier

an unbearable symbolic timing, like a scream
blue overalls, each like a blueberry
some presidential many selfless leaders

oh! such influential presidents
such great presidents
blueberry-blue overalls

lark-blue overalls
a knight-heroic struggle

It was generally a bad news day. I read a story in the 
Guardian entitled: “Thai police hunt second bomb plot 
suspect in Bangkok”. It talked of suspected bomb plotters, 
lebanese men and travel alerts. Apparently, “Sketches 
released late on Friday night by Thai police showed the 
suspect as a white Middle-Eastern man with short hair and 
stubble, around 1.8m (5ft 9in) tall”. Itʼs a serious story, but I 
have concentrated on flourishes today. I wrote this poem.

Foreign embassies

the wiry militant arm of a doorman
a white middle-eastern man, like a snowball
spaceship-foreign embassies
foreign embassies, each like a stranger

an impersonal suvarnabhumi international airport
a white middle-eastern man, like the surface of a porcelain
the sturdy design of a bangkok post

foreign embassies, each like a spaceship
an impersonal suvarnabhumi international airport
stranger-foreign embassies
the stout engineering of a bangkok post

a white middle-eastern man, like the skin of an earthenware
foreign embassies, each like a stranger
spaceship-foreign embassies

Figure 2: Illustrative poems and commentaries. For the Guardian articles on which these poems are based, please see: www.guardian.co.uk,
followed by: /uk/2012/feb/09/police-race-hate-crime-rochdale /world/2012/jan/08/south-africa-anc-centenary /world/2012/jan/15/thai-second-bomb-suspect-bangkok
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Abstract 

This work describes a computer model that generates 
visual narratives. It is part of a research project on nar-
rative generation. A visual narrative is defined as a se-
quence of pictorial-scenes; each scene contains charac-
ters, locations and symbols representing dramatic ten-
sions. A computer generated plot is transformed into a 
visual narrative by converting each textual action into a 
pictorial scene. We present details of the composition 
process and explain how the graphic elements em-
ployed to produce a coherent narration are generated. 
We describe the questionnaire that we employed to 
evaluate the system, discuss the results and outline fu-
ture developments. 

 Introduction 
  Narrative is a fundamental manifestation of human cul-
ture. “Most scholars now see narrative… and a host of 
rhetorical figures not as ‘devices’ for structuring or deco-
rating extraordinary texts but instead as fundamental social 
and cognitive tools” (Eubanks 2004). Traditionally, the 
word “narrative” has been understood as a kind of synon-
ymous of written text. However, many forms of storytell-
ing (and knowledge) are visual; that is, “what we see is as 
important, if not more so than what we hear or read” 
(Rose, 2001:1). The use of images in the construction of 
narratives has given origin to the concept of Visual Narra-
tive. Thus, following McCloud, in this work visual narra-
tive is defined "as juxtaposed pictorial and other static 
images in deliberate sequence, intended to convey infor-
mation and/or to produce an aesthetic response in the 
viewer" (McCloud, 1993). 

The processes involved in the codification and under-
standing of visual stories have been the subject of study in 
the field of psychology for some time (see e.g. Arnheim, 
1969) and have firmly established the links between 
thought and perception. The human ability to organize our 
experiences in the form of stories or narrative structures 
has been called Narrative Intelligence (Blair and Meyer, 
1997). Narrative Intelligence has also been defined as “the 
human ability and perhaps even compulsion to make sense 
of the world through narrative and storytelling” (Mateas 
and Sengers, 1999). In this way, “Human narrative intelli-

gence might have evolved because the structure and format 
of narrative is particularly suited to communicate about the 
social world.” (Dautenhahn, 2001). Thus, we envision 
Visual Narrative as a form of Narrative Intelligence. 

Because of its importance in shaping human experience 
and knowledge, it is not surprising that AI researchers have 
developed a substantial amount of work related to under-
standing stories and on how to generate them. One of the 
common aspects of these efforts is its inherent interdisci-
plinary approach. Research on AI and narrative has drawn 
on ideas and theories from different fields such as art, 
cultural studies, drama, psychology and more recently 
design. As result from this interdisciplinary work, we can 
distinguish three main results: Narrative is now recognized 
as a source for informing System Design; research para-
digms and methodologies that address complex questions 
have been developed and validated; the relationship be-
tween AI, Computational Creativity and the Humanities 
has proven enriching and useful. 
      The work presented in this paper is part of a research 
project in narrative generation. We have developed a com-
puter model of creative writing called E-R; a program 
called MEXICA (Pérez y Pérez and Sharples 2001) is an 
implementation of such a model. The purpose of this work 
is to expand our plot-generation model with mechanisms 
that allow illustrating its textual outputs to produce visual 
narratives. We refer to this new module as the Visual Nar-
rator. This paper describes our first prototype. Although it 
is possible to find computer systems that generate or eval-
uate images (e.g. Norton et al. 2011; Colton 2011), or sys-
tems where a visual portrayal of characters plays an im-
portant role (e.g. Riedl et al. 2008; Cassell 2001; Rickel 
and Johnson 1999) as far as we know this is the first plot 
generator capable of illustrating its own output. It is worth 
noticing that, as antecedents of this work, we published a 
paper that employs animations to represent computer-
generated daydreams (Pérez y Pérez at al. 2007) and a 
grammar that generates pre-Hispanic images (Álvarez et al. 
2007).  
   Our computerised storyteller has the following character-
istics. It generates fictional narratives about pre-Columbian 
cultures. This seems just adequate because “The history of 
sequential art could be track to pre-Columbian picture 
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manuscripts since they were pictorial representations 
painted over strips that convey a story" (McCloud, 1993:9). 
The system includes 16 predefined characters, amongst 
them:  Tlatoani (the ruler), Jaguar Knight, Princess, Ene-
my, Fisherman, and so on. It also includes 9 possible loca-
tions, e.g. Chapultepec Forest, Popocateptl volcano, Ten-
ochtitlan City. The system generates a sequence of actions 
representing plots; the following lines are an example: the 
Enemy kidnapped the Princess; Jaguar Knight found the 
Princess; Jaguar Knight and Enemy fought; Enemy ran 
away; Jaguar Knight rescued the Princess; and so on. 
Once the narrative has been finished the system substitutes 
the sequence of actions with predefined texts. So, the ac-
tion where the Knight and the Enemy fought in the previ-
ous example is substituted by “Suddenly, Jaguar Knight 
and Enemy were involved in a violent fight”. The same 
happens for all actions.  
   One of the core characteristics of our computer model of 
creative writing is the idea that plots can be represented as 
groups of emotional links and tensions between characters 
that progress over time (Pérez y Pérez 2007). The current 
version of the storyteller system includes two emotional 
links, brotherly love and amorous love, and seven dramatic 
tensions: when a character is killed (Actor dead); when the 
life of a characters is at risk (Life at risk); when the health 
of a character is at risk (Health at risk); when a character is 
made a prisoner (Prisoner); when two characters are in 
love with a third character (Love competition); when a 
character hates and loves another character (Clashing emo-
tions); when one character hates another character and both 
are positioned in the same location (Potential danger). 
Each time an action is performed within the story the cur-
rent set of emotional links and tensions is updated. Thus, 
our storyteller not only produces plots but also generates 
detailed information about the emotional links and tensions 
between characters for each action in the tale. 
  The Visual Narrator recollects all these information to 
generate a visual narrative. As mentioned earlier, in this 
work a visual narrative is defined as a sequence of pictori-
al-scenes. A scene is a composition made up of images 
representing one or two characters, a location and a ten-
sion. So, the Visual Narrator transforms a plot into a Visual 
Narrative by converting each textual action into a pictorial 
scene. The process of composing a scene involves:  
1) Building characters. We provide the system with a 
group of primitive graphic elements that represent different 
parts of the character’s picture. Primitives include body 
parts, clothes, accessories and emotional and tensional 
facial expressions. We developed a grammar that drives 
the construction of the image. 
2) Choosing a glyph that represents the core active tension 
in the story. We have defined a set of glyphs that repre-
sents each of the possible tensions within a story. 
3) Choosing an image that represents the current location 
of the characters involved in the action. We provide the 
system with images representing all possible locations 
within a story. 
4) Putting together all these elements in a scene. 

 
  These four points summarise the core characteristics of 
the Visual Narrator.  
   Following the theory of narrative from the structuralism 
point of view (Seymour, 1997), every narrative has two 
elements: a discourse (the means by which the content is 
communicated, the set of actual narrative statements) and a 
story or what is portrayed (the content, events, characters 
and context or setting). The text is produced by one person 
and is meant to be read by another; the proper understand-
ing of the narration, requires that both share the same code 
(Acaso, 2009; Eco, 2005). However, “any text can be in-
terpreted infinitely” (Eco, 1991). In Peirce's words, this is 
considered as the Dynamical Interpretant: "The Dynamical 
Interpretant is whatever interpretation any mind actually 
makes of a sign" (cited in Atkin, 2008:66). In this way, our 
main concern in this work is to evaluate if the code pro-
duced by our computer model satisfies (at least partially) 
this requirement of proper understanding of the narration.  
That is, if the visual composition produced by the comput-
er model resembles similar ideas to those produced by its 
textual counterpart. 
   This paper is organised as follows: the second section 
describes the features of the pre-Columbian iconography 
relevant for this project; the third sections provides details 
of the composition process; the fourth section describes the 
evaluation of the system; the fifth section includes the 
discussion. 
 

Characteristics of Pre-Columbian Iconogra-
phy and graphic conventionalism 

 
In the following lines we describe some of the graphic 
elements and conventions used in pre-Columbian codices 
that inspired the creation of our visual narrative. For this 
work we mainly considered the Boturini Codex (Galarza J. 
and Libura, 2004) and the following codices from the Bor-
gia group: Vaticanus and Laud (Galarza, J. 1997), Borgia 
and Nuttall, (Mohar, L. 1997) and Moctezuma (Lopez A. 
1999). 
1) Human figures and objects. In the codices human fig-
ures are line drawn in black and white, in an abstract-
graphical iconic level. Their body positions, either sitting 
or standing, are always represented in profile, facing right 
or left and never in a front view. Objects and animals are 
drawn employing the same graphic conventions.  
2) Social Hierarchy. Pre-Hispanics had a very complex 
and hierarchical social structure, which was represented in 
their codices. A strict dressing code and the use of specific 
ornaments show their status within the group. Attires, or-
naments, a stick held by human hands, or triangle tiara 
crowning a head are symbols representing a high rank 
within the hierarchy. Hairstyle is another sign of social 
status, gender and role distinction. Priests are always repre-
sented with the whole body or parts of their face painted in 
black and their hair tied back in a ponytail. A regular rep-
resentation of women’s attire is a huipil or skirt and a 
quechquemetl or bust over her waist. In certain codices it is 
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common to illustrate women showing their breasts. In this 
way, an image depicting a subject wearing a tilma or cape 
and sandals indicate that the person is a member of the 
nobility; by contrast, wearing a loincloth without sandals 
indicates that the person belongs to the group of common 
people. 
3) Locations. Locations are represented by a chain of icon-
ic images. For example, the representation of Chapultepec 
forest is composed by a stylised image of a hill with a 
grasshopper on the top and a wavy line coming out from its 
base. The pictogram could be read as “The big hill of the 
grasshoppers, where the water springs”.  
4) Representing emotions and death. Pre-Hispanic artists 
depicted emotions in their works. For example, in the Bot-
urini codex there is a passage that shows a group of people 
crying, wearing dirty clothes. The action of crying is repre-
sented by stylised tears in the eyes of the characters. Such 
tears have an amorphous wavy shape that ends with a cir-
cle or oval. In this case, the weeping, reinforced by the 
dirty clothes, conveys a message of suffering. Other codi-
ces, like the Borgia and the Vaticanus, employ mouth and 
eyes gesticulations to produce richer facial expressions. 
Finally, a human image with her eyes closed represents 
death. 
  
We would like to point out that our visual narrative is 
inspired by pre-Columbian iconography. However, we do 
not attempt to reproduce it or contribute to its understand-
ing. We leave that to the experts in the area. We only em-
ploy such iconography to provide a framework to our re-
search in computational creativity. Thus, some of the im-
ages presented in this work are free interpretations made 
by the authors. 

Composition Process 
The following lines describe the four process involved in 
the composition process.  

Character Generation 
Characters’ portraits are the result of bringing together 9 
layers of basic images or primitives (as we also refer to 
them). Each layer groups similar elements. Layer zero 
includes left arms; layer 1 includes bodies with legs; layer 
2 includes heads; layer 3 includes eyes and emotional ex-
pressions; layer 4 includes hairstyles; layer 5 includes 
clothes; layer 6 includes right arms; layer 7 includes orna-
ments; layer 8 includes weapons and tools (see figure 1). 
Layers can include any number of primitives, although in 
some cases it is important to have at least one. The amount 
of different portrayals that the system can create depends 
on the number of available images. We have 4 types of 
characters: males standing, males sitting, females standing 
and females sitting. All figures can be painted facing east 
or west. In this work we only present males and females 
standing and employed 272 primitives. 
We classify images in two types: universals and specifics. 
Universals are used in the construction of any character 

while specifics are only employed in the construction of 
those personae they were designed for.  In other words, 
some features might appear in all portrayals while others 
are specific to a single character. For example, every per-
son can use a shell but only the fisherman can have a fish-
ing-net. 

 

 
Figure 1. Construction of the character fisherman. 
 

Thus, the Visual Narrator portrays a character by selecting 
one image from each layer and then painting all them in a 
canvas. For this work we implemented such a selection 
process as a random function to provide variety and sur-
prise. In future versions we might include some constraints 
that help to select the images based on the necessity of the 
narrative. The user of the Visual Narrator can define in a 
text file a set of rules to associate one image in a concrete 
layer with others in different layers. In this way, it is possi-
ble to associate particular types of clothes with particular 
types of ornaments, or extended arms with specific weap-
ons, and so on. For the experiments in this work we de-
fined 25 rules. Figure 1 illustrates the process of character-
ising a fisherman; it shows two possible options for repre-
senting accessories. Figure 3 shows the portraits of a Jagu-
ar Knight, a Princess and an Enemy. 
The Visual Narrator depicts characters with emotional 
expressions. Our automatic storyteller generates infor-
mation regarding emotional links and tensions between 
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characters. In this work we only represent tensions. Thus, a 
person can be responsible of triggering a tension or can be 
a victim. For example, if the enemy kidnaps the princess, 
the Enemy triggers the tension Prisoner, and the Princess is 
the captive. We refer to the former as the giver and to the 
latter as the receiver. As part of our work we have devel-
oped giver and receiver facial emotional expression for 
each of the possible tension that can be triggered during the 
development of a narrative. Examples of these expressions 
are wide open eyes, a wide open mouth and tears (e.g. 
figure 5a shows a princess crying).  

The Visual Narrator analyses the narrative in order to de-
termine which tensions should be represented in the scene. 
Deciding what tension to characterize is a complex task 
because the Visual Narrator must figure out which of the 
active tensions is the most appropriate to be represented in 
the current scene, for how long it should be visually repre-
sented, when it is necessary to reintroduce a tension, and so 
on. In this way, our implementation resembles those flip-a-
face books or board books, where a person can create sev-
eral different characters combining different predefined 
elements. Various videogames employ similar tools. Thus, 
the Visual Narrator models some of the decisions that 
humans takes to represent emotional characters when using 
flip-a-face like tools. 

Building a Scene 
Scenes are comprised of three elements: a location, charac-
ters and a glyph representing a tension. 
We have 9 possible locations: Texcoco Lake, Popocateptl 
Volcano, Tlatelolco Market, Palace, Tenochtitlan City, 
Temple, Chapultepec Forest, Jail and Uncivilized Land. 
The representations of these locations are inspired by pre-
Hispanic codices. For example, figure 5 shows the repre-
sentation of Chapultepec Forest. Chapultepec means grass-
hopper’s hill in Nahuatl; notice on the right of figure 5 the 
stylised image of a hill with a grasshopper on the top. 
As a result of performing a story-action, one o mores ten-
sions can be triggered or deactivated within a narrative. For 
example, if the Enemy wounds the Jaguar Knight the ten-
sion life at risk is triggered. We have designed glyphs to 
represent them. Figure 2 shows some examples. Currently, 
a scene only includes a single tension. When several ten-
sions are active at the same time, the Visual Narrator needs 
to choose one to be painted in the composition. So, we 
have assigned them ranks. The following list shows the 
tensions ordered from the highest to the lowest rank: 
Health at Risk, Life at Risk, Actor Dead, Prisoner, Poten-
tial Danger, Clashing Emotions, Love Competition, Pris-
oner Free. In this way, the system includes in the scene the 
tension with the highest rank. 
 

 
Prisoner 

 

 
Prisoner free 

 
Actor dead 

 
Health at risk 

 
Health at Risk 

 
Life at Risk 

 
Clashing  
Emotions 

 
Potential Danger 

 
Potential Danger 

Figure 2. Glyphs representing tensions 
 
Thus, a scene is comprised by a location on the back, two 
characters facing each other, and in the middle of them a 
glyph representing the core tension of the scene (see figure 
5). The Visual Narrator employs the text to define which 
characters are participating in the scene as well as its loca-
tion; it also employs internal representations to establish 
which tensions should be used.  

Evaluation 
We were interested in evaluating if the code produced by 
our system satisfied (at least partially) the requirement that 
both, author and reader, shared the same code. Thus, the 
goals of the survey were: a) To evaluate the degree of 
proper understanding of characters and scenes; b) To estab-
lish if the sequence of scenes communicate a clear and 
congruent narrative. 
To perform the test the Visual Narrator illustrated a brief 
narrative generated by our plot generator; then, we asked a 
group of people to evaluate it. We developed a question-
naire that was answered by 44 persons: 91% Mexicans, 7% 
Spanish and 2% Guatemalans. 66% were females and 34% 
males. 5% had a PhD degree; 25% had a master degree; 
52% had a bachelor degree; 18% had other types of degree. 
The questionnaire was elaborated and answered in Spanish. 
The questionnaire was divided in three sections. The first 
section showed three images of different characters devel-
oped by the Visual Narrator (see figurer 3). For each pic-
ture subjects were requested to perform the following 
tasks: 1) to answer if they recognized the character 
portrayed as pre-Hispanic ; 2) if they did, to select which 
of the following options described the best such a 
character: Tlatoani, Enemy, Jaguar Knight, Princess, 
Female Peasant; 3) if they did not recognize the character 
as pre-Hispanic, to briefly explain why. 
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a)   b)   c)   
Figure 3. Portraits of a) a Jaguar Knight, b) a Princess and c) an 

Enemy. 
 
The second section showed two glyphs (see figure 4). 
Subjects were instructed that pre-Hispanics employed such 
glyphs to represent concepts. Then, they were asked to 
describe what they thought each glyph symbolized. 
 

a)    b)   
Figure 4. Two glyphs representing a) Actor dead and b) Life at 

Risk 
 
In the third section subjects were presented with an 
individual scene (see figure 5a) and then with the whole 
sequence of three scenes (see figure 5), all they developed 
by the Visual Narrator. Subjects were requested to describe 
what they thought the individual scene denoted; after that, 
they were asked to describe what the sequence of scenes 
denoted. 

Evaluation of Characters’ Representation 
Figure 3a characterises a Jaguar Knight. To the question if 
they recognized the character portrayed as pre-Hispanic 
95% of the subjects answered yes and 5% answered no. To 
the request of choosing the best description of the character 
depicted in the figure 3a, 93% selected the option Jaguar 
Knight 2% selected the option of Tlatoani and 5% did not 
answer the question. 
In figure 3b the Visual Narrator characterised a Princess. 
To the question if they recognized the character portrayed 
as pre-Hispanic 89% of the subjects answered yes, 9% 
answered no, and 2% did not answer the question. To the 
request of choosing the best description of the character 
depicted in the figure 3b 63% selected the option Princess, 
25% selected the option peasent, 2% selected Tlatoani and 
10% did not answer.  
In figure 3c the Visual Narrator attempted to characterise 
an Enemy. To the question if they recognized the character 
portrayed as pre-Hispanic75% of the subjects answered yes 
and 22% answered no. They did not identify the character 
as pre-Columbian due to the type of ornaments that the 
character was wearing and some of his characteristics like 
his baldness. In fact, some subjects identified this character 
as Egyptian. 2% did not answer the question. To the re-
quest of choosing the best description of the character 

depicted in the figure 3c 41% selected the option Tlatoani, 
36% selected the option Enemy, and 23% did not answer. 
 
a) 

 
 
b) 

 
 
c) 

 
Figure 5. Three scenes generated by the Visual Narrator 

Evaluation of Glyphs 
In this section two glyphs were presented to the subjects 
and they were asked to describe what they thought each 
image symbolised. 
Following the pre-Hispanic tradition, the Visual Narrator 
employed figure 4a to represent death. None of the subjects 
associated the picture with passing away. Partakers associ-
ated the following meanings to the glyph: 36% of the par-
ticipants described a quiet man (meditating, praying or 
dreaming); 18% described a man that is thinking, which is 
related to the former description; 18% related this glyph to 
the idea of life (birth, harvest, vintage or a foetus in the 

International Conference on Computational Creativity 2012                                        107



womb); 13% detected the presence of graphic elements 
associated to the numeric system of the pre-Hispanic civi-
lization and therefore linked this glyph to a date; 15% gave 
different interpretations, such as someone seating, learning, 
a young person. 
The Visual Narrator employed figure 4b to represent that 
the life of a character was at risk. As in the previous case, 
subjects associated different meanings to this graphic ele-
ment. 48% related this glyph to the notion of death; inter-
esting enough, 30% of this group elaborated their descrip-
tions of death with notions like worship and rituals, the sun 
(which was a god between the pre-Columbian civiliza-
tions) and fights between life and death. 43% of the 44 
participants associated the glyph with fear to the divinity, 
danger, fight between good and evil. These descriptions are 
closer to what the glyph intended to represent. 9% did not 
answer. 

Evaluation of Scenes 
In the last section subjects were presented with a complete 
scene (see figure 5a). The Visual Narrator built it from the 
action Enemy kidnapped the Princess, which triggers the 
tension Princess prisoner. 70% of the participants de-
scribed the scene as representing lack of freedom, submis-
sion, slavery, capture, kidnapping and conquest; 13% relat-
ed it to confrontation between two groups or tribes, and the 
conquest of territories; 13% linked it to concepts such as 
anger, macho, bulling; 4% related it to other themes, e.g. 
conversation between characters, or did not answer. In 
most cases the male (referred to mainly as the Enemy or 
the Tlatoani) was identified as the antagonist and the fe-
male (referred to as the Princess and sometimes as the 
Peasant) as the Victim. 36% of all descriptions involved an 
explicit interaction, mainly as a dialog, between the male 
and the female characters. 
Finally, subjects were presented with a sequence of three 
scenes (see figure 5). The Visual Narrator developed this 
sequence from the following actions: The Enemy kid-
napped the Princes; Jaguar Knight fought against the Ene-
my; Jaguar Knight rescued the Princess. 75% of the partic-
ipants described the sequence with the same o similar 
group of events; 25% described the sequence with different 
accounts. 80% of the subjects made in their report an ex-
plicit reference to the main roles of the characters: the 
Enemy was the antagonist, the knight was the hero and the 
princess was the victim (9% made an implicit reference to 
the Enemy but an explicit reference to the other two perso-
nae). 20% did not make references to their roles. 

Discussion 
The first section of the questionnaire provides a feedback 
regarding the automatic construction of characters. Most of 
them are clearly identified as pre-Hispanics although a few 
characters’ features seem to produce a degree of confusion. 
For example, a number of subjects commented that charac-

ters are portrayed with occidental facial features. In the 
case of the enemy, his baldness seems to puzzle some 
people.  
Figure 3a is easily identified as a Jaguar Knight. In the case 
of figure 3b, most subjects identify the image with a prin-
cess, although one fourth of the participants identified it 
with a peasant. This situation suggests that participants are 
not aware of the meaning of some pre-Hispanic symbols, 
e.g. the use of two hands holding a stick to represent social 
status. Figure 3c was the most confusing. Most people 
identify it as a Tlatoani and a slightly minor amount of 
people identify it as an Enemy. A possible cause of this 
situation is hinted by one of the participants. This person 
reports having difficulties in identifying the character in 
figure 3c. He explains that the image lacks majesty to be 
considered a Tlatoani and, at the same time, lacks aggres-
siveness to be considered an Enemy. Therefore, this person 
concludes that the image is closer to represent a priest. 
Thus, these results suggest that the process employed by 
the Visual Narrator for building characters works ade-
quately. The grammar allows constructing characters that 
clearly can be differentiated by people and which, in gen-
eral, are associated with what they attempt to represent. 
That is, the system is capable of producing original images 
that satisfy the requirements associated to particular char-
acters.  Nevertheless, it is necessary to improve the graphic 
elements to solve problems like the ones just described. An 
important issue that arises from this analysis, and which 
will be repeated in the following lines, is the fact that peo-
ple are not familiar with some important pre-Hispanic 
symbols. That is the case of the image of the princess and 
the stick held by her hands. This point will be discussed 
later. 
The second section of the questionnaire provides a feed-
back regarding the interpretation of the glyphs. From the 
beginning, glyphs were designed to be part of a scene. 
However, we are interested in knowing the type of con-
cepts that they evoke when they are not presented within a 
visual context. None of the subjects associate figure 4a 
with death. This situation is understandable because the 
use of the eyes closed as a symbol of death is particular of 
pre-Hispanic civilizations and a not well known fact be-
tween the population that answered the questionnaire. 
However, the glyph clearly triggers lost of associations that 
make sense to us. 
On the other hand, figure 4b represents that the health of a 
character is at risk (i.e. the character is wounded or ill). 
Although an important number of subjects associated it 
with death, a similar number associated it with concepts 
close to health at risk. In fact, we can think that death is 
also a concept close to the intended meaning. The reason 
why the second glyph was better interpreted than the first 
one probably has to do with the fact that this second glyph 
was designed by the authors of this work. That is, it does 
not belong to the pre-Columbian tradition. Thus, glyphs 
seem to fulfil its function of evoking concepts and ideas 
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although, again, we have the problem of a lack of 
knowledge about the significance of pre-Columbian sym-
bols. 
 The third section of the questionnaire provides a feedback 
regarding scenes. In the first case, the majority of subjects 
interpreted figure 5a as expected. Thus, the composition, 
i.e. the interaction between the characters, the glyph and 
the location, seems to be working appropriately.   
The majority of the descriptions of the sequence of the 
three scenes (see figure 5) provided by the subjects are 
alike the text generated by our storyteller. That is, partici-
pants interpreted the sequence as expected. In the same 
way, the role of the three characters in most of the partici-
pants’ narrations equals the intended role. 
Three glyphs are employed in such a sequence: the first 
represents that a character is a prisoner (a tied pair of 
hands); the second represents a Potential Danger, i.e. one 
characters hates other (a hand holding a flint knife); and 
the last represents that a character that was a prisoner has 
been released (a broken prisoner’s glyph). The three glyphs 
were designed by the authors of this work. From our point 
of view, the first and third glyphs can easily be interpreted. 
However, the intended meaning of the second one is at 
least not obvious if not obscure. Nevertheless, the context 
provided by the three scenes seems to give to the user 
enough information to correctly interpret it. This is an 
interesting result that illustrates the importance of the con-
text. 
This brings us back to issue about the lack of knowledge of 
pre-Hispanic symbolisms. We are interested in achieving a 
good communication with those interested in the Visual 
Narrator. At the same, we would like to be as faithful as 
possible to the pre-Hispanic traditions, which were the 
inspiration of this work. So, we need to find an adequate 
balance. The first step is to keep on researching about the 
role of the context in the interpretation of visual narratives. 
The results in this work seem to suggest that we might be 
able to employ unknown symbols that, with the help of an 
adequate context, can be interpreted as intended by people. 
One of the most interesting characteristic of the whole 
project is the use of emotional links and tensions between 
characters. The Visual Narrator employs this information 
to depict emotions in its characters. It is interesting to no-
tice that 23% of the subjects make comments about the 
emotional states of characters with descriptions that in-
clude words like anger, surprise and sadness (or crying). 
This result seems to suggest that characters’ portraits ex-
press emotional states. However, we need to perform a 
deeper evaluation of this aspect. 
In this way, the Visual Narrator is capable of constructing 
a short visual narrative (three scenes) that, in general 
terms, is understood by a group of human evaluators. The 
primitives employed to build characters’ portraits, and the 
composition process seems to be satisfactory. This result 
suggests that we are walking in the right direction. There 
are several challenges in front of us. The most important is 

to provide the Visual Narrator with mechanisms that allow 
more freedom during the composition process.  
Most people that answered the questionnaire are unfamiliar 
with the meaning of pre-Hispanic iconography. Therefore, 
for them it might be difficult to comprehend this kind of 
visual narratives. However, it is this lack of prior experi-
ence that provides a great opportunity to better understand 
the mechanisms required to generate satisfactory visual 
narratives.  
 

In summary, we have a plot generator system called 
MEXICA which is based on the E-R Model of creative 
writing. MEXICA is capable of illustrating its own narra-
tives. The illustration process consists in analysing the 
dramatic tensions of the narrative and, employing a gram-
mar, composing a sequence of images that represents such 
a narrative. This paper reports on how the grammar is 
employed to create the images. It is worth noticing that any 
system based on the E-R Model can employ the Visual 
Narrator. It might be necessary to modify the image-base; 
but the grammar and the process for analysing active ten-
sions can be used. 

  
We expect that this work will contribute to a better com-

prehension of this fascinating area.   
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Abstract

This paper advances the state of the art for a
computer-assisted approach to music generation
called functional scaffolding for musical compo-
sition (FSMC), whose representation facilitates
creative combination, exploration, and transfor-
mation of musical concepts. Music in FSMC
is represented as a functional relationship be-
tween an existing human composition, or scaf-
fold, and a generated accompaniment. This re-
lationship is encoded by a type of artificial neu-
ral network called a compositional pattern pro-
ducing network (CPPN). A human user without
any musical expertise can then explore how ac-
companiment should relate to the scaffold through
an interactive evolutionary process akin to ani-
mal breeding. While the power of such a func-
tional representation has previously been shown
to constrain the search to plausible accompani-
ments, this study goes further by showing that the
user can tailor complete multipart arrangements
from only a single original monophonic track pro-
vided by the user, thus enabling creativity without
the need for musical expertise.

Introduction
Among the most important functions of any approach
to enhancing human creativity is what Boden (2004)
terms transformational creativity. That is, key creative
obstacles faced by human artists and musicians are the
implicit constraints acquired over a lifetime that shape
search space structure. By offering an instance of the
search space (e.g. of musical accompaniments) with a
radically different structure, a creativity-enhancing pro-
gram can potentially liberate the human to discover un-
realized possibilities. In effect, the familiar space of the
human artist is transformed into a new structure in-
trinsic to the program. Once the user is exposed to this
new world, as a practical matter the program must pro-
vide to the user the ability to explore and combine con-
cepts within the newly-conceived search space, which
corresponds to Boden’s combinatorial and exploratory
classes of creativity (Boden, 2004). That way, the user
experiences a rich and complete creative process within
a space that was heretofore inconceivable.

The danger with transformational creativity in com-
putational settings is that breaking hard-learned rules
may feel unnatural and thereby unsatisfying (Boden,
2007). Any attempt to facilitate transformational cre-
ativity should respect the relationships between key
artistic elements even as they are presented in a new
light. Thus for a given domain, such as musical accom-
paniment, a delicate balance must be struck between
unfettered novelty and respect for essential structure.

Many approaches to generating music focus on pro-
ducing a natural sound at the cost of restricting creative
exploration. Because structure is emphasized, the mu-
sical space is defined by rules that constrain the results
to different styles and genres (Todd and Werner, 1999;
Chuan, 2009; Cope, 1987). The necessity for a priori
rules potentially facilitates the combination of musical
structures or exploration of the defined space, but pre-
cludes transformational outcomes.

In contrast, musical structures in the approach ex-
amined in this paper, functional scaffolding for musical
composition (FSMC), are defined as the very functions
that relate one part of a piece to another, thereby en-
abling satisfying transformational creativity (Hoover,
Szerlip, and Stanley, 2011a,b). Based on the idea that
music can be represented as a function of time, FSMC
inputs a simple, isolated musical idea into a function
that outputs accompaniment that respects the struc-
ture of the original piece. The function is represented
as a special type of artificial neural network called a
compositional pattern producing network (CPPN). In
practice, the CPPN inputs existing music and outputs
accompaniment. The user-guided creative exploration
itself is facilitated by an interactive evolutionary tech-
nique that in effect allows the user to breed the key func-
tional relationships that yield accompaniment, which
supports both combinatorial and exploratory creativ-
ity (Boden, 2004) through the crossover and mutation
operators present in evolutionary algorithms. By repre-
senting music as relationships between parts of a multi-
part composition, FSMC creates a new formalism for a
musical space that transforms its structure for the user
while still respecting its fundamental constraints.

Hoover, Szerlip, and Stanley (2011a,b) showed that
FSMC can produce accompaniments that are indis-
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tinguishable by listeners from fully human-composed
pieces. However, the accompaniment in these studies
was only a single monophonic instrument, leaving open
the key question of whether a user with little or no musi-
cal expertise can perhaps generate an entire multipart
arrangement with this technology from just a single-
instrument monophonic starting melody. If that were
possible, then anyone with only the ability to conceive a
single, monophonic melody could in principle expand it
into a complete multilayered musical product, thereby
enhancing the creative potential of millions of amateur
musicians who possess inspiration but not the exper-
tise to realize it. This paper demonstrates that FSMC
indeed makes such achievement possible.

Background
This section relates FSMC to traditional approaches
to automated composition and previous creativity-
enhancing techniques.

Automatic Music Generation
Many musical representations have been proposed be-
fore FSMC, although their focus is not necessarily on
representing the functional relationship between parts.
For example, from long before FSMC, Holtzman (1980)
creates a musical grammar that generates harp solos
based on the physical limitations imposed on harp per-
formers. Similarly, Cope (1987) derives grammars from
the linguistic principles of haiku to generate music in a
particular style. These examples and other grammar-
based systems are predicated on the idea that music
follows grammatical rules and thus by modeling mu-
sical relationships as grammars, they are representing
the important structures of music (Roads, 1979; Mc-
Cormack, 1996). While grammars can produce a natu-
ral sound, deciding which aspects of musical structure
should be represented by them is often difficult and ad
hoc (Kippen and Bel, 1992; Marsden, 2000).

Impro-Visor helps users create monophonic jazz so-
los by automatically composing any number of mea-
sures in the style of famous jazz artists (Keller et al.,
2006). Styles are represented as grammars that the
user can invoke to complete compositions. Creativity-
enhancement in Impro-Visor occurs through the inter-
action of the user’s own writing and the program’s sug-
gestions. When users have difficulty elaborating musi-
cal concepts, they can access predictions of how famous
musicians would approach the problem within the con-
text of the current composition. By first learning differ-
ent professional compositional techniques, students can
then begin developing their own personal styles. While
Impro-Visor is an innovative tool for teaching jazz styles
to experienced musicians, it focuses on emulating prior
musicians over exploration.

Enhancing Creativity in Music
Composition
A problem with traditional approaches to music com-
position is that standard representations can poten-

tially limit creative exploration. For instance, MySong
generates chord-based accompaniment for a vocal piece
from hidden Markov models (Simon, Morris, and Basu,
2008). Users select any vocal piece and MySong outputs
accompaniment based on a transition table, a weight-
ing factor that permits greater deviation from the ta-
ble, and musical style (e.g. rock, big band). MySong
thus allows users to create accompaniment for their own
melodies in a variety of different predefined styles from
which users cannot deviate. Zicarelli (1987) describes
an early interactive composition program, Jam Factory,
that improvises on human-provided MIDI inputs from
rules represented in transition tables. Users manipu-
late the output in several ways including the proba-
bility distributions of eight different transition tables;
there are four each for both rhythm and pitch. Users
are provided more creative control in designing and con-
sulting the transition tables, but the increased flexibil-
ity results in unnatural outputs that thereby limit the
utility of the main algorithms (Zicarelli, 2002). The ap-
proach described by Chuan (2009) balances user control
by training transition tables based on only a few user-
provided examples. The tables then reflect the “style”
inherent in the examples and can generate chord-based
accompaniment for a user’s own piece. While each of
these systems offers users varied levels of control, rule
manipulation alone may not be sufficient to access all
three forms of creativity described by Boden (2004).
For example, the representations cannot easily combine
musical ideas or transform the musical space (due to
inherent rule restrictions).

Alternatively, most interactive evolutionary compu-
tation (IEC) (Takagi, 2001) approaches facilitate cre-
ativity through the evolutionary operators of crossover
and mutation, and require human involvement in the
creative process. In GenJam a human player and com-
puter “trade fours,” a process whereby the human plays
four measures and the computer “answers” them with
four measures of its own (Biles, 1998). Musical propo-
sitions are mutated and combined into candidates that
the user rates as good or bad. Similarly, Jacob (1995)
introduces a system in which human users rate, com-
bine, and explore musical candidates at three differ-
ent levels of the composition process and Ralley (1995)
generates melodies by creating a population from muta-
tions of a provided user input. Finally, CACIE creates
atonal pieces by concatenating musical phrases as they
are generated over time (Ando and Iba, 2007). Each
phrase is represented as a tree structure that users can
interactively evolve or directly manipulate. However,
most such systems impose explicit musical rules con-
ceived by the developer to constrain the search spaces
of possible accompaniment, thus narrowing the poten-
tial for discovery.

Previous Work in FSMC

The FSMC approach in this paper is based on previ-
ous work by Hoover, Szerlip, and Stanley (2011a,b),
who focused on evolving a single monophonic accompa-
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Figure 1: How CPPNs Compute a Function of the Input Scaffold. The rhythm CPPN in (a) and pitch
CPPN in (b) together form the accompaniments of FSMC. The inputs to the CPPNs are the scaffold rhythms and
pitches for the respective networks and the outputs indicate the accompaniment rhythms and pitches. Each rhythm
network has two outputs: OnOff and NewNote. The OnOff node controls volume and whether or not a note is
played. The NewNote node indicates whether a note is re-voiced or sustained at the current tick. If OnOff indicates
a rest, the NewNote node is ignored. The pitch CPPN output decides what pitch the accompaniment should play
at that particular tick. The internal topologies of these networks, which encode the functions they perform, change
over evolution. The functions within each node depict that a CPPN can include more than one activation function,
such as Gaussian and sigmoid functions. Two monophonic accompaniment outputs are depicted, but the number of
instruments a CPPN can output is unlimited. The number of input instruments also can vary.

niment for a multipart MIDI. These accompaniments
are generated through two functions, one each for pitch
and rhythm, that are represented as compositional pat-
tern producing network (CPPNs), a special type of ar-
tificial neural network (ANN). CPPNs can evolve to
assume an arbitrary topology wherein each neuron is
assigned one of several activation functions. Through
IEC, users explore the range of accompaniments with
NeuroEvolution of Augmenting Topologies (NEAT), a
method for growing and mutating CPPNs (Stanley and
Miikkulainen, 2002). Unlike traditional ANN learning,
NEAT is a policy search method, i.e. it explores accom-
paniment possibilities rather than optimizing toward a
target. While existing songs with generated accompa-
niments were indistinguishable in a listener study from
fully-composed human pieces, the real achievement for
this approach would be to help the user generate en-
tire polyphonic and multi-instrument accompaniment
from just a single voice of melody (Hoover, Szerlip, and
Stanley, 2011a). This paper realizes this vision.

Approach: Extending Functional
Scaffolding for Music Composition

This section extends the original FSMC approach,
which only evolved a single monophonic accompani-
ment (Hoover, Szerlip, and Stanley, 2011a,b). It ex-
plains the core principles of the approach and how they
are applied to producing multipart accompaniments.

Defining the Musical Space

A crucial aspect of any creativity-enhancing approach
for music composition is first to define the musical
space. Users can help define this space in FSMC by first

selecting a musical starting point, i.e. the monophonic
melody or scaffold. Initial scaffolds can be composed in
any style and if they are only single monophonic parts
as in this paper, they can be composed by users within
a wide range of musical skill and expertise. The main
insight behind the representation in FSMC is that a ro-
bust space of accompaniments can be created with only
this initial scaffold. Because of the relationship of differ-
ent accompaniment parts to the scaffold and therefore
to each other, the space is easily created and explored.

Each instrument part in the accompaniment is the
result of two separate functions that independently re-
late rhythmic and pitch information in the scaffold (i.e.
the inputs) to the generated accompaniment. Depicted
in figure 1, these functions are represented as CPPNs,
the special type of ANN described in the background
(Stanley, 2007). As figure 1 shows, multiple inputs can
be sent to the output and many different instruments
can be represented by the same CPPN. CPPNs incre-
mentally grow through the NEAT method, which means
they can in principle evolve to represent any function
(Stanley and Miikkulainen, 2002; Cybenko, 1989). To-
gether, the rhythmic and pitch CPPNs that will be
evolved through NEAT define the musical space that
the user can manipulate. In effect, pitch information
from the scaffold is fed into the pitch CPPN at the same
time as rhythmic information is fed into the rhythm
CPPN. Both CPPNs then output how the accompani-
ment should behave in response. That way, they com-
pute a function of the scaffold.

Accompaniments are divided into a series of discrete
time intervals called ticks that are concatenated to-
gether to form an entire piece. Each tick typically repre-
sents the length of an eighth note, but this division can
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Figure 2: Input Representation. The spike-decay
representation for rhythmic inputs is shown in (a) and
the pitch representation is in (b). Rhythm is encoded
as a set of decaying spikes that convey the duration of
each note. Because the CPPN sees where within each
spike it is at any given tick, in effect it can synchronize
its outputs with the timing of the input notes. Pitch
on the other hand is input simply as the current note
at the present tick.

be altered through an interface. Outputs are gathered
from both the rhythmic and pitch CPPNs at each tick
that are combined to determine the accompaniment at
that tick. As shown in figure 1a, the two outputs of
the rhythm network for each line of accompaniment are
OnOff, which indicates whether a note or rest is played
and its volume, and NewNote, which indicates whether
or not to sustain the previous note. The single pitch
output for each line of accompaniment in figure 1b de-
termines instrument pitch at the current tick relative
to a user-specified key.

To produce the outputs, rhythmic and pitch infor-
mation from the scaffold is sent to the CPPN at each
tick. The continuous-time graph in figure 2a illustrates
how rhythmic information in the scaffold is sent to the
CPPN. When a note strikes, it is represented as a maxi-
mum input level that decays linearly over time (i.e. over
ticks) until the note ends. At the same tick, pitch infor-
mation on the current note is input as a pitch class into
the pitch CPPN (figure 2b). That is, two C notes in
different octaves (e.g. C4 and C5) are not distinguished.

The sound of instruments in FSMC can be altered
through instrument choice or key. A user can pick any
of 128 pitched MIDI instruments and can request any
key. Once a user decides from what preexisting piece
the scaffold is provided and the output instruments
most appropriate for the piece, candidate CPPNs can
be generated, thus establishing the musical space of ac-
companiments. The theory behind this approach is that
by exploring the potential relationships between scaf-
folds and their accompaniments (as opposed to explor-
ing direct representations of the accompaniment itself),
the user is constrained to a space in which candidate
accompaniments are almost all likely coherent with re-

spect to the scaffold. The next section describes how
users can combine, explore, and transform this space to
harness their own musical creativity.

Navigating the Musical Space

Figure 3: Program Interface. This screenshot of
the program (called MaestroGenesis) that implements
FSMC shows accompaniments for a melody input by
the user. The instrument output is currently set to
Grand Piano on the left-hand side, but can be changed
through a menu. Accompaniments are represented as
horizontal bars and are named by their ID. The user
selects his or her favorite and then requests a new gen-
eration of candidates

Exploration of musical space in FSMC begins with
the presentation to the user of the output of ten
randomly-generated CPPN pairs, each defining the key
musical relationships between the scaffold and output
accompaniment. These accompaniments can be viewed
in a graphical depiction (as shown in the screenshot in
figure 3) or in standard musical notation. They can be
played and heard through either MIDI or MP3 formats.
The user-guided process of exploration that combines
and mutates these candidates is called interactive evo-
lutionary computation (IEC) (Takagi, 2001). Because
each accompaniment is encoded by two CPPNs, evolu-
tion can alter both the pitch and rhythmic CPPNs or
adjust them individually.

The user combines and explores accompaniments in
this space by selecting and rating one or more accompa-
niments from one generation to parent the individuals of
the next generation. The idea is that the good musical
ideas from both the rhythmic and pitch functions are
preserved with slight alterations or combined to create
a variety of new but related functions, some of which
may be more appealing than their parents. The space
can also be explored without combination by selecting
only a single accompaniment. The next generation then
contains slight mutations of the original functions.

While IEC inherently facilitates these types of cre-
ativity, the approach in this paper extends the reach
of transformational creativity offered by FSMC. Pre-
viously, FSMC generated single-voice accompaniments
to be played with a fully-composed, preexisting human
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piece (Hoover, Szerlip, and Stanley, 2011a,b). This pa-
per introduces a new layering technique whereby gen-
erated accompaniment from previous generations can
serve as inputs to new CPPNs that then generate more
layers of harmony. The result is the ability to spawn
an entire multi-layered piece from a single monophonic
starting melody.

One such layering approach is performed by gener-
ating one new monophonic accompaniment at a time.
The first layer is the monophonic melody composed by
the human user. The second layer is generated through
FSMC from the first. The third layer is then generated
through FSMC by now inputting into the CPPNs the
first and second layers, and so on. All of the layers are
finally combined to create an entire accompaniment, re-
sulting in accompaniments that are functionally related
to both the initial melody and previous accompaniment
lines. In this way, each accompaniment line is slightly
more removed from the original melody and subsequent
accompaniment lines are based functionally on both the
scaffold and previously-generated lines.

To create accompaniments more closely related to the
original melody, another layering technique is for users
to generate all accompaniment layers from only the sin-
gle monophonic starting point. For this purpose, the
CPPNs are given enough outputs to represent all the
instruments in the accompaniment at the same time.
Because the melody and the accompaniments are func-
tionally related, any accompaniment will follow the con-
tours of the melodic starting point. However, in this
case, the only influence on each accompaniment is this
starting point itself, yielding a subtly different feel.

With either of these approaches or a combination of
them users can further influence their accompaniments
by holding constant the rhythm CPPN or pitch CPPN
while letting the other evolve. Interestingly, when two
accompaniments share the same rhythm network but
differ in the pitch network slightly, the two monophonic
instruments effectively combine to create the sound of
a polyphonic instrument. Similarly, the pitch networks
can be shared while the rhythm networks are evolved
separately, creating a different sound. Notice that this
approach requires no musical expertise to generate mul-
tiple lines of accompaniment.

Experiments
The experiments in this paper are designed to show
how users can generate multipart pieces from a single
monophonic melody with FSMC. They are divided into
accompaniment generation and a listener study that es-
tablishes the quality of the compositions.

Accompaniment Generation
For this experiment, three members of our team com-
posed in total three monophonic melodies. From each
of these user-composed melodies, a multipart accompa-
niment was generated through FSMC by the author of
the originating melody. Two other multipart accom-
paniments were generated for the folk song, Early One

Morning. We chose to include each of these FSMC
composers, who were undergraduate independent study
students at the University of Central Florida, as au-
thors of this paper to recognize their pioneering efforts
with a new medium. The most important point is
that no musical expertise need be applied to the fi-
nal creations beyond that necessary to compose the
initial monophonic melody in MIDI format. Thus,
although results may sound consciously arranged it
is important to bear in mind that all the polyphony
you hear is entirely the output of FSMC. The origi-
nal melodies, accompaniments, and CPPNs are avail-
able at http://eplex.cs.ucf.edu/fsmc/iccc2012.
The program, called MaestroGenesis, is available at
http://maestrogenesis.org.

As noted in the approach, FSMC provides significant
freedom to the user in how to accumulate the layers of
a multipart piece. In general, the user has the ability
to decide from which parts to generate other parts. For
example, from the original melody, five additional parts
could be generated at once. Or, instead, the user might
accumulate layers incrementally, feeding each new part
into a new CPPN to evolve yet another layer. Some
layers might depend on one previous layer, while other
might depend on multiple previous layers. In effect,
such decisions shape the subtle structural relationships
and hence aesthetic of the final composition. For exam-
ple, evolving all of the new parts from just the melody
gives the melody a commanding influence over all the
accompaniment, while incrementally training each layer
from the last induces a more delicate and complex set of
harmonious partnerships. As the remainder of this sec-
tion describes, the student composers took advantage
of this latitude in a variety of ways

Early One Morning, (Song 1) versions 1 and 2 with
four- and five-part accompaniments began from an ini-
tial monophonic melody transcribed from the tradi-
tional, human-composed folk song. The second layer is
identical in both versions and was evolved from Early
One Morning itself. The third, fourth, and fifth parts of
version 1 were all evolved from the second layer. The
third, fourth, fifth, and sixth parts of version 2 were
evolved from the pitch network of the second layer of
version 1, and the rhythm network from the original
Early One Morning monophonic melody. This experi-
ment illustrates that the results with FSMC given the
same starting melody are not deterministic and in fact
do provide creative latitude to the user even without
the need for traditional composition techniques.

Song 2 started from an original monophonic melody
composed by undergraduate Marie E. Norton. The sec-
ond layer was added by inputting this melody into the
rhythm and pitch networks of the subsequent accom-
paniment populations. This second layer then served
as input to the pitch and rhythmic CPPNs for layers 3
and 4. The pitch CPPN for layer 5 consisted of layer 2,
but the rhythm network only had a bias input. Finally,
the inputs for the pitch network for layer 6 were layers
3, 4, and 5, while the inputs to the rhythm CPPN were
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layer 4 and a measure timing signal first introduced for
FSMC by Hoover and Stanley (2009) that gives the net-
work a sense of where the song is within the measure.
All of the layers finally combined to create a single, mul-
tipart piece in which each line is functionally related to
the others. Each layer took as few as three to as many
as five generations to evolve.

For Song 3, Zachary Merritt first created a layer that
influences most of the other layers, but is not heard in
the final track. The fourth layer was generated from the
third, which is influenced by the monophonic melody
and the unheard layer. The fifth layer was generated
from the population of the fourth layer with the rhythm
network held constant to create a chordal feel. The
sixth layer was generated from only the initial start-
ing melody and a special timing signal that imparts a
sense of the position in the overall piece (Hoover and
Stanley, 2009). Similarly, the seventh layer is gener-
ated from only the initial starting melody, but adds a
separate function input, sin(πx), where x is the time
in measure. Although there are seven layers described
in this experiment, only six were selected to be heard,
meaning that there is a five-part accompaniment.

Trevor A. Brindle created an initial piece and evolved
all five accompaniment lines for Song 4 directly from it.
Instead of inputting results from previous generations,
he started new runs for each voice from the same scaf-
fold, giving a strong influence to the melody.

Notice that the key decisions made by the users are
in general from which tracks to generate more tracks.
Of course the users also performed the IEC selection
operations to breed each new layer. Importantly, none
such decisions require musical expertise.

Listener Study

The contribution of users to the quality of the generated
works and accordingly the effectiveness of the creativ-
ity enhancement is evaluated through a listener study.
The study consists of five surveys, one for each gener-
ated arrangement. The surveys present two MP3s to
the listener, who is asked to rate the quality of both.
The first MP3, called the collaborative accompaniment,
is an arrangement resulting from the collaboration of
the author with the program (i.e. the two versions from
Early One Morning or Songs 2, 3, or 4). The second,
called the FSMC-alone accompaniment, is generated by
the program alone. That is, a random pitch CPPN and
a random rhythm CPPN are provided the same mono-
phonic starting melody as the collaborative accompa-
niment and their output is taken as the FSMC-alone
accompaniment. Thus the factor that is isolated is the
involvement of the human user, who is not involved in
the FSMC-alone accompaniment. However, it is impor-
tant to note that the FSMC-alone accompaniments do
not actually sound random because even if the CPPNs
are generated randomly, they are still functions of the
same scaffold, which tends even in the random case to
yield outputs that sound at least coherent (which is
the motivation for FSMC in the first place). Thus this

study investigates whether the human user is really able
to make a creative contribution by leveraging FSMC.

A total of 129 students participated in
the study. The full survey is available at
http://eplex.cs.ucf.edu/fsmc/iccc2012/survey,
but note that in the administered surveys, the order
of the MP3s was random to avoid any bias. The
users were asked to rate each piece with the following
question:

Rate MIDI i on a scale of one to ten. (1 is the
worst and 10 is the best),

where i refers to one of the ten generated works. The
idea is that if the user-created arrangements are rated
higher than those generated by FSMC-alone, the user’s
own input likely positively influenced the outcome.
While this study focuses on the quality of output, the
degree to which FSMC enhances creativity will be ad-
dressed in future work.

Results

The generated accompaniments and original scaf-
fold discussed in this section can be heard at
http://eplex.cs.ucf.edu/fsmc/iccc2012.

Accompaniments

Samples of the scores for the two arrangements created
to accompany Early One Morning are shown in figure
4. The layers are shown in order from top to bottom in
both versions (layer 1 is the original melody). Layer 2,
which is the same in both versions, is heard as violin II
in version 1 and viola in version 2.

An important observation is that the violoncello part
in version 1 follows the rhythm of the initial starting
melody very closely while the pitch contour differs only
slightly. While the viola and double-bass parts differ
in both pitch and rhythm over the course of the song,
both end phrases and subphrases on the tonic note, F,
in many places over the course of the piece, including
measure 4 in figure 4a. Version 2, on the other hand,
contains many rhythmic similarities (i.e. the eighth note
patterns contained in the keyboard I, viola, keyboard
II, and the violin II parts), but illustrates distinct pitch
contours. Together, the two versions illustrate how a
single user can generate different accompaniment from
the same initial monophonic starting melody and how
the initial melody exerts its influence both rhythmically
and harmonically.

Songs 2, 3, and 4 exhibit a similar effect: rhythmic
and harmonic influence from the original melody, yet
distinctive and original accompaniment nevertheless.
The result is that the overall arrangements sound com-
posed even though they are evolved through a breeding
process. The next section provides evidence that im-
partial listeners also appreciate the contribution of the
human user.
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Double Bass
(Layer 4)

Violin I
(Layer 1)

Violin II
(Layer 2)

Viola
(Layer 5)

Violoncello
(Layer 3)

(a) Early One Morning Version 1

Electric Bass
(Layer 4)

Keyboard I
(Layer 1)

Violin I
(Layer 5)

Violin II
(Layer 6)

Keyboard II
(Layer 3)

Viola
(Layer 2)

(b) Early One Morning Version 2

Figure 4: Early One Morning. The first four measures of versions 1 and 2 of Early One Morning illustrate how
a single user with the same monophonic starting melody can direct the accompaniment in two different ways that
nevertheless both relate to the initial melody. Because the accompaniments share two of their layers, they sound
related. However, through timbre selection and the evolution of two and three distinct layers in versions 1 and 2
respectively, the user imparts a different feel.

Listener Study Results

The results of the listener study in figure 5 indicate
that all of the collaborative accompaniments are rated
higher than those generated with FSMC alone, with
three out of five (Song 1 version 2, Song 4, and Song
5) displaying significant difference (p < 0.05; Student’s
paired t-test). Taken all together, the collaborative ac-
companiments sound highly significantly more appeal-
ing than those generated with FSMC alone (p < 0.001;
Student’s paired t-test). These results indicate that not
only does FSMC provide a structurally plausible search
space, but that it is possible to explore such a space
without applying musical expertise. That is, the re-
sults suggest that the user input significantly improves
the perceived quality of the generated compositions.

Discussion

A key feature of figure 4 is that the collaborative ac-
companiments generated by users with the assistance
of FSMC follow the melodic and rhythmic contours of
the original scaffold. Furthermore, the listener study
suggests that FSMC helps the user establish and ex-
plore musical search spaces that may otherwise have
been inaccessible.

While the users search this space through IEC, which
facilitates the combination of musical ideas and the ex-
ploration of the space itself, an interesting property of
this search space is its robustness; even FSMC-alone
accompaniments, which are created without the bene-
fit of human, subjective evaluation, can sound plausi-
ble. However, when coupled with the human user, this
approach in effect transforms the user’s own internal
search space of possible accompaniments to one con-
strained by functional scaffolding.

While the quantitative data suggests the merit
of collaborative accompaniments, music is inher-

ently subjective. Therefore, it is important for
the reader to judge the results for his or herself
at http://eplex.cs.ucf.edu/fsmc/iccc2012 to fully
appreciate the potential of the FSMC method.

One interesting direction for future work is to ex-
plore new interpretations for the output of the pitch
functions. Currently, accompaniment pitches are inter-
preted as discrete note values, a process that limits the
instrument to playing the same note each time a given
combination of notes occurs in the scaffold. However,
by interpreting the output as a change in pitch (i.e. hor-
izontal interval) rather than an absolute pitch, instru-
ments can select any note to correspond to a particular
combination depending on where in the piece it is oc-
curring. In this way, an even larger space of musical
possibilities could be created.

Perhaps most importantly, with only a single, mono-
phonic melody, users could compose entire multipart
pieces without the need for musical expertise. Even if
not at the master level, such a capability opens to the
novice an entirely new realm of exploration.

Conclusion
This paper presented an extension to functional scaf-
folding for musical composition (FSMC) that facili-
tates a human user’s creativity by generating poly-
phonic compositions from a single, human-composed
monophonic starting track. The technique enables cre-
ative exploration by helping the user construct and
then navigate a search space of candidate accompa-
niments through a breeding process akin to animal
breeding called interactive evolutionary computation
(IEC). These collaborative accompaniments bred by
users were judged by listeners against those composed
only through FSMC. Overall, listeners liked collabora-
tive accompaniments more than the FSMC-alone ac-
companiments. Most importantly, a promising poten-
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Figure 5: Listener Study Results. The average rat-
ing (by 129 participants) from one to ten of both the col-
laborative and FSMC-alone accompaniments are shown
side-by-side with the lines indicating a 5% error bound.
The overall results for the listener study indicate that
on average the collaborative accompaniments are of sig-
nificantly higher perceived quality than FSMC-alone.

tial for creativity enhancement in AI is to open up the
world of the amateur to the domain once only accessi-
ble to the expert. The approach in this paper is a step
in this direction.
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Abstract

We introduce a system for generating novel recipes and use
that context to examine some current theoretical ideas for
computational creativity. Specifically, we have found that
the notion of a single inspiring set can be generalized into
two separate sets used for generation and evaluation, respec-
tively, with the result being greater novelty as well as system
flexibility (and the potential for natural meta-level creativity),
that explicitly measuring artefact typicality is not always nec-
essary, and that explicitly defining an artefact hierarchically
results in greater novelty.

1 Introduction
As a relatively new sub-field of artificial intelligence (AI),
computational creativity is currently wrestling with many
issues similar to those with which AI struggled several
decades ago. Many questions similar to those originally
asked of AI are now being asked in the context of compu-
tational creativity, including foundational questions such as
“What is creativity?” Within computational creativity, there
is an ongoing movement to define a theoretical foundation
that can provide a level of maturity to the field. For exam-
ple, Wiggins gives the following definition of computational
creativity that closely mirrors definitions of intelligence ac-
cepted by many AI researchers (Wiggins 2006):

The study and support, through computational
means and methods, of behaviour exhibited by natural
and artificial systems, which would be deemed creative
if exhibited by humans.

As another example, Ritchie provides a level of formalism
by supplying a framework for evaluating a creative system
(Ritchie 2007). Assuming that a creative system’s purpose is
to produce creative artefacts, Ritchie’s framework evaluates
the creativity of the system in terms of the typicality and
quality of generated artefacts in relation to some inspiring
set of known artefacts.

Taking some of Ritchie’s ideas one step further, Gervás
proposes that creative systems must be able to consistently
generate creative artefacts—producing artefacts that are also
novel with respect to its own previous work (Gervás 2011).
Gervás shows this can be accomplished by splitting the in-
spiring set (as discussed by Ritchie) into a reference set
(used to determine the novelty of generated artefacts) and

a learning set (used in the generation of artefacts). We mod-
ify this idea by splitting the inspiring set into a set used in
the generation of artefacts and one for evaluating generated
artefact quality. Note that this does not address the idea of
a reference set at all, but it also does not preclude the use of
one either (let us say the two ideas are orthogonal and likely
complementary).

Evaluation of a creative system is both clearly important
and inherently difficult. In a recent comprehensive survey of
published creative systems, Jordanous found that only half
of the papers give details on an evaluation of their system
(Jordanous 2011). Despite the difficulty in measuring cre-
ativity, quality, and typicality, greater attempts must be made
to evaluate them if the field is to gain maturity.

In an attempt to do so, we provide an explicit measure
of quality used during the artefact generation process. We
also show that an explicit measure of typicality is not nec-
essary if it is built in to the generation process. In addition,
we present an explicit measure of novelty (rare n-grams).
We also show that explicitly defining a hierarchy for ele-
ments of our artefacts is beneficial to the creative system.
We compare a hierarchical version of our system with one
that is lacking any hierarchy and demonstrate greater nov-
elty in the artefacts produced. The hierarchical version also
gives a natural method to implicitly model typicality in the
system without inhibiting novelty.

Novel perspectives on the developing theory of compu-
tational creativity are provided by concrete applications of
the theory in diverse areas. Creative systems have been
produced for a wide variety of artefacts, including poetry
(Gervás 2000; Gervás 2001), literature (Pérez y Pérez and
Sharples 2001; Pérez y Pérez 2007), music (Jordanous 2010;
Lewis 2000; Monteith et al. 2011), theorem proving (Ritchie
and Hanna 1984; Colton 2002), humor (Stock and Strap-
parava 2005; Binsted and Ritchie 1997), metaphor (Veale
and Hao 2007), and art (Cohen 1999; Colton 2008; Norton,
Heath, and Ventura 2011). The distinctive context of each
of these concrete applications provides a novel perspective
on the developing field of computational creativity. Further
exploration of new domains provides additional viewpoints
to help the theory mature. To this end, we present a creative
system for recipe generation.

While work on recipes has been done in the field of artifi-
cial intelligence, to our knowledge, a recipe generation sys-
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Inspiring Set

Evaluator

Generator

WWW

Divine water with sirloin
Ingredients:
2.35 cups - water
2.07 cups - yellow onion
1.76 cups - black bean
1.43 cups - stewed tomato
10.71 ounces - steak
10.68 ounces - ground beef
0.72 cup - salsa
0.66 cup - chicken broth
...

Directions:
Combine ingredients and bring to boil.  
Reduce heat and simmer until done, stirring 
occasionally. Serve piping hot and enjoy.

Presentation

Chili con Carne
Ingredients:
2.35 cups - water
2.07 cups - yellow onion
1.76 cups - black bean
1.43 cups - stewed tomato
10.71 ounces - steak
10.68 ounces - ground beef
0.72 cup - salsa
0.66 cup - chicken broth
...

Directions:
Combine ingredients and bring to boil.  
Reduce heat and simmer until done, stirring 
occasionally. Serve piping hot and enjoy.

Recipes

Figure 1: High-level view of the system architecture. In-
spiring set recipes are taken from online sources and inform
the evaluator and generator. Recipes are created through an
iterative process involving both generation and evaluation.
Eventually, generated recipes with the highest evaluation are
fed to the presentation module for rendering and may be
published online.

tem whose focus is creativity has not yet been developed (or
even attempted). These other AI recipe generators use case-
based reasoning to plan out a recipe, in the case of CHEF
(Hammond 1986), or a meal, in the case of Julia (Hinrichs
1992). These approaches maximize the quality of a pre-
sented recipe without considering novelty, often preferring
prior success to exploring new possibilities. The goal of our
system is not only to produce a good recipe, but also to pro-
duce a creative one. This requires high quality as well as the
development of novel artefacts.

2 PIERRE
Recipe generation is a complicated task that requires not
only precise amounts of ingredients, but also explicit direc-
tions for preparing, combining, and cooking the ingredients.
To focus on the foundational task of the type and amount
of ingredients, we restrict our focus to recipes (specifically
soups, stews, and chilis) that can be cooked in a crockpot.
Crockpot recipes simplify the cooking process to essentially
determining a set of ingredients to be cooked together.

We introduce a novel recipe generation system, PIERRE
(Pseudo-Intelligent Evolutionary Real-time Recipe Engine),
which, given access to existing recipes, learns to produce
new crockpot recipes. PIERRE is composed primarily of
two modules, for handling evaluation and generation, re-
spectively. Each of these components takes input from an
inspiring set and each is involved in producing recipes to
send to the presentation module, as shown in Figure 1. In
addition, the system interacts with the web, both acquiring
knowledge from online databases and (potentially) publish-
ing created recipes.

2.1 Inspiring Set
The inspiring set contains 4,748 soup, stew, and chili recipes
gathered from popular online recipe websites1. From these
recipes we manually created both a list of measurements and
ingredients in order to parse recipes into a consistent format.
This parsing enabled 1) grouping identical ingredients under
a common name, 2) grouping similar ingredients at several
levels, and 3) gathering statistics (including min, max, mean,
variance, and frequency) about ingredients and ingredient
groups across the inspiring set. Recipes in the inspiring set
are normalized to 100 ounces.

The database of ingredients was explicitly partitioned into
a hierarchy in which similar ingredients were grouped at a
sub-level and these ingredient groups were further grouped
at a super-level. For example, as shown in Figure 2, the
super-group Fruits and Vegetables is composed of the sub-
groups Beans, Fruits, Leafy Vegetables, and others. The sub-
group of Beans includes many different types of beans in-
cluding Butter Beans, Red Kidney Beans, Garbanzo Beans,
and others.

Statistics are kept for each ingredient, including mini-
mum, maximum, average, and standard deviation for the
amount of the ingredient, as well as the probability of the
ingredient occurring in an inspiring set recipe. These statis-
tics are also aggregated at the sub- and super-group level,
enabling comparison and evaluation of recipes at different
levels of abstraction. In addition, gathering statistics at the
group level provides for smoothing amounts for rare ingredi-
ents. Each statistic ω (min, max, mean, standard deviation,
or frequency) for ingredients occurring less than a thresh-
old in the set is linearly interpolated with the corresponding
statistic of the sub-group, according to the following:

ω =

{(
α

α+β

)
x+

(
β

α+β

)
ξ if α < θ

x if α ≥ θ

where x is the statistic of the ingredient, ξ is the statistic
of the sub-group, α is the number of times the ingredient
occurs in the inspiring set, β is the number of times any of
the sub-group ingredients occur in the inspiring set, and the
threshold θ is set to 100.

The inspiring set is used differently for generation than it
is for evaluation. During artefact generation (Section 2.2)
the inspiring set determines the initial population used for
the genetic algorithm. During artefact evaluation (Section
2.3) the inspiring set determines which recipes and ratings
are used as training examples for the multi-layer perceptron
(MLP). Since the inspiring set is used in multiple ways, em-
ploying a different inspiring set for generating artefacts than
the one used to evaluate artefacts can have useful effects.

2.2 Generation
PIERRE generates new recipes using a genetic algorithm
acting on a population of recipes, each composed of a list
of ingredients. The population is initialized by choosing
recipes uniformly at random from the inspiring set, and the

1www.foodnetwork.com and www.allrecipes.com
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Meats Chilis Butter Beans

Beans

Berries & 
Grapes

Fruits

Tomatoes

Leafy 
Vegetables

Onions

Squash 
Vegetables

Corns & Peas

Root 
Vegetables

Fruits & 
Vegetables

Dairy

Liquids

Sauces & 
Seasonings

Grains

Seeds & Nuts

Mushrooms

Red Kidney Beans
Garbanzo Beans

Fava Beans
Refried Beans
Green Beans

White Kidney Beans
Lima Beans
Pinto Beans
Red Beans

White Beans
Black Beans

Black Soy Beans
Black-eyed Peas
Cannellini Beans

Chickpeas
Hummus

Chili Beans
Lentils

Recipe

22.55 oz Meats
44.5 oz Fruits & 

Veggies
8.99 oz Sauces & 

Seasonings
23.96 oz Liquids

Abstraction 2 Abstraction 1

22.36 oz Beef
0.19 oz Pork
13.35 oz Beans
12.04 oz Tomatoes
19.11 oz Onions
8.99 oz Spices
23.96 oz Broths

17.63 oz ground beef
4.73 oz steak
0.19 oz pork sparerib
6.24 oz red kidney bean
0.25 oz garbanzo bean
0.28 oz lima bean
6.58 oz chickpea
0.33 oz crushed tomato
0.59 oz chopped tomato
1.98 oz tomato puree
1.31 oz diced tomato
0.39 oz roma tomato
7.44 oz spaghetti sauce
12.13 oz yellow onion
6.75 oz white onion
0.23 oz chive baton
8.86 oz garlic
0.13 oz fresh parsley
23.96 oz chicken broth

Figure 2: Above, a view of the ingredient hierarchy, show-
ing the super-group (left), sub-group (middle), and ingredi-
ent (right) levels of abstraction. The Fruits & Vegetables
super-group is expanded to show its sub-groups, including
Beans, which is expanded to show its ingredients. Below, an
example recipe is shown as it would appear at each level of
abstraction.

fitness of each recipe is evaluated using the MLP evalua-
tor described in Section 2.3. To produce each generation, a
number of new recipes are generated equal to the number of
recipes in the population. For each new recipe, two recipes
are selected, with probability proportional to their fitness, for
genetic crossover. The crossover is performed by randomly
selecting a pivot index in the ingredient list of each recipe,
thus dividing each recipe into two sub-lists of ingredients. A
new recipe is then created by combining the first sub-list of
the first recipe with the second sub-list of the second recipe.

After crossover, each recipe is subject to some probability
of mutation. If a mutation occurs, the type of mutation is
selected uniformly from the following choices:

• Change of ingredient amount. An ingredient is selected

uniformly at random from the recipe, and its quantity is
set to a new value drawn from a normal distribution that
is parameterized by the mean and standard deviation of
that ingredient’s amount as determined from the inspiring
set.

• Change of one ingredient to another. An ingredient is
selected uniformly at random from the recipe, and is
changed to another ingredient from the same super-group,
chosen uniformly at random. The amount of the ingredi-
ent does not change.

• Addition of ingredient. An ingredient is selected uni-
formly at random from the database and inserted into a
random location (chosen uniformly) in the recipe’s ingre-
dient list. The amount of the new ingredient is determined
by a draw from a normal distribution parameterized by the
mean and standard deviation of the ingredient amount as
determined from the inspiring set.

• Deletion of ingredient. An ingredient is selected uni-
formly at random and removed from the recipe.

At the completion of each iteration, evolved recipes are
re-normalized to 100 ounces for equal comparison to other
recipes. The next generation is then selected by taking the
top 50% (highest fitness) of the previous generation and the
top 50% of the newly generated recipes. The rest of the
recipes are discarded, keeping the population size constant.

Recipes 1 and 2 were generated using this process and
were among those prepared, cooked, and fed to others by
the authors. To produce these recipes, a population size of
150 recipes was allowed to evolve for 50 generations with a
mutation rate of 40%.

2.3 Evaluation
To assess the quality of recipes, PIERRE uses an interpola-
tion of two MLPs. Taking advantage of the (online) public
user ratings of the recipes in the inspiring set, these MLPs
perform a regression of the user rating based on the amount
of different ingredients. The two MLPs are trained at dif-
ferent levels of abstraction within our ingredient hierarchy,
with one operating at the super-group level and the other at
the sub-group level. Thus, the model at the higher level of
abstraction attempts to learn the proper relationship of ma-
jor groups (meats, liquid, spices, etc), and the other model
works to model the correct amounts of divisions within those
groups.

Because we assume any recipe from the online websites
is of relatively good quality, regardless of its user rating,
we supplemented the training set with randomly constructed
recipes given a rating of 0. These negative examples enabled
the learner to discriminate between invalid random recipes
and the valid ones, created by actual people.

Each MLP has an input layer consisting of real-valued
nodes that encode the amount (in ounces) of each super-
group (sub-group), a hidden layer consisting of 16 hidden
nodes and a single real-valued output node that encodes the
rating (between 0 and 1). The MLP weights are trained (with
a learning rate of 0.01) until there is no measurable improve-
ment in accuracy on a held out validation data set (consisting
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Recipe 1 Divine water with sirloin
Ingredients:

2.35 cups - water
2.07 cups - yellow onion
1.76 cups - black bean
1.43 cups - stewed tomato
10.71 ounces - steak
10.68 ounces - ground beef
0.72 cup - salsa
0.66 cup - chicken broth
3.01 tablespoons - emeril’s southwest essence
0.87 ounce - veal
1.22 tablespoons - white onion
1.22 tablespoons - diced tomato
1.17 tablespoons - red kidney bean
2.79 teaspoons - sambal oelek
0.22 clove - garlic
2.28 teaspoons - white bean
1.83 teaspoons - corn oil
0.29 ounce - pancetta
1.67 teaspoons - mirin
1.51 dashes - tom yam hot and sour paste
1.46 dashes - worcestershire
0.12 ounce - bologna

Directions: Combine ingredients and bring to boil. Re-
duce heat and simmer until done, stirring occasionally.
Serve piping hot and enjoy.

Recipe 2 Exotic beefy bean
Ingredients:

2.2 cups - pinto bean
1.09 pounds - ground beef
1.6 cups - white onion
1.16 cups - diced tomato
1.13 cups - water
1.11 cups - chicken broth
0.77 cup - vegetable broth
0.63 cup - chile sauce
2.74 ounces - pork sausage
4.51 tablespoons - salsa
3.39 tablespoons - stewed tomato
1.43 ounces - chicken thigh
2.5 tablespoons - olive oil
1.09 ounces - hen
0.34 whole - red bell pepper
1.25 tablespoons - lentil
1.16 tablespoons - chopped tomato
2.87 teaspoons - red onion
2.03 teaspoons - garbanzo bean
1.65 teaspoons - cannellini bean
0.26 slice - bacon

Directions: Combine ingredients and bring to boil. Re-
duce heat and simmer until done, stirring occasionally.
Serve piping hot and enjoy.

of 20% of the recipes) for 50 epochs. The set of weights used
for evaluating generated recipes are those that performed the
best on the validation data set.

2.4 Presentation
Colton (2008) has suggested that perception plays a critical
role in the attribution of creativity. In other words, a com-
putationally creative system could (and possibly must) take
some responsibility to engender a perception of creativity.

In an attempt to help facilitate such a perception of its
artefacts, PIERRE contains a module for recipe presenta-
tion. First, the module formats the recipe for human read-
ability. Ingredient quantities are stored internally in ounces,
but when rendering recipes for presentation, the ingredients
are sorted by amount and then formatted using more tradi-
tional measurements, such as cups, teaspoons, dashes, and
drops. Recipes are presented in a familiar way, just as they
might appear in a common cookbook.

Second, the presentation module generates a recipe name.
Standard recipes always have a name of some sort. While
this task could be a complete work by itself, we implemented
a simple name generation routine that produces names in the
following the format: [prefix] [ingredients] [suffix]. This
simple generation scheme produces names such as “Home-
style broccoli over beef blend” or “Spicy chicken with car-
rots surprise.” The components of the name are based on
prominent recipe ingredients and the presence of spicy or
sweet ingredients. This simple approach creates names that
range from reasonable to humorous.

3 EmPIERREical Results
To our knowledge, no other creative system has been de-
signed to work in the recipe domain. As such, traditional
concepts are highlighted in a new context. This new per-
spective admits additional analysis of the merits and nuances
of theoretical ideas that have become generally accepted by
the community. Here we evaluate the system with differ-
ent combinations of inspiring sets, with and without a direct
measure for typicality, and with and without the hierarchical
definition of an artefact.

We measure novelty in a recipe by counting new combi-
nations of (known) ingredients, n-grams. An n-gram is a
combination of n ingredients. For example, a 2-gram would
be water-garlic. A rare n-gram is an n-gram that does not
occur in the inspiring set and does not contain a rare (n−1)-
gram as a sub-combination (e.g., 4-grams containing rare 3-
grams or, recursively, rare 2-grams are not included in the
count of rare 4-grams). We define the rare n-gram ratio ρnr
for a specific recipe r as

ρnr =
λnr
τnr

where τnr is the total number of n-grams in r and λnr is the
number of those n-grams that are rare.

As another view of novelty, we consider a graph of ingre-
dient amounts, which creates a visual profile of the type of
recipes generated by the system. This comparison of visual
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profiles was inspired by Faria and de Oliveira’s use of a sim-
ilar method in measuring aesthetic distances between docu-
ment templates and generated document artefacts (Faria and
de Oliveira 2006), and we found that it was easy to com-
pare the outputs of the system based on the profiles that it
generated.

3.1 Different Inspiring Sets for Evaluation
As mentioned, PIERRE can have different inspiring sets for
both artefact generation and artefact evaluation. Thus the
artefact initially generated would be inspired by one set of
artefacts, but fitness would be determined by a fitness func-
tion inspired by a different set of artefacts. Using a com-
bination of inspiring sets in the generative process hints at
an idea which Buchanan identifies as “transfer” or knowl-
edge sharing (Buchanan 2001), which refers to the notion
that where two problems have simple, heterogenous repre-
sentations, greater creativity can be achieved by transferring
knowledge from one problem area to another. Although de-
veloping recipes from different inspiring sets may not con-
stitute different problems in the same way as intended by
Buchanan, the concepts and methods used by humans to de-
velop recipes in one inspiring set may differ greatly from the
concepts and methods used to develop recipes in a different
culinary genre. Thus the knowledge used in the composi-
tion of artefacts in one inspiring set is introduced in the gen-
eration of new artefacts in a different domain, resulting in
potentially greater creativity.

We experimented with various combinations of two in-
spiring sets. The first inspiring set included 4,748 soup,
stew, and chili recipes crawled from the web (referred to
as the “full” inspiring set). The second set is a subset of
the first, including only the 594 chili recipes. The chili
recipes were longer on average than the full recipes (13.97
ingredients as compared to 11.88 ingredients). We found
no significant results from varying the generator’s inspiring
set therefore all reported experiments were conducted with
a generator trained with the full inspiring set. We found that
the recipes produced using the chili inspiring set to train the
evaluator (hereafter referred to as the “chili evaluator”) had
a higher ratio of rare 2-grams and 3-grams (see blue lines in
Figure 3) than those produced using the full inspiring set to
train the evaluator (hereafter referred to as the “full evalua-
tor”, see red lines in Figure 3), and a relatively lower ratio
of rare 4-grams and 5-grams. Because the system is using
different inspiring sets to generate and evaluate recipes, it
alters the original recipes to look more like the recipes found
in the evaluator’s inspiring set. In this context, generic soups
or stews are being modified to look more like chilis. The re-
sulting chilis retain some of the characteristics of the generic
soups and stews, resulting in more novel combinations of in-
gredients and flavors (for chilis).

Systems which trained the evaluator with chili recipes
produced recipes with a “chili” profile, as evidenced by
more meat and vegetables, and less dairy and liquids (see
blue lines in Figure 4). Systems which trained the evalua-
tor with full recipes produced recipes with a marked “full”
profile (red lines). This discovery suggests that a system’s
creativity can be guided through the use of different inspir-
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Figure 3: Average (over r) rare n-gram ratio for various val-
ues of n. Higher ratio values indicate increased novelty, with
the chili evaluator producing the most novelty. Omitting the
hierarchy noticeably reduces novelty, whereas including the
distance metric has little effect.

ing sets. Combining the use of different inspiring sets could
introduce different flavor profiles, and allow the system to
explore new parts of the recipe space.

3.2 Elimination of Explicit Typicality Metrics in
the Fitness Function

We tested PIERRE with and without an explicit distance
metric to essentially model a Wundt curve (Saunders and
Gero 2001), promoting the generation of recipes that were
neither too novel nor too typical. Although the theory can
be interpreted to require an explicit evaluation of typicality
(Ritchie 2007), in our experiments we found that removing
the distance metric from our evaluation has no significant
effect on the typicality or the novelty of our recipes (see the
dotted lines in Figures 3 and 4). Explicitly measuring typi-
cality is not necessary if typicality is implicitly modeled in
the artefact generation process. In our system, ingredient
quantities and ingredient counts were generated based on
statistics found in the inspiring set. In addition, typicality is

!"

#"

$!"

$#"

%!"

%#"

&!"

&#"

'!"

'#"

#!"

()*+," -./0+,"*12"
3)4)+*56),"

7*0.8" 90:/02," ;*/<),"*12"
;)*,=1014,"

>.*01" ;))2,"*12"?/+,"

!
"#

$%
&'

@A060"BC*6/*+=."DE="70,+*1<)"()+.0<"

@A060"BC*6/*+=."DE"70,+*1<)"()+.0<"

-/66"BC*6/*+=."DE="70,+*1<)"()+.0<"

-/66"BC*6/*+=."DE"70,+*1<)"()+.0<"

-/66""BC*6/*+=."DE="F0).*.<A8"

Figure 4: Ingredient amount (in ounces) of each super-
group. Different evaluators result in unique flavor profiles
demonstrated by a visibly different recipe make-up. Omit-
ting the hierarchy results in less extreme peaks and valleys
and including the distance metric has little effect.
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inherently imposed by both the generator and the evaluator.
The generator selects new values based on normal distribu-
tions parameterized by statistics of the inspiring set, and if
any recipe strays too far from what is typical, the evaluator
assigns it a low fitness score.

3.3 Explicit modeling of the Ingredient Hierarchy
While modeling artefacts hierarchically perhaps seems like
an obvious improvement for many creative systems, we
compare our system with and without the hierarchy to vali-
date that intuition. In terms of novelty (Figure 3), the recipes
produced without the explicit hierarchical model (green line)
exhibit fewer rare n-grams than the recipes produced using
the hierarchy. Thus, the system is more capable of generat-
ing novel recipe combinations with the hierarchical model.
This added novelty comes from the extra information that
is introduced through the hierarchy. For example, when the
system is generating a recipe, it can now know that, rather
than a specific liquid, it really needs a type of liquid, thus
allowing an interplay between typicality (maintaining the
same sub/super-group) and novelty (trying a new member
of the group). The system can then search for creative alter-
natives for the generic liquid that it needs to include in the
recipe.

In addition, note that the ingredient amount profile of
recipes created without the explicit hierarchy model (see
the red and blue lines in Figure 4) exhibits less pronounced
peaks or troughs than profiles for recipes generated using
the hierarchy, suggesting that the hierarchy informs the sys-
tem in generating recipes more characteristic or typical of
a specific recipe genre. These results suggest that interpo-
lated assessment of creative artefacts at multiple levels of
abstraction is more effective at facilitating creativity than a
unilateral assessment.

4 Discussion
One of the major contributions of this work is to provide
a(nother) concrete implementation of many of the theoreti-
cal components called for in the literature, focusing on the
area of computational recipe generation.

In doing so, we have presented a number of useful con-
cepts, including the use of different inspiring sets for gen-
eration and evaluation, the implicit modeling of typicality
(versus the notion of explicitly measuring it), and the ab-
straction of artefacts into a hierarchy for explicit use in both
evaluation and generation.

The idea of evaluation-specific inspiring sets suggests a
natural step towards meta-level creativity by providing a
mechanism for changing evaluation criteria. In the context
of recipe generation, this could include the ability for the
system to change its “taste” over time, or, to use different
inspiring sets to create different flavor profiles. Thus, just as
the system has a more pronounced chili profile for its recipes
when using the chili inspiring set for the evaluator, it could
induce other types of profiles using other types of inspiring
sets for evaluation and this affinity could vary over time. In
general, the culinary arts provide a rich framework for vary-
ing preferences such as spice, sweetness, and texture, that
could all be considered at the meta-level.

Table 1: Presentation survey results. Formatting recipes re-
sulted in no significant difference.

Question No Format Format
Assuming I cooked on a regular
basis, I would cook this recipe.

2.66 2.27

I think this recipe is creative. 3.59 3.28
I think this recipe is novel. 3.21 3.12
I think this recipe would be dif-
ficult to invent.

3.15 3.46

This recipe looks like it would
taste different than anything
I’ve previously tasted.

3.47 3.52

This recipe looks like it would
taste good.

3.43 3.14

One significant area for future work is to incorporate the
notion of goals and plans. As is, the system has a single goal:
to create a high quality, high novelty chili. The different por-
tions of the recipe space being explored by different parts of
the population from the genetic algorithm could be seen as
exploring different versions of that goal (for example, one
part of the population would be predominantly chicken chili
while another part would be predominantly vegetarian chili).
However, the system would have more creative power if it
could create and refine its own goal as it explores. Given
user input, or even other factors (such as weather), the sys-
tem could change its goal over time to be more appropriate
to the given context.

In an attempt to assess the effectiveness of the presenta-
tion module, we hypothesized that the (admittedly simple)
presentation effected by the system would make the arte-
facts more pleasing (than the raw, system versions of the
recipes) to humans, and thus would increase the perceived
creativity of the system. Thirty-eight participants were ran-
domly given one of two surveys and asked to rate each
of five recipes according to certain criteria. The first sur-
vey contained five unformatted recipes (no title, ingredients
measured in ounces, without rounded quantities), whereas
the second survey contained the formatted versions of the
same five recipes (title, standard measurements, and rounded
quantities). Contrary to our hypothesis, no statistically sig-
nificant difference existed between the responses in the two
groups (see Table 1).

Analysis of the survey lead us to an interesting (though
perhaps retrospectively obvious) realization that the survey
had not explicitly asked/forced the respondents to consider
the creativity of the written recipe. Although the written
recipes were quite different in each of the two cases, the
cooked form of the recipes was the same for both formats.
The effects of presentation on perceived creativity depend
on which form of the artefact is being evaluated. In other
words, were the survey participants evaluating the quality of
the written recipe, or were they considering more what the
cooked version would taste like? As another example of this
idea, consider a system which generates musical scores. Is
the creativity of artefacts produced by such a system deter-
mined from the written score or from the music that is heard

International Conference on Computational Creativity 2012                                        124



when a musician plays the score?
Though this question may seem trivial, consider that when

10 of PIERRE’s recipes were posted on Food.com, the on-
line community was outraged enough by some of the in-
gredient quantities (e.g., a dash of green beans)—which,
though absurd by human standards, would not negatively
affect taste—that even without considering the quality, or
taste, of the cooked recipes, they removed the recipes from
the site and suspended our account. The lack of typicality in
the written recipe was condemned without considering that
if cooked, the resulting chili would be considered typical
(and possibly even tasty) by any reasonable measure.

We assert that many creative domains admit both a “writ-
ten” and a “cooked” version of the artefact. Recognizing
the distinction between the two may be essential to elicit-
ing quantitative (or even qualitative) standards for evaluat-
ing creativity. Much of the work in computational creativity
to date appears to have been on one level or the other—on
the level of “written” artefacts perhaps because it is difficult
to work at all at the “cooked” level or, possibly, because it
is not obvious that there are, in fact, two distinct levels of
artefact representation (e.g. visual art, perhaps?). Music is
another good example of this phenomena. The sheet music
is a written artefact, with instructions on how to produce the
“cooked” artefact (or the actual melody). If there is no way
to listen to the melody being played, then the artefact must
be evaluated at the “written” level (using the sheet music
alone). The idea of building modules which simulate forms
of human perception has been explored to some extent in
fields like computer vision, (audio) signal processing, haptic
systems and the like, but in the context of computational cre-
ativity this sort of dual representation and evaluation is still
largely unexplored at present, and this could represent a sig-
nificant hurdle to establishing conventional tactics in evalu-
ating computational creativity research (Jordanous 2011).
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Abstract
We evaluate the output of a Markov model-based har-
monic progression generator,  a classic model for cor-
pus-based computational creativity. 87 participants per-
formed a discrimination task classifying 20 musical ex-
cerpts  as  either  human-composed  or  computer-com-
posed.  Also  recorded  was  each  participant's  level  of 
confidence in their choice. Results indicated that while 
overall performance was above what would be expected 
from random guessing,  further  analysis  revealed  this 
was  due  to  the  human-composed  pieces  being  much 
easier to identify than computer-composed pieces. As-
sessed separately,  participants were unable to identify 
computer-composed  pieces  above  chance-levels.  We 
suggest improvements to the experimental design that 
could be implement in future evaluations.

 Introduction
The trouble with evaluating artistic creativity is that it is 
difficult to establish objective criteria with which to judge 
the resulting creative artifact. This problem is compounded 
when the source of the artifact is itself a creative software. 
Computational creativity results in creations of creations, 
or metacreations (Whitelaw 2004), that differ from the arti-
facts we are used to encountering. As they are produced by 
machines that vary in their level of autonomy and in the 
amount of user-interaction they require in order to func-
tion, we must keep in mind a different set of considerations 
when we evaluate the resulting pieces.

The evaluation of aesthetics in metacreations is a fixture 
in  the  computational  creativity literature  (Eigenfeldt  and 
Pasquier 2010; Eigenfeldt and Pasquier 2011; Pease, Win-
terstein, and Colton 2001; Stamp, Isenberg, and Carpend-
ale  2007;  Wallraven,  Cunningham,  Rigau,  Feixas,  and 
Sbert 2009). Whereas grading intelligence is a straight-for-
ward matter of assessing how closely or quickly an indi-
vidual can reach the optimum solution to a formally spe-
cifiable problem, there is usually no clear “goal” or “prob-
lem” that needs to be solved in a creative artwork; it often 
exists for its own sake, and to be enjoyed. When judging 
creative works such as music, it often comes down to rely-
ing on the subjective impressions of experts in the relevant 
domain  (music  critics,  musicologists)  or  by  quantifying 
subjective  impressions  in  some  measurable  way  (album 
sales, concert attendance).

Relying on entirely subjective measures is  undesirable 

because it is not sufficient to simply test whether human 
listeners find computer-generated music creative or enjoy-
able or emotional: the mind is capable of finding patterns, 
design, and intention in random noise, deriving pleasure in 
the beauty of living organisms and ecosystems which were 
“designed”  by  the  unguided,  unintelligent  processes  of 
evolution,  and  sometimes  even  in  randomness  itself.  To 
fairly and accurately assess the quality of computer-gener-
ated music, we must devise some sort of objective means 
to do so, even if that means indirectly measuring an effect 
of that creativity rather than directly measuring the creativ-
ity itself.

In the following we will describe previous attempts to 
evaluate computer-generated music,  and then present our 
evaluation  of  the  harmonic  progression  generator  de-
veloped by Arne Eigenfeldt and Philippe Pasquier (2010).

Background

A problem  is  inevitably  encountered  when  one  tries  to 
merge  a  scientific  discipline  concerned  with  objectivity, 
like Artificial Intelligence, with the subjectivity inherent in 
the creation, appreciation, and evaluation of art. This is the 
challenge for anyone proposing ways to evaluate machine 
creativity. As noted by Spector and Alpern (1994), there is 
no universally agreed-upon theory of aesthetic value within 
the artistic community.  How then do we know when we 
have a  computational artist?  Approaches to this problem 
generally fall into two main camps. The first advocates a 
reliance  on  human  judgements,  particularly  of  the  art-
world and museum-going public, by holding art shows and 
getting feedback. However, this requires a lot of time and 
resources and is not always practical nor reliable. The other 
approach recommends the creation and application of codi-
fied, formalized evaluation criteria with which to judge a 
computational artist’s creations. This method is especially 
popular in computer  music evaluation as many forms of 
music can be formulated to follow a rule-system. There are 
three problems with this, however: 1) many existing for-
mulations are “dead forms”, which would penalize works 
in more contemporary genres for which detailed formaliza-
tions have not yet been established, 2) it is not evident that 
strict adherence to rules of a particular art-form or genre 
indicate aesthetic value. Meeting this criterion might indic-
ate nothing more than aesthetically mediocre and boring, 
formulaic work,  and 3) many formulations are rigid and 
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once established may not lend themselves to generalization 
across genres, essentially punishing novel works for being 
too original, even if they are of high quality.

Alternatively, Colton (2008) suggests that, rather than a 
focus on the input and output, how a creative work is pro-
duced is critical to its being perceived as creative. Colton 
asks us to consider the question of whether we label works 
as “creative” based on their quality, or whether we determ-
ine the quality of works based on how creative we found 
the process that generated them to be. Colton notes that in 
painting audiences are concerned with the process that led 
to the final product, and that this affects their enjoyment of 
the piece. In fact, it is noted that often the actual aesthetic 
quality of an artwork has little to do with how creative the 
work  is  perceived  to  be  (consider  Duchamp's  Fountain, 
which was nothing more than a urinal).  One conundrum 
which follows from this approach is that when too little is 
known about the process, we cannot evaluate whether or 
not it is creative, and if we know too much about the pro-
cess,  it  is  regarded as  too mechanical  and  deterministic, 
leaving no room left for “creativity” to be exercised.

Colton presents a model of art appreciation, proposing 
that there are three judgements that consumers make about 
the creative process when determining how much they like 
a piece. These are: 1) the perceived effort required during 
the process, 2) the ingenuity of the process, and 3) the skill 
needed to carry out the process. From these Colton derived 
The Creative Tripod, which defines the three properties a 
system must possess in order to be judged as being creat-
ive:  skill,  appreciation,  and  imagination.  Without  skill, 
nothing can be produced; without appreciation, nothing of 
value can be produced, and without imagination, nothing 
original can be produced. The tripod analogy highlights the 
need for all three properties to be present in order of the la-
bel of “creative” to stand.

Whereas Colton directs attention on the process, Ritchie 
(2007) de-emphasizes  the internal  processes  and favours 
focusing solely on the output. Ritchie argues that when as-
sessing creative artifacts, we should be faithful to the tradi-
tional use of the word “creativity”, which is tied to subject-
ive human judgements. This, combined with the stance that 
we should  only evaluate  observable  creative  behaviours, 
levels the playing field and allows us to assess both hu-
man-produced and machine-produced creative works fairly 
and without bias. Ritchie warns that considering  both  the 
artifact and the process would introduce a fatal circularity: 
we would be left arguing that an artifact is creative because 
the process that produced it was creative, and that we know 
the process that produced it was creative because the arti-
fact it produced was creative.

Discrimation Tasks
Pearce, Meredith, and Wiggins (2002) define four motiva-
tions for developing generative music systems: 1) to imple-
ment them as tools for personal use and/or 2) for general 
compositional use, 3) to provide theories of musical style, 
and 4) to provide cognitive theories of processes in com-
positional  expertise.  These  four  motivations  can  be  col-

lapsed into two general categories, the first of which is to 
use generative music systems as creative tools to produce 
original music, the other is to use these systems as a way to 
model theories of musical style and cognition. We will not 
be discussing the latter category any further here.

The problem of evaluating creativity mirrors a  similar 
problem that befell early artificial intelligence researchers: 
how do we evaluate machine intelligence? It was difficult 
to say whether or not a machine could ever be said to think 
or demonstrate intelligence because there was little agree-
ment  on  what  those  words  would  mean  in  the  context. 
Today we face the same problem with machine creativity, 
unable to unanimously agree on what is meant by “creativ-
ity” in the question: how do we evaluate machine creativ-
ity?

Alan Turing (1950) famously suggested a way to tackle 
the problem. He had us consider a party game (the “imita-
tion game”) where a judge tries to determine which of two 
unseen players is pretending to be a woman; it is the job of 
the man to fool  the judge by responding in  the way he 
thinks a woman would, and it is the job of the woman to 
assist the judge in exposing him. With that in mind, Turing 
suggest  that  instead  of  trying  to  answer  the  impossible 
question of  can machines  think?,  we should reformulate 
the question into something we can answer: are there ima-
ginable digital computers which would do well in the imit-
ation game? That is, could a computer program ever be de-
signed that could successfully convince a judge that he was 
conversing  with  a  human?  This  hypothetical  procedure 
came to be known as the  Turing Test. How this approach 
might be adapted for the problem of machine creativity is 
apparent: reformulate the question from whether or not a 
composition system is creative, and instead ask whether it 
does well in the “imitation game”.

A popular  method of evaluating generative music sys-
tems is to run a Turing-style test on the system’s output 
(Boden 2010).  This  involves  comparing computer-gener-
ated  compositions  to  human-generated  compositions 
through participant evaluation of the various pieces. Ariza 
(2009) cautions against  the use of  term “musical  Turing 
Test” since intelligence of a generative music system can-
not be determined by evaluating its output. The Turing Test 
has underlying assumptions on which it builds its criteria 
for machine intelligence: humans have minds, and natural 
language is sufficient to represent the mind; thus, if a ma-
chine is indistinguishable from a human in discourse, then 
it too has a mind. Joseph Weizenbaum’s ELIZA is an early 
example of a system suited for the Turing Test. The ELIZA 
system was able to fool human interrogators; however, can 
we say that  ELIZA is intelligent? John Searle’s Chinese 
Room Argument suggests that a system is able to fool its 
interrogators  without  knowing anything  about  what  it  is 
doing;  and  so,  having  a  façade  of  intelligence  does  not 
mean that the system is actually doing anything intelligent.

To test the outputs of generative music systems, it is pos-
sible to tweak the criteria of the Turing Test to accommod-
ate the evaluation of musical outputs. Instead of having a 
text-based medium, sound symbols or forms are used. The 
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interrogator is replaced by a critic who may or may not in-
teract with the system. Harnad (2000) labels tests of these 
sorts as toy Tests (tTs) instead of Turing Tests (TTs). In the 
Musical  Output  toy  Test  (MOtT),  the  critic  is  presented 
with  musical  pieces  from two  composer-agents.  One  of 
these agents is human, and the other, of course, is a ma-
chine. Based only on these works, the critic must attempt 
to distinguish the human from the machine.

Caution must be taken when interpreting the results of 
this  type of  test.  For one,  what  criteria  the listener  uses 
when  trying  to  discern  between  the  machine-  and  hu-
man-composed  pieces  needs  to  be  asked  explicitly,  and 
even so, listeners may fail to even be cognisant of their de-
cision-making processes. Second, musical judgements are 
influenced  by  any  combination  of  factors  and  can  vary 
greatly from individual to individual. Furthermore, it is im-
portant to keep in mind that these tests are surveys of mu-
sical judgement and not of whether the system has thought 
or intelligence.

Boden (2010) cites David Cope's Experiments in Music-
al Intelligence (EMI) system, which generated music in the 
style of music contained in a supplied database, and notes 
how those listeners with some musical experience had dif-
ficulty determining whether  the  pieces  it  produced  were 
human-composed  or  not.  However,  those  with more  ex-
tensive familiarity with,  for  example,  Mozart  were more 
readily able  to  distinguish  true  Mozart-composed  pieces 
from the EMI-composed Mozart-esque pieces, though they 
there were unable to tell the difference between the EMI-
composed pieces and human-composed pieces which were 
both meant to mimic Mozart's style. Even when EMI failed 
to perfectly mimic the intended style,  it  still  was able to 
produce  pieces  that  demonstrate  proper  compositional 
technique. Performance in a Turing Test thus varies heavily 
depending on exactly what is being tested (ability to mimic 
a  particular  composer?  Ability  to  follow  compositional 
conventions? Ability to produce interesting melodies?).

Another obstacle for Turing Tests is that they require the 
cooperation of the human judges. People have been known 
to retract their praise for computer-generated works upon 
learning of their synthetic source, protesting that it  is re-
quisite of art  to have been produced by a human being, 
possessing all the facilities that enable one to express and 
communicate human emotion and experience. Some have 
refused to even give audience to a creative work knowing 
that it was produced by a machine, as happened to David 
Cope when debuting EMI. The reason cited is the belief 
that  art  requires creativity, and the belief  that  computers 
cannot be creative precludes computers from creating art. 
This prejudice will prevent some from ever accepting the 
results of a Turing Test, even if it is deemed internally suc-
cessful.

Pearce and Wiggins (2001) proposed an objective frame-
work for evaluating computer-generated musical composi-
tions which, as they themselves point out, elicits comparis-
ons to the Turing Test. The framework was developed in 
response  to  problems  they  identified  with  previous  at-
tempts to evaluate music composed by computer systems. 

They distinguished two kinds of evaluation: the critic and 
what we could call the evaluation-proper. The critic is part 
of the music-generating system itself and helps guide the 
development of the composition by evaluating the interme-
diate products of the system. The evaluation-proper is that 
which we are mainly concerned with here, and is unfortu-
nately the more elusive of the two: it  is the process and 
methods  of  establishing  whether  the  compositions  pro-
duced by the system satisfy the specified conditions of cre-
ativity.

Pearce and Wiggins highlight the necessity of objective 
measurements when evaluating machine creativity, as an 
objective approach to evaluation would be consistent with 
standard scientific investigation. Empirical science carries 
a  respectable weight, and if a creative system could sur-
vive the sort of rigorous testing expected in scientific do-
mains, then the results would be far more compelling than 
the wishy-washy, subjective evaluations seen elsewhere.

The existing evaluation methods Pearce and Wiggins re-
viewed are criticized for failing to confirm to these stand-
ards of objectivity, in part due to the presence of program-
mers' bias in the critic algorithms embedded in a number of 
the systems they discussed. They also note that subjective 
impressions are very imprecise and potentially unreliable: 
it is difficult to ensure that a group of human evaluators are 
following the same criteria.

In reaction to these shortcomings, Pearce and Wiggins 
layout  a  method of  evaluating  composition  systems that 
maintain objective integrity. In order to be objective, a spe-
cific compositional aim must be explicitly established be-
forehand—if the goal is to mimic the style of a specific 
Baroque composer, the system should not receive a posit-
ive evaluation score because it is able to generate a realistic 
progression of 20th century jazz chords. To eliminate pro-
grammer bias, the critic should be derived from a pattern 
extracted from a data set of existing compositions using a 
machine learning algorithm. Once music is composed that 
is able to satisfy the critic, an evaluation using human par-
ticipants is  conducted. The participants should be played 
both music composed by the system and from the data set 
itself, and then tested to see if they are able to distinguish 
the two.

Having participants simply indicate whether they think a 
piece of music is computer-composed or not frees us from 
the subjective question of whether the computer-generated 
work is creative, enjoyable, or emotional, and instead al-
lows us to home in on the objective fact about whether or 
not humans are able to tell whether the works are computer 
composed. Reformulating the question from  can this sys-
tem produce creative works? to  can this system produce  
works indistinguishable from the human composers in the  
data set? creates a predictable, testable, and perhaps most 
importantly, a  clearly refutable claim, as would be expec-
ted from a rigorous scientific experiment.

Experiment

In  the  framework  of  Pearce  and  Wiggins  (2001),  no  at-
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tempt was made to deceive the judges/participants about 
the nature of the experiment: participants were explicitly 
informed  that  they  were  comparing  human-  and  ma-
chine-composed music. Along with this candid approach, 
our  experiment  resembled  the  framework  described  by 
Pearce and Wiggins in many additional ways. Our experi-
ment differs however in that we compare the performance 
of both musicians and nonmusicians, and go beyond offer-
ing  a  simple  binary  choice  between  machine-composed 
and human-composed by providing a 4-point scale which 
will reflect both the participants' choice and their confid-
ence in their choice.

In our study, we aim to evaluate the quality and particu-
larly the robustness of the harmonic progression generator 
developed  by  Arne  Eigenfeldt  and  Philippe  Pasquier 
(2010).  We sought to determine how successful  the pro-
gram is  at  generating harmonic  progression  of  the  same 
quality  and  style  as  human  composers  from  traditional 
classical style periods. To do this, we had two groups of 
human participants,  varying in  their  musical  fluency, at-
tempt to distinguish musical excerpts generated by the pro-
gram from those written by human composers.

System Description
The system we are evaluating uses a third-order Markov 
model  to  derive  harmonic  progressions  from a  supplied 
corpus (Eigenfeldt and Pasquier 2010). This allows versat-
ility as the particular rules from a style-period or genre do 
not have to be hard-coded into the program. Instead, the 
appearance of  the rules  emerge from the reliance on the 
corpus to guide the generation of progressions. By forego-
ing set rules, the system is not biased toward only produ-
cing  progressions  that  follow  traditional  harmonic  and 
voice  leading  conventions,  but  can  just  as  competently 
function within the harmonic freedom of 20th century mu-
sic if provided with a sufficiently rich corpus.

In contrast to many other music generators, the system 
was designed to function and respond to user request. The 
user is given the ability to specify the number of bars to be 
generated, a target bass line, the level and variation of har-
monic  complexity,  and  the  voice-leading  tension  of  the 
generated chords. These vectors help select the best can-
didate among the generated Markov conditional probability 
distributions of chord transitions. The system is written in 
MaxMSP and is available on its first author's webpage1. A 
full  outline  of  the  system is  provided  in  Eigenfeldt  and 
Pasquier (2010).

The corpus which serves as input to the system consists 
of pre-processed MIDI files: all musical content is reduced 
to a sequences of chords (and their durations) with control-
ler data indicating the beginning of phrases and cadences.

Participants
The participants were recruited from Simon Fraser Univer-
sity and the University of British Columbia. Participation 
was incentivized by offering four $50 prizes to be distrib-

1http://www.sfu.ca/~eigenfel/arne/main.html   

uted upon completion of the study.
To increase the resolution of  our test  of  the harmonic 

progression  generator,  we  compared  the  performance  of 
two  independent  groups:  musicians  and  nonmusicians. 
Much like a spoken language, well-written music is con-
strained by and emerges from conventions and rules and 
patterns. If one were to do a validation of a spoken or writ-
ten language-generating program using human participants 
as judges, it would clearly be necessary to have the parti-
cipants be fluent in the target language. It is for this reason 
that we found that in order to perform an accurate valida-
tion, it was critical to test the difference between musicians 
and nonmusicians in this task.

For  the  purpose  of  this  experiment,  only  those  with 
formal training in classical musical analysis were deemed 
“musicians”—mere proficiency with an instrument did not 
suffice.  While  instrumentalists  are  indisputably  “musi-
cians”,  we  were  exclusively  interested  in  those  students 
who have spent time studying and analyzing classical mu-
sic scores and may have developed an ability to identify 
unusual harmonic choices and other errors that might arise 
in  a  machine-generated  composition.  Therefore,  we  de-
cided that  the musician group would consist  of  students 
who have received two or more years of classical musical 
training at a post-secondary institution. To ensure sufficient 
group-size, we also admitted those who have received at 
least 5th grade certification in the royal conservatory of mu-
sic (or equivalent). The group consisting of laypeople (non-
musicians) was screened during the survey to ensure their 
musical naïvety.

Music Selection
Corpus  For our study, we used harmonic progressions de-
rived from a corpus of classical music (a mixture of Clas-
sical  and  Romantic  style  periods).  Only  chords  already 
present in the pieces that made up the corpus found their 
way into the generated excerpts. We presented ten excerpts 
of music generated by the system and ten from classical 
pieces adapted to match the non-melodic presentation style 
of the computer-generated pieces. 

The following is a list of the pieces that made up the cor-
pus from which  the  computer-generated pieces  were  de-
rived. The corpus is divided into five sections, each con-
taining five to six pieces from the same composer to ensure 
consistency of style. We have tried to maintain consistence 
of form in our selections as well. Two of the pieces from 
each  section  were  included  in  the  survey  as  the  hu-
man-composed pieces (marked in bold), and two progres-
sions were generated from each section using the harmonic 
progression generator. As we are evaluating the quality of 
progressions produced by the system rather than determin-
ing the limits of its functionality, the setup described here 
corresponds to a typical use of the system.

Frédéric Chopin: Nocturne in Eb Major Op. 9, No. 2; 
Nocturne in F# Major Op. 15, No. 2; Nocturne in G minor, 
Op. 15, No. 3; Nocturne in Db Major, Op. 27, No. 2; Noc-
turne in F major Op. 55, No. 1.
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Antonín Dvo ákř : Humoresque, Legend, Slavonic Dance 
No. 1, Slavonic Dance No. 2, Symphony No. 9 “From The 
New World” Second Movement, Valse Gracieuse.

Johannes Brahms: Symphony No. 1 In C Minor 3rd Move-
ment, Symphony No. 2 In D 3rd Movement, Symphony 
No. 3 in F 2nd Movement, Symphony No. 3 in F 3rd 
Movement, Symphony No. 4 In E minor 3rd Movement, 
Hungarian Dance No. 5.

Felix Mendelssohn: Consolation, If With All Your Hearts, 
Spinning Song, O Rest In The Lord, Scherzo in E Minor, 
Venetian Boating Song (from Songs Without Words).

Robert Schumann: About Strange Lands And People, 
Träumerei, (from Scenes from Childhood), The Happy 
Farmer (from Album for the Young), Piano Concerto in 
A Minor, The Wild Horseman, Arabesque.

Processing  The original Turing Test was not an assess-
ment of a machine's ability to mimic speech, and neither 
was our experiment a test of the system's ability to creat-
ively interpret and audibly produce music like a performer, 
but merely to compose it. Therefore, all pieces used in the 
experiment were “performed” and recorded using Kontakt 
Player (Native Instruments) and Cakewalk Sonar 4 (Cake-
walk).
The  system we  evaluated  requires  pre-processing  of  the 
items in the data set: as the system is concerned only with 
analyzing and generating harmonic progressions, it was de-
signed to receive as input MIDI files that conform to a spe-
cific  format  of  block chords in  closed position with the 
bass note separately specified. In the name of efficiency, 
rather than manually analyzing the harmony in our chosen 
classical  pieces,  we  utilized  “The  Real  Little  Classical 
Fake Book” (Hal Leonard Corp. 1993), a large collection 
of classical themes transcribed for piano, and simply dis-
card  the  melodic  line  and  sequenced  the  harmonies  and 
harmonic rhythms into MIDI files using the chord symbol 
realization plugin (which generates notes from chord sym-
bols) for the Sibelius scorewriting software (Sibelius).

As we planned to test both musicians as well as 
nonmusicians, we recognized it was important that the hu-
man-composed pieces we chose be unfamiliar enough to 
reduce the likelihood that  either  groups would recognize 
their harmonic structure. Though we imagine that the elim-
ination of the melodic line alone sufficiently obscured the 
identity of the pieces (as will transposition to a different 
key and changing the tempo), discretion was taken to en-
sure that  pieces  that  obtain most  of their  notoriety from 
their harmonic sequences were excluded.

Determining  which  computer-generated  pieces 
would make it  into the  final  test  was  done by selecting 
those that most closely conformed to a pre-specified criter-
ia. To ensure the feasibility of the study, it was decided to 
restrict the length of the harmonic sequences generated to 
around 8-bars and ensure that the progression ended on the 

tonic or dominant chord (regardless of the chord that pre-
ceded it), or in a cadence. The first four bars of one of the 
computer-generated pieces is presented in Figure 1. Note 
that  the  system  encodes  rhythm  and  can  generate  more 
than one chord per bar.

Figure 1. four-bar example of a “Brahms-inspired” excerpt.

Procedure
87 participants, a mix of students and faculty from Simon 
Fraser University and the University of British Columbia, 
were provided a URL to an online survey1. The survey was 
built using Drupal (Drupal) and a number of modules to 
enable audio playback and time tracking (to ensure that the 
participants were listening to the musical excerpts in full at 
least  once).  Participants  were  presented  with  a  consent 
page indicating  that  their  consent  would  be  assumed by 
their completing the survey. They were then directed to a 
screen inquiring about their musical training (to enable us 
to assign them to the correct experimental group), followed 
by instructions detailing how to complete the survey. The 
instructions were upfront about the purpose and methods of 
the experiment; participants were informed that they would 
hear a mix of human-composed music and machine-com-
posed music. No deceptive protocols were utilized. 

Participants were presented one piece of music at a time, 
presented in a pre-established random order (limitations of 
the implementation prevented us from having each parti-
cipant  experience  a  unique ordering  of  questions).  After 
listening, they were asked to rate the likely composer of 
each piece on a 4-point scale with 1 being “definitely hu-
man”, 2: “probably human”, 3: “probably computer” and 4: 
“definitely computer”. 

We decided to avoid using an odd-numbered scale for 
two  reasons:  we  first  wanted  to  discourage  participants 
from disengaging from the task and choosing a neutral rat-
ing of 3 throughout. If participants lack certainty, this will 
be reflected in  a greater  proportion of  “probably X” re-
sponses. We wanted to encourage participants to provide 
their best guess instead of defaulting to a safe “don't know” 
choice as it has been shown in other perceptual judgement 
tasks that participants underestimate their ability and that 
when forced to make a choice they often choose the appro-
priate  response  (Brown  1910).  Gilljam  and  Granberg 
(1993) suggest that the presence of “don't know” options in 
questionnaires  might  encourage even  those  with definite 
opinions to chose the more cautious response. Poe et al. 
(1988) found that,  when concerned with question testing 
factual knowledge, there is little difference in the responses 
1The survey can be accessed at the following URL: http://mag-
num-interactive.com/metacreation

International Conference on Computational Creativity 2012                                        130



on questionnaires with and without a “don't know” option, 
but that excluding a neutral choice resulted in more usable 
data.  A study by Alwin and Krosnick (1991) also found 
that including a “don't know” option did not improve the 
reliability of the results.

Secondly,  the  4-point  scale  allowed us  to  reserve  the 
ability to collapse the data into a binary human/computer 
choice, as well as compare the frequencies of “definitely 
X” to “probably X” selections between musicians and non-
musicians later on for statistical analysis. 

Following the questionnaire, participants were thanked 
for their participation and asked to indicate whether or not 
they recognized any of the progressions (and specify what 
they thought they were if they did), and what strategies (if 
any) they used to determine if the pieces were human- or 
computer-composed. Participants were then directed to a 
separate website where they provided their email address. 
Here they could indicate whether they wanted to be contac-
ted about the results of the experience and/or be entered 
into the prize draw. As this section is separate from the sur-
vey-proper, it prevented us from matching survey answers 
to identifiable e-mail address, preserving anonymity. 

We hypothesized that if the harmonic progression gener-
ator is capable of creating music of a quality and style sim-
ilar to human composers, we should expect to see the per-
formance of the two groups be similar to that which would 
result from random guessing (null hypothesis). If there is a 
detectable difference between the computer-generated and 
human-composed originals (that is: it is possible to distin-
guish the two), we should expect to see the nonmusicians 
perform either close to or slightly-above chance levels, and 
the  musicians out-perform the  nonmusicians  with a  per-
formance even further from chance levels in the direction 
of correct classification.

We used one sample t-tests to compare musicians and 
nonmusicians to chance levels, and two sample t-tests to 
compare the mean scores of the groups. Tests were conduc-
ted  using  Bonferroni  corrected  alpha  level  of  0.005 
(0.05/10). Comparisons were also made between these two 
groups' confidence with their choices as derived from their 
proportions of 1s and 4s compared to 2s and 3s on the 4-
point scale.

Analysis of Data
Performance  Participants were given four options when 
indicating  their  level  of  musical  experience.  They could 
specify that they had at least 2 years of a Bachelor's degree 
in music (Bachelor's), had achieved 5th grade certification 
in  the  royal  conservatory of  music  or  equivalent  (Royal 
Cons.),  had  some  unspecified  formal  musical  training 
(Some),  or  no  training  (None).  Our  original  “musician” 
category collapsed the data from the Bachelor's and Royal 
Cons. groups together, while the “nonmusicians” are made 
up of participants from the Some and None group. Table 1 
shows the different groups' overall performance on the dis-
crimination task.

Experience mean t-score p df

musicians 11.92
(3.27) 2.633 0.0164 19

nonmusicians 11.62
(2.46) 5.386 < .0001 66

Table 1. mean of correct answers out of 20, t-score (compared 
to chance), significance level, and degrees of freedom. Note. 
Standard deviations appear in paratheses.

As a test of our first hypothesis, one sample t-tests were 
used to compare performance to chance-levels (given that 
the questions were binary, 10 good guesses out of 20 is the 
mean for chance level). The results were not as anticipated: 
nonmusicians did significantly better than chance, leaving 
us unable to retain the null hypothesis (that the quality or 
style  of  the computer-generated  pieces  are  indistinguish-
able  from the quality and  style  of  the  human-composed 
pieces).

These data appear at first glance to be in the opposite 
directions of what we expected. Further analysis however 
revealed that by only looking at participants' total scores 
we had overlooked an interesting pattern buried in the data. 
Inspired by a comparable analysis conducted in Pearce and 
Wiggins (2001), when scores on identifying human-com-
posed  pieces  were  analyzed  independently  from  scores 
identifying  computer-composed  pieces,  a  much  different 
picture of the results emerged. Table 2 shows the results of 
this analysis.

Experience mean t-score p df

musicians (H) 6.550
(1.82) 3.808 0.0012 19

musicians (C) 5.300
(1.92) 0.698 0.4936 19

nonmusicians (H) 6.477
(1.51) 8.003 < .0001 66

nonmusicians (C) 5.089
(1.99) 0.369 0.7136 66

Table  2.  results  broken  down  by  group  and  compositional 
source. (H) = human-composed. (C) = computer-composed.

When  tested  with  a  one  sample  t-test,  this  analysis 
shows  that  while  participants  were  able  to  classify  hu-
man-composed pieces (H) well above chance-levels (5 out 
of 10), their performance identifying computer-composed 
pieces  (C)  was  not significantly  different  from  chance-
levels.  Human-composed  pieces  were  much  more  easily 
identifiable as human-composed than computer-composed 
pieces were identifiable as computer-composed. However, 
we still failed to see any statistically significant difference 
between  the  scores  of  the  musician  and  nonmusician 
groups.

Confidence  We also measure the level of confidence the 
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participants experienced for each question in the discrimin-
ation task. Confidence for each question was determined 
by assigning two points for “definitely” answers and one 
point for “probably” answers. A percentage was calculated 
using the score and the maximum possible score (thus a 
score of 100 would mean that the participant gave a “defin-
itely” answer on every question).  Average group confid-
ence scores are indicated in Table 3.

Experience mean n

musicians (H) 67.25
(11.06) 20

musicians (C) 64.00
(12.84) 20

nonmusicians (H) 67.46
(12.83) 67

nonmusicians (C) 63.06
(11.18) 67

Table 3. confidence scores by group and compositional source.

While comparisons between groups' confidence are not 
statistically significant (there was no difference in confid-
ence between experts and laymen), if the group means do 
in fact hint at a general tendency, they would indicate that 
participants are more confident about their answers when 
classifying human-composed pieces.  This  would be con-
sistent with the analysis of performance that indicates that 
participants are likely to correctly identify these pieces as 
human-composed.
Strategies  In the written response section of the survey, 
out of 87 participants, and out of only three who ventured 
guesses, only one correctly identified that they heard a pro-
gression taken from a Chopin piece (though they did not 
specific the piece's name). For the rest, participants seemed 
to rely on a number of factors to help them correctly identi-
fy the pieces' compositional source. Participants classifying 
human-composed pieces indicated that they listen for qual-
ities such as  depth, clarity, complexity, feeling, life, regu-
larity in rhythm, consonance, variety of dynamics, fluidity,  
subtly, repetition, pleasantness, simplicity, and logic. When 
trying to identify computer-composed pieces, participants 
indicated  that  they  listened  for  repetition,  simplicity,  in-
creased speed, odd resolutions, invariable rhythm, disson-
ance,  lack  of  feeling,  symmetry,  rigidity,  formality,  awk-
wardness,  logic,  choppiness,  static  dynamics,  and  disor-
ganization.  Interestingly,  a  number  of  these  properties 
overlap:  participants  trying  to  identify  both  human  and 
computer-composed pieces claimed to be listening for sim-
plicity and logic, and participants within each condition of-
ten were looking for  opposite properties to help identify 
the same source.

Conclusion

Participants listened to a series of  20 harmonic progres-
sions and indicated whether they thought each was human- 
or computer-generated, along with a rating of their confid-
ence  for  each  choice.  We hypothesized  that  participants 
would not perform significantly better than chance at this 
task. 

Overall,  participants  did discriminate  between the  hu-
man-composed material and the progressions generated by 
the system. However, examining the results in more detail 
revealed  something  unexpected.  When  looking  at  parti-
cipant  responses  to  trials  containing  computer-composed 
progressions  in  isolation,  it  was  found  that  participants 
were not capable of identifying the pieces generated by the 
harmonic progression system as computer-composed. Sur-
prisingly, participants were nonetheless capable of identify-
ing the human-composed pieces above chance levels. This 
results suggest that humans have a "natural" tendency to 
correctly recognize human-generated content. This would 
explain  while  our  validation  test  failed.  Further  study 
would be needed to generalize this last finding. We believe 
that this tendency could be of interest to the computational 
creativity community as well as for cognitive sciences in 
general.

There  are  a  number  of  changes  to  our  experimental 
design that would be worth attempting in follow-up stud-
ies. The group sizes in the present experiment were quite 
heterogeneous, and the results seem to suggest that a larger 
number of participants qualifying for the Bachelor's group 
could provide us with valuable data.

We  would  also  likely  benefit  from  randomizing  the 
presentation  order  of  the  musical  excerpts  or  offering  a 
more  extensive  “practice”  section  in  future  experiments. 
The  collective  results  of  all  participants,  plotted  against 
time, gave a Pearson's correlation of r = 0.54, suggesting a 
significant practice effect.

Another  concern  is  that  we  were  not  explicit  enough 
when explaining our procedure. A number of participants 
tried to “outsmart” us and listen for superficial clues in the 
recordings, such as whether a real or synthesized piano was 
used, which evidently led them astray as both human-com-
posed and computer-composed excerpts were created using 
the same equipment. We may also want to increase the dur-
ation of the excerpts as eight-bar phrases may be too short 
for listeners to be able to realistically gauge authorship.

We might consider abandoning the candid approach and 
instead employ an experimental paradigm that relies on de-
ception, such as was done in Levisohn and Pasquier's eval-
uation of BeatBender (2008). This would rid us of the com-
plications that arose from participants trying to over-dissect 
the musical excerpts for clues, and allow us to test for a lar-
ger range of properties. A limitation of our study was that it 
only asked participants to rate whether the pieces were hu-
man- or computer-generated; what, one could wonder, does 
this tell us about how successful the system was at being 
creative? If we modify the design and add additional criter-
ia (e.g. ratings of naturality, enjoyableness, and complexity 
as was done in the evaluation of  BeatBender) that parti-
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cipants could listen for, it might tell us something more de-
tailed about the differences between human-generated and 
computer-generated music.

Looking beyond the dichotomy of subjective judgements 
verses formalized criteria, there are arguably five levels of 
validation for  artistic  metacreations:  the academic forum 
(whether the paper describing the creative system gets ac-
cepted or not),  controlled evaluation (experiment such as 
those described in this paper), and feedback from journal-
ists  and  critics,  peers  (artist  from that  community),  and 
audiences. No evaluation study to our knowledge has at-
tempted to cover all five of these levels. In future studies, 
we may consider rectifying this by adopting a methodology 
which would encompass all of these dimension, enhancing 
the validity of and confidence in our conclusions.
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Abstract

This paper reports an empirical study to automatically
evaluate the ability of T-PEG (Hong and Ong 2009)
to extract joke templates by providing it with a cor-
pus of punning riddles produced by another system,
STANDUP (Manurung et al. 2008). This setup al-
lows us to compare the extracted templates against the
underlying data structures used by STANDUP in gen-
erating the corpus. In our setup, T-PEG is modified
with a generalization component that clusters extracted
templates based on structural similarity. These clusters
are then compared against the underlying rules used by
STANDUP to measure how well T-PEG is able to in-
duce the schema used by STANDUP to generate the
jokes. Whilst far from conclusive, an overall precision
of 0.61 and recall of 0.763 suggests that T-PEG is able
to extract some salient information regarding the under-
lying lexical relationships found within a punning rid-
dle.

Background
The automatic construction of jokes, specifically punning
riddles, as artefacts of linguistic creativity, has received quite
a bit of attention in recent years. See (Ritchie 2005) for
a good overview. Compared to other forms of linguistic
creativity, such as stories and poems, punning riddles obey
more formal structures, and hence are more amenable to au-
tomated construction.

Most of the existing systems such as JAPE (Binsted 1996)
and STANDUP (Manurung et al. 2008) work from a pre-
defined set of rules often called schemata, which forms the
foundation of a joke, and which arguably encodes the hu-
morous knowledge which makes the resulting text recogniz-
ably a joke. The schemata are typically handcrafted by the
researchers based on analysis and observation of collections
of exemplar jokes such as punning riddles.

T-PEG (Hong and Ong 2009) is a system which works
along similar lines, but with a crucial difference: the
schemata, or in T-PEG terms the ‘templates’, are automat-
ically extracted from a corpus of exemplar punning riddles.
Although (Hong and Ong 2009) report a manual evalua-
tion of the extracted templates, it is subjective in nature and
limited in scope. In this paper we present our work in au-
tomatically evaluating the template extraction functionality

of T-PEG by providing it with example jokes produced by
STANDUP, from which we can carry out a more extensive
empirical study due to the fact that we have access to the
underlying data structures used by STANDUP in generating
the samples.

The rest of the paper is structured as follows. We first
provide a brief overview of automatic punning riddle gener-
ation, describing the mechanisms of STANDUP and T-PEG,
before discussing our proposed setup of how to carry out
an automatic evaluation of the extracted templates. We then
present the results and discussion thereof.

Punning riddle generation
STANDUP
Riddle generation in systems such as JAPE and STANDUP
consists of several stages, where at each stage a particular
kind of rule is selected and instantiated, i.e. schemas, de-
scription rules, and templates. Instantiation is performed by
matching against a lexical database. In STANDUP, various
lexical resources are utilized, among others Unisyn1 for pho-
netic information and WordNet (Fellbaum 1998) for lexical
semantic information.

A schema is composed of a header, which specifies a sym-
bolic label and its input parameters, a set of lexical precondi-
tions that specify phonetic, syntactic, and semantic relations
that must hold between key lexical items, and a question
and answer specification, which determines the output for
the next stage (Manurung et al. 2008).

For example, the newelan2 schema is defined as fol-
lows:

• Header: newelan2(NP, A, B, HomB)

• Lexical preconditions: nouncompound(NP,A,B),
homophone(B,HomB), noun(HomB)

• Question specification: shareproperties(NP,
HomB)

• Answer specification: phrase(A,HomB)

It states that a punning riddle can be generated if a set of
four lexical items, i.e. NP, A, B, and HomB, can be found
within a lexical database such that A and B form the com-
pound noun NP, B is a homophone of HomB, and HomB is

1http://www.cstr.ed.ac.uk/projects/unisyn
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a noun. For example2, an instantiation in which NP = com-
puter screen, A = computer, B = screen, and HomB = scream3

could give rise (after the two further stages) to a riddle such
as “What do you call a shout with a window? A computer
scream.”

Once a schema has been instantiated as above, the ques-
tion and answer specifications are non-deterministically
matched against a set of description rules, which encode lin-
guistic variations that are warranted given the schema in-
stantiation. These rules have a structure similar to schemas,
in that they have a header, some preconditions, and an out-
put expression called the template specifier. For example,
one description rule is:

• Header: shareproperties(X,Y)
• Preconditions: meronym(X, MerX), synonym(Y,
SynY)

• Template specifier: merHyp(MerX, SynY)

In the example joke given above, the question speci-
fication shareproperties(computer screen,
scream) would match the header for this rule, where the
values (computer screen, scream) would be bound
to the local variables X,Y of the rule. Subsequently, the
preconditions check further lexical relations to determine
whether the rule is applicable. It may also instantiate
additional variables, e.g. MerX and SynY, where in the
example above MerX is bound to window, a meronym of
computer screen, and SynY is bound to shout, a
synonym of scream.

The answer specification phrase(A,HomB) trivially
concatenates the instantiations, e.g. computer scream.

Finally, all these instantiations are passed on to
the template-filling stage, where the template spec-
ifier merHyp(MerX, SynY) is non-deterministically
matched against a set of canned text such as “What do you
call a * with a * ?” where * indicates a slot to be filled with
the instantiated words.

T-PEG
In the preceding section, we can see that the role of schemas,
description rules, and templates is crucial in defining the
humorous effect of the resulting riddle. In both JAPE and
STANDUP, these rules were manually handcrafted. For in-
stance, STANDUP has 11 schemas. (Hong and Ong 2009)
present T-PEG (Template-based Pun Extractor and Gener-
ator), a system that generates punning riddles in a manner
similar to JAPE and STANDUP, i.e. working from a set of
symbolic rules that define a punning riddle, it instantiates
certain key variables by selecting appropriate sets of words
from a combination of lexical resources. The crucial differ-
ence is that whereas the symbolic rules used by JAPE and
STANDUP were manually crafted, T-PEG relies on tem-
plates that are automatically extracted from a collection of
exemplar jokes.

2The following worked example is taken from (Manurung et al.
2008).

3Homophony can be generalized to include pairs of words
whose phonetic similarity is above a certain threshold.

Given a sample punning riddle, T-PEG constructs a tem-
plate by firstly identifying nouns, verbs, and adjectives with
the help of a part-of-speech tagger, and replacing them with
what they term regular variables. Additionally, similar-
sound variables are identified as words that are homophones
of regular variables. Regular variables follow a naming con-
vention where Xn indicates the n-th word in the question
part and Y n indicates the n-th word in the answer part.
Similar-sound variables are indicated by appending a dash
and a number. All pairs of variables are then checked against
a lexical resource to detect whether any semantic relations
hold between them. In T-PEG, the lexical resources used are
Unisyn, WordNet, and ConceptNet (Liu and Singh 2004).

For example, given the joke “How is a window like a
headache? They are both panes”, T-PEG can extract the
template “How is a <X3> like a <X6>? They are both
<Y3>”, where the following word relations must hold:

• Y3-0 SoundsLike Y3

• X3 ConceptuallyRelatedTo Y3

• Y3 ConceptuallyRelatedTo X3

• Y3 PartOf X3

• X6 ConceptallyRelatedTo Y3-0

• X6 IsA Y3-0

• Y3-0 ConceptuallyRelatedTo X6

From the example above we can see that the notion of
a template in T-PEG is equivalent to the conflation of a
schema, description rule, and template in STANDUP.

The constructed templates are then filtered based on a
graph-connectedness heuristic, i.e. if the variables are nodes
and the word relationships are edges, a template must form
a connected graph to be deemed a valid template.

Once the template has been extracted, generation pro-
ceeds in a similar fashion to STANDUP. In this paper we
are less interested in the generation aspect of T-PEG, as it
is largely similar to JAPE and STANDUP, and more inter-
ested in its ability to automatically learn or extract templates.
Specifically, we are interested in assessing the ability of T-
PEG to correctly identify the necessary and sufficient condi-
tions for generating punning riddles. (Hong and Ong 2009)
report a manual evaluation where a subset of the extracted
templates was manually assessed by a linguist, whose job
was to determine if the extracted templates were able to cap-
ture the ‘essential word relationships in a pun’. The evalu-
ation criteria are based on the number of incorrect relation-
ships as identified by the linguist, and includes missing re-
lationship, extra relationship, or incorrect word pairing. A
scoring system from 1 to 5 is used, where 5 means there is
no incorrect relationship, 4 means there is one incorrect re-
lationship, and so on. They report an average score of 4.0
out of a maximum 5.

Automatic evaluation of template extraction
There are two issues concerning the manual evaluation of
template extraction presented in (Hong and Ong 2009).
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Firstly, we believe this evaluation is rather subjective. Al-
though punning riddles are relatively simple and straight-
forward to analyse, the linguists were not the original au-
thors of the jokes, and thus there is room for misinterpre-
tation or incorrect emphasis. Furthermore, it is unquestion-
able that relying on the manual judgment of a linguist is both
time-consuming and costly. The manual evaluation reported
in (Hong and Ong 2009) was carried out on 27 templates
generated from 27 jokes, which is a rather small sample from
which to draw any conclusion.

Our observation is that if one had access to a large corpus
of punning riddles that had somehow been annotated with
the ‘correct’ word relationships that underlie the joke, one
could assess T-PEG’s template extraction functionality by
comparing the resulting template against the reference word
relationships. Unfortunately, we know of no such annotated
resource that currently exists. However, we can use an exist-
ing punning riddle generator such as STANDUP to produce
an approximation of such a resource, since we can access the
underlying data structure of a generated punning riddle. In
the joke generation module of STANDUP, the JokeGraph
object of a generated punning riddle provides full access to
the underlying lexical relationships.

Another issue we attempt to address is the fact that T-PEG
makes no attempt at generalization of the extracted tem-
plates. Given fifty exemplar punning riddles, it will attempt
to construct fifty templates. Hong and Ong state that this is
beneficial ‘to increase coverage’. However, we contend that
if we are interested in building systems that computationally
model the mechanisms of linguistic humor, coverage is not
enough. A creative generative system should be able to gen-
erate artefacts from a limited set of symbolic rules. Thus,
T-PEG should be able carry out some abstraction over the
extracted templates, to yield a set of highly-productive pat-
terns.

These two goals form the rationale of our proposed setup,
which we discuss in the next section.

Proposed setup
As discussed above, the purpose of our experiment is to au-
tomatically evaluate the ability of T-PEG to correctly ex-
tract templates that underlie a collection of punning riddles.
The proposed setup is as follows. Firstly, STANDUP is
used to generate a large number of punning riddles. For
each riddle, we note the actual rules used by STANDUP to
generate them, which are used during the evaluation phase.
The riddles are then given to T-PEG, which yields a tem-
plate for each riddle. These templates are then organized
into clusters using agglomerative clustering by calculating
the similarity between templates using a structural similar-
ity metric based on the semantic similarity evaluation func-
tion presented in (Manurung, Ritchie, and Thompson 2012).
We then apply a simple majority rule to label the clusters,
and then evaluate the template extraction process using the
widely-used notions of precision and recall.

To achieve this, T-PEG first had to be modified by replac-
ing its lexical and conceptual resources with those that were
used in STANDUP, thus ensuring that the template extrac-

tion module would be able to identify the original lexical
relationships in STANDUP.

Template clustering
The agglomerative clustering process starts with all tem-
plates belonging to singleton clusters. The distance of each
cluster to all other clusters is then computed. The distance
between two clusters is defined as the average distance of
each pair of elements contained within the two clusters, also
known as average linkage clustering. The two clusters with
the shortest distance are then merged together. This process
is repeated until k clusters remain, where k is provided as an
input parameter.

In defining the notion of distance between two templates,
we turn to the structure-mapping work of (Love 2000)
and (Falkenhainer, Forbus, and Gentner 1989) that has de-
fined a computational model of semantic similarity in terms
of conceptual and structural similarity. Structural similarity
measures the degree of isomorphism between two complex
expressions. Conceptual similarity is a measure of related-
ness between two concepts.

More specifically, we use the semantic similarity evalu-
ation function used in (Manurung, Ritchie, and Thompson
2012), which implements a greedy algorithm based on Gen-
tner’s structure mapping theory (Falkenhainer, Forbus, and
Gentner 1989). It takes two complex expressions, in our
case two T-PEG extracted templates, and attempts to ‘align’
them in an optimal manner. It then applies a scoring function
based on Love’s computational model of similarity (Love
2000) to compute a score based on various aspects of the
alignment. This function yields a distance of zero between
two conceptually and structurally identical templates, and
further distances for increasingly different template pairs.

Cluster labeling
We then automatically label the clusters using a simple ma-
jority rule. First, we define the underlying schema of a tem-
plate to be the label of the STANDUP schema that was used
to generate the punning riddle from which the template was
extracted.

A cluster is then automatically labelled by identifying the
underlying schemas of all its member templates, and simply
choosing the schema that created the majority of templates
within that cluster. If there are several underlying schemas
that produced the same number of templates in a cluster, one
is randomly selected. As an example, if a cluster contains 10
templates whose underlying schema is lotus, and 6 templates
whose underlying schema is newelan1, then that cluster is
labelled as representing the lotus schema.

Precision and recall
Using these cluster labels, we can compute measures which
correspond to the widely-used notions of precision and re-
call in pattern recognition. In classification tasks, these mea-
sures are defined as follows:

Precision =
tp

tp+ fp
Recall =

tp

tp+ fn
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where in our case, given a cluster c with label l, tp (true
positive) is the number of extracted templates that appear
as members of c whose underlying schemas are l, fp (false
positive) is the number of templates in c whose underlying
schemas are not l, and fn (false negative) is the number of
templates not in c but whose underlying schemas are l.

Precision and recall can be computed for each cluster, or
as an aggregate measure over all resulting clusters.

Experimental setup
The experimental setup is as follows. Firstly, STANDUP is
used to generate 20 jokes for each of 10 schemas, namely
bazaar, lotus, doublepun, gingernutpun,
rhyminglotus, newelan1, newelan2, phonsub,
poscomp, and negcomp, resulting in a collection of 200
exemplar jokes. These jokes are then analysed by T-PEG,
which yields 200 joke templates.

We then apply agglomerative clustering until 10 clusters
are formed (since 10 STANDUP schemas are used). Our
hypothesis is that for T-PEG to be deemed successful in ex-
tracting templates, it should be able to correctly organize
the 200 templates into 10 clusters that correspond to the
10 STANDUP schemas. The precision and recall metrics
should provide appropriate quantitative measures as to this
goal.

Results and discussion
Table 1 shows the results of applying agglomerative clus-
tering on the 200 templates into 10 clusters. The first col-
umn indicates the cluster number. The second and third
columns specify the cluster membership, by indicating the
number of templates with a given underlying STANDUP
schema found within that cluster. The fourth column in-
dicates the cluster size. The last column indicates the la-
bel assigned to that cluster using the majority rule described
above. For example, cluster 1 contains 21 templates, 19 of
which have rhyminglotus as their underlying schema,
and 2 of which have bazaar as their underlying schema.
Accordingly, it is assigned the label rhyminglotus.

Table 2 shows the precision and recall values computed
for the clustering results. The first two columns indicate the
cluster numbers and assigned labels, which correspond to
the information in Table 1, and the last two columns indi-
cate the precision and recall values computed for each clus-
ter. Finally, the last row indicates the overall precision and
recall. This aggregate result take into account the weighted
averages given the different cluster sizes. Note that we col-
lapsed clusters 1 and 6 because they were both labeled as
rhyminglotus, and similarly, clusters 2 and 3 are col-
lapsed due to the fact that they are both labeled as bazaar.

Finally, Table 3 shows the confusion matrix of how
the templates are classified according to their underlying
schema. The rows indicate the original underlying schemas,
and the columns indicate the cluster labels. For example,
of the 20 templates extracted from punning riddles gen-
erated using the bazaar schema, 14 are correctly found
within a cluster labeled bazaar, 2 are found in a cluster la-
beled rhyminglotus, and 4 are found in a cluster labeled
lotus.

No. Schema Amount Total Label

1 rhyminglotus 19 21 rhyminglotusbazaar 2
2 bazaar 11 11 bazaar
3 bazaar 3 3 bazaar

4

lotus 20

89 lotus

newelan1 19
gingernutpun 17

newelan2 16
doublepun 13

bazaar 4

5
doublepun 7

14 doublepunnewelan2 4
gingernutpun 3

6 rhyminglotus 1 1 rhyminglotus
7 newelan1 1 1 newelan1
8 phonsub 20 20 phonsub
9 poscomp 20 20 poscomp

10 negcomp 20 20 negcomp

Table 1: Results of agglomerative clustering

No. Label Precision Recall
1 & 6 rhyminglotus 20/22=0.91 20/20=1
2 & 3 bazaar 14/14=1 14/20=0.7

4 lotus 20/89=0.225 20/20=1
5 doublepun 7/14=0.5 7/20=0.35
7 newelan1 1/1=1 1/20=0.05
8 phonsub 20/20=1 20/20=1
9 poscomp 20/20=1 20/20=1
10 negcomp 20/20=1 20/20=1

Overall 0.61 0.763

Table 2: Precision and recall measures

From these results, we can see that only templates with
phonsub, poscomp, and negcomp as their underlying
schemas are perfectly identified. Templates with the un-
derlying schemas rhyminglotus and lotus are cor-
rectly clustered together, but suffer some impurities with
other templates also being deemed to belong to their clus-
ters. Most notably, the cluster labeled lotus contains a
very large number of templates from other schemas such
as bazaar, doublepun, gingernutpun, newelan1,
and newelan2. The cluster labeled newelan1 con-
tains only one template. No clusters were labeled as
gingernutpun and newelan2.

A purely random baseline, in which the 200 extracted
templates are randomly assigned to 10 different clusters,
would yield an expected precision and recall of 0.1. Whilst
this is an artificially low baseline, the results of an overall
precision of 0.61 and recall of 0.763 suggests that T-PEG
is able to extract some salient information regarding the un-
derlying lexical relationships of a pun. However, certain un-
derlying schemas are very difficult to distinguish from each
other.

Upon further analysis, we can see that the problems arise
from the fact that the templates extracted by T-PEG conflate
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bazaar 14 2 4
rhyminglotus 20
lotus 20
doublepun 13 7
gingernutpun 17 3
newelan1 19 1
newelan2 16 4
phonsub 20
poscomp 20
negcomp 20

Table 3: Confusion matrix of clustering results

the various rules in STANDUP, i.e. schemas, description
rules, and canned text templates. To illustrate the issues,
observe the following two jokes, both generated using the
lotus schema, and their resulting extracted templates:

Joke 1:

What do you call a cross between a firearm and a first step?
A piece initiative

The resulting template is:

What do you call a cross between a <X8> and a <X11><X12>?
A <Y1> <Y2>

with the following word relationships:
• IsCompoundNoun(X11, X12)
• IsCompoundNoun(Y1-0, Y2)
• Synonym(X8, Y1)
• Synonym(Y2, X11:X12)
• Hypernym(X11:X12, Y1-0:Y2)
• Homophone(Y1-0, Y1)

From the joke we can see that the instantiations for
the regular variables are X8=firearm, X11=first, X12=step,
Y1=piece, and Y2=initiative. Furthermore, the similar-
sound variable Y1-0 is bound to peace, because in WordNet,
“peace initiative” is an instance of an initiative.

Thus, the word relationships state that “first step” and
“peace initiative” are compound nouns, firearm is a syn-
onym of piece, initiative is a synonym of “first step”, which
in turn is a hypernym of “peace initiative”, and that lastly,
peace and piece are homophones.

Joke 2:

What do you call a cross between an l and a correspondent?
A litre writer.

The resulting template is:

What do you call a cross between an <X8> and a <X11>?
A <Y1> <Y2>

with the following word relationships:

• IsCompoundNoun(Y1-0, Y2)
• Synonym(X8, Y1)
• Synonym(X11, Y1-0:Y2)
• Homophone(Y1-0, Y1)

From the joke, we can see that the instantiations for the
regular variables are X8=l, X11=correspondent, Y1=litre,
and Y2=writer. Furthermore, the similar-sound variable Y1-
0 is bound to letter, because in WordNet, “letter writer” is a
synonym for “correspondent”.

Thus, the word relationships state that “letter writer” is a
compound noun, l is a synonym of litre, correspondent is a
synonym of letter writer, and litre and letter are deemed to
be homophones.

From these two jokes and their resulting extracted tem-
plates, we can make several observations. Firstly, T-PEG
correctly extracts the core lexical preconditions stated for the
lotus schema, in that the ’punchline’ must contain a com-
pound noun Y1-0:Y2 (“peace initiative” and “letter writer”,
respectively), where the first word is replaced with a homo-
phone, Y1 (in the first joke, piece, and in the second, litre).

However, the two jokes use different description rules for
the question part. Whereas the former joke used a synonym
(firearm) and a hypernym (first step) to describe the punch-
line, the latter used two synonyms, namely l and correspon-
dent. Since T-PEG makes no distinction between word re-
lationships arising from schemas or description rules, the
choice of description rule, which is a somewhat trivial
linguistic variation, leads the agglomerative clustering to
falsely conclude that two jokes from different underlying
schemas in fact use the same pattern.

Additionally, T-PEG extracted ‘noisy’ word relationships
that play no part in the joke construction. Whereas the word
relationships of the extracted template for the second joke
capture exactly the necessary and sufficient conditions, in
the former joke, nothing hinges on the fact that a “first step”
is a compound noun, nor that initiative is a synonym of “first
step”. Such extraneous word relationships further pull the
templates into wrong clusters.

From this experiment, we can conclude that although T-
PEG may be successful at learning some joke templates
given sample punning riddles, it is still making faulty asser-
tions as to the constraints that specify what makes the riddle
‘work’ as a joke.

However, we speculate that much work can be done to
repair such errors. The data redundancy contained within the
specific templates that are clustered together, for instance,
can be further analysed to form core relationships that are at
the heart of the punning riddle structure. This is an avenue
of future work that we intend to explore.

Summary
The manually constructed rules of STANDUP are specif-
ically designed to maximize generative powers whilst re-
taining a fairly limited set of symbolic rules. T-PEG, on
the other hand, tries to address the issue of having to hand-
craft rules by automatically extracting templates from exam-
ple jokes. However, the evaluation of this functionality was
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fairly limited given the difficulty and cost of manual eval-
uation. This paper has attempted to carry out a fairly novel
methodology of automatically evaluating the performance of
one creative system (T-PEG) using another creative system
(STANDUP) to produce sample data with complete under-
lying annotations for comparing against. Although the re-
sults are far from conclusive, it corroborates the results of
the manual evaluation in (Hong and Ong 2009) that claims
T-PEG was successful in extracting templates from sample
jokes. Furthermore, the experiment could shed more light
on where T-PEG was still lacking in its ability to extract the
underlying generative rules of the punning riddles.

Furthermore, the benefit is twofold: the template cluster-
ing process proposed in this work has attempted to address
the generalizability of T-PEG. It is not sufficient to say that
a huge number of templates will ensure maximum coverage.
For a generative system to be deemed creative, it should be
able to generate a high ratio of good quality artefacts from a
limited set of symbolic rules.

By breaking down the patterns into schemas, description
rules, and templates, and by stating the conditions when they
can be composed together, STANDUP is able to produce a
very wide range of different jokes, and in some sense can
“explain” the craftsmanship behind its joke production fa-
cilities, as each individual component represents a specific
function of the joke. T-PEG’s templates, on the other hand,
are monolithic structures that cannot be broken down into its
functional components. This distinction is to be expected,
given that the rules found within STANDUP were manu-
ally constructed, whereas T-PEG rules are automatically ex-
tracted. Nevertheless, this points towards a promising direc-
tion of future work in the automatic extraction of rules from
creative artefacts.

As stated in the previous section, we believe that the tem-
plate clustering process opens up the possibility of future
work, i.e. by further leveraging the data redundancy con-
tained with the resulting clusters. Further still, given that the
clustering process makes use of the notion of distances be-
tween templates and clusters, one could imagine a technique
that selects the template closest to the centroid of the cluster
as being the most representative template for further gener-
ation. Finally, we would like to explore more sophisticated
generalization techniques that would enable us to tease out
the distinctions between component rules such as schemas,
description rules, and canned text templates.
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Abstract
We present an evaluation study of several  musical metacrea-
tions. An audience that  attended a public concert of music 
performed by string quartet, percussion, and Disklavier was 
asked to participate in a study to  determine its success:  46 
complete surveys were returned. Ten compositions, by two 
composer/programmers, were created by five different soft-
ware systems. For purposes of validation, two of these 
works were human-composed, while a third was computer-
assisted: the audience was not informed which compositions 
were human-composed. We briefly discuss the different 
systems, and present the artistic intent of each work, the 
methodology used  in  gathering audience responses, and the 
interpreted results of our analyses.

Introduction
The Musical Metacreation project1 is an ongoing research 
collaboration between scientists and composer/musicians  
at Simon Fraser University that explores the theory and 
practice of metacreation – the notion of developing soft-
ware that demonstrates creative behaviour (Whitelaw 
2004). The objectives include not only developing soft-
ware, but producing and presenting artistic works that use 
the software, and validating their musical success.
 The research team includes a composer of acoustic and 
electroacoustic music who has created music composition 
and performance systems for over twenty years, an artifi-
cial intelligence researcher whose specialty includes multi-
agent systems and cognitive modeling (and who is himself 
a creative artist in the field of computer music, sound de-
sign, audio and media arts),  and several research assistants 
who are composers and/or scientists.
 The fields of musical metacreation revolves around two 
central tasks: 
• The composition task: the aim of this task is to produce 

music in the form of a symbolic representation, often a 
musical score.  If the system takes existing composi-
tions as input, it will be said to be corpus-based.

• The interpretation task: given some symbolic musical 
notation, this task consists of generating an acoustic 
signal.

 Sometimes, these two tasks collide. For example,  in  
electroacoustic music (in which we include electronica), 
an acoustic signal is directly generated as the output of the 
composition task. In the case of improvised music, compo-
sition and interpretation can be seen to happen simultane-
ously. The systems described in this paper, along with their 
evaluation, are all addressing the composition task.

 The creative systems produced by our research team 
have already been described in conference proceedings and 
journals, while the music produced has been presented in 
public concerts and festivals. On the surface, therefore, we 
could state that our work has already been validated; how-
ever, there are deeper issues involved that we discuss in 
this paper.
 In considering how a metacreative system might be vali-
dated, there are at least five potential viewpoints that can 
be considered:
1.The designer: the designer of the system accepts the out-

put as artistically valid;
2.The audience: the work is presented publicly, and the 

audience accepts the work;
3.The academic experts: the system is described in a tech-

nical peer-reviewed paper and accepted for conference 
or journal publication;

4.The domain experts: the system receives critical attention 
through the media or non-academic artists via demon-
stration;

5. Controlled experiments: the system is validated through 
scientifically accepted empirical methods, using statis-
tical analysis of the results in order to accept or reject 
the hypothesis made about the system.

 In the first instance, any artwork created by a human,  
and publicly presented, conceivably requires the artist to 
consider it complete and successful and representative of 
the artist’s aesthetic vision. Similarly, metacreative works 
have, so far and to our knowledge, reflected the artistic 
sentiment of their designers. According to this viewpoint, 
the system evaluation is made directly by the designer. In 
our case, our metacreative systems have produced works 
that we find artistically interesting.
 The second step reflects an artist’s desire to share their 
work with the public. Whether the audience accepts,  appre-
ciates, or enjoys the work is,  unfortunately, often difficult 
to ascertain, as many audiences will politely applaud any 
work.  One could include more quantitative measures, such 
as audience counts, album sales, or online downloads.
 The third case involves peer-review, albeit for a descrip-
tion of the system in technical terms. A different criteria is 
in place, one dependent less upon the artistic output,  and 
more upon the technical contribution of the system in its 
novelty and usefulness. Often, the evaluation is also an 
evaluation of the originality and soundness of the process 
encoded in the system in regard to the computational crea-
tivity literature (Colton, 2008). 

1 http://www.metacreation.net/
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 Both metacreation software and their output can be dis-
cussed in the media. Journalists and critics are different 
from the regular audience, in that their opinion will be fur-
ther diffused to the audience: this may influence the audi-
ence judgment and the work can gain or lose notoriety as a 
consequence. 
 Lastly, empirical quantitative or qualitative validation 
studies can be undertaken that involve methods long sup-
ported by the research community for generating knowl-
edge within the hard and soft sciences. While the computa-
tional creativity literature has started investigating these 
(Pearce and Wiggins, 2001; Pease et al., 2001, Ritchie, 
2007, Jordanous, 2011), a great deal remains to be done.
 While most previous work regarding the evaluation of 
musical metacreation (and computationally creative soft-
ware in general for that matter) have been focusing on di-
mensions 1, 3 and 5, this paper presents an experimental 
study realized in the context of the public presentation of 
artworks in a concert setting (mixing dimensions 2 and 5). 
Also, there are very few instances of evaluation studies that 
consider more than one metacreative system at a time; our 
study is a comparative study of five different systems for 
computer-generated or computer-assisted composition.
 The remainder of this paper discusses our evaluation 
study and the results we received, but also the questions 
that were raised. We first describe the different software 
systems involved, as well as the artistic intent of the com-
positions produced. We then present the methodology used 
in gathering audience responses to the compositions,  as 
well as the results garnered from these responses. Finally, 
we posit our conclusions, as well as potential future work 
in this area.

Description
The public presentation of the metacreative software sys-
tems described in this paper took place as a public concert 
in December, 2011. Audience included members of the 
general public, as well some students of the first and third 
authors. Ten compositions, by two composers, were per-
formed by a professional string quartet,  percussionist, and 
Disklavier (a mechanized piano equipped to interpret MIDI 
input). The music was produced by five different software 
systems designed, and coded individually by the two com-
posers.  For comparison purposes, two of the pieces were 
composed without software; in other words, composed 
completely by human; a third was computer-assisted. The 
audience was informed beforehand that at least two of the 
works were human-composed, but were not informed as to 
which pieces these were; however, the program notes made 
it rather obvious that fundatio and experiri were, at most, 
computer-assisted. See Table 1 for a list of compositions.

The Systems and Compositions
In Equilibrio was generated by a real-time multi-agent sys-
tem, described in (Eigenfeldt, 2009b). The system is con-
cerned with agent interaction and negotiation towards a 
integrated melodic, harmonic, and rhythmic framework; its 
final output are MIDI events. The generated MIDI data was 

sent to a Yamaha Disklavier; no effort was made to dis-
guise the fact that the performance was by a mechanical 
musical instrument. Along with the Disklavier and some 
high-level performance control by the composer, this sys-
tem was responsible for both the “live” composition and its 
interpretation. 
 One of the Above consists of three movements for solo 
percussion. The music is notated by a system described in 
(Eigenfeldt and Pasquier,  2012).  This system uses multiple 
evolutionary algorithms, including genetic algorithms, to 
control how a population of musical motives is presented in 
time, and how it is combined with other populations of 
motives. Intended for solo percussionist, the composition is 
a concentrated investigation in development of rhythmic 
motives. Each movement of the composition was presented 
separately, and treated as a unique composition within the 
evaluation. One additional movement, composed with the 
same intentions as the other three in this series, is human-
composed (for reasons discussed in the Evaluation section). 
 Dead Slow / Look Left is a notated composition for string 
quartet and percussion, by a system that employs the har-
monic generation algorithm described in (Eigenfeldt and 
Pasquier, 2010). The composition consists of a continuous 
overlapping harmonic progression generated using a har-
monic analysis of 87 compositions by Pat Metheny, and a 
third-order Markov model based upon this analysis. In this 
corpus-based system, durations, dynamics, playing style, 
range, and harmonic spread were determined using patterns 
generated by a genetic algorithm. These continuous harmo-
nies were interrupted by contrapuntal sections that interpret 
tendency masks (Truax 1991), which define such parame-
ters as sequence length, number of instruments,  subdivi-
sions,  playing style,  number of playing styles, dynamics, 
and the number of gestures in a section. 
 Other, Previously was generated by a system described 
generally in (Eigenfeldt, 2009a), while the composition is 
described more fully in (Eigenfeldt, 2012b). A corpus of 
MIDI files – in this case 16 measures of the traditional 
Javanese ensemble composition Ladrang Wilugeng – was 
analysed, and generative rules regarding rhythmic con-
struction was derived from the corpus. These rules were 
used by a genetic operator to create a population of ever-
evolving melodies and rhythms that the system reassem-
bled in a multi-agent environment over a rotating harmonic 
field. The real-time output was transcribed in a music nota-
tion program, and performed by string quartet. The end 
result is a piece of notated music that reflects many of the 
tendencies of the original corpus material, without direct 
quotation. The composer’s role was limited to dynamic 
markings, orchestration, and assembling sections.
 Gradual was generated by an extension of the system 
used to generate One of the Above,  with an additional mod-
ule to control pitch aspects integrated into the system. The 
final output was a notated work for marimba, violin,  and 
Disklavier. While the system achieved the composition on 
its own, the interpretation was mixed: humans were playing 
the marimba and violin while the system was in charge of 
operating the Disklavier.
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Composition Instrumentation
Experience LevelExperience LevelExperience Level

Composition Instrumentation Expert Novice Combined

1 In Equilibrio 
[c]

Disklavier 3.17
(0.99)

2.71
(1.23)

2.90
(1.14)

2 One of the Above #1 
[h]

Solo percussion 4.00
(1.00)

3.36 
(1.19)

3.67
(1.13)

3 Dead Slow /Look Left 
[c]

String quartet and 
percussion

4.16
(0.90)

3.08
(1.15)

3.51
(1.16)

4 One of the Above #2 
[c]

Solo percussion 3.68
(0.67)

3.16
(1.07)

3.42
(0.93)

5 fundatio 
[h]

String quartet 4.29
(0.80)

4.24
(0.83)

4.24
(0.81)

6 experiri 
[c-a]

String quartet 4.47
(0.61)

4.36
(0.86)

4.40
 (0.76)

7 One of the Above #3 
[c]

Solo percussion 3.39
(0.76)

3.12
(1.20)

3.22
 (1.04)

8 Other, Previously 
[c]

String quartet 4.31
(0.75)

4.50
(0.59)

4.40
(0.66)

9 One of the Above #4 
[c]

Solo percussion 3.63
(1.16)

2.71
(1.00)

3.10
(1.16)

10 Gradual 
[c]

Violin, marimba, 
Disklavier

4.05
(0.85)

3.88
(0.95)

3.93
(0.89)

Table 1. Individual composition engagement score means (out of 5). Standard deviations appear in parentheses. [c] = computer- composed. 
[h] = human-composed. [c-a] = computer-assisted.

 fundatio and experiri were created by composer and  
software designer James Maxwell, with the help of his gen-
erative composition software that rests on a cognitive 
model of music learning and production. This software, 
ManuScore,  is partially described in (Maxwell et al. 2009, 
2011). ManuScore is a notation-based, interactive music 
composition environment. It is not a purely generative sys-
tem, but rather a system which allows the composer to load 
a corpus, and proceed with that compositional process 
while enjoying recommendations from the system of possi-
ble continuations as suggested by the model.   
 fundatio was written using the commercial music nota-
tion software, Sibelius, following the compositional proc-
ess used by the composer for many years, while experiri 
was written using ManuScore. Although this latter work 
remains clearly human-composed,  the formal development 
of the music, and much of the melodic material used, were 
both directly influenced by the software.
 Performances of the compositions can be viewed here:
 In Equilibrio: http://youtu.be/x5fIdHbqEhY
 Other; Previously: http://youtu.be/gaQfyhOiRio
 One of the Above #2: http://youtu.be/gAIjQOiMG54; 
 One of the Above #3:  http://youtu.be/bUYr7T7DKGs; 
    One of the Above #4: http://youtu.be/cQNQKinbJ-s.
 Gradual: http://youtu.be/HZ2_Pr35KyU.
 experiri: http://youtu.be/Gr5E7UVUoE8
 fundatio: http://youtu.be/rNXt8b-kLMQ

Evaluation Study
The public concert was meant to serve two purposes: 
firstly, to present the artworks of the metacreative systems 
to the public, and secondly, to explore the idea of conduct-
ing evaluation in concert settings.
 The opportunity for serious validation prompted the first 
composer to write an additional work separate from the 
metacreative systems, with the same musical goal. The 
purpose was not to fool the audience in making them guess 
which piece was not composed by machine, but rather to 
add human-composed material to the comparative study.  
While we hope that audiences will, one day, accept ma-
chine generated music without bias, Moffat and Kelly 
(2006) suggest this is not yet occurring. In our case, given 
three works for solo percussionist, composed in a particu-
larly modernist style, it would be difficult to ascertain 
whether an audience’s appreciation – or lack thereof – was 
due to the musical style, the restricted timbral palette, the 
lack of melodic and harmonic material, or any failings of 
the metacreative system. The human-composed piece al-
lowed the composer to demonstrate the above-mentioned 
aspects, yet composed by the system designer. If the audi-
ence’s rating of the human-composed piece was statisti-
cally similar to the metacreative works, it would demon-
strate that the audience’s preferences were based upon 
style, rather than musical creativity and/or quality.
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Methods
Participants were 46 audience members from the general 
public (rather than only students) who attended a paid con-
cert put on by Simon Fraser University. A program distrib-
uted to each audience member explicitly indicated that 
“machine-composed and machine-assisted musical compo-
sitions” would be performed. Each audience member also 
received an evaluation card on which they were encouraged 
to provide feedback. Audience members were asked to in-
dicate, on a Likert-scale from 1 to 5, their level of familiar-
ity with contemporary music, followed by ten similar 5 
point Likert-scales regarding how “engaging” they found 
each piece to be. Audience members were also asked to 
indicate which three pieces they felt were the most directly 
human-composed. Audience members where also given 
space to write in their own comments. See Table 1.

Hypotheses
We hypothesized that the machine-generated and 
computer-assisted works were sufficiently similar in qual-
ity and style to the human-composed pieces that audience 
members would show no preference for the timbrally simi-
lar human-composed pieces (null hypothesis). This prefer-
ence would be indicated by audience members' indication 
of how “engaging” they found each piece.

Analysis
In order to avoid alpha inflation that arises from multiple 
comparisons,  statistical tests were made using post-hoc 
Bonferroni corrected alpha levels of .005 (0.5/10).  For part 
of the analysis, the 46 audience members were divided into 
novice and expert groups depending on the score they indi-
cated for the “familiarity with contemporary music” ques-
tion.  The “novice” group consisted of audience members 
that gave a score 1, 2,  or 3 out of 5 on the familiarity scale 
(N = 25). The “expert” group consisted of the remaining 
audience members who gave a 4 or 5 (N = 19).  Two audi-
ence members failed to provide a familiarity score, so their 
data was excluded from group comparisons.
Audience did not seem to discriminate between all the 
percussion pieces. Comparing the average engagement 
scores for the human-composed solo percussion piece One 
of the Above #1 (M =3.59, SD = 1.15) with the average 
scores for the machine-composed One of the Above #2 
through #4 (M = 3.28, SD = 1.02) was not significant, t(44) 
= 1.43; p = .16 ns, leaving us unable to suggest that partici-
pants were able to discriminate between the human and 
machine-composed percussion pieces.
Audience did not “recognize” which piece was not 
computer-made. Assuming participants would find 
human-composed pieces more engaging, participants’  en-
gagement rating of the individual pieces were interpreted as 
an indication of whether participants could implicitly dis-
tinguish human-composed from machine-composed pieces. 
Tests comparing expert listeners’ engagement scores for the 
human-composed One of the Above #1 (M = 4.00, SD = 
1.00) against the machine-composed alternatives (M = 
3.57,  SD = 0.88) were not significant (t(18)=1.68; p = 0.11 

ns). Similarly, novice listeners' scores for One of the Above 
#1 (M = 3.33, SD = 1.20) compared to the alternatives (M 
= 3.01, SD = 1.08) demonstrated no significant preference 
for the human-composed piece, t(23)=0.96; p = 0.34 ns.
 Comparisons between the expert listener engagement 
ratings for the two string quartet pieces, the human-
composed fundatio (M = 4.29, SD = 0.81) and the 
machine-assisted experiri (M = 4.47, SD = .61) were non-
significant, t(18) = 1.00; p = .33 ns. Novice ratings for fun-
datio (M = 4.24, SD = 0.83) and experiri (M = 4.36, SD = 
0.86) were similarly non-significant, t(24) = .72; p = .48 ns. 
This also failed to show that audience was discerning be-
tween the computer-assisted composition made using 
ManuScore and the human-made composition by the same 
composer. 
 Together, these results do not support the hypothesis that 
audience members were able to implicitly pick out which 
pieces were human-composed.
There was no difference between experts and novice 
choices.  To determine whether audience members' ability 
to explicitly pick out the human-composed piece could 
depend on one's familiarity with contemporary music,  a 
chi-square test compared novice and expert listeners’  three 
“most directly human-composed” choices.  The results of 
this test were non-significant,  X2 (9, N = 113) = 14.17; p = 
.51 ns. This result fails to support the hypothesis that expert 
and novice listeners differ in their ability to explicitly dis-
criminate human-composed pieces from machine-
composed pieces.

Discussion
In addition to the above results,  several further remarks can 
be made. 
 Overall, the evaluation results were pretty successful, 
showing both a rather high level of engagement from the 
audience,  as well as good range with ranking means vary-
ing from 2.7/5 to 4.5/5. The audience did not discern com-
puter composed from human-composed material, which 
seems to give credit to the five systems presented above. 
More precisely,  this might just mean that the system were 
successful in portraying the goal, aesthetic and style of the 
two composers who developed them. 
 One further general observation that can be made is that 
while an evaluation in a concert setting allows us to capture 
the audience reaction to musical output in its “natural” 
presentation environment, it also introduces many variables 
that get us out of the usual controlled environment setting.  
The experimental protocol is also more difficult to follow.  
 On the other hand, controlled experiments are not the 
traditional setting in which a musical artwork is presented 
and this does introduce a number of biases in this type of 
evaluation. While these are well known, and solutions exist 
to circumvent them, our goal was to conduct an evaluation 
study in a live concert setting. We were concerned if con-
ducting an evaluation in a concert setting would risk upset-
ting the audience’s appreciation of the artwork. To our sur-
prise, it did not seem to be the case, and the feedback forms 
were really welcomed. The whole process triggered a 
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longer than expected question and answer session at the 
end of the show. It is to be noted that very few audience 
members left before the end of the Q&A session. 

Conclusions and Future Work
Finally, the whole process shed some light on the difficulty 
of evaluating computational creativity (and creativity in 
general). Artificial intelligence addresses the problem of 
emulating intelligence by having the computer achieve 
tasks that would require intelligence if achieved by hu-
mans. These tasks are usually formalized as well-formed 
problems. Rational problem solving is then evaluated by 
comparison to some optimal solution. If the optimal solu-
tion is theoretical and not attainable, optimization and ap-
proximation techniques can be used to get closer to the 
optimal,  or at least improve the quality of the solution ac-
cording to some metrics.  Computational creativity is faced 
with the dilemma that, while creative behavior is intelligent 
behavior,  such notions of optimality are not defined. It is 
often unclear which metrics need to be used to track pro-
gresses in the area. As demonstrated by this paper, it is at 
least an issue for the evaluation of composition systems. 
 Musical success is subjective in nature. This is why we 
resort to a comparative study capturing the relative level of 
success, rather than absolute ones. In the absence of formal 
metrics, we used human subjects to evaluate musical me-
tacreation. However, creativity is a process (Boden, 2033). 
When evaluating a musical composition system, one par-
ticularly challenging aspect is that the system is capable of 
generating numerous pieces, with possibly varying levels 
of success: designing methodologies to measure that vari-
ability is an inherent challenge of the area. This is espe-
cially true when one has to use human subjects, since get-
ting average relative evaluations of the average system 
production makes the experimental design particularly 
challenging. 
 To our knowledge, this paper is the first one to report on 
an evaluation experiment of machine-generated material 
conducted in real-world public situation. Beside the find-
ings exposed above, the research instrument discussed here 
is a contribution in itself. As the systems presented are mu-
sical metacreations, validation and evaluation of such a 
system’s output is itself a relatively novel and challenging 
research area. Our future work will continue to investigate 
and try to evaluate the methodologies to do so. Meanwhile, 
besides the finding exposed above, the paper raises a num-
ber of concerns and questions that will likely need further 
consideration in future work. 
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Abstract 

As freely improvised music continues to be performed, 
it also continues to be implemented in interactive 
computer systems. For the scientific study of such 
systems to be possible, it is important to ensure the 
fitness for purpose of available evaluation methods. 
This paper will review several approaches to evaluating 
interactive computer music systems. It will also 
examine the uncritically-accepted assumption that 
quantitative evaluation invariably yields significant 
data, irrespective of context. Ultimately, it will be 
argued that, for some interactive computer systems, 
such as those designed for freely improvised music, 
qualitative evaluation by experts is the most appropriate 
evaluation method. 

 Introduction 
Freely improvising computer systems, modelled on an 
established musical practice that has been called “non-
idiomatic” (Bailey 1980/1993), have been around since at 
least the 1990s (see Rowe 1993; Lewis 1999). There has 
been a significant amount of academic writing on the topic, 
including a chapter in Machine Musicianship (Rowe 2001), 
and an entire book, Hyperimprovisation (Dean 2003), 
dedicated to the topic of its subtitle, “computer-interactive 
sound improvisation”. As freely improvised music 
continues to be performed, it also continues to be 
implemented in interactive computer systems (see, for 
example, Blackwell and Young 2004; Hsu 2005; Collins 
2006). For the scientific study of such systems to be 
possible, it is important to ensure the fitness for purpose of 
available evaluation methods. 
 A significant amount of research is conducted on 
dominant forms of instrumental and computer music, 
which has led to a number of evaluation methods and 
technologies. For example, music with well-defined style-
based rules that constrain melodic, harmonic, and/or 
rhythmic constructs lends itself to generation and analysis 
techniques based on traditional musical notation. However, 
less widely studied forms of music such as freely 
improvised music have different evaluation criteria, and 

thus pose unique problems to widely adopted approaches 
to musicological and computational analysis. In particular, 
for music such as free improvisation, formalisable musical 
rules and symbolic notation fail to account for the 
fundamental aspects of the musical practice. 
 Defining the practice of freely improvised music is not 
trivial. As MacDonald, et al. (2011) point out, “while there 
is no generally accepted single definition of improvisation, 
most accounts highlight the spontaneously generated 
nature of the musical material and the real-time negotiation 
of unfolding musical interactions”. This characterisation is 
explicitly extended to cover contemporary improvisation 
practices including free improvisation. In Clarke’s 
examination of creativity in performance (2005a), he refers 
to an empirical study on freely improvised music showing 
that the “interweaving of social and structural factors” 
serves a central role in such music. (For those unfamiliar 
with freely improvised music, the artists and recordings 
mentioned, for example, in Bailey 1980/1993 and Smith 
and Dean 1997 may provide a useful starting point.) 
 In considering research into computer music systems 
that have been developed to perform freely improvised 
music, it is important to find an appropriate method of 
evaluation that is well-suited to the context. When 
computer music systems for free improvisation are 
assessed according to inappropriate criteria, it can have a 
potentially stifling effect on the development of new 
approaches to such systems, as well as potentially 
devaluing existing effective systems. This paper will 
review several approaches to evaluating interactive 
computer music systems. It will also examine the 
uncritically-accepted assumption that quantitative 
evaluation invariably yields significant data, irrespective of 
context. Ultimately, it will be argued that, for some 
interactive computer systems, such as those designed for 
freely improvised music, qualitative evaluation by experts 
is the most appropriate evaluation method. 
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Evaluation methods in 
computer music research 

Computer music researchers generally acknowledge the 
need to determine an evaluation method appropriate to 
their specific research. It is not always apparent, however, 
to what extent these methods apply to other research in the 
wider field of computer music. Stowell, et al. (2009) 
consider a number of quantitative and qualitative 
approaches to evaluating “live human-computer music-
making” (Stowell, et al. 2009), although they do not 
consider generative systems. Collins (2008), on the other 
hand, considers approaches to evaluating generative 
systems, finding promise in approaches that take into 
account the relationship of software to musical output. 
These authors find musical improvisation significant 
enough to merit acknowledgement, although they do not 
engage with the evaluation issues unique to “player-
paradigm” interactive improvising systems, that is, systems 
with “a musical voice which may be related to, but is still 
in an audible way distinct from, the performance of a 
human partner” (Rowe 1996). 
 Notably, Stowell, et al. (2009) favour studies of expert 
performers for the evaluation of interactive digital musical 
instruments that are under performer control, although they 
do not mention a logical extension of this view, namely, 
that the same approach can be extended to interactive 
systems that are not under performer control. Similarly, 
Pearse and Wiggins (2001) find experts to be capable 
evaluators of music with enumerable rules (such as period 
harmonisations), but they do not address the evaluation of 
music without enumerable rules, such as freely improvised 
music. Among these researchers, there is a clear 
recognition that expert human analysis has something to 
offer, although pragmatic concerns lead to the 
consideration of alternatives to using human experts, 
especially computational approaches. But while 
computational approaches to evaluation can be expected to 
yield appropriate results in some research contexts, in 
others, computer-based evaluation techniques may be in 
principle incapable of discovering evidence that is relevant 
to the investigation. In support of this claim, Collins (2008) 
acknowledges that computational analysis, in failing to 
address emergent features of complex musical output, may 
have a destructive effect on the (musical) object of study.  

A quantitative approach to 
evaluating improvised music 

Pressing (1987), in a comprehensive study of quantitative 
analysis and improvisation, concludes that while 
“idiomatic” (Bailey 1980/1993) improvisation such as jazz 
lends itself well to both macro- and microstructural 
quantitative analysis, in freely improvised music “the 
musical meaning is not well described” by the same 

quantitative analytical approach. To clarify Pressing’s 
terminology, “macroanalysis uses the full panoply of 
devices from traditional music theory” (primarily those 
generally found in musicological analysis of composed 
works), and microanalysis addresses parameters more 
likely to be found in perception studies of expressivity, 
such as “interonset and duration distributions”, dynamic 
contours, and “legatoness”. Pressing devised a specialised 
model to account for some of the general structural 
features of improvised music, which he validated in 
quantitative empirical studies. In further studies, he found 
that while his model functioned effectively for analysing 
improvised jazz music, it could not be effectively extended 
to freely improvised music without an arbitrary (and 
thereby subjective) partitioning of “polyphonically 
overlapping phrase structures”. When comparing a jazz 
improvisation and a free improvisation—both subjectively 
regarded by Pressing as aesthetically successful—he found 
that the jazz improvisation contained extensive quantitative 
evidence of “micro-micro” and “micro-macro” correlations 
(which thus appears to validate his subjective assessment); 
in the free improvisation, both types of quantitative 
correlation were “nearly completely absent” (Pressing 
1987). His findings suggest that even when quantitative 
analysis succeeds in apparently similar musical contexts, it 
is not trivial to extend such analysis to evaluating freely 
improvised music, whether human- or computer-generated.  

Music and qualitative analysis 
In some performances, musical features that are apparently 
insignificant become significant in the course of an 
analysis. This poses a difficulty for approaches to 
analysing data that screen for features whose relevance has 
been determined in advance. A computer-based 
quantitative analysis cannot overcome this problem, 
despite other strengths in detecting specific correlations, 
statistical significance, or other quantitative constructs 
such as self-similarity. Thus, computational quantitative 
analysis is limited in what it can discover; it is often 
confined to providing answers about whether or not a 
given data set complies to a given rule set.  
 While computers are a powerful tool to rapidly sift 
through vast amounts of data, computational analyses are 
notoriously bad at picking out long-term dependencies or 
large-scale structures from a body of time-series data, in 
contrast to human experts. Consider, for example, an 
analysis by composer, musician, and historian Gunther 
Schuller (1958) of three Sonny Rollins saxophone solos, 
all from within a single performance of Rollins’ piece, 
“Blue 7” on the album “Saxophone Colossus” (Prestige LP 
7079). Part of Schuller’s argument for the merits of 
Rollins’ solos includes the assessment that they are not 
merely following the fixed harmonic chord progression, 
nor are they merely variations on a melodic theme, nor do 
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they merely fulfil both of these (quantitatively measurable) 
criteria, both of which are typically used to determine that 
a jazz solo is (formally) allowable. Rather, Schuller points 
out the musical significance of a number of creative 
decisions made during the solos. His argument, based on 
his background expertise in the field, is fundamentally 
qualitative, and is nonetheless extensively backed up with 
(in some cases, quantitatively measurable) material 
evidence (i.e., musicological specificity about particular 
pitches, phrases, rhythms, etc.). The structural features he 
identifies in his analysis stand in sharp contrast to those 
that could be discovered by rule-based quantitative 
approaches: he identifies semantic information in the 
particular configuration of musical elements, thus 
extending his analysis beyond the quantitative 
measurement of compliance to musical rules. (Another 
example of this distinction can be found in Clarke’s 
analysis of Jimi Hendrix’s “Star Spangled Banner”; Clarke 
2005b, Chapter 2.) Other quantitative approaches, such as 
conducting a survey of listeners’ opinions, require large 
enough sample sizes to find statistical significance, and 
thus may be applicable when studying the capacities of a 
given listener population. By determining what is relevant 
to an analysis, a given analytic approach not only 
investigates but also characterises the object of study. 
 Schuller’s (1958) expert analysis contains a wide range 
of assessments that illustrate the strengths of qualitative 
analysis over quantitative analysis, computational or 
otherwise. Take, for example, his assertion that a musical 
phrase introduced by Rollins “at first, seems gratuitous”, 
whereas later in the piece, it “becomes apparent that [the 
phrase] was not at all gratuitous or a mere chance result, 
but part of an overall plan”. Or, for example, the notion 
that the final restatement of an initial theme “is drained of 
all excess notes” and that the “rests [in the original 
statement of the theme] are filled out by long held notes,” 
serving both to end the piece and “sum up all that came 
before”. His analysis even briefly isolates the Max Roach 
drum solo, pointing out that two musical ideas, a triplet 
figure and a snare roll, are built up through permutations 
and alternations into a complex solo; then, eleven bars after 
the drum solo has ended, the drummer interestingly and 
meaningfully re-uses these two elements “in an 
accompanimental capacity”. These examples can be 
viewed as arguments for the significance of specific 
musical decisions—what was chosen, or, in some cases, 
not chosen—among an allowable range of options. For 
instance, several possible notes may fit a given chord, but 
there may be a significance to the particular note that is 
played, such as a long-term dependency that is outside the 
scope of a computational analysis. Furthermore, a 
particular note may be chosen over another because of a 
social connotation, in principle irreducible to a quantitative 
framework. 
 In general, assessments of musical significance are 
relative to listener knowledge and expectation, as well as 

being strongly affected by listening context (for an 
extended discussion of this point, see Clarke 2005b). 
Furthermore, differences in listeners’ accounts may extend 
beyond traditional musicology, and new concepts may be 
introduced that were not built into the initial evaluation 
framework. This is not possible when a computer has been 
limited in advance to a particular analytic framework. 
Also, in contrast to a quantitative approach, differing 
assessments of the same material need not contradict each 
other. In Clarke’s Hendrix example, three listeners assess 
the significance of a particular arpeggiation: Clarke hears a 
destructive melodic rupture verging on dissolution, another 
hears the bugle of a military funeral, and yet another hears 
a pattern of fingerboard traversal. For Clarke’s example, an 
imagined computational analysis would run the risk of 
shifting the framework of significance to only what can be 
discovered computationally, potentially excluding a priori 
the three listener assessments. It is difficult to imagine 
what a computational or other quantitative approach could 
contribute in this case, beyond support (confirm that it is 
an arpeggiation; identify the statistical likelihood for the 
presence and location of the arpeggiation within the 
melody; confirm its similarity to a given bugle call; 
investigate melodic possibilities constrained by 
fingerboard layout). And even if in principle computational 
analysis could discover any item of significance, the 
necessity of making prior decisions as to what counts as 
significant is a profound limitation. 
 Clarke’s engagement with musical meaning finds 
support in the empirical listener perception studies 
conducted by Deliege, et al. (1997). These studies identify 
two primary types of perceived musical cues: those that 
can be confirmed by consulting the musical notation—
“‘objective’ cues (themes, registral usages, etc.)”—and, in 
contrast, “‘subjective’ cues, which have psycho-dynamic 
functions (impressions, for example, of development, or of 
commencement) which may be experienced differently 
from one listener to another and are not necessarily 
identifiable in the score” (Deliege et al. 1997). This 
account of cues highlights specific, narrowly-defined 
observations (such as development and commencement), 
as opposed to the broader semantic framework of Clarke. 
But both accounts point to the fact that different listeners 
experience the same musical material in different ways, 
underscoring the fact that human listeners may be sensitive 
to information that could otherwise be obscured by more 
constrained assessments of the same material. 
 It is not currently possible to computationally model the 
entirety of human listening possibilities. Thus, when a 
particular research question is framed to empirically 
validate a computational model of human listening, the 
boundaries of listening are constrained, for example, to 
investigate melodic or harmonic expectations. But for 
research questions that seek, for example, to uncover the 
inherent polysemy of a given guitar solo, the diversity of 
embodied cultural expertise captured by multiple 
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qualitative accounts is no less scientific, and likely more 
relevant to the question at hand, than a quantitative study. 

The role of experts 
Expertise is not necessarily confined to an unworkably 
small set of specialists. With respect to Clarke’s example, 
the ability to recognise a particular bugle call or guitar 
fingering can be considered forms of expertise that are 
shared by many. In practice, these recognitions eluded and 
thus enhanced his own musicologically astute account of 
melodic dissolution. Returning to the topic of 
improvisation, Smith and Dean, in their extensive 
investigation of improvisation in the arts, suggest that with 
an improvised work, “the possibility of finite interpretation 
is not to be expected, or even desirable,” and “the ideas of 
improvisors themselves are very interesting sources for the 
analysis and understanding of improvisation” (Smith and 
Dean 1997). The substance of their study is found in the 
differing perspectives of practising improvisors who are 
regarded as experts. As Clarke (2005a) states, “the 
boundaries between the mundane, the creative, and the 
unacceptably idiosyncratic are constantly shifting, and [...] 
their position and evaluative significance is a function of 
judgements made within a shifting cultural and historical 
context”. If we define experts as those with significant 
experience operating within the given cultural and 
historical context of a musical practice, it follows that such 
individuals are better equipped to make effective 
evaluations about the practice being studied. Especially in 
light of the aforementioned centrality of the “interweaving 
of social and structural factors” in freely improvised music, 
an experienced improvisor is well-suited to serve as an 
expert qualitative evaluator, capable of attunement to both 
subtle and complex emergent criteria. 
 Although some aspects of freely improvised music are 
amenable to various quantitative criteria (such as those that 
borrow from compositional analysis, especially melodic 
and harmonic information), the unique aspects of the music 
being studied do not necessarily reside in such criteria (see 
Lehmann and Kopiez 2010). To identify shared features 
across classical compositions by a single composer, a 
quantitative analysis would likely suffice, because the 
melodic and harmonic information comprise a significant 
degree of what constitutes the compositions. On the other 
hand, with freely improvised music, Smith and Dean 
(1997) find that “a multiplicity of semiotic frames can be 
continually merging and disrupting during a ‘free’ [...] 
improvisation,” which they find to be an essential 
characteristic of such music. This represents at least one 
finding that is more effectively discovered by qualitative 
human expertise. Furthermore, in their elaborate taxonomy 
of improvisation, Smith and Dean refer to what they term 
“stipulated” improvisation, which describes a type of 
improvisation that derives structure and characteristic style 

from stipulated aesthetic parameters that are internalised 
by a community of performers. According to their account, 
the “stipulated” approach does not fully exploit 
improvisation because it does not permit the “breaking, 
remoulding and rebreaking of such ‘parameters’”, as does 
freely improvised music, which fundamentally allows for 
the possibility of “reformulating the parameters on each 
occasion” (Smith and Dean 1997). Thus, for some complex 
objects of study, expert qualitative analysis should be 
recognised as fulfilling an essential role that, at times, can 
be empirically supported by quantitative means, but never 
entirely replaced by these means.  

Research context and conclusion 
Quantitative approaches certainly have independently 
useful scientific functions (such as examining physical 
mechanics or features of perception). Yet expert qualitative 
analysis has the potential to offer a set of results that may, 
in fact, be more relevant to the particular research being 
conducted. Unfortunately, qualitative study is often 
assumed to diminish scientific rigour, despite the well-
known criticisms of quantitative studies concerning test 
bias, determination of statistical significance, and 
assumptions implicit in classifications and standardised 
procedures (Hammersley 2009). 
 Generally speaking, for empirical study, the research 
question ought to be the determinant of experiment design 
and evaluation. Among the varieties of computer music 
research, there are some computer music systems that are 
not interactive, such as systems designed to output rule-
based compositions. In many of these cases, quantitative 
computational analysis may be the most practical approach 
to evaluating whether or not a given computer system is 
successful in achieving its aims, such as rule compliance. 
When listener surveys are used to evaluate system success, 
it may be appropriate to use discrimination tests of fixed 
musical material (for more on discrimination tests, see 
Ariza 2009). For computer systems that generate widely 
divergent musical material, studies that focus on the 
underlying software may offer results more relevant to 
some research questions (Collins 2008). Alternatively, for 
studies of interactive computer music systems, the human-
computer interaction, rather than the music, may be at the 
centre of the research. For these studies, the relation 
between performer intention and system responsiveness is 
one area of investigation that benefits from both 
quantitative and qualitative study, such as looking into 
actual and perceived timing issues (Stowell, et al. 2009). 
However, when considering interactive computer systems 
that are not under direct performer control, there is no 
well-established evaluation method that is widely 
recognised in the literature. 
 For some studies of such player-paradigm systems, the 
focus may be on idiomatic music, for which the evaluation 
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approaches mentioned for generative composition systems 
are found to be applicable (Pachet 2002). But for studies of 
interaction experience with player-paradigm systems, it is 
essential to use expert qualitative analysis to avoid the 
danger of “measurement that fails to ensure that the 
assumptions built into measurement procedures correspond 
to the structure of the phenomena being investigated” 
(Hammersley 2009). It is a common aim of many studies 
of computer systems to iteratively improve a system based 
on assessments of its strengths and weaknesses. In the case 
of player-paradigm systems, expert qualitative evaluation 
can be used to identify even broadly defined—or 
potentially undefinable—weaknesses such as whether or 
not (and why) a human musical interaction with a system 
is, for example, “boring”. Qualitative expert analysis in 
this context, though not widely acknowledged, is not 
entirely disregarded. For example, in Collins’ brief account 
of a “free improvisation simulation” (2006), expert 
interview data is the primary source of evaluation. 
 It has been argued here that using qualitative data from 
experts is one way to approach the problem of evaluating a 
freely improvising computer music system. This approach 
is especially relevant for determining whether or not a 
player-paradigm system itself performs at the level of a 
human expert. Accounts of interaction experiences such as 
interview data can be collected, correlated, and analysed, 
with the aim of applying the data to improve the system. In 
practice, as part of a longer research program, qualitative 
data can function in the same manner as quantitative data: 
after identifying a system’s strengths and weaknesses, a 
second iteration of the system can be built, and a follow-up 
study can determine what aims have been achieved. In this 
way, despite the predominance of quantitative evaluation 
in computer music, qualitative expert analysis can be a 
viable means of investigating phenomena, and qualitative 
studies can ultimately serve in making novel contributions 
to the research field. 
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Abstract

Evaluation is one of the major open problems in compu-
tational creativity research. Existing evaluation meth-
ods, either focusing on system performance or on user
interaction, do not fully capture the important aspects of
these systems as cultural artifacts. In this position paper,
we examine existing evaluation methods in the area of
computational narrative, and identify several important
properties of stories and reading that have so far been
overlooked in empirical studies. Our preliminary work
recognizes empirical literary studies as a valuable re-
source to develop a more balanced evaluation approach
for computational narrative systems.

Introduction
Evaluation is one of the major open problems in computa-
tional creativity research. A set of well-designed evaluation
methods not only is instrumental in informing the devel-
opment of better creative computational systems, but also
helps to articulate overarching research directions for the
field overall. However, research in creative systems has en-
countered tremendous difficulties in defining suitable eval-
uation methods and metrics, both at the level of individual
systems and across systems. A recent survey of 75 creative
systems shows that, only slightly above half of the related
publications give details on evaluation; among those, there
is lack of consensus on both the aim of evaluation and the
suitable evaluation criteria (Jordanous 2011).

Traditionally, methods for evaluating intelligent compu-
tational systems have been mainly developed in two areas:
artificial intelligence (AI) and human-computer interaction
(HCI). Following the scientific/engineering tradition, evalu-
ation in AI typically relies on quantitative methods to mea-
sure the system’s performance against a certain benchmark
(e.g., system performance, algorithmic complexity, and the
expressivity of knowledge representation). A salient exam-
ple is the measure of “classification accuracy” in machine
learning, where new algorithms are evaluated by being com-
pared to standard ones over the same sets of data. Whereas
the AI community is primarily concerned with the opera-
tion of the system itself, HCI concentrates on the interaction
between the user and the system. Borrowing from psychol-
ogy, human factors, and other related fields, HCI developed
a set of quantitative and qualitative user study methods to

understand the usability of a system along such principles as
learnability, flexibility, and robustness (Dix et al. 2003).

Although these existing approaches offer useful insights
into creative systems as functional and useful products, they
do not fully capture a crucial property of creative systems,
that is, they are and they produce cultural artifacts such as
stories, music, and paintings. In these areas, there has not
be an established tradition of formal evaluation. When we
combine artistic expression and system building, evaluation
becomes an issue. As Gervás observes in the context of com-
putational narrative, “[b]ecause the issue of what should be
valued in a story is unclear, research implementations tend to
sidestep it, generally omitting systematic evaluation in favor
of the presentation of hand-picked star examples of system
output as means of system validation” (2009).

We argue that the difficulty of establishing an evaluation
methodology in computational creativity research reflects
the cultural clash between the scientific/engineering and the
humanities/arts practices. Aligned with Snow’s notion of the
two cultures (1964), researchers working in the intersection
of the two communities have observed the conflict of differ-
ent and sometimes opposing value systems and axiomatic
assumptions (Mateas 2001; Sengers 1998; Manovich 2001;
Harrell 2006; Zhu and Harrell 2011). One of the differences
is what Simon Penny (2007) calls the “ontological status of
the artifact” between the electronic media arts practice and
computer science research. For an artwork, the effectiveness
of the immediate sensorial effect of the artifact is the pri-
mary criterion for success. As a result, most if not all effort
is focused on the persuasiveness of the experience, which is
built on specificity and complexity. In computer science, the
situation is reversed. The artifact functions as a “proof of
concept” and hence its presentation can be overlooked; the
real work is inherently abstract and theoretical. These differ-
ences, Penny argues, illustrate that the insistence upon “al-
phanumeric abstraction,” logical rationality, and desire for
generalizability in science is fundamentally at odds with the
affective power of artwork. In the context of evaluation, this
conflict takes the form of the clash between the productivity-
and value-based methodologies adopted by both AI and HCI
communities, and the general resistance to empirical studies
in the arts.

In this position paper, we present our initial work of devel-
oping a more balanced evaluation approach that takes into
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account both system and cultural aspects of creative sys-
tems, focusing on computational narrative systems and their
output. Our work is not intended to replace the function of
literary criticism and close reading with empirical studies
and statistical analysis. Simplistic attempts to reproduce art
as a scientific experiment without an in-depth understand-
ing of the former’s tradition and value systems are short-
sighted (as discussed in Ian Horswill’s panel presentation at
the Fourth Workshop on Intelligent Narrative Technologies,
Palo Alto, 2011) and counter-productive to the long-term
goal for computational creativity research. In the meantime,
we also believe that evaluation is a critical process to in-
form the development of creative systems and to deepen the
understanding of computational creativity. Therefore, more
research and discussions about evaluation are needed.

In the rest of paper, we examine existing evaluation meth-
ods in the area of computational narrative, and identify sev-
eral important properties of stories and reading that have so
far been overlooked in existing evaluation methods. Our pre-
liminary work suggests that empirical literary studies can be
a valuable resource to develop a more balanced evaluation
approach for computational narrative systems.

Existing Work on Narrative Evaluation

Broadly speaking, discussions of evaluating creative sys-
tems have taken place at two levels. At the level of com-
putational creativity in general, researchers have attempted
to come up with domain-independent evaluation criteria to
measure a system’s level of creativity, both in terms of its
process and output. For example, Colton (2008) and Jor-
danous (2011) proposed standardized frameworks to empir-
ically evaluate system creativity. The importance of these
approaches is that, in addition to evaluating specific systems,
they also allow potential cross-domain comparison between
systems. At the level of specific creative domains, evalu-
ations are conducted to validate a specific creative system
and its output in that domain. For instance, the recent work
by Vermeulen et al. in the IRIS project (2011) proposed a
list of standardized, systematic assessment criteria for inter-
active storytelling systems using concepts that “play a key
role in users’ responses to interactive storytelling systems.”

This section provides an overview of existing evaluation
methods in the area of computational narrative. Our main
focus is on the evaluation of story generation systems and
their output, but some of our observations can also be ap-
plied to (non-generative) interactive digital storytelling sys-
tems. Recent examples of evaluating the latter type can be
found in (Thue et al. 2011; Schoenau-Fog 2011). Although
we do not specifically deal with high-level constructs such as
‘novelty’ and ‘value,’ we believe that more comprehensive
evaluation criteria at the domain-specific level can indirectly
contribute to the recognition and formulation of these high-
level creativity constructs at the first level. Based on our
survey of major text-based story generation systems, exist-
ing evaluation methods can be categorized into three broad
approaches.

System Output Samples
As Gervás pointed out above, providing sample generated
stories is one of the most common approaches for validat-
ing the system as well as the stories it generates. This ap-
proach started from the first story generation system Tale-
Spin (Meehan 1981), where sample stories (translated from
the logical propositions generated by the system into natural
language by the system author) are provided to demonstrate
the system’s capabilities. In addition to successful examples,
Meehan also picked different types of “failure” stories to il-
lustrate the algorithmic limitation of the system for future
improvement. Similarly, many later computational narrative
systems such as BRUTUS (Bringsjord and Ferrucci 2000),
and ASPERA (Gervás 2000) use selected system output for
validation. Besides the lack of established specific evalua-
tion metrics, the reason for the wide appeal of this approach
is that it aligns with the tradition in literary and art practice
where the final artifact should stand on its own without for-
mal evaluation.

However, simply showing the “successful” and/or “inter-
esting” output without explicitly stating the system author’s
selection criteria can be potentially problematic. Some re-
cent work in this approach has attempted to make this se-
lection process more transparent. For example, in the eval-
uation of the GRIOT system, Harrell (2006) evaluates the
generated poems based on the quality and novelty of the
metaphors they invoke. When the system generates “my
world was so small and heavy,” the author evaluates it by
the metaphor it evokes — “Life is a Burden.” Similarly, the
Riu system (Ontañón and Zhu 2011) automatically assesses
the generated stories by measuring the semantic distances of
the analogies in the stories based on the WordNet knowledge
base.

Evaluating the System’s Process
The second approach is to evaluate the system primarily
based on its underlying algorithmic process. Among the
three evaluation approaches, this one is most aligned with
traditional AI evaluation methods. Cognitive systems often
use this approach to show that the system’s underlying pro-
cesses are cognitively sound. For instance, the evaluation of
the Universe system (Lebowitz 1985) included fragments of
the system’s reasoning trace, along with the corresponding
story output. It is intended to illustrate the system’s capabil-
ity to expand its plot-fragments library by generalizing from
given example stories. Although the sample output and the
process are relatively simple compared to those of the previ-
ous approach, Lebowitz intends to show, especially through
the system processes, that the learning process is a necessary
condition to creativity.

In a more complex example, the Minstrel system (Turner
1993), presented as a model for the creative process and sto-
rytelling, is evaluated in two ways. First, Turner evaluates
the system by comparing it to related work in psychology,
creativity, and storytelling. Minstrel’s process is contrasted
to existing AI models of creativity both in the similar domain
of narrative (e.g., Tale-Spin and Universe) and in different
ones (e.g., AM (Lenat 1976)). Second, Minstrel is empiri-
cally studied in terms of its plausibility and quality as a test
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bed for evaluating different hypotheses of creativity. Specif-
ically, plausibility is evaluated based on 1) the quantity of
possible output stories, by testing the system in different do-
mains, and 2) the quality of output stories through a series
of user studies (details in the next section). In the evaluation
of the “test bed” criteria, Turner studies why some TRAMS
(i.e., problem-solving strategies) were added, removed, etc.
to prove that one can experiment with different models of
creativity. For instance, to test its model of “boredom” as
how many repeated elements are there in the stories, Min-
strel was asked to generate stories about the same topic four
times. The differences and similarities between these stories
are analyzed to evaluate how boring these stories are.

User Studies
Evaluating the system’s process alone, however, does not
provide insights into the quality of the output. For systems
that are more geared towards seeing narrative as a goal in its
own right, user studies provide a way to assess the output
story without counting solely on the author’s own intuition.
As a result, user studies has been increasingly adopted both
as a standalone evaluation method and as a complement to
other approaches.

For example, the MEXICA system (Pérez y Pérez and
Sharples 2001) is evaluated through an Internet survey. The
users rated seven stories by answering a set of 5-point Lik-
ert scale questions over five factors (i.e., coherence, narra-
tive structure, content, suspense, and overall experience).
Among these seven stories, four were generated by MEX-
ICA using different system configurations (with or with-
out certain modules). Two stories were generated by other
computational narrative systems (i.e., GESTER and MIN-
STREL). The last story was written by a human author us-
ing “computer-story language.” The scores each stories re-
ceived is used to determine MEXICA’s level of “comput-
erised creativity” (c-creativity) in reference to human writers
and other similar systems.

In a more complex example, in addition to the methods
mentioned above, the stories generated by Minstrel are eval-
uated through a series of independent user studies. In the
first user study, users were given the generated stories, with-
out being told that they were generated by a computer. Then
they were asked to answer questions regarding their impres-
sions of the author and the stories. In the second study, a
different group of users repeated the above test, except the
generated stories were rewritten by a human writer for bet-
ter presentation with improved grammar and more polished
prose. In the third study, the users were presented an unre-
lated story written by a 12-year-old and asked to answer the
same set of questions.

User studies of narrative systems do no always adopt
some form of the Turing Test. In the Fabulist system (Riedl
2004), the system author conducted two quantitative eval-
uations without using human writers as a benchmark. The
first study evaluates plot coherence, measured based on the
assumption that unimportant sentences decrease plot coher-
ence. A group of users independently rates the importance
of each sentence in the generated story and hence the coher-
ence of the plot. Second, character believability is evaluated

by asking users to rate the difference in characters’ motiva-
tion in stories generated by two configurations of the system.

What is Missing
Computational narrative is still in its early stage, both in
terms of the depth and breath of the narrative content. It
is especially true when we compare these generated stories
with what we typically conceive as literary text produced
by human authors. In this regard, the different methods de-
scribed in the previous section are arguably adequate for the
current state of these systems. As argued above, however,
evaluation methods play an important role not only in as-
sessing existing systems, but also in informing what kind of
future systems should be built. In this regard, waiting for the
narrative systems to mature before starting to develop suit-
able evaluation criteria is detrimental to the research com-
munity.

As computational narrative research moves forward, a set
of more comprehensive evaluation methods can help to re-
duce the gap between computer generated stories and tradi-
tional literature. Our position is that many important lessons
from literary criticism and communication theory are by and
large overlooked in computational narrative. We argue that
they can be instrumental to developing evaluation methods
that not only focus on the algorithmic and usability aspects
of narrative systems, but also the expressiveness of the gen-
erated stories as cultural artifacts.

Below is our preliminary work in identifying some crucial
elements that are missing in many existing evaluation meth-
ods. It is not intended to be seen as a comprehensive list, but
rather as an initial step towards incorporating fundamental
knowledge and concerns from related fields in the arts and
the humanities.

Different Modes of Reading
Reading is a complex activity. Depending on the setting,
purpose of the reading, and background of the reader, differ-
ent aspects of the text are highlighted. Vipond and Hunter
(1984) distinguished among point-driven, story-driven, and
information-driven orientations for reading. Shown by re-
cent studies in Reader Response theory (Miall and Kuiken
1994), ordinary readers typically adopt the story-driven ap-
proach, that is, to read for plot. They contemplate what
characters are doing, experience the stylistic qualities of the
writing, and reflect on the feelings that the story has evoked.
This mode is adopted while we read for pleasure.

By contrast, the point-driven orientation is the foundation
for literary criticism. Experts perform informed close read-
ing — a complex act of interpretation at the linguistic, se-
mantic, structural, and cultural levels — in order to under-
stand the “point” of plot, setting, dialogue, etc. Point-driven
reading assumes that the text is a purposeful act of commu-
nication between the author and the reader, and the “points”
in the story have to be constructed through the reader’s care-
ful examination of the text.

Finally, in the information-driven orientation, a reader is
more concerned about extracting specific knowledge from
the text. We adopt this orientation while, for example,
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following a recipe or checking facts in an encyclopedia.
Information-driven reading places a strong emphasis on the
coherence and informativeness of the text. This orientation
is less common in computational narrative.

Different reading orientations place different emphasis on
evaluation methods. As story-driven reading is primarily
concerned with creating the “lived-through experience” for
the reader, compatible evaluation needs to focus on the im-
mersiveness of the story world. In computational narrative,
most existing evaluation criteria presume the story-driven
reading orientation and center on interestingness, presence,
and engagement of the stories (e.g. plot coherence and char-
acter believability). Additionally, this orientation requires
the participants of the evaluation to be close to an “aver-
age reader.” A point-driven-based evaluation requires partic-
ipants, usually experts, to perform more in-depth reading of
the text beyond the surface plot. The effectiveness of differ-
ent literary techniques, such as thematic structures, linguis-
tic patterns, and points of view in the story can be evaluated
in ways similar to traditional literary criticism.

To the best of our knowledge, there have not been at-
tempts of point-driven-based evaluation in the context of
computational narratives. There are many complex reasons
for this. Some may argue that computational narrative, at its
current stage, is too simple for this level of close reading.
However, electronic literature (e-lit) work demonstrated that
less algorithmically complex systems can still produce rich
meanings. Establishing these evaluation criteria helps to de-
velop a wider range of computational narrative.

Authorial Intention
Contradictory to the tradition of literary criticism, the eval-
uation of computational narrative systems has by and large
ignored the intention of the authors. If we subscribe to the
assumption that storytelling is a form of communication be-
tween the author and the reader, authorial intention should
play a role in evaluating how effective these stories are. For
instance, a user’s report of unpleasantness may be positive
or even desirable, if the system author intends to use her sto-
ries to challenge the reader’s belief system, in ways similar
to Duchamp’s Urinal. A more balanced evaluation needs
to differentiate this scenario from unpleasantness caused ei-
ther by poorly written story or by unintuitive user interface.
Similarly, intentional ambiguity in the story can be a power-
ful device, leaving something undetermined in order to open
up multiple possible meanings. In the history of literature,
intentionally ambiguous works such as Henry James’s 1898
novel The Turn of the Screw have triggered many distinctive
interpretations and vigorous debates about them.

Mixed Methods
A large percentage of the evaluations we surveyed gravitate
towards quantitative methods with qualitative methods as a
supplement, if at all. Through surveys and experiments, nu-
merical data is collected, then analyzed statistically to pro-
vide an average user response. Although these methods have
the clear advantage of being relatively easy to collect and
analyze, they filter out the specificity and contextualization
that is crucial to cultural artifacts.

Several research projects have attempted to address this
issue. Mehta et al. (2007) devised an empirical study for the
Façade system, which was intended by its authors to evoke
rich exchange of meanings. Mehta et al. acknowledge that
the standard quantitative criteria in the conversational sys-
tem research community (e.g., task success rate, turn cor-
rection ratio, concept accuracy and elapsed time) are not ad-
equate because they assume a task-based philosophy, where
conversational interaction is framed as a simple exchange of
clear, well-defined meanings. As a result, they made a delib-
erate choice to use more in-depth but less statistically signif-
icant ethnographic methods to study a small group of users’
perceptions and interpretations of their conversations with
non-player characters. Using video recording and retrospec-
tive interviews, their study found that participants created
elaborate back-stories to make sense of character reactions
in order to fill in the gaps of AI failures, an insight difficult
to capture with pure quantitative methods.

The limitation of quantitative methods is echoed in Höök,
Sengers and Andersson’s user study of their digital art
project (Höök, Sengers, and Andersson 2003). They ob-
served, “[g]rossly speaking, the major conflict between
artistic and HCI perspectives on user interaction is that art is
inherently subjective, while HCI evaluation, with a science
and engineering inheritance, has traditionally strived to be
objective. While HCI evaluation is often approached as an
impersonal and rigorous test of the effects of a device, artists
tend to think of their system as a medium through which
they can express their ideas to the user and provoke them to
think and behave in new ways.” As a response, their inter-
pretive methods (open-ended interviews) focuses on giving
the artists a grounded feeling for how the interactive system
was interpreted and their message was communicated. De-
spite the sentiment against user studies in the interactive arts
community, some artists involved in the project acknowl-
edged that laboratory evaluations can help artists to uncover
problems in interaction design.

Because of these limitations, we believe that a mixed
methods approaches may be more suitable for evaluating
computational narrative outputs. In addition to the closed-
ended questions and surveys, qualitative methods such as
phenomenology, grounded theory, ethnography, case stud-
ies can better capture the plurality of meanings interpreted
by different readers and the complexity of such readings.

In literary studies, a group of researchers have started de-
veloping methods to empirically study readers’ responses to
literature. Due to the field’s predisposition to point-driven
interpretation, these methods offer a good example of bal-
ancing expert interpretation and ordinary readers’ responses
to and experience of the stories under evaluation. For exam-
ple, Miall (2006) identified four kinds of empirical literary
studies. First, studies that manipulate a literary text to isolate
a particular effect. Second, studies that use an intact text in
which the researchers hypothesize that intrinsic features of
the text influence the reader. Instead of manipulating a text,
each text itself provided a naturally varying level of fore-
grounding from high to low. A third kind of study involves
comparison of two or more texts. Four, readers are asked
to think aloud about a text during or after reading it. All of
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these can be further explored and potentially incorporated
into the evaluation of computational narrative systems.

Conclusion
In this position paper, we discussed the challenge of design-
ing evaluation methods for creative systems due to their dual
status. Focusing in the area of computational narrative, we
surveyed existing evaluation approaches in story generation
systems and identified crucial aspects of computational nar-
rative, as a potential form of cultural artifacts, that have been
so far downplayed. Penny warned us of the danger of the
“unquestioned axiomatic acceptance of the concept of gen-
erality as being a virtue in computational practice especially
when that axiomatic assumption is unquestioningly applied
in realms where it may not be relevant” (Penny 2007). We
suggest that work in empirical literary study research can
offer valuable insights of developing more interdisciplinary
and more balanced evaluation methods.
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Abstract 
We describe an improvisational companion based on 
the concept of harmonic bricks, as articulated by Cork 
and others. Our companion is software that can play 
background for, and trade melodies with, a human solo-
ist. While exhibiting creativity itself, its greater purpose 
is to improve creativity of its user. Bricks, originally in-
tended for memorization of chord progressions, are 
used here as a structuring device for improvised melo-
dies within a tune, as a basis for interaction, and as a 
means of learning new grammars for the purpose of 
generating melodies by the companion. A user interface 
for a partially implemented system is presented. 

Introduction 
Jazz musicians often make use of play-along audio 

tracks to practice their improvisations. Such tracks feature 
a recorded rhythm section (e.g. drums, bass, and piano, 
organ, or guitar), with the solo part omitted. A well-known 
example is the Aebersold (1967) series, comprised of over 
130 volumes and still growing.  

One performance aspect helpful in practice is that of 
trading, wherein different soloists alternate playing over 
consecutive four or eight-measure segments of a tune. Our 
interest here is a computational companion in which the 
roles of the rhythm section and all but one improviser are 
played by the computer program. Such a companion does 
not require the assembly of other musicians and is essen-
tially tireless. It can also be used as a basis for improving 
its user’s understanding of the underlying theory and tune 
structure. 

Because playing vs. listening alternate in small manage-
able chunks, trading can be a valuable learning device for 
the jazz musician. This paper proposes that trading can be 
structured using the concept of a brick, a shorthand term 
for an idiomatic harmonic phrase. While there are thou-
sands of tunes that comprise the jazz literature, fewer than 
one hundred bricks suffice to describe most of the tunes. 
Thus significant intellectual economy is achieved by work-
ing on melodic lines for bricks vs. entire tunes.  

We describe a preliminary implementation, with an out-
line for how bricks can also be used for machine learning, 
thereby improving the quality of the improvisational com-
panion with time. 
_______________________________________________ 
1 The authors thank the NSF (CNS REU #0753306) and Harvey 
Mudd College for their generous support. 

Background and Related Work 
Jazz solo improvisation most commonly consists of a so-

loist spontaneously creating and playing a melody over a 
chordal and rhythmic background provided by the rhythm 
section. The harmony typically consists of a chord progres-
sion from a standard tune. In the vernacular of the jazz 
musician, the progression is referred to as “the changes”, 
i.e. the transitions from one chord to another. Negotiating 
the changes while playing is one of the aspects of jazz that 
provides both pleasure and challenge for the soloist, and 
ideally pleasure for the listener as well.  

Certain idiomatic chord sub-sequences, such as cadenc-
es, have long been used by improvisers, but Cork (1988, 
2008) was one of the main proponents of providing infor-
mal labels for a significant variety of these sequences, 
which he called “LEGO bricks”, after the well-known toy 
building block system. We will simply call them bricks 
here. Later Clark (2007) and Elliott (2009) analyzed a 
much larger set of standard songs and extended the set of 
bricks suggested by Cork. Elliott’s work and analysis rep-
resentation, which he called “road maps”, further extended 
and refined the set of analyses. Our focus is on the compu-
tational aspects of using bricks in an improvisational com-
panion. 

The work of the aforementioned authors emphasized 
chordal aspects of bricks. The present paper redirects the 
focus toward melody, with the intent that bricks are also a 
useful organizational concept in learning to improvise. 
Aebersold (1967) took a similar approach, mentioning a 
few common progressions. Berg (1992) provided theoreti-
cal underpinnings, but did not use the brick terminology. 
He focused primarily on cadences, to which he applied the 
term “turnarounds”, targeting chords diatonic to major or 
minor keys.  

A cognitive discussion of creativity in jazz improvisa-
tion was provided by Johnson-Laird (2002), who observed 
“The cognitive problem for jazz musicians is to create a 
novel melody that fits the harmonic sequence and the met-
rical and rhythmic structure of the theme.” He also cited 
Cork (1988) as recognizing the possibility of modulation 
between arbitrary keys in standard tunes, which Cork 
called “joins”.  

Most notable for computer performance, Biles (1994) 
used a genetic algorithm to generate jazz licks. Walker 
(1997) and Thom (2000) each researched and prototyped 
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their concept of an improvisational companion. Although 
neither system is currently accessible, both are compatible 
with our specific suggestion, which focuses on a particular 
basis for learning. 

Bricks 
This section provides a few examples of bricks that oc-

cur in standard tunes, such as found in the jazz music liter-
ature. The illustrations are taken from the graphical user 
interface of our improvisational companion. Each brick 
consists of three rows. The top row is the inferred key of 
the brick, the second row is the name of the inferred brick, 
and the third row is the input chord sequence in the brick. 
The inference algorithm is described in a separate paper 
(under review). Definitions of bricks are specified as text, 
in a grammar file accessible by the user.  

The first example is the most common type of jazz ca-
dence in a major key, classically described as a ii-V7-I ca-
dence. The brick name is straight cadence, to distinguish it 
from other types of cadence. We use m7 to note a minor 
seventh chord. 

 

 
Figure 1: Straight cadence 

 
The second example extends the first by adding two 

more chords to the front. Termed a long cadence, one of its 
functions is to prolong the tension leading up to the final 
resolution. 

 
Figure 2: Long cadence 

 
The third example extends the long cadence even further 

by adding two more chords. This is called a starlight ca-
dence, in reference to the tune Stella by Starlight, by Victor 
Young, which contains a typical instance of this cadence. 

 
Figure 3: Starlight cadence 

 
There are other bricks in addition to cadences. For ex-

ample, a turnaround in our terminology is a brick that take 
the progression from a chord of a given function, (the tonic 
chord by default) toward a chord of another function (also 
the tonic by default). Figure 4 illustrates the POT (Plain 
Old Turnaround) brick (Aebersold, 1979), while figure 5 
illustrates the Ladybird Turnaround, after the Tadd 
Dameron tune Ladybird, which entails making tritone-
substitutions (cf. Berg, 1992) for the non-tonic chords in 
the POT. 

 
Figure 4: POT (Plain Old Turnaround) 

 

 
Figure 5: Ladybird Turnaround 

 
Turnarounds do not always target the tonic. For exam-

ple, the dropback (Cork, 2008) targets the ii chord. There 
are many variations of dropback, all ending with the sec-
ondary dominant for the ii chord (V7 of ii = VI7). Two of 
them are shown in Figures 6 and 7. TTFA stands for “turn-
around to further away”, with further away (from the tonic) 
being the phrase Cork used for the pre-dominant ii chord. 
TINGLe (Elliott, 2009) stands for There is No Greater 
Love, a tune by Isham Jones, that begins with this brick. 

 

 
Figure 6: TTFA Dropback 

 

 
Figure 7: TINGLe Dropback 

 
Figure 8 illustrates a roadmap produced by the compan-

ion, representing the analysis of a complete tune, in this 
case Confirmation by Charlie Parker, into bricks. The input 
that produced the roadmap consists of a text file with the 
chord symbols, bar markers, and section markers. In this 
case there are four sections, one per line. Most of the brick 
types in this tune have been defined above. Ones that ha-
ven’t are major on, sad approach, and straight launcher. 
The word “on” simply means the tonic chord in the key of 
the moment. In this tune, FM7, which stands for F major 
seventh, is the on chord. An approach is the part of a ca-
dence not including its resolution, and a launcher is an 
approach that resolves in the start of a new section.  

One can also notice in Figure 8 the presence of joins 
Cork (2008), which the software shows as small tag boxes 
below some bricks. Joins represent transitions between 
bricks. For example there are six sidewinder joins in this 
tune. The sidewinder join is often used to signal a transi-
tion from a major key to its relative minor, for example F 
major to D minor at the start of the tune. Although im-
portant to understanding the tune as a whole, and practice 
should take into account all twelve join possibilities (one 
for each chromatic interval) over time, joins do not play a 
major role in the current exposition. Not every transition 
has an identifiable join, revealing a gap in Cork’s method. 
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Automatic Brick Analysis 
The feasibility of our proposal is enhanced by the devel-

opment and implementation of an algorithm for analyzing 
the chord progression of a tune into bricks. The implemen-
tation underlies our user interface, starting with a lead 
sheet as input and resulting in a roadmap as output. Be-
cause the algorithm is described in another paper submitted 
for publication, we will take it for granted here.  

One of the challenges of such an algorithm is that a giv-
en chord sequence can be interpreted as more than one 
brick sequence. The algorithm uses section sub-divisions 
of the tune to help reduce the ambiguity, and produces a 
final unique parse based on a cost assignment, representing 
user-specifiable precedence levels for various brick types. 

It can also be noted in Figure 8 that some of the starlight 
cadences end in Bb7_. The underscore tells the program 
that this Bb7 chord functions as a tension tonic (Cork, 
2008), rather than as a dominant, its function by default.  

 

 

Interaction Modes 

Once the brick roadmap for a tune is made available, an 
improviser can make use of the bricks for practice. Our 
user interface allows the repeated play (“looping”) of 
bricks. There are various modes of looping: 

• Simple looping mode plays only the automatically 
generated background. The user can play over it as 
long as desired. 

• Trading mode has the companion play melody every 
other iteration. The intention is that the user will 
play when the companion is not playing the melody. 
The melodies can be generated by two possibilities: 

o Generated on the fly by a grammar. 
o Selection from a pre-composed database. 

• Recording mode can be used with either of the above 
modes. Whatever the user plays is recorded. 

• Learning mode augments recording by the program 
learning a grammar from the melodies played by the 
user.  

Figure 10: Edited screen capture of a response played as by a user over the starlight brick 

Figure 9: Screen capture of a melody played by the improvisation companion over a starlight brick 

Figure 8: Screen capture of the algorithmically produced roadmap of a complete 32-measure tune, Confirmation 
capture of a response played as by a user over the starlight brick 

International Conference on Computational Creativity 2012                                        157



The tradeoff between grammar and database creation of 
melodies is that grammars can be much more creative, 
generating a wider variety of material and do not require 
the laborious process of predetermining the database. 
However, use of database allows one to avoid sub-standard 
melodies. 

At this writing, recording and learning have not been 
completely implemented, although a sufficient technology 
base exists to establish their feasibility. Recording from a 
MIDI instrument, such as a keyboard or EWI (Electronic 
Wind Instrument), is relatively straightforward and availa-
ble. Recording from audio will require the addition of a 
module for audio to MIDI transcription. Software tools 
such as Smart Music (2012) and Intelliscore (2012) estab-
lish the feasibility of recording and learning from audio.  

Figure 9 shows a screen capture of a companion-
generated melody over the starlight cadence bricks in Fig-
ure 8, while Figure 10 shows a possible user response, 
played on a MIDI instrument input at 100 beats per minute. 
Figure 10 was edited for readability to account for swing 
feel in the user’s playing. Automation of the reversal of 
swing feel for visualization purposes is a solvable problem 
still to be implemented in our system. 

Our user interface provides additional features to en-
hance its applicability:  
• The various play modes are not limited to just single 

bricks. Any contiguous combination of bricks can 
be played, allowing gradual range expansion. 

• A variety of different styles, such as swing, bossa, 
rock, etc., can be generated as background for the 
bricks. Tempos can be varied to suit the player. 

• Large bricks can often be broken down hierarchically 
into sub-bricks, as bricks in general are defined us-
ing a grammar-like notation in a user-modifiable 
dictionary. This feature can facilitate incremental 
learning by the user. 

• The user can drag bricks together to create the harmo-
ny of a totally new composition, then save the result 
as a lead sheet. 

Figure 11 shows a screen capture of the full roadmap in-
terface as it currently stands, including the brick dictionary, 
from which the user can select bricks.  

Using Bricks to Improve Grammar Learning 
Gillick, et al. (2010) demonstrate a method for automat-

ing learning of grammars for generating melodies over a 
sequence of chords, by using a set of transcriptions of solos 
as input. The set of solos can be as small as a single solo, 
or a part of a solo. This learning method, as used in Impro-
Visor (2012), involves scanning the solo using a fixed-
length moving window one or two measures long. Each 
segment scanned in the moving window is converted, 
based on the underlying chords, into an abstract melody 
wherein the notes are not actual pitches, but rather catego-
ries (chord tones, color tones, approach tones, etc.). The 

melodic contours are represented by a series of slopes, 
groups of notes that uniformly rise or fall, with parametric 
bounds on the number of semitones between notes. 

Once the segments have been extracted by the moving 
window method described above, they are clustered by 
similarity. Then a small set of representatives is chosen for 
each cluster, and the representatives are chained probabil-
istically using a Markov chain, which is conveniently rep-
resentable as productions in the overall probabilistic con-
text-free grammar. The transition probabilities are derived 
empirically from occurrence frequencies in the transcribed 
solos. 

The grammar is used to generate melodies by instantiat-
ing the representative abstract melodies into actual melo-
dies. Due to the manner of abstracting and chaining, the 
results exhibit stylistic characteristics of the original solos 
without being rote copies of them. Probabilistic selection 
of grammar productions is the root source of apparent crea-
tivity emerging from the algorithm. 

Our new contribution is to use bricks as the windows, 
rather than having a fixed-size window as in the case of 
Gillick, et al. An advantage of using bricks is that they are 
already harmonically coherent units. As one can expect 
that a solo performed by a professional player will have 
melodic segments that conform to the harmonic units 
(Johnson-Laird, 2002), such a correspondence represents 
the transcribed soloist’s understanding of the harmonic 
flow of the tune. 

Another advantage of using bricks as windows is that 
the Markov chaining used for sequencing small fixed-
length segments can be eliminated. Chaining still might 
find uses in connecting brick-based melodies themselves; 
however, we expect that this macro-level chaining will not 
be extraordinarily useful in jazz, where large-scale coher-
ence tends to be the exception. 

Learning from the User 
A set of recorded melodies produced by a user can be a 

viable basis for grammar learning. Such learning can either 
take place off-line or, if the processing demands are not too 
great, while the companion’s melody is being played. 
Learning from the user’s own melodies as a basis for a 
grammar can provide positive or negative reinforcement, 
as the resulting grammar is fundamentally an embodiment 
of the kinds of melodies being played by the user. 

Assessment 
As our companion is proposed as a learning vehicle, it is 

worthwhile to consider what kinds of mechanisms might 
be possible to provide feedback for the user. Coloration of 
user-played notes to indicate chord tones, color tones, ap-
proach tones, and other, as employed by Impro-Visor, pro-
vides one means of judging how well the tones being 
played by the user conform to the underlying harmony. 
This contrasts with note coloration used by, e.g. Smart  
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Music (2012), which informs the user whether a note is the 
one specified in the score. With improvisation, there is no 
single correct note, so Impro-Visor’s note categorization is 
more appropriate in this context. Another capability that 
could be added concerns timing. Smart Music can inform 
the user whether a note is played early or late. But what is 
desired for jazz is to inform the user whether his or her 
timing swings or not, an aspect difficult to capture, and one 
that remains as a topic of future research. 

Conclusion 
We have proposed an approach toward a jazz improvisa-

tion companion based on the idea of harmonic bricks. The 
latter were suggested by Cork (1988, 2008) as a means of 
remembering jazz chord progressions. Our suggestion is to 
also use bricks as a basis for improvising melodies. To-
ward that end, we have prototyped a software improvisa-
tion companion based on this idea. Although the learning 
aspects of the tool is work in progress, the implementation 
has progressed far enough that we are confident that the 
approach will be useful in an educational setting to help 
enhance the creativity of its users. 
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Abstract

In this paper, we describe a system which creates novel
musical compositions inspired by non-musical audio
signals. The system processes input audio signals using
onset detection and pitch estimation algorithms. Addi-
tional musical voices are added to the resulting melody
by models of note relationships that are built using ma-
chine learning trained with different pieces of music.
The system creates interesting compositions, suggest-
ing merit for the idea of computational “inspiration”.

Introduction
Musical composition is often inspired by other musical
pieces. Sometimes, the new music closely resembles the
inspiring piece, perhaps being an intentional interpretation
or continuation of its themes or ideas. Other times the con-
nection between the pieces is not identifiable (or even con-
scious). And, such sources of inspiration are, of course, not
limited to only the musical realm. A composer can be in-
spired by the sight of a bird, the smell of industrial pollution,
the taste of honey, the touch of rain or the sound of a run-
ning stream. Since this is the case, an interesting question
for the field of computational creativity is whether a similar
mechanism can be effected in computational systems. If so,
new, interesting mechanisms for the development of (musi-
cal) structure become viable.

Many attempts have been made at computational compo-
sition. These attempts use mathematical models, knowledge
based systems, grammars, evolutionary methods and hybrid
systems to learn music theory, specifically whatever music
theory is encoded in the training pieces applied to the algo-
rithms (Papadopoulos and Wiggins 1999). Some of these
techniques have been shown to be capable of producing mu-
sic that is arguably inspired by different music genres or
artists (Cope 1992). Some computational composers focus
on producing melodies (Conklin and Witten 1995), but most
focus on producing harmonies to accompany a given melody
(Chuan and Chew 2007)(Allan and Williams 2005). Ames
(Ames 1989) and others have described training Markov
models on existing artists or styles and generating similarly
sounding melody lines. No system that we have found mod-
els the idea of artistic inspiration from non-musical sources.

We present a computational system which implements a

simple approach to musical inspiration and limit our focus to
(non-musical) audio inspirational sources. Our system can
autonomously produce a melody and harmonies from non-
musical audio inputs with the resulting compositions being
novel, often interesting and exhibiting some level of accept-
able aesthetic.

Methodology
Our approach to automatic composition from non-musical
inspirational sources is composed of four steps: (1) audio
input and melody generation, (2) learning voice models, (3)
harmony generation and (4) post-processing.

Audio Input and Melody Generation
Inspirational audio input was selected from various sources.
Our samples included baby noises, bird chirpings, road
noises, frog croakings, an excerpt from Franklin Delano
Roosevelt’s “A Date Which Will Live in Infamy” speech,
and an excerpt from Barack Obama’s 2004 DNC speech.

The melody generator takes an audio file (.wav format)
as input and produces a melody. The input signal typically
contains many frequencies playing simultaneously and con-
tinuously, and the generator’s job is to produce a sequence
of non-concurrent notes and rests that mimics the original
audio signal. To do so, it uses an off-the-shelf, free audio
utility called Aubio to detect the onset of “notes” in the au-
dio file (as well as to estimate their duration) and to extract
the dominant pitch at each of these onset times. Aubio is in-
tended for analyzing recordings of musical pieces in which
actual notes are played by instruments; however, in our sys-
tem it is used to analyze any kind of audio signal, which
means Aubio extracts “notes” from speeches or recordings
of dogs barking or anything else. A thresholding step dis-
cards generated notes that are too soft, too high, or too low.
The result is a collection of notes, extracted from the raw
audio, composing a melody.

Learning Voice Models
To produce harmonization for the generated melody, we em-
ploy a series of voice models, Mi, learned from a collec-
tion of MIDI files representing different musical genres and
artists. Each such model is trained with a different set of
training examples, constructed as follows. First, because
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Figure 1: Finding neighbor notes. The top center note (cir-
cled in red) is the current melody note. In this case, k = 3,
and, assuming wp = wt, the k closest neighbors are the two
notes surrounding the melody note on the top staff and the
first note on the bottom staff (circled in dark red). dt refers
to the distance in time between the melody note and neigh-
bor, and dp refers to the change in pitch. The (k + 1)th note
is the rightmost note on the bottom staff (circled in green).

there is no restriction on the time signature of the input or
output pieces, note durations are converted from number of
beats to seconds.

Second, to identify the melody line of the training piece
(and later to identify the melody line of the output piece), we
use a simple heuristic assumption that the highest pitched
note at any given time is the melody note.

Third, for each melody note, we find the k + 1 nearest
neighbor notes using the distance function (see Figure 1):

d(n1, n2) =
√
wtdt(n1, n2)2 + wpdp(n1, n2)2

where n1 and n2 are notes, and weights wt and wp allow
flexibility in how chordal or contrapuntal the training data
will be. dt and dp compute absolute difference in onset time
and pitch, respectively, so

dt(n1, n2) = |onset(n1)− onset(n2)|

and

dp(n1, n2) = |pitch(n1)− pitch(n2)|

Training instances are constructed from a musical piece’s
melody notes and its k + 1 closest notes. The training in-
puts are the melody note and its k nearest neighbors, while
the (k + 1)th closest note is used as the training output (see
Figure 1). The melody note is encoded as a 2-tuple con-
sisting of the note’s pitch and duration. The neighbor notes
and the output note are encoded using a 3-tuple consisting of
the time (dt) and pitch (dp) differences between the neigh-
bor note and the melody note and its duration (see Figure 2).
When building the training set for voice model Mi (with i
indexed from 0), k = i + 2. So, after training, voice model
Mi computes a function, Mi : R3i+8 → R3.

Figure 2: Training the voice models. For each melody note
m of each training piece, a training instance is created from
the melody note and the k + 1 closest neighboring notes
(n1, ...nk+1). The k closest neighbors are used, along with
m as input, and, as training output, the (k + 1)th closest
neighbor is used. The melody note is represented as a pitch
and a duration. Each of the other notes is represented as a
3-tuple consisting of dt, dp, and duration, where dt and dp

refer respectively to the differences in start time and pitch
between the neighbor note and the melody note.

Harmony Generation
The harmony generator is applied iteratively to add notes to
the composition. Each pass adds an additional voice to the
composition as follows. For the iteration 0, k = 2 and voice
model M0 is used with the melody as input. Each note, in
turn, is used as the melody note, and it and it’s two nearest
neighbors are used as input to the model, which produces
an output note to add to the harmonizing voice. This does
not imply that each harmony note is produced to occur at the
same time as its associated melody note. For each melody
note the model produces as output values for dt, dp, and
duration; the harmony note will only start at the same time
as the associated melody note if dt = 0.

When all melody notes have been used as input, the ad-
ditional harmonic voice is then combined with the original
melody line and the first iteration is complete. For itera-
tion 1, k = 3 and voice model M1 is used with the new
two-voice composition as input, and the process is repeated,
with the following caveat. We use the “melody” notes of the
current piece (that is, the highest pitched notes) instead of
the original melody notes (along with their k neighbors) as
input to the model. This allows the melody notes to change
from iteration to iteration, since the system can output notes
that are higher than the (current) melody. The end result
is another harmonic voice that is combined with the two-
voice composition to produce a three-part musical composi-
tion (see Figure 3).

This process is repeated for v iterations, so that the final
composition contains v + 1 voices in total. Empirically, we
found that v = 3 resulted in the most pleasing outputs. With
v < 3 there was not enough variation to distinguish the out-
put from the original melody. For higher values of v, the less
musical and more cluttered the output became.

Post-processing
After the output piece has been composed, the composi-
tion is post-processed in two ways which we call snap-to-
time and snap-to-pitch (and to which we refer collectively
as snap-to-grid).
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Figure 3: Adding voices. The harmony generator is ap-
plied iteratively over the melody line and generated harmony
lines, using successively complex voice models. These iter-
ations add successive voices to a composition.

Algorithm 1 Snap-To-Time. This algorithm adjusts note
start times in the final composition to compensate for lack
of uniform timing across input and training pieces. First,
δmin, the minimum difference in start time between any two
notes in the melody, is calculated. Each note is then shifted
so that its start time is an integer multiple of δmin from the
start time of the composition’s initial note.
δmin ←∞
for all notes n1 do

for all notes n2 do
δ ← |onset(n1)− onset(n2)|
if δ < δmin then
δmin ← δ

end if
end for

end for
for all notes n do

∆← bonset(n)/δmin + .5c ∗ δmin − onset(n)
onset(n)←onset(n)+∆

end for

Due to the beat-independent durations of the generated
notes, the note onsets in the composition can occur at any
time during the piece, which can result in unpleasant note
timings. To correct this, we implement a snap-to-time fea-
ture.

To do so, we first analyze the melody line to determine the
shortest time, δmin, between any two (melody) note onset
times. Then each composition note onset is shifted so that
it is an integer multiple of δmin from the onset of the first
note in the composition (see Algorithm 1). In other words,
each note is snapped to an imaginary time grid whose unit
measure is δmin, with the result being music with a more
regular and rhythmic quality.

Because each voice is generated independently, there is
no explicitly enforced (chordal) relationship between notes
which occur at the same time. The voice models may pro-
vide some of this indirectly; however, this implicit rela-
tionship is not always strong enough to guarantee pleasing
harmonies—there exists the possibility of discordant notes.
To remedy this, we implement the snap-to-pitch algorithm.

If two notes occur at the same time, the difference in their
pitches is computed. The pitches are then adjusted until the
pitch interval between the notes is acceptable (here, for sim-

Algorithm 2 Snap-To-Pitch. The notes n1 and n2 start at the
same time. If the interval between them is not one of {major
third, perfect fourth, perfect fifth, major sixth}, snap-to-pitch
modifies the pitch of one of n2 so that it is.
δ ← pitch(n1)− pitch(n2)
if δ > 0 then

if δ < 4 then
δ = 4

else
while δ /∈ {4, 5, 7, 9} do
δ ← δ − 1

end while
end if

else if δ < 0 then
if δ > −3 then
δ = −3

else
while |δ| /∈ {3, 5, 7, 8} do
δ ← δ + 1

end while
end if

end if
pitch(n2)← pitch(n1)− δ

plicity, acceptable means one of {major third, perfect fourth,
perfect fifth, major sixth}). See Algorithm 2.

As a summary, Algorithm 3 gives a high-level overview
of the entire compositional process.

Results
Musical results are better heard than read. We invite the
reader to browse some of the system’s compositions at
http://removedforblindcopy.

In some cases the melody generator produces melody out-

Algorithm 3 Algorithmic Overview Of System. A melody
is generated by detecting pitch, onset, and duration of
“notes” in an inspirational audio sample. Additional voices
are added by creating increasingly complex voice models
and iteratively applying them to the composition. The entire
composition is then post-processed so that it incorporates a
global time signature of sorts and to improve its tonal qual-
ity.
composition← extractMelody(inspirationAudio)
for i = 0 to v do
k = i+ 2
trainset← ∅
for all training pieces t do
trainset← trainset ∪ extractInstances(t, k))

end for
trainModel(Mi, trainset)
composition← addVoice(Mi, composition)

end for
composition← snapToTime(composition)
composition← snapToPitch(composition)
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Figure 4: Snap-to-grid. The first graph shows the layout of
an output composition based on CarSounds without snap-
to-grid post-processing. The second graph shows another
CarSounds output with snap-to-grid. Note the change in the
pitch scale that reflects the increase in pitch range which is a
result of adjusting concurrent notes to an aesthetically pleas-
ing interval.

puts which are readily identifiable with their inspirational
source audio files. Examples include compositions inspired
by a speech by President Obama and by a bird’s song. In
both cases, the resulting melody line synchronises nicely
with the original audio when both are played simultaneously.
In contrast, other compositions sound very different from
their inspirational source. Examples include a recording of
a frog’s repetitive croaking and a monotonous recording of
road noise in a moving car. In the case of the road noises
one would expect an output melody that is monotonous,
mirroring the humanly-perceived characteristics of the in-
put audio file. However, the melody generator composes a
low-pitched, interesting, and varied melody line when given
the road noise audio file, making it hard to identify how the
melody relates to its source.

In all outputs there is a general lack of traditional rhythm
and pitch patterns. This is, of course, not surprising given
that our audio sources for inspiration are not required to be
in any particular musical key or to follow traditional key
changes, nor do they have any notion of a time signature.
Additionally, we do not restrict our training sets in either of
these traditional ways. As a consequence, it is likely that
in any given training set there will be instances which are
in different keys and/or time signatures than the melody. In
light of these conditions, it is to be expected that the output
would not be traditional music.

Training wt wp Percent Chords
TwoDance 1 1 83
TwoDance 1 3 44
TwoDance 3 1 80
TwoBlues 1 1 67
TwoBlues 1 3 47
TwoBlues 3 1 71

Table 1: This table shows the effect of the weights wt and
wp. The input was the FatFrog audio file and voice models
were trained using either two songs from the Dance genre or
two songs from the Blues genre. Generally, as wp increases
(with respect to wt), the number of chords produced in the
output composition decreases.

The snap-to-grid feature is helpful. We have posted audio
examples on the web comparing outputs with and without
snap-to-grid. An example graph of each is given for visual
comparison in Figure 4. Snap-to-time doesn’t significantly
change the landscape of the pieces, but it proves to be essen-
tial in synchronizing notes which were composed as chords
but are not easily recognized as such because of the high pre-
cision of start times. Snap-to-pitch has a dramatic effect on
the pitch of certain notes but is limited to those notes which
occur at the same time.

We explored several values for wt and wp (see Table 1),
and, as expected, when wp > wt there are less chordal
note events than single notes compared to when wp < wt.
Interestingly, the baseline wt = wp = 1 for the case of
voice models trained with two Dance songs is slightly more
chordal even than wt = 3, wp = 1.

We could not detect any significant difference in effect
when using different genres or artists for training the voice
models. No distinguishable qualities of dance music were
discernible in the outputs composed using models trained
only on dance music. No distinguishable qualities of Styx
songs were discernible in the outputs composed using mod-
els trained only on songs by Styx. In short, each variable on
training input successfully introduced novel variations in the
output compositions in an untraceable way. Choice of train-
ing pieces did not produce a predictable pattern for aesthetic
quality. The fact that our (admittedly simple) voice mod-
els failed to capture the distinct qualities of certain artists
or genres suggests that our methods for encoding the musi-
cal qualities of training pieces are less effective at capturing
such information than they are at capturing interesting note
combinations and timings (see Figure 5).

As described, the standard system uses the k + 1 closest
neighboring notes of each melody note for training the voice
models, and this works. However, as a variation on this ap-
proach, randomly sampling k + 1 notes from the 4k closest
notes adds some extra variation in the composition and can
lead to more aesthetically pleasing outputs.

Snap-to-grid proved to be very useful for contributing
to the aesthetic quality of the compositions. Compositions
without snap-to-grid have more atonal and discordant chords
which play at undesirable intervals. Using snap-to-grid al-
lows a compromise between the uniqueness of the compo-
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Figure 5: Composition sample. These two measures are
taken from one of the compositions produced by our sys-
tem. The system produces interesting rhythms with varying
chordal texture.

sitional style and regular timing intervals and chordal struc-
ture.

Future Work
At this point, our system is quite simple and many of the
techniques it employs are somewhat naı̈ve musically. Some
of this naı̈veté is for convenience at this early stage of sys-
tem development, and some of it is design decisions that
allow for greater variety in system output. The snap-to-grid
processing is a post-hoc attempt to impose some level of
musical “correctness” on the system’s output. Given the un-
constrained nature of the inspirational input, it is an inter-
esting question to ask how one might naturally incorporate
useful aspects of music theory directly in the melody gen-
eration process while still allowing significant effect from
the source. Also, it is natural to suggest incorporating more
traditional and mature harmonization schemes for the gen-
erated melodies. Finally, to this point, only the melody
has been (directly) affected by the inspiring piece; it would
be interesting to develop methods for using the inspira-
tional source to directly influence other musical characteris-
tics such as harmonization, style, texture, etc. However, all
of these necessary improvements are relatively minor com-
pared to the real open issues.

The first of these is the development of an evaluation
method for judging aesthetic and other qualities of the com-
positions. To this point, our measure of “interestingness”
has been only our own subjective judgment. The develop-
ment of more principled, objective metrics would be useful
as a filtering mechanism, and, at a more fundamental level,
as feedback for directing the system to modify its behavior
so that it produces better (novel, interesting, and surprising)
compositions. In addition, such results may also be vetted in
various kinds of human subject studies.

The second of these is the development of a mechanism
for autonomously choosing which inspirational sources the
system will use as input. This requires the development
of some type of “metric” for inspiration. Or, perhaps an-
other way to think about this problem is to ask the question,
“what makes a sequence of sounds interesting (or pleasing,
or arousing, or calming, or ...)?” Is this quantifiable or at
least qualifiable in some way? Some potential starting points
for this type of investigation might include work on iden-
tifying emotional content in music (Li and Ogihara 2003;
Han et al. 2009) as well as work on spectral composition
methods (Esling and Agon 2010).

This, in turn, introduces further considerations, such as
in which quality or qualities the system might be interested
and how those interests might change over time. An addi-
tional consideration is that of a second level of inspiration –
rather than the system being inspired by the aural qualities
of the input alone (as it is at present), is it possible to con-
struct a system that can be inspired by metaphors those aural
qualities suggest? And is it then possible for the system to
communicate the metaphor to some degree in its output?
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Abstract

Affective agent architectures can be used as control com-
ponents in Interactive Storytelling systems for artificial au-
tonomous characters. Creative authoring for such systems
then involves configuration of these agents that translate part
of the creative process to the system’s runtime, necessarily
constrained by the capabilities of the specific implementa-
tion. Using a framework for presenting configuration options
based on literature review; a questionnaire evaluation of au-
thors’ preferences for character creation; and a case study of
an author’s conceptualisation of the creative process, we cat-
egorise available and potential methods for configuring affec-
tive agents in existing systems regarding creative exploration.
Finally, we present work-in-progress on exemplifying the dif-
ferent options in the ActAffAct system.

Introduction
Interactive Digital Storytelling (IDS) is concerned with the
creation of a new media art form that allows for real-time
interaction with a developing narrative. In the terminol-
ogy of (Boden and Edmonds 2009), the aim is a form of
CI-art or VR-art, i.e., computer-generated and responsive
to audience interaction, possibly in the form of virtual re-
ality. Creating new methods for adaptivity, generativity,
and interactivity is seen as the prime method for advanc-
ing beyond traditional linear media, and while there are
recent examples of technical approaches that are close to
video-based media, e.g. video recombination (Porteous et
al. 2010), and of conceptual approaches to story generation,
e.g. based on analogy-mapping (Ontañón and Zhu 2011), a
large part of the research has focused on enabling interactive
storyworlds inhabited by synthetic characters (Rank 2005;
Si, Marsella, and Pynadath 2005; Louchart and Aylett 2007).
The assembly of autonomous conversational actors endowed
with some degree of autonomy poses significant integration
challenges (Gratch et al. 2002), including the development
of authoring methodologies that support the creative process
inside the boundaries of an IDS system.

We take the point of view of authors with IDS experience
to find ways beyond the current disparity between needs of
authors and capabilities and interfaces of existing systems.
In order to examine the support for creative authoring in
these systems, we look at methods for configuring one cru-
cial element for translating parts of the creative process to

runtime: affective agents. After introducing affective agent
architectures and a framework for presenting their config-
uration options to authors that draws on literature review;
the evaluation of authors’ preferences for character creation
using a questionnaire; and a case study of an author’s con-
ceptualization of the creative process, we examine available
and potential methods for configuring affective characters
in existing systems. Finally, we report on work-in-progress
translating these options to the ActAffAct system.

Affective Characters
Affective agents are a specialization of intelligent agents for
domains in which emotional and related phenomena are im-
portant. A key dimension for agent control architectures of
synthetic characters is affective competence: believable por-
trayal of emotional reactions and the capability of selecting
appropriate expressiveness; variability within the consistent
boundaries perceived as personality (Ortony 2003); and the
recognition of subjective relevance in the agent’s (social) en-
vironment (Marsella, Gratch, and Petta 2010). The origins
of such architectures often lie with scenarios of use (Rank
and Petta 2006) that target other application areas, cognitive
modeling or modeling of psychological theories. Their con-
figuration is not necessarily suited directly for the authoring
of synthetic characters.

In the context of IDS, synthetic characters translate parts
of the creative decisions of authoring to the runtime system.
Affective competence helps to ensure the emotional aspect
of character portrayal as well as of the causal connections
in a story, down to the fine-grained level of audience inter-
action. Here, we focus on techniques that model charac-
ters and their behaviour explicitly in order to achieve levels
of motivational and behavioral autonomy that facilitate the
generativity and interactive flexibility that IDS strives for.
On the spectrum from ‘strong autonomy’ to ‘strong story’
(Mateas and Stern 2000; Swartjes 2010), this places the ap-
proach towards the autonomy-end, more compatible with
the idea of emergent narrative that nevertheless requires pur-
poseful authoring (Louchart et al. 2008), in addition to af-
fective and situated competencies, to be successful. Even
in a strongly story-based interactive system, autonomously
competent agents are valuable if they can be configured to
act ‘in character’ during episodes that are not directly con-
trolled by a story-based framework or if the system explicitly
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represents emotional links between characters as part of the
authoring process (Pérez y Pérez 2007). For the context of
this work, the top-level of an IDS system, drama manage-
ment (Roberts and Isbell 2008), is not considered: we in-
tentionally focus on single characters and their autonomous
behaviour: character goals rather than author goals (Riedl
2009).

The nature of interactive systems entails that judgment of
creativity cannot focus on novelty and value of static arti-
facts as for systems that clearly separate a generative part,
see also (Gervás 2009): The use of affective agents carries
aspects that are clearly separable for static artifacts, such
as chronology, causality, and the distinction between fab-
ula and discourse, i.e. what is told and how it is told, into
the runtime of a system. Rather, we try to map the concep-
tual spaces that are established by affect models as well as
the ways for exploring and potentially transforming them.
This approach is similar to work in the area of game de-
sign (Smith and Mateas 2011). In (Spierling and Hoffmann
2010), the authors state that creative authorship is far from
obsolete in the context of IDS. The creative output con-
sists to a substantial degree of the specific configuration of
the control system. Abstractions at the creative conceptual
level are seen to be distinct from the more formal abstrac-
tions (Crawford 2004) required for implementation. Rather,
this relationship between authorial conceptual abstractions
and implementation-specific abstractions of a more techni-
cal kind and the special kind(s) of dedicated support required
of an IDS system for this transformation needs to be investi-
gated for each case.

Configuration Options for Affective Agents
We use a framework for the configuration of affective char-
acters as seen from the author’s perspective (Rank et al.
2012), based on feedback received from a questionnaire
study performed during an authoring workshop1, as well as a
case study of one author’s practice, strongly rooted in drama
theory. The questionnaire used free-text feedback and a set
of Likert-scale questions intended to gauge the relative im-
portance of different strategies for creating characters for a
story-world. The free-text feedback reflected a wide range
of approaches to character creation, including placing the fo-
cus on events, conflicts, or personality-specific feelings that
happen to the character; the reliance on known characters
or on personal experience as a starting point; and picking
the background and underlying goals of characters as cen-
tral element. At the same time, the reported results point
at the complementarity of different approaches to character
creation while the evaluation of preferences for different ap-
proaches showed no significant differences at that level of
investigation (Rank et al. 2012).

As a second source for authors’ viewpoints on the prob-
lem of configuring synthetic characters in an effective way,
we draw on a case study of the authoring experience of
one of the co-authors (Struck 2005) with both traditional
linear narratives (i.e., script writing) and interactive story-

1The IRIS authoring summer school http://iris.interactive-
storytelling.de/Summerschool

telling systems. The central tenet of this author’s experi-
ence is the conceptualization of narrative as a sequence of
emotional effects. Underlying this approach are character-
centered drama models based on work such as by Frank
Daniel (see (Howard and Mabley 1995)) and the notion of
a conceptual space (Struck 2005). Furthermore, the prac-
tice corresponds to the cyclic process of engagement and
reflection that has been proposed as a model of creativity in
writing (Sharples 1999).

As a quick way to concretize a character’s role in a nar-
rative, it is proposed to answer the question: What does the
character want the most? Motivations and aversions of a
character are then considered subordinate to this main de-
sire. The notions of aspirations, vocations, and goals are
crucial to derive a character’s fears. As an example, consider
a character that wants to see the world: Potential candidates
for suitable high-impact fears would then be fear of flying or
fear of crossing open water. A narrative is then seen to pitch
a character’s goals against obstacles involving the need to
risk high stakes. Anything lacking in connection to a char-
acter’s hopes and fears is omitted. Conversely, everything
that is shown relates to this backstory of the character. Note
that such constraints quickly extend beyond individual char-
acters to comprise their social stances and interrelationships
(Spierling and Hoffmann 2010). In addition, this selection
principle contributes to perceived believability by allowing
for inference and prediction of motivations and intentions
through observations, e.g. (Riedl and Young 2010), p.220.

Figure 1: The levels of presenting configuration of charac-
ters in IDS.

Based on this investigation of the authors’ viewpoint, and
considering available systems, four different non-distinct
levels of presenting configuration are distinguished, as il-
lustrated in Figure 1:
1. Direct changes to initial inner states of agents as mo-

tivating factors for the character’s behaviour.
2. Parameter settings that influence the inner working of

an agent in correspondence to a theoretically persistent
characteristic of the agent as a whole: traits.

3. Complete stock characters with a particular personal-
ity that can be used as a basis for customization.

4. Configuration based on the selection of backstory ex-
periences that influence background beliefs and emo-
tional parameters.
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Levels 1 and 2 define a conceptual space that can be ex-
plored exhaustively in theory, though not in practice for most
systems. Levels 3 and 4, while relying on the same meth-
ods of character control, present configuration as a transfor-
mational process starting from exemplars2. As mentioned,
these levels are not distinct and can be seen as complemen-
tary, progressing towards a higher level of abstraction.

Configuration in Existing Systems
In the following, we review current systems and their sup-
port for exploring configuration in terms of inner states and
traits, as well as the potential for supporting stock characters
and backstory experiences. An important biasing factor for
the selection of example systems was the open or confiden-
tial availability of source code.

As mentioned above, the inner states of existing sys-
tems are often strongly tied to the origin of the agent ar-
chitecture and not geared towards authoring. Many affec-
tive agent architectures can be seen as extensions of belief-
desire-intention (BDI) agent models based on ideas about
resource-bounded practical reasoning (Bratman, Israel, and
Pollack 1988). These ‘BDI+E’ architectures rely on: be-
liefs that represent what an agent holds to be true, desires
(or goals) that an agent tries to fulfill, and a representation
of what the agent is capable of doing, often in terms of a plan
library. The third name-giving element, intention, refers
to capabilities activated in pursuit of a current goal. The
main influence on agent behaviour that all these architec-
tures share and that are directly amenable to exploration are
the relative importance of different desires, i.e. their utility,
and the set of capabilities available to a specific agent.

Examples of architectures that add an operationalization
of affective appraisal are FAtiMA (Dias and Paiva 2005) or
ActAffAct (Rank 2005). The addition of affective appraisal
results in further parameters for exploring configurations:
the relative importance of standards, i.e. the evaluation of
different types of behaviour; the initial relative importance
of the actors and objects in the storyworld; and the creation
thresholds and decay rates for different types of emotions.
Further, such architectures were extended to consider mood
as a meta-level effect, i.e. as an aggregate of previous emo-
tions. An important additional parameter in this respect is
the number of emotions considered. One extension of FA-
tiMA (Doce et al. 2010) applies the so-called OCEAN or
five-factor model of personality. An individual’s personal-
ity is expressed as values of five personality traits that can
be used to explore the possible resulting behaviours: open-
ness, conscientiousness, extraversion, agreeableness, neu-
roticism. The values for the five OCEAN factors influence
the appraisal process in terms of thresholds and decay rates
for emotion instances, but also coping and planning as well
as expressivity in an animation system.

Both the BDI framework and personality theory frame the
configuration of agents in terms that are still close to the au-
thorial conceptualization presented above. For other mech-

2See (Rook and Knippenberg 2011) on the influence of quality
of exemplars on creativity and imitation depending on the regula-
tory focus of authors.

anisms, the matching of explorable settings is less direct.
In implementations based on PSI theory, such as MicroPSI
(Bach 2003) or ORIENT (Lim et al. 2012), another exten-
sion of FAtiMA, emotions are described as sets of modu-
lators that influence processing directly: arousal, i.e. the
propensity for action, resolution level, i.e. the accuracy
of internal processing, and selection threshold, i.e. resis-
tance to change the current intentions. Exploring the effect
of different situations on the values for these modulators
opens a space for an agent’s personality. On a more gen-
eral level, PSI theory introduces the individual settings of
so-called motivators (affiliation, integrity, energy, certainty,
and competence), homeostatic variables with an influence
on behaviour based on the deviation from set-points.

Further affective architectures are built on top of cogni-
tive architectures that in themselves provide a wide range of
possibilities for configuring individual differences in terms
of inner states. An example is Soar and the emotion models
based on it, such as EMA (short for emotion and adapta-
tion) (Marsella and Gratch 2009) or PEACTIDM (Marinier
and Laird 2006). Soar itself provides a general process-
ing cycle that can be used in different styles, which in turn
results in a wide range of configuration options. Corre-
sponding to the BDI approach, the utility of goals and the
availability of operators form the core of any configuration.
Similarly, in Thespian (Si, Marsella, and Pynadath 2005;
Si, Marsella, and Pynadath 2009), goals, policies and be-
liefs about self and others are the determining factors of
single agent behaviour. In addition, in support of authorial
control, characters can be configured by specifying multi-
ple story-paths that are used to deduce their goals. Thereby,
this approach employs a strong-story element to parameter-
ize a system that is originally autonomy-driven. In EMA,
the overall affective assessment is based on a causal inter-
pretation of the current state of the world. On a conceptual
level, the granularity of this representation forms an impor-
tant part of configuring the personality of an agent. One fo-
cus of affective architectures in general are coping activities
defined as the inverse operation of appraisal. Coping thus
involves the identification and influencing of the believed
causes for the currently significant state. Different coping
strategies can be available to a single agent and the selection
of these strategies represents a new level of potential config-
uration and a suitable candidate for a high-level exploration
of the conceptual space of affective agents. Further, avail-
ability and relative priority of different coping strategies can
be linked to backstory experiences.

In the VirtualStoryteller framework (Swartjes, Kruizinga,
and Theune 2008), late commitment is used for the au-
tonomous characters to determine the values of internal pa-
rameters and the state of the storyworld at runtime rather
than beforehand at authoring time. To inform these delayed
decisions, an assessment of the benefit of available options
for story development is computed, thus reducing options of
direct authoring of character states in favour of more global
traits of the character in the story context.

Planning and scheduling techniques add further
implementation-specific parameters for configuring in-
dividual differences that are comparatively far removed
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from the author’s perspective. As an example, planning
algorithms can use quality measures, e.g., time and cost,
and resource constraints to decide between alternative paths
of action. Configuration of these mechanisms involves
relative weighting of different quality measures.

Table 1: Configuration options for inner states and traits.

Inner
States

Beliefs, granularity of internal representation;
Availability of capabilities; Utility of goals;
Standards, evaluation of types of behaviour;
Thresholds and decay rates for emotion types;
Availability and priority of coping strategies

Traits History considered for meta-level mood; Quali-
ties/constraints for planning/scheduling; Open-
ness, conscientiousness, extraversion, agree-
ableness, neuroticism; Arousal, resolution
level, selection threshold; Importance of affili-
ation, integrity, energy, certainty, competence

Table 1 summarizes relevant options for configuration of
affective behaviour, distinguishing options related to inner
states from traits of the agent as a whole. Practical and inten-
tional examples for stock characters and configuration based
on backstory experiences are rare. However, most architec-
tures were designed for a specific purpose and therefore a
set of characters is available, at least in principle. To the
best of our knowledge, explicit use of backstory experiences
to influence individual character behaviour has not been im-
plemented in any system so far.

Extending Configuration of ActAffAct
ActAffAct (Rank 2005) is a proof-of-concept system that re-
lies solely on the affective competences of individual char-
acters and their configuration in terms of beliefs and desires
to generate interesting but very simple plots within an inter-
active storyworld setting comprising a hero; a villain; a vic-
tim; and a mentor, as well as simple props such as a sword;
a rope; or a bouquet of flowers. As a system with BDI-
background and a practical reasoning system at its core, the
modification of inner states is the direct way of exploring
character designs. The use of a mood-system allows for the
modification of traits: influence factors of different emotion
types on mood and the decay rate of the mood state, that
influence the character as a whole. Our work-in-progress
considers the support for stock characters and backstory
experiences. Due to the use of “cliché” story characters,
archetypes, as agents in the original system, a set of stock
characters can be derived directly. Most interesting though
is the realisation of backstory experiences: The implementa-
tion of the appraisal process includes the selection of coping
styles and the relative weighting of different types of emo-
tions. These two elements lend themselves to be configured
by a selection from automatically generated episodes: every
episode shows reactions of a character in the possible com-
binations of encounters with other characters and objects in
the storyworld. Evaluation of the resulting authoring possi-
bilities is planned, including a questionnaire study.

Conclusion
In this paper, we used a conceptualization of character cre-
ation from the author’s viewpoint to review different lev-
els of configuration that current affective agent architectures
provide. A mapping of notions of the author’s creative pro-
cess to configuration options is not straightforward. Rather,
due to the roots of many affective agent architectures in ar-
eas other than IDS, parameters offered for exploration are
often far removed from the author’s perspective on character
creation. On the other hand, parameters that stem from the-
oretical and practical considerations in agent architectures
potentially provide new sources of creative inspiration for
authors, both in terms of details of modeling and in terms of
additional factors of influence that implementation-specific
configurations expose for exploration. Overall, the concep-
tualization helps to frame the support for creativity in au-
thoring IDS systems, and points to future extensions of ap-
proaches for character configuration. Finally, based on the
review of configuration options in related systems, we pre-
sented ongoing work in extending the ActAffAct system re-
garding new ways for configuring autonomous characters.
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Abstract

This research is a collaborative work between a visual artist,
a computer scientist, and a cognitive scientist, and focuses on
the creative process involved in connecting two pictures by
painting another picture in the middle. This technique was in-
volved in four Infinite Landscape workshops conducted at Art
Museums in Japan and Europe over the last five years. Based
on the artist’s verbal recollection of the ideas that occurred
to him as he drew each of the connecting pictures, we iden-
tify the micro-processes underlying these ideas, and propose
a meme-based, evolutionary-inspired architecture for model-
ing them.

Introduction
Research in recent years has revealed that though creativity
may involve an aha moment with a gestalt shift or a sud-
den perceptual or conceptual reorganization, it is typically
preceded and followed by several micro-processes that play
an equally important role as the aha moment itself (Dun-
bar 1997; Sawyer 2006). These micro-processes can occur
within a cognitive agent itself, or in different agents within
a group or society. Our goal in this research is to study and
model these micro-processes.

Infinite Landscape Workshops
This research is a collaborative effort between a visual artist
[henceforth the Artist], a computer scientist and a cognitive
scientist. Over the last five years, the Artist conducted four
workshops at art museums in Japan and in Europe with the
common theme connecting different spaces. In each work-
shop, there were 15-19 participants, all children (8-14 years)
except in one workshop there were six adults. All the work-
shops followed the following modus operandi.

In the first step, the children were shown about 20 pho-
tographs of scenery from around the world, and then they
were asked to draw imaginary landscapes using the build-
ing, people, animals etc. in these pictures as they liked. In
the second step, the Artist brought the children’s imaginary
landscapes to his studio, and then he drew one picture to be
inserted between every two children’s pictures, so that all
three pictures form a seamless scene. One such trio of pic-
tures is shown in Fig. 1: scenes 9 and 10 were drawn by
participants, and the Artist drew S9 to connect the two.

Figure 1: First strip

In the third and final step, all the pictures were connected
in a ring without a beginning and an end, and the completed
ring was suspended from the ceiling of the museum where
the workshop was held. The ring was placed with the paint-
ings on the inner side, so that the viewer is surrounded by
the work while viewing it.

Overview of the Project and Methodology

Specifically, our goal in this project is to model the micro-
processes involved in creating the connecting picture. Our
methodology is as follows. In the first step, the Artist has
recorded various ideas that occurred to him as he drew each
of the connecting pictures. In the second step, we analyze
these steps to identify and classify underlying processes. In
the third step, we outline a model for implementing these
processes. Finally, we would like to do experiments with
the implemented system and evaluate the results.

In the current paper, we report our observations from an-
alyzing the data from the workshop conducted at the Me-
guro Museum of Art, Tokyo (Japan) on 2 August 2007. The
Meguro workshop was different from the other three work-
shops in that the participants were given only pencil and pa-
per; there was no color, so the focus was on forms, shapes
and space. Also, this workshop included six adults among
nineteen participants; the remaining 13 were children (8-14)
years. Based on our observations, we identify various micro-
processes and how they interacted with each other to create
the macro-level connecting pictures. Finally, we propose a
meme-based, multi-agent architecture for modeling the un-
derlying cognitive process, and discuss future research di-
rections.
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Observations on the ‘Connecting’ Process
We analyzed data from ten connecting pictures that the
Artist drew for this workshop. Here we present the Artist’s
self-reflection on the genesis of ideas that led to the creation
of connecting pictures. We include here seven of the more
interesting cases. (The original comments were in Japanese.
Translation and slight editing is by one of the other authors
of this paper.)

We start with the Artist’s observations on connecting 9
and 10 (Fig. 1): “These two had completely different atmo-
sphere from each other. Sketch 9, drawn by an adult partic-
ipant, is a scene set at dusk; a person looking at the artist is
drawn wearing a sad expression. Sketch 10 has a bright at-
mosphere with flowers, fountains, buildings on a hill, and a
horse. Moreover, each picture had an important character in
the bottom left. The idea for connecting these sketches came
to me while looking at the wonderful horse in 10. I thought
of putting a parent horse running nearby. Because the back-
ground color of 9 and the body color of the horse in 10 was
the same, I transformed the background of 9 into the parent
horse in S9, which became a nested image structure. Then I
extended the baby horse and the hill with the buildings.”

On connecting 11 and 12 (Fig. 2): “There was the ground
and the sky in the left one-third of 11, but the sea covered the
remaining part on the right. In 12, a vast meadow was drawn
with rich pictorial details. Here my attention was drawn to
the connection between the color of the giant bridge in 11
and the color of the sky in 12. In S11 I drew the enlarged
bridge of 11 and connected it with the picture on 12, which
resulted in a nested image structure.”

Figure 2: Second strip

On connecting 12 and 13 (Fig. 3): “I felt these two
could not be connected with the techniques I had used so
far. Then I noticed the wall on the top-right corner of 12
and the curved ledge surrounding the fountain in 13. Us-
ing these two curves, I drew a large Mobius strip in S12.
As this Mobius strip divided S12 into four sections, in each
section I extended the adjacent scenery. It felt like pour-
ing in the scenery. Accordingly, I was able to connect them
without blending, and this became the first work with this
technique.”

On connecting 7 and 8 (Fig. 4): “Because 8 was a richly
detailed realistic presentation, to contrast it with the presen-
tation in 7, I decided to stress dimensionality in the connec-
tion. The realistic rocks and the bridge in 8 were rendered
in 3-d and were connected with the bridge in 7 that was ex-
tended in 2-d. To make this connection smoother and give
an accent to the picture, I drew 3 Russian onion domes from
7 into S7.”

Figure 3: Third strip

Figure 4: Fourth strip

On connecting 5 and 6 (Fig. 5): “Sketches 5 and 6 could
be naturally connected. However, I had decided to refuse or-
dinary, conventional way of connecting things. I got the hint
from the composition of 6. Oddly, on the right of 6, every-
thing is drawn tilted towards the bottom left along a vector,
but in the middle part, another horizontal vector appears. As
a result, the horizon is split into two: one horizontal and an-
other pointing to bottom left. I further emphasized this split
of horizon, and drew a horizon pointing to the sky where the
cow is, and another horizon that is sinking down where the
buildings are.”

Figure 5: Fifth strip

On connecting 4 and 5 (Fig. 6): “Connect 5 on the right
of 4. I was very interested in the row of flags that was hang-
ing in 5 from left to right. On the right edge of 4, there is an
upside-down building. What a challenge! I took that chal-
lenge and extended the gate of that fort-like building, and
turned the top-right part of it into water surface. I extended
that dark water surface to the right, making it narrower, and
connected it with the contour of the lake in 5. On top of it, I
placed the swans and plants from 5. I left the top-right part
of the picture white in order create a contrast effect with the
black space that is extended to the left. In the bottom right,
I extended the flags.”

On connecting 3 and 4 (Fig. 7): “I had a strong impres-
sion that the participants were expressing their own images
instead of sketching by sampling from the photographs of
the scenery I had shown. An extreme case of this is 4.
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Figure 6: Sixth strip

At first the sketch was filled-in completely black, and then
brightened by the eraser. It had no earth and sky, but an am-
biguous space from a dark fantasy I decided to connect this
dark picture with 3, which had a child-like pictorial space.
However, it would be impossible to connect the two in an
ordinary way. Here, I decided to ignore all the meaning in
these pictures, but to focus on the pattern of light and dark
instead. I said to myself, ’it is just a blotch’. The only con-
necting point in both pictures was the street in 3 and the
bridge on the bottom left of 4. I could connect this street
and the bridge. Luckily, bottom left of 4 looked like the sea,
and bottom right of 3 also looked like a body of water. In S3,
I extended the road in 3 in S-shaped curve and connected it
with the bridge in 4. Continuing, I also extended the sea The
problem was what to do on top of this. On the left part of S3,
the only possibility was to extend the street-side houses on 3,
so I did that in the same touch. Then I gradually changed the
color of houses from gray to black, while introducing spatial
distortion, and changing them from solid to liquid. I floated
a swan in the dark pond that the buildings were turned into.”

Figure 7: Seventh strip

Identifying Micro-Processes in ‘Connecting’
Carefully going through all these comments, as well as ex-
amining the trio of pictures ourselves, we came with the fol-
lowing list of micro-processes that played a role in the gen-
esis of connecting two pictures:

Copy elements This was by far the most common operation.
Elements were copied from both the left and right pictures
and incorporated in the connecting pictures just like that.
One can see examples of this in almost every instance of
connection. Among the examples presented above, one
can see that swan is copied from 4 to S3, flags, plants and
swan from 5 to S4, onion domes and swan from 7 to S7,
small bridge and bull from 11 to S11, and so on.

Copy elements and transform This is similar to the above
except that the element gets transformed while copying.
For example, the rocky peak and the bridge are rendered
in 3-d while they are copied from 8 into S7, and parking
sign is turned around as it is copied from 5 into S5.

Copy elements and swap attributes Here elements that are
being copied interact during copying and swap attributes.
One example is provided in 6-S6-7 (Fig. 8), where two
people are copied from 6 into S6, but their poses and the
object one of them is holding are swapped.

Extend elements An element is continued in the adjacent
picture; for example, the sea from 3 into S3, the masonry
from 6 into S6, and the meadow from 12 into S12.

Same form (shape, shade,. . . ) → search for meaning
This is illustrated by 9-S9-10 (Fig. 1), where the same
shading for the horse’s body in 10 and the background in
9 led to the idea that the background in 9 can be morphed
in the mother horse in S9. This process can also be
evidenced between S11 and 12 (Fig. 2).

Similar form and semantic association→ morph forms
This is evidenced in 3-S3-4 (Fig. 7), where a semantic
association between the road and the bridge, and similar
forms (notice that they are similar but not the same) led
to the idea that they can be joined by morphing one into
the other.

Form-based continuation This is different from the extend
element above in that the continuation is based on the
shape and shade only, and does not involve meaning. This
is seen in S3 and 4 (Fig. 7).

Form-contrast→ concept-contrast This is illustrated by 7-
S7-8 (Fig. 4). The contrast between a richly detailed
sketch (8) and a plain sketch (7) suggested a 3-d vs. 2-
d contrast.

Form-similarity→ unifying concept In 12-S12-13 (Fig. 3)
form-similarity between the wall on the top right of 12
and the ledge around the fountain on the bottom left of 13
suggested the idea of a Möbius strip.

Emphasize concept In 5-S5-6 (Fig. 5), different planes
(horizons) in 6 were incorporated in S5 and emphasized.
This is similar to copy element and transform except that
the element is a concept rather then a concrete object.

Figure 8: Eight strip

Meme: A Representation for Ideas
In order to represent all these micro-processes, we pro-
pose to use the formalism of meme, which was popular-
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ized by Richard Dawkins in his celebrated The Selfish Gene
(Dawkins 1989). Memes are cultural counterpart of genes,
and represent ideas that can be generated, be passed on, get
transformed, be combined with each other, and die out. As
we observed many of the similar operations and interactions
among the micro-processes in connecting two pictures, we
chose meme as a unit of representation for modeling.

In our particular domain, a meme can be an element like
a swan, a horse, or a building. It is a particular element,
so it carries specific attributes. In other words, the horse
meme that plays a key role in 9-S9-10 (Fig. 1) is not the
general concept of a horse, but carries concrete attributes
like the shade and the shape of the horse that was drawn
in 10. There can also be conceptual memes, for example,
‘horizon tilted to top-right’, ‘3-d rendering’, or ‘dark shade’.
Such memes represent specific operations or attributes that
can be imparted to an element or a scene.

It is possible to have generalized memes and to organize
them in a hierarchy. So, for example, there can be a ‘horse’
meme of which the horse meme of 10 (Fig. 1) would be
an instance; or there can be a ‘tilted horizon’ meme, which
would be a parent of the ‘horizon tilted to the top-right’
meme. But for the time being we are not considering such
general memes.

Following actions can be carried out on individual
memes:

Copy or replicate In this case the element is copied as it is,
or the concept is applied as it is. So a swan is copied with
all its attributes intact, or the horizon can be tilted toward
the top-right corner of the pictures for a part of the scene
that is selected.

Copy with transformation In this case, the element is
copied but one or more of its attributes are changed along
the same dimension. For example, its size can be made
bigger or smaller, its color or shade can be changed, its
orientation can be changed, and so on. For a concept
meme, some of its parameters are changed during applica-
tion; for example ’horizon tilted to top-right’ can change
to ’horizon tilted to top-left’.

Two memes can also interact with each other and we specify
the following four modes of interaction:

Swap attributes Two memes can swap attributes of each
other. We saw an example of this in Fig. 8 where the
pose and the ”object-held’ attributes of two people were
exchanged.

Overwrite attribute In this case the attribute of one meme
overwrites the attribute of the other meme. So, for exam-
ple, the size or the color of one meme can be rendered
according to the other meme. This is illustrated by an in-
stance in the Osaka workshop, where the silhouettes of
cliffs were made to conform to the silhouettes of build-
ings.

Unify This allows two memes to bond together and act as
one meme. Any common attributes of the two become the
attributes of the unified meme, and in addition some extra
attributes may be created based on the spatial or other re-

lationships between the two. This is similar to the group-
ing operation in many graphic editors.

Create a new meme This allows creation of a new meme
with attributes inherited from each of the parent memes.

There are a number of other features that we are not con-
sidering at the moment. For example, it may be possible
for a meme to activate another meme. We saw an example
of it in our observation above when the Mobius strip idea
was suggested by the similarity in form between the wall
and the fountain ledge 3. However, in order to model this
mechanism, we need to have some kind of global associa-
tive knowledge network.

A Memetic Architecture
We are implementing a meme-based system to model the
process of creating the intermediate picture. In particular,
our system incorporates the following features: 1) modeling
of visual attention to identify prominent elements or areas
in the neighboring pictures; 2) specifying memes for spa-
tial relationships among the picture elements; 3) specifying
memes for general techniques like extension and continua-
tion; and 4) various heuristics for choosing among compet-
ing memes.

For a lack of space, and also as our system is currently
being implemented, we limit ourselves to only pointing out
that we are exploring two approaches to generating the con-
necting image for a given pair of images:
• Evolutionary algorithm: the two images should be dig-

italized, and potential solution generated stochastically
from them with the use of crossover and mutation
(Michalewicz 1998). Formulation of the fitness function
should take into consideration the similarity of the poten-
tial solution to both of images. We also plan to incor-
porate aesthetic criteria in the fitness function (Norton,
Heath, and Ventura 2010).

• Agent-based approach: some complex approaches utiliz-
ing multi-agent notions (Byrski and Kisiel-Dorohinicki
2005)) bring interesting additions to the process, as au-
tonomous individuals, as agents are, may utilize other
means to evaluate the resulting images, and may choose
different crossover and mutation operators in an intelli-
gent way to apply them to the current solution.

Both approaches may leverage concepts well-known from
the memetic computation—local search (Moscato and Cotta
2010)—thus applying a number of mutation operators (in-
stead of only one) before final evaluation.

Relation with Previous Research
Needless to say, the ideas and the architecture presented here
are based on a number of existing and past research efforts
to model different aspects of creativity. The origin of the
parallel, competition-cooperation architecture can be traced
back to Selfridge (Selfridge 1959). Subsequently, Lesser et
al. (Lesser, Fennell, and Reddy 1975) formalized it as black-
board architecture and used it for speech recognition; and
in our earlier research (Indurkhya 1997) we used a similar
approach to model creativity in legal reasoning. Hofstadter
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and his colleagues (Hofstadter 1995) proposed a parallel ter-
raced scan architecture for modeling creativity in analogical
thinking and our approach outlined above is heavily influ-
enced by their work. One key point of difference is that a
meme is more like an agent that carries its own data with it,
unlike a knowledge source in the blackboard architecture or
a codelet in Hofstadter’s architecture.

The system proposed above also draws from the meme
media architecture of Tanaka, Fujima and Kuwahara
(Tanaka and Kuwahara 2008). They have developed the
C3W wrapper framework that allows the user to open a
web application page, clip some input and output portions
as pads, and link them with pads clipped from other web
applications.

A number of approaches have been developed for ap-
plying evolutionary algorithms to generate visual art (Sims
1991; Lewis 2007; Machado, Romero, and Manaris 2007),
but their goal is to generate aesthetically pleasing visual ob-
jects. In the long run, it may be possible to use some of these
techniques by incorporating constraints from the neighbor-
ing picture objects to generate novel but related picture ob-
jects for the connecting picture.

As for systems that generate constrained visual objects or
scenes, there has been some research on automatic collage
generation (Krzeczkowska 2009) and on completing a par-
tially drawn picture in the intended style (Colton 2008), and
some of the techniques developed therein can be exploited
in our system as well.

Conclusions and Future Research
We analyzed data from the Artist’s verbal recollection of his
thoughts as he drew the middle pictures to connect pairs
of pictures seamlessly. From this analysis, we identified a
number of micro-processes that led to the big picture idea.
We described a memetic approach to formalize these micro-
processes, and outlined an evolutionary-inspired approach
to support the process of generating the connecting picture.

We are also interested to study the cognitive processes of
the viewers as they look at the trio of pictures. It has been
noted in the past that surface-level perceptual similarities in-
fluence how viewers connect pairs of images and relate them
conceptually (Indurkhya et al. 2008). It would be interesting
to see how this process is affected when there is an interven-
ing picture in the middle. We plan to conduct behavioral and
eye-tracking experiments to measure the viewers’ response
and incorporate those observations in our model.
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Abstract

We employ a corpus-based approach to generate content
and form in poetry. The main idea is to use two different
corpora, on one hand, to provide semantic content for
new poems, and on the other hand, to generate a specific
grammatical and poetic structure. The approach uses
text mining methods, morphological analysis, and mor-
phological synthesis to produce poetry in Finnish. We
present some promising results obtained via the com-
bination of these methods and preliminary evaluation
results of poetry generated by the system.

Introduction
Computational poetry is a challenging research area of com-
puter science, at the cross section of computational linguis-
tics and artificial intelligence. Since poetry is one of the
most expressive ways to use verbal language, computational
generation of texts recognizable as good poems is difficult.
Unlike other types of texts, both content and form contribute
to the expressivity and the aesthetical value of a poem. The
extent to which the two aspects are interrelated in poetry is
a matter of debate (Kell 1965).

In this paper we address the issues of generating content
and form using corpus-based approaches. We present a po-
etry generator in which the processing of content and form is
performed through access to two separate corpora, with min-
imal manual specification of linguistic or semantic knowl-
edge.

In order to automatically obtain world knowledge neces-
sary for building the content, we use text mining on a back-
ground corpus. We construct a word association network
based on word co-occurrences in the corpus and then use
this network to control the topic and semantic coherence of
poetry when we generate it.

Many issues with the form, especially the grammar, we
solve by using a grammar corpus. Instead of using an ex-
plicit, generative specification of the grammar, we take ran-
dom instances of actual use of language from the grammar
corpus and copy their grammatical structure to the generated
poetry. We do this by substituting most words in the exam-
ple text by ones that are related to the given topic in the word
association network.

Our current focus is on testing these corpus-based prin-
ciples and their capability to produce novel poetry of good

quality on a given topic. At this stage of research, we have
not yet considered rhyme, rhythm or other phonetic features
of the form. These will be added in the future, as will more
elaborate mechanisms of controlling the content.

As a result of the corpus-based design, the input to the
current poetry generator consists of the background and the
grammar corpora, and the topic of the poem. In the intended
use case, the topic is directly controlled by the user, but
we allow the grammar corpus to influence the content, too.
Control over form is indirectly over the choice of the two
corpora. The only directly language-dependent component
in the system is an off-the-shelf module for morphological
analysis and synthesis.

The current version of our poetry generation system
works in Finnish. Its rich morphology adds another char-
acteristic to the current implementation. However, we be-
lieve that the flexible corpora-based design will be useful in
transferring the ideas to other languages, as well as in devel-
oping applications that can adapt to new styles and contents.
A possible application could be a news service in the web,
with a poem of the day automatically generated from recent
news and possibly triggering, in the mind of the reader, new
views to the events of the world.

After briefly reviewing related work in the next section,
we will describe the corpus-based approach in more detail.
Then, we will give some examples of generated poetry, with
rough English translations. We have carried out an empirical
evaluation of the generated poetry with twenty subjects, with
encouraging results. We will describe this evaluation and its
results, and will then conclude by discussing the proposed
approach and the planned future work.

Related Work
The high complexity of creative language usage poses sub-
stantial challenges for poetry generation. Nevertheless, sev-
eral interesting research systems have been developed for
the task (Manurung, Ritchie, and Thompson 2000; Gervás
2001; Manurung 2003; Diaz-Agudo, Gervás, and González-
Calero 2002; Wong and Chun 2008; Netzer et al. 2009).
These systems vary a lot in their approaches, and many dif-
ferent computational and statistical methods are often com-
bined in order to handle the linguistic complexity and cre-
ativity aspects. State of the art in lexical substitution but not
in poetical context is presented, for instance, by Guerini et
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al. (2011). We next review some representative poetry gen-
eration systems.

ASPERA (Gervás 2001) employs a case-based reasoning
approach. It generates poetry out of a given input text via
a composition of poetic fragments that are retrieved from a
case-base of existing poems. In the system case-base each
poetry fragment is annotated with a prose string that ex-
presses the meaning of the fragment in question. This prose
string is then used as the retrieval key for each fragment.
Finally, the system combines the fragments by using addi-
tional metrical rules. In contrast, our “case-base” is a plain
text corpus without annotations. Additionally, our method
can benefit from the interaction of two distinct corpora for
content and form.

The work of Manurung et al. (2000) draws on rich
linguistic knowledge (semantics, grammar) to generate a
metrically constrained poetry out of a given topic via a
grammar-driven formulation. This approach requires strong
formalisms for syntax, semantics, and phonetics, and there
is a strong unity between the content and form. Thus, this
system is quite different from our approach. The GRIOT
system on its part (Harrell 2005) is able to produce narrative
poetry about a given theme. It models the theory of concep-
tual blending (Fauconnier and Turner 2002) from which an
algorithm based on algebraic semantics was implemented.
In particular, the approach employs “semantics based inter-
action”. This system allows the user to affect the computa-
tional narrative and produce new meanings.

The above mentioned systems have rather complex struc-
tures involving many different interacting components. Sim-
pler approaches have also been used to generate poetry. In
particular, Markov chains (n-grams) have been widely used
as the basis of poetry generation systems as they provide a
clear and simple way to model some syntactic and seman-
tic characteristics of language (Langkilde and Knight 1998).
However, the characteristics are local in nature, and there-
fore standard use of Markov chains tends to result in poor
sentence and poem structures. Furthemore, form and con-
tent are learned from a single corpus and cannot be easily
separated.

Methods
We next present our approach to poetry generation. In the
basic scenario, a topic is given by the user, and the proposed
method then aims to give as output a novel and non-trivial
poem in grammatically good form, and with coherent con-
tent related to the given topic.

A design principle of the method is that explicit specifica-
tions are kept at minimum, and existing corpora are used to
reduce human effort in modeling the grammar and seman-
tics. Further, we try to keep language-dependency of the
methods small.

The poetry generator is based on the following principles.
1. Content: The topics and semantic coherence of gen-

erated poetry are controlled by using a simple word asso-
ciation network. The network is automatically constructed
from a so-called background corpus, a large body of text
used as a source of common-sense knowledge. More specif-
ically, the semantic relatedness of word pairs is extracted

from their co-occurrence frequency in the corpus. In the ex-
periments of this paper, the background corpus is Finnish
Wikipedia.

2. Form (grammatical): The grammar, including the syn-
tax and morphology of the generated poetry, is obtained in
an instance-based manner from a given grammar corpus. In-
stead of explicitly representing a generative grammar of the
output language, we copy a concrete instance from an exist-
ing sentence or poem but replace the contents. In our exper-
iments, the corpus consists mainly of old Finnish poetry.

3. Form (phonetic): Rhythm, rhyme, and other phonetic
features can, in principle, be controlled when substituting
words in the original text by new ones. This part has not
been implemented yet but will be considered in future work.

The current poetry generation procedure can now be out-
lined as follows:
•A topic is given (or randomly chosen) for the new poem.

The topic is specified by a single word.
•Other words associated with the topic are extracted from

the background graph (see below).
•A piece of text of the desired length is selected randomly

from the grammar corpus.
•Words in the text are analyzed morphologically for their

part of speech, singular/plural, case, verb tense, clitics etc.
•Words in the text are substituted independently, one by

one, by words associated with the topic. The substitutes are
transformed to similar morphological forms with the origi-
nal words. The original word is left intact, however, if there
are no words associated with the topic that can be trans-
formed to the correct morphological form.
• After all words have been considered, the novelty of the

poem is measured by the percentage of replaced words. If
the poem is sufficiently novel it is output. Otherwise the
process can be re-tried with a different piece of text.

For the experiments of this paper, we require that at least
one half of the words were replaced. This seems sufficient
to make readers perceive the new topic as the semantic core
of the poem.

We next describe in some more detail the background
graph construction process as well as the morphological
tools used.

Background Graph
A background graph is a network of common-sense asso-
ciations between words. These associations are extracted
from a corpus of documents, motivated by the observation
that (frequent) co-occurrence of words tends to imply some
semantic relatedness between them (Miller 1995).

The background graph is constructed from the given back-
ground corpus using the log-likelihood ratio test (LLR). The
log-likelihood ratio, as applied here for measuring associ-
ations between words, is based on a multinomial model of
word co-occurrences (see, e.g., Dunning (1993) for more in-
formation).

The multinomial model for a given pair {x, y} of words
has four parameters p11, p12, p21, p22 corresponding to the
probability of their co-occurrence as in the contingency table
below.
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x ¬x Σ
y p11 p12 p(y;C)
¬y p21 p22 1− p(y;C)
Σ p(x;C) 1− p(x;C) 1

Here, p(x;C) and p(y;C) are the marginal probabilities of
word x or word y occurring in a sentence in corpus C, re-
spectively.

The test is based on the likelihoods of two such multi-
nomial models, a null model and an alternative model. For
both models, the parameters are obtained from relative fre-
quencies in corpus C. The difference is that the null model
assumes independence of words x and y (i.e., by assigning
p11 = p(x;C)p(y;C) etc.), whereas the alternative model
is the maximum likelihood model which assigns all four
parameters from their observed frequencies (i.e., in general
p11 6= p(x;C)p(y;C)).

The log-likelihood ratio test is then defined as

LLR(x, y) = −2
2∑

i=1

2∑
j=1

kij log(pnull
ij /pij), (1)

where kij is the respective number of occurrences. It can be
seen as a measure of how much the observed joint distribu-
tion of words x and y differs from their distribution under
the null hypothesis of independence, i.e., how strong the as-
sociation between them is. More complex models, such as
LSA, pLSA or LDA could be used just as well.

Finally, edges in the background graph are constructed
to connect any two words x, y that are associated with
LLR(x, y) greater than an empirically chosen threshold. To
find words that are likely semantically related to the given
topic, first-level neighbours (i.e., words association with the
topic word) are extracted from the background graph. If this
set is not large enough (ten words or more in the experi-
ments of this paper), we add randomly selected second-level
neighrbours (i.e., words associated to any of the first-level
neighbors).

In the future, we plan to use edge weights to control the
selection of substitutes, and possibly to perform more com-
plex graph algorithms on the background graph to identify
and choose content words.

Morphological Analysis and Synthesis
Morphological analysis is essential and non-trivial for mor-
phologically rich languages such as Finnish or Hungarian.
In these languages, much of the language’s syntactic and
semantic information is carried by morphemes joined to
the root words. For instance, the Finnish word “juoksen-
telisinkohan” (I wonder if I would run around) is formed out
of the root word “juosta” (run). Hence, morphological anal-
ysis provides valuable information of the syntax and to some
degree of the semantics. In our current system, morpholog-
ical analysis and synthesis are carried out using Omorfi1,
a morphological analyzer and generator of Finnish language
based on finite state automata methodology (Lindén, Silfver-
berg, and Pirinen 2009).

1URL: http://gna.org/projects/omorfi

With the help of Omorfi we can thus generate substi-
tutes that have similar morphological forms with the orig-
inal words. For instance, assume that the topic of the po-
etry is “ageing” and we want so substitute “juoksentelisinko-
han” by a word based on “muistaa” (remember). Omorfi can
now generate “muistelisinkohan” (I wonder if I would think
back) as a morphologically matching word.

Examples
We next give some example poems generated by the cur-
rent system with the original example texts used to provide
structure for these poems. We also give their rough English
translations, even though we suspect that poetical aesthetics
somewhat change in translation. The substituted words are
indicated by italics.

The first example poem is generated around the topic
“(children’s) play”. We first give the Finnish poem with the
template used to construct it (on the right) and then the En-
glish translation of both the generated and original poems.

Kuinka hän leikki silloin kuinka hän leikki kerran
uskaliaassa, uskaliaassa // suuressa vihreässä //
kuiskeessa puistossa
vaaleiden puiden alla. ihanien puiden alla.
Hän oli kuullut huvikseen, Hän oli katsellut huvikseen,
kuinka hänen kuiskeensa kuinka hänen hymynsä
kanteli helkkeinä tuuloseen. putosi kukkina maahan,

Original by Uuno Kailas: Satu meistä kaikista, 1925

How she played then how she played once
in a daring, daring whispering in a big green park
under the pale trees. under the lovely trees.
She had heard for fun She had watched for fun
how her whispering how her smile
drifted as jingle to the wind. falled down as flowers,

The next poem is generated with “hand” as the topic. The
template used is shown below the generated poem and there-
after the translations, respectively.

Vaaleassa kourassa
sopusuhtaisessa kourassa ovat nuput niin kalpeita
kuvassasi lepää lapsikulta jumala.

Alakuloisessa metsässä
Hämärässä metsässä ovat kukat niin kalpeita
Varjossa lepää sairas jumala

Original by Edith Södergran: Metsän hämärä, 1929

In a pale fist
in a well-balanced fist, the buds are so pale
in your image lies a dear child god.

In a gloomy forest
In a dim forest flowers are so pale
In the shadow lies a sick god

The final example poem has “snow” as its topic.

Elot sai karkelojen teitä, Aallot kulki tuulten teitä,
lumi ajan kotia, aurinko ajan latua,
hiljaa soi kodit autiot, hiljaa hiihti päivät pitkät,
hiljaa sai armaat karkelot - hiljaa hiipi pitkät yöt -
laiho sai lumien riemut. päivä kutoi kuiden työt,

Original by Eino Leino: Alkusointu, 1896
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Lives got the frolic ways,
snow the home of time,
softly chimed abandoned homes,
softly got frolics beloved -
ripening crop got the snows’ joys.

Waves fared the wind’s ways,
sun the track of time,
slowly skied for long days,
slowly crept for long nights -
day wove the deeds of moons

Subjectively judging, the generated poems show quite a
wide range of grammatical structures, and they are grammat-
ically well formed. The cohesion of the contents can also be
regarded as fairly high. However, the quality of generated
poetry varies a lot. Results from an objective evaluation are
presented in the next section.

Evaluation
Evaluation of creative language use is difficult. Previous
suggestions for judging the quality of automatically gener-
ated poetry include passing the Turing test or acceptance for
publishing in some established venue. Because the intended
audience of poetry consists of people, the most pragmatic
way of evaluating computer poetry is by an empirical vali-
dation by human subjects. In many computer poetry studies
both human written and computationally produced poetry
have been evaluated for qualities like aesthetic appreciation
and grammaticality.

In this study we evaluated poetry using a panel of twenty
randomly selected subjects (typically university students).
Each subject independently evaluated a set of 22 poems, of
which one half were human-written poems from the gram-
mar corpus and the other half computer-generated ones with
at least half of the words replaced. The poems were pre-
sented in a random order, and the subjects were not explicitly
informed that some of the poems were computer-generated.

Each subject evaluated each text (poem) separately. The
first question to answer was if the subject considered the
piece of text to be a poem or not, with a binary yes/no
answer. Then each text was evaluated qualitatively along
six dimensions: (1) How typical is the text as a poem?
(2) How understandable is it? (3) How good is the lan-
guage? (4) Does the text evoke mental images? (5) Does
the text evoke emotions? (6) How much does the subject
like the text? These dimensions were evaluated on the scale
from one (very poor) to five (very good). (The interesting
question of how the amount of substituted words affects the
subjective experience of topic, novelty and quality is left for
future research.)

Evaluation results averaged over the subjects and poems
are shown in Figures 1 and 2. Human-written poems were
considered to be poems in 90.4% of the time and computer-
generated poems 81.5% of the time (Figure 1). Intervals
containing 66.7% of the poems show that there was more
variation in the human-written poetry than in the computer
generated poetry. Overall, these are promising results, even
though statistically the difference between human-written
and computer generated poetry is significant (p-value with
Wilcoxon rank-sum test is 0.02).

Figure 1: Relative amounts of texts (computer-generated
and human-written poetry) subjectively considered to be po-
ems, averaged over all subjects. The whiskers indicate an
interval of 66.7% of poems around the median. Points indi-
cate the best and worst poems in the both groups.

Figure 2: Subjective evaluation of computer-generated and
human-written poetry along six dimensions: (1) typicality
as a poem, (2) understandability, (3) quality of language,
(4) mental images, (5) emotions, and (6) liking (see text for
details). Results are averaged over all subjects and poems.
The whiskers indicate one standard deviation above and be-
low the mean.

The evaluated qualities have a similar pattern (Fig-
ure 2): The average difference between human-written and
computer-generated poetry is not large, and in many cases
there is a lot of overlap in the ranges of scores, indicat-
ing that a good amount of (best) computer-generated poems
were as good as (worst) human-written ones. Statistically,
however, the differences are highly significant (all p-values
below 0.001). The biggest drop in quality was in understand-
ability (dimension 2). However, somewhat controversially,
the language remained relatively good (dimension 3). An
interesting observation is that some of the generated poems
were rated to be quite untypical but their language quality
and pleasantness were judged to be relatively high.
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Discussion
We have proposed a flexible poetry generation system which
is potentially able to produce poetry out of a wide vari-
ety of different topics and in different styles. The flexi-
bility is achieved by automating the processes of acquiring
and applying world knowledge and grammatical knowledge.
We use two separate corpora: background corpus for min-
ing lexical associations, and grammar corpus for providing
grammatical and structural patterns for the basis of new po-
etry. We have implemented the system for Finnish, a mor-
phologically rich language. We carried out a preliminary
evaluation on the produced poetry, with promising results.

It may be questioned whether the current approach ex-
hibits creative behaviour, and whether the system is able to
produce poetry that is interesting and novel with respect to
the text that is used as the basis of new poetry. First, the
generated poems are usually very different from the original
texts (our subjective view, to be evaluated objectively in the
future). Second, some of the generated texts were rated to
be quite untypical, even though recognized as poems. The
pleasantness and language quality of these poems were still
judged to be relatively high. According to these observa-
tions we think that at least some of the system’s output can
be considered to be creative. Thus, the system could be ar-
gued to automatically piggyback on linguistic conventions
and previously written poetry to produce novel and reason-
ably high quality poems.

Our aim is to develop methods that can be applied to
other languages with minimal effort. In our current system,
morphological analysis and synthesis are clearly the most
strongly language-specific components. They are fairly well
isolated and could, in principle, be replaced by similar com-
ponents for some other language. However, it may prove
to be problematic to apply the presented approach to more
isolating languages (i.e., with a low morpheme-per-word ra-
tio), such as English. In agglutinative languages (with higher
morpheme-per-word ratio), such as Finnish, a wide variety
of grammatical relations are realized by the use of affixation
and the word order is usually quite free. We currently con-
sider implementing the system for other languages, in order
to identify and test principles that could carry over to some
other languages.

So far, we have not considered controlling rhythm, rhyme,
alliteration or other phonetic aspects. We plan to use con-
straint programming methods in the lexical substitution step
for this purpose. At the same time, we doubt this will be al-
ways sufficient in practice since the space of suitable substi-
tutes can be severely constrained by grammar and semantics.
Another interesting technical idea is to use n-gram language
models for computational assessment of the coherence of
produced poetry.

We consider the approach described in this paper to be
a plausible building block of more skillful poetry genera-
tion systems. The next steps we plan to take, in addition to
considering phonetic aspects, includes trying to control the
emotions that the poetry exhibits or evokes. We are also in-
terested in producing computer applications of adaptive or
instant poetry.
Acknowledgements: This work has been supported by the

Algorithmic Data Analysis (Algodan) Centre of Excellence
of the Academy of Finland.
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2002. Poetry generation in COLIBRI. In ECCBR 2002,
Advances in Case Based Reasoning, 73–102.
Dunning, T. 1993. Accurate methods for the statistics of sur-
prise and coincidence. Computational linguistics 19(1):61–
74.
Fauconnier, G., and Turner, M. 2002. The Way We Think:
Conceptual Blending and the Mind’s Hidden Complexities.
New York: Basic Books.
Gervás, P. 2001. An expert system for the composition of
formal spanish poetry. Journal of Knowledge-Based Systems
14(3–4):181–188.
Guerini, M.; Strapparava, C.; and Stock, O. 2011. Slanting
existing text with valentino. In Pu, P.; Pazzani, M. J.; André,
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Abstract

I present a hypothetical global model of everyday creative
cognition located within Baars’ Global Workspace Theory,
based on theories of predictive cognition and specific work on
statistical modelling of music perception. The key idea is a
proposal for regulating access to the Global Workspace, over-
coming what Baars calls the Threshold Paradox. This idea is
motivated as a general mechanism for managing the world,
and an argument is given as to its evolutionary value. I then
show how this general mechanism produces effects which are
indistinguishable from spontaneous creative inspiration, best
illustrated by Wallas’ (1926) “Aha!” moment. I argue that
W. A. Mozart’s introspective account of compositional expe-
rience closely matches the proposed process, and refer to a
computational system which will form the basis of an imple-
mentation of the ideas, for musical composition.

Introduction
Computational Creativity is mired, practically speaking, in
the problem of evaluation. Artefacts created by computer
cannot be judged by the computer’s aesthetic, for that is ob-
scure, and evaluating them in terms human aesthetics has
been shown to be unreliable due to negative preconceptions
(Moffat and Kelly, 2006). One solution to this might be to
compensate for that bias statistically, given the necessary
models. Another is to avoid the issue of artefact evalua-
tion altogether, and focus on process, and on building sys-
tems that apply it. Colton (2009) catchily entitles this point
“Paradigms Lost”, making the point that AI sometimes over-
theorises, and paints itself into a corner by the application of
problem solving methods to a domain in the abstract, in-
stead of getting on and building something that concretely
explores it: the subtext may be that this tendency arises from
rigour envy. Colton raises a point that benefits from empha-
sis: he finishes the section with “the production of beautiful,
interesting and valuable artefacts”, and this occludes the key
point in the final sentence: “the need to embrace entire in-
telligent tasks” (my italics).

The vexed question is “how?” Modelling an entire, novel
creative process, evaluation, reflection, and all, in the ab-
stract leads us back to the initial problem: the only way
to judge it from outside is in terms of its outputs (Ritchie,
2001).

The rest of the paper is structured as follows. First, I ex-
plain the theoretical methods used, and make and important
distinction between what I shall call inspiration and creative
reasoning; the current proposal addresses only the first of
these. Next, I describe some of the extended background to
the thinking presented here, and in terms of the surrounding
and supporting cognitive theory, including an apparent in-
herent paradox identified by its creator. Then I present the
evolutionary argument for the theoretical stance taken here,
and derive the (simple) principles on which my proposal is
based from it. Next, turning to implementation, I summarise
earlier modelling work, explain its connection with the cur-
rent proposal, and describe what is necessary to extend it
into the model proposed here.

The technical contributions of the paper are a variant no-
tion of AI Agent, based on prediction from sense data, rather
than on sensing, and a mechanism for deployment of that
agent in a particular kind of reasoning system. The key
philosophical contribution is the fact that, once this mech-
anism is deployed, the kind of creativity that is addressed
here, inspiration, is explained within the basic reasoning,
and needs no further explanation.

Methodology
To overcome the methodological problem introduced above,
my approach is to attempt to replicate an existing creative
process. The only existing creative process ready available
for inspection is that of humans; these have the built-in ad-
vantage, mostly, of being able to explain what (they thought)
they did, and elegant paradigms exist to empirically decon-
struct that majority of aspects of human behaviour of which
introspective reports are unreliable. I therefore aim to apply
cognitive modelling theory and technology to human cre-
ative process, and then to evaluate the success of the en-
terprise with respect not only to the outputs of the compu-
tational systems produced, but to compare the various as-
pects of their operation with human creators. While this
approach solves only part of the general problem of com-
putational creativity, it is an area where refutable hypothe-
ses can be made, and so demonstrable progress in a research
programme (Lakatos, 1970) may take place.

For this attempt to succeed in a scientific sense, before one
even considers the artefacts that the replicant creative system
may produce, the theory and its associated computational
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system must conform to at least the following constraints, to
be said to model human creative cognition.

1. Falsifiability The system must not behave in ways which
are arguably or demonstrably different from human cre-
ators while it is operating. Since we cannot, currently,
know how human creators create, this is the strongest fal-
sifiability constraint that can be applied.

2. Evolutionary context There must be an account of the
evolutionary advantage conferred by the mechanisms pro-
posed, a corresponding order of development, and an
analysis of their appearance in successive species over
evolutionary time. This account cannot be verifiable, but
the lack of one leaves the biological development of the
proposed solution unavailable to scientific scrutiny.

3. Learning capability The system must be capable of
learning its creative domain. Learning should be appro-
priate to the domain: for example, in music, perceptual
aspects should be implicit—that is, teaching or supervi-
sion should not be required; however, in some domains,
such as mathematics, minimal supervision is evidently
unavoidable, because of the need to know the meaning
of symbols, to give semantics to what is being learned1.

4. Production capability The system must be able to pro-
duce artefacts that are demonstrably within its creative do-
main, whether or not they are of quality comparable with a
human creator’s output. While the judgement of whether
an artefact is or is not a particular kind of thing is sub-
jective, it is not as difficult as the subjectivity of quality.
For the purposes of experiment, restricted domains with
clear tests must be set up, using appropriate theory from
the corresponding human-creative domain.

5. Reflection The system must be capable of reflecting on
its behaviour, modifying it, and explaining it—where nec-
essary via indirect indicators such as those used for under-
standing the behaviour of humans.

In this paper, I present a hypothetical, but partly imple-
mented, computational model of a particular kind of human
creativity, and suggest that it conforms to criteria 3–4, and
partly to criterion 2, though further research is required to
provide more evidence against criterion 1. Criterion 5, Re-
flection, is conferred by location of the model within Baars’
(1988) Global Workspace Theory, whose focus is conscious-
ness; so it falls beyond the scope of the present proposal.

Background
Creativity: Inspiration and Reasoning
Wiggins (2012) introduces a distinction between two kinds
of creativity: on one hand, inspiration and, on the other, cre-
ative reasoning. Respectively, these terms are intended to
distinguish what appears spontaneously in consciousness—
the “Aha!” moment that Wallas (1926) suggests follows

1To ask the system to learn the semantics of the symbols to
which it is exposed from context is not, in principle, unreasonable,
as there is every evidence that humans do so. However, to require
the system to do so when the scientific research focus is creativity
seems unnecessarily difficult.

“incubation”—from what is produced by the deliberate ap-
plication of creative method. The spectrum between the
two allows us to make distinctions between conscious cre-
ation in the deliberate planning of a formalist composer, the
semi-spontaneous but cooperative and partly planned cre-
ation of the jazz improviser in a trio, and entirely sponta-
neous singing in the shower. Note that a non-polar posi-
tion on this spectrum necessarily entails a combination of
explicit technique and implicit imagination: there is not a
smooth transition in kind between the two, but rather a mix-
ture containing some of each in varying proportion.

Having made this point, I reserve creative reasoning for
future work, not least because it entails that we address con-
sciousness, which is difficult, but also because Baars’ theory
already provides a framework in which it may be considered,
given a mechanism for inspiration. This is not to dismiss the
deliberate end of the scale, nor to suggest that it does not
exist, but merely to focus the current work on a separable
aspect of the complex.

Global Workspace Theory
Bernard Baars (1988) introduces a theory of conscious
cognition called the Global Workspace Theory. There is
not space to describe this wide-ranging and elegant the-
ory here, so I summarise the relevant important points.
The theory posits a framework within which conscious-
ness can take place, based around a multi-agent architec-
ture (Minsky, 1985) communicating via something like an
AI blackboard system (Corkill, 1991), but with particular
constraints, which I outline below. The approach taken is
to avoid Chalmers’ “hard” question of “what is conscious?”
(Chalmers, 1996) and instead ask “what is it conscious of,
and how?” This is especially appropriate in cases such as
the current paper, where consciousness is not the central is-
sue, but presentation of information to it is.

Baars casts the non-conscious mind as a large collection
of expert generators (not unlike the multiple experts in Min-
sky’s Society of Mind, 1985), performing tasks by applying
algorithms to data in massive parallel, compete for access
to a Global Workspace via which (and only via which) in-
formation may be exchanged; crucially, information must
cross a notional threshold of “importance” before it is al-
lowed access. The Global Workspace is always visible to
all generators, and contains the information of which the or-
ganism is conscious at any given time. However, it is ca-
pable of containing only one “thing” at a time, though the
scope of what that “thing” might be is variable. The Global
Workspace is highly contextualised, and meaning contained
therein is context sensitive and structured; contexts can con-
tain goals, desires, etc., of the kind familiar from broader
AI. Aside from further discussion of the “threshold” idea,
below, this is all that is needed to understand the purpose of
the competition mechanism proposed here. Baars mentions
the possibility of creativity within this framework in passing,
implicitly equating entry of a generator’s output into con-
sciousness with the “Aha!” moment (Wallas, 1926). How-
ever, he does not develop this idea further beyond noting that
a process of refinement may be implemented as cycling of
information into the Workspace and out again; that process

International Conference on Computational Creativity 2012                                        181



Global Workspace

Generator

Generator

Generator

Generator

Generator

Access threshold

Generator

Coalitio
n of agreement

Generator

Figure 1: Illustration of Baars’ Threshold Paradox. Gener-
ators generate, but need a means of recruiting support for
their outputs. Individuals cannot break in; they must recruit
coalitions, as shown. The only way to do so is via the Global
Workspace, but before they can do so, they need the support
they are trying to recruit, and therein lies the paradox.

may be equivalent to my creative reasoning. To the best of
my knowledge, however, creativity in the Global Workspace
has not been addressed elsewhere in the related literature.

In the later developments of the theory, Baars proposes
that information integration may take place in stages, via
something that one might (but he does not) call local
workspaces, that integrate information step by step in a se-
quence, rather than all in one go as it arrives in the Global
Workspace. This information integration approach has been
extended by Tononi and Edelman (1998), who propose
information-theoretic measures of information integration as
a measure of consciousness of an information-processing
mechanism. Baars has embraced the information-theoretic
stance, too, and the three authors have jointly proposed to
begin implementing a conscious machine (Edelman, Gally,
and Baars, 2011) based on their ideas. The current work may
contribute to this endeavour, though probably at a level more
abstract from neurophysiology than these authors intend.

The Threshold Paradox
Baars (1988, pp. 98–99) addresses what he acknowledges
is a problem for his theory. He proposes a threshold for
input access to the Global Workspace, crossing of which
is thought of in terms of recruiting sufficient generators to
produce information that is somehow coordinated, or syn-
chronised between them: it must be metaphorically “loud”
enough to be “audible” in the Workspace. However, in terms
of the Global Workspace alone, there is no means of do-
ing this: generators can only be coordinated (whatever that
means) via the Global Workspace, and so the generators are
faced with the beginning artist’s dilemma: you have to be fa-
mous to show your work, but you have to show your work to
become famous. This form of the Workspace is illustrated in
Figure 1. Baars presents two possible solutions to the para-
dox, which is the motivation of the current paper, but both
are presented somewhat half-heartedly, leaving a gap in the
theory. Here, I present a possible solution, in terms of the

evolutionary argument required by my criterion 2, above.

Perception, Anticipation, and Evolution
Reaction vs. Anticipation
I now present a mechanism for managing the competition
between generators in Baars’ system. This mechanism may
be implemented either directly or indirectly (that is, by
means of some other effect)—the difference is immaterial
at the current theoretical level. The key distinctions are a)
between the information content and entropy (defined be-
low) of various stimuli; and b) between organisms that react
and organisms that anticipate. The design of this mechanism
is motivated by evolutionary thinking: that is, by considera-
tion of the evolutionary advantage conferred by the resulting
behaviours, in humans and other animals. Thus, the evolu-
tionary argument presented here is part of the design, not
merely an example.

Russell and Norvig (1995), in their well-known AI text
book, define an AI agent (of which an AI creative agent
is presumably an instance) as a program or robot with a
behaviour cycle that consists of perceiving the world and
then acting on the perceptions. It seems not unreasonable to
present this as a model of lower organisms, such as insects,
which seem to do nothing more than react to environmental
conditions, coping poorly when their evolved reactive pro-
gram is interrupted. However, to model higher cognitive de-
velopment, one can propose a more predictive system, in
which an organism is predicting continually, from a learned
model of previous sensory data, what is likely to come next,
and comparing this with current sensory input. Doing so
gives a simple but effective mechanism for spotting what
is unusual, what, therefore, constitutes a potential new op-
portunity or threat, and what deserves cognitive resource, or
attention. In the simplest case, the anticipatory agent can in
principle avoid a threat before it becomes apparent, while the
reactive one has to experience the threat in order to respond.

The consequence of sequence: managing
uncertainty with expectation
The most important feature of an autonomous agent is not,
as sometimes supposed in AI, that it is able to identify or
categorise a situation from available data. What gives it the
edge is that it can, in some sense, imagine what is to come
next, and react, or perhaps preact, in advance. Of course,
the word “imagine” is loaded, and suggests the involvement
of consciousness and even volition; I use it here deliberately
to draw attention to the point that consciousness need not be
implicated in this process, which can be described in com-
pletely mechanistic terms, of prediction alone.

In order to predict usefully in a changing world, it is nec-
essary for an organism to learn. It must be able to learn not
just categorisations (to understand what something is), but
also associations (to associate co-occurrence of events with
reward or threat), and, crucially here, sequence.

However, a simple statistical learning mechanism is not
subtle enough (Huron, 2006). Since evolutionary success
entails that an organism breeds, a mechanism which allows
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that organism to learn only from potentially fatal conse-
quences does not suffice: if the organism dies as the result of
an experience, it does not benefit from the experience (or, at
least, not for long). An effective strategy here lies at a meta-
level with respect to a learned body of experience: if an or-
ganism is aware that it is in circumstances that it cannot pre-
dict reliably, it can behave more cautiously, its metabolism
can be aroused to prepare for flight, and it can devote more
attention than normal to its surroundings; thus, the effec-
tive strategy is also affective. Huron convincingly argues
that this process is exapted to produce part of the aesthetic
effect of music; however, for the purposes of the current sec-
tion, the mere adaptation suffices: self-evidently, there is a
mechanism that allows uncertainty to affect behaviour in hu-
mans and other animals, and that mechanism does not rely
on explicit reasoning: indeed, the converse is the case: we
feel nervous in uncertain situations, and the feeling serves
to make us wonder why, as well as to heighten our attention
to appropriate sensory inputs and to prepare for flight. This
mechanism, and the associated affective response, is not the
same as fear, but can lead there in extremis.

Finally, any kind of learning of this nature is inadequate
unless it includes generalisation. It is necessary to be able to
generalise from both co-occurrence and sequence that simi-
lar consequences arise from similar events, encounters, etc.
Without this, mere tension cannot lead to the fear that is
appropriate at the sight of the bared fangs of a previously-
unexperienced large animal. This accords with proposals
such as that of Gärdenfors (2000), that perceptual learning
systems are motivated by the need to understand similari-
ties and differences between perceived entities in the world,
and to place observations at the appropriate point between
previously experienced referents.

Prediction, Prioritisation and Selection
Given a model of the world, suitably subcategorised into
types, situations, etc., one can imagine a set of generators
using the model with recent and current perceptual inputs
matched against precursors of sequential associations, mak-
ing predictions, on a basis that is stochastic, and conditioned
by the model. Making such predictions quickly, one at a
time, would be valuable, but, given the nature of brains,
slow, multiple predictions, in parallel, are a more likely can-
didate for evolutionary success, and the more the better—
as in Baars’ proposal. But this begs a question: arbitrarily
many predictions occurring simultaneously will be an im-
possible, incomprehensible babble, so how will useful can-
didates for prediction be selected? Baars’ solution is the
problematic threshold, described above.

Another shortcoming of the Global Workspace Theory is
unclarity about precisely what the notion of generators “re-
cruiting” one another means. The effect is something like
an additive weight: the more generators that are “recruited”,
the greater the impact of their output. In my proposal, we
will avoid answering this question, by approximating the ef-
fect of the recruitment, rather more simply. I return to this
below; in the argument that follows, I will use the analogy
of sound volume to refer to this property: “loud” predictions
come from many generators, “quiet” ones do not.

My proposal here is based on statistical, frequentist no-
tions of learning, and so my reasoning is couched in terms
of statistical models; however, I do not think that the reason-
ing is in principle exclusive to such models, and it should not
be supposed that the proposal is restricted in this way. In this
view of the system surrounding the Global Workspace, there
are many independent subsystems, which are making mul-
tiple predictions by biased sampling from a predictive sta-
tistical model of (assumedly) reasonable quality. It is also
appropriate to assume imperfect models: each of these gen-
erating subsystems will have a fragmentary, partial view of
its world and its predictions, as to model everything all the
time in massive-parallel would be prohibitively expensive. It
follows from the use of frequentist models that the more ex-
pected occurrences are the more likely ones to be predicted:
the commonest predictions will be the most expected ones.
This means there are relatively “loud” groups of contribu-
tions, reinforcing each other. Conversely, extremely unlikely
predictions will be proposed by only a very small number of
generators, and as such will never be “audible”.

In a model of prediction and action based solely on this
frequentist principle, an organism will tend do the com-
monest thing, even when inappropriate, and therefore will
be doomed to failure: it will not “imagine” unlikely and
surprising situations, and will not therefore prepare itself
against necessary eventualities. To see this, consider a terri-
torial animal, on patrol, and let it be a high enough species
to learn its reactions. Today, our animal senses the things it
usually senses, and the vast majority of things in the world
today are the same as they were the last time it passed this
way. One tiny difference is a scent that it does not recog-
nise, that it has not experienced before. Since this difference
is small in comparison to the rest of the data in the world,
and it has not been experienced before, in purely frequentist
terms, it will be ignored: it is unlikely, and it has no known
consequences and determines little or no probability mass.

In Baar’s theory, the pure frequentist approach, where the
most likely outcome is chosen, corresponds with multiple
generators in coalition generating that outcome. The like-
lihood of each generator predicting an outcome is propor-
tional to the “volume” of that outcome across the set of gen-
erators. Therefore, we can neatly draw a veil over the mech-
anistic gap left by Baars’ idea of coalition formation, and
simply use the likelihood of the outcome, p, to model its
outcome.

In reality, though, we know well that to carry on as nor-
mal will not be the reaction of an animal in these circum-
stances: it will experience Huron’s proposed affective re-
sponse, described above. Therefore, it is necessary to hy-
pothesise a mechanism to cause that response. In our current
simple context of abstracted statistical modelling, the obvi-
ous choice for such a mechanism is the notion of entropy,
as formalised by Shannon (1948). MacKay (2003) makes a
distinction between information content, h, which is defined
as an estimate of the number of bits required to describe an
event, e, given a context, c, or its unexpectedness:

h(e | c) = − log2 p(e | c),
and entropy, H , which is defined as an estimate of the un-
certainty inherent in the distribution of the set of events E
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from which that e might be selected, given the context, c:

H(c) =
∑
e∈E

p(e | c)h(e | c) = −
∑
e∈E

p(e | c) log2 p(e | c).

H is maximised when all outcomes are equally likely, and
minimised when a single outcome is certain. Both h and H
are useful to our hypothetical animal.

First, consider ht, the unexpectedness of a partial model
of the actual on-going experience in a particular state, t. If
the experience is likely (in particular, if it is readily pre-
dictable from what has gone before), it is not unexpected,
and therefore ht is low; if it is unlikely, it is unexpected, and
so ht is high. An experience such as encountering a new
scent is maximally unlikely, in frequentist terms. To model
this, I propose that individual generators are sensitive to their
own ht value, and decrease their notional “volume” when it
is low. Thus, the likelihood of models of the experience in
which the new scent is included being heard in the theatre is
positively related (possibly in a non-trivial way) to its unex-
pectedness. I call this the recognition-h case. It may explain
why unexpected things are noticed.

Now, consider, ht+1, the unexpectedness of a predicted
situation. It is maximally unlikely that a prediction will be
made including a scent that has not been encountered before,
and, as above, we would therefore expect ht+1 to be very
high, causing alarm. Excess of such predictions, or repeated
occurrence of a single one, would lead to a state of constant
anxiety2. I call this the prediction-h case. It may explain
why surprising predictions are more likely to draw attention
than prosaic ones.

Of course, in a simplistic frequentist account, predictions
introducing new percepts or concepts cannot arise, because
they entail the creation of new symbols. This is why it is
necessary to include generalisation and/or interpolation in
the theory (see above). Gärdenfors (2000) presents a the-
ory that explicates the symbolic representations more com-
monly used in statistical AI modelling in terms of an under-
lying, sometimes continuous, geometrical layer, and, at least
at perceptual levels, places cognitive semantics at the centre
of mind. In particular, an outline mechanism is supplied
whereby previously unencountered stimuli may be assigned
first non-symbolic, and then symbolic, representations. It is
important to understand that the semantics in these theories
are internal to the organism experiencing them, and have no
definition in terms of the external word; rather they have ex-
ternal associations, which can serve to allow intersubjective
meaning, but they themselves are ineffable.

The problem of over-active prediction-h is mitigated by
the mechanism supplied above, in which prediction is prob-
abilistic and (broadly) additive across predictors, modelled
by p. There are two opposing forces here, one of which
changes inversely relative to the other, and because they are
co-occurrent, their effects should (broadly) multiply. There-
fore, the overall outcome audible in the global workspace

2Indeed, some humans who suffer from anxiety, in the clinical
sense, report intrusive, repetitive thoughts predicting problems or
worries of one sort or another, the anxiety being aroused by fear of
what might happen. Their situation would be explicable in terms
of a breakdown of this mechanism.

Likelihood/Information Content
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Figure 2: Illustration of the interaction between likelihood
and unexpectedness. The overall likelihood (solid) is formed
by the multiplication of two monotonic functions: the unex-
pectedness of a generated item (dashed) and the number of
generators likely to agree on it, according to its likelihood
(dotted).

can be estimated by multiplying the probability, p of an
event (which estimates the likely number of generators pre-
dicting it) by h (which estimates the volume at which they
are predicting). The resulting likelihood is illustrated by the
unit-free diagram in Figure 2. This creates a bias away from
predictions which are either very likely or very unexpected,
reducing the power of the very unlikely or the very obvious
to attract attention. This may explain why unlikely possi-
bilities do not prevent action by overwhelming the acting
organism with choice.

It is important to see the difference between recognition-
h and prediction-h in the context of the Global Workspace.
I propose that generators may generate structures of either
kind, and that the two will be in competition for the resource
of attention. Thus, clear and present danger or benefit will
outweigh predicted likelihoods, because the distribution of
potential predictions is over a much wider range of possibili-
ties than that over actual perceptions, and therefore, compar-
atively, probability mass is spread more thinly. Conversely,
for example, likely but unexpected predicted benefits can
outweigh less seriously dangerous present circumstances—
thus, prioritising an unusual positive opportunity can be
mechanistically explained as an emergent behaviour.

Given that there are now two kinds of generator (or gen-
erator output), I must propose a means of distinguishing be-
tween them, though this is not a key focus of the current
argument. Without such a means, consciousness would be
unable to distinguish between the perceived world and the
predicted one3.

Sensing Certainty
Shannon’s H is interesting here in a different way. As ex-
plained above, H is the expected value of the information

3Coupled with a deficit in suppression of less likely outcomes,
as above, this situation might lead to some root symptoms of
schizophrenia: hallucinations, delusions and cognitive disorgani-
sation.
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content of a given distribution, so it is different in kind
from h, which deals with individual situations, actual or pre-
dicted. It is best characterised as the uncertainty inherent in a
distribution, and, indeed, a uniform distribution always gives
the maximum entropy for a given alphabet size. Unlike h,
H really only has meaning in the predictive context: once
one knows which possibility of a range is the right one, only
information content is really relevant. However, in the pre-
dictive context, a predicted outcome of which one is certain
is much more useful than one of which one is unconfident:
H measures this difference.

I propose, therefore, that, in the predictive generators,
higher H also predicts lower volume, so that less certain
generated outputs are de-emphasised. This, then, I call
prediction-H . It may explain how it is possible to feel cer-
tain about intuitions (as opposed to be convinced of rea-
soned argument). It also prevents the Global Workspace
from being flooded out with predicted information that is
not strongly supported, allowing the important material to
shine through. A particularly interesting point is this: should
a generator make an unlikely prediction, that has sufficient
prediction-h to be “audible”, in the absence of other expla-
nations, that prediction will have low prediction-H , and so
will not be suppressed by this final mechanism. Increasing
the range of possibilities over which the distribution holds,
even if they are unlikely, increases prediction-H and thus
decreases certainty. Under this régime an organism that has
less experience is more likely to admit unlikely predictions
to consciousness; this might be taken to account for the ten-
dency, for example, of children to be more affected by imag-
ined fears than adults.

No straightforward diagram can be drawn of the effect of
prediction-H on the overall likelihood of a generator taking
over the Global Workspace, because the numbers depend
heavily on the multidimensional distributions from which
the various Hs are calculated.

This leaves us with a “volume” value for each generator,
T , which is estimated by the following, for either kind of h,
above:

T =
p× h

H
.

I propose that, at any given moment, this “volume” value
is used in deciding which of the range of possible inputs,
derived from matching sensory input to statistical models in
memory, enters the Global Workspace. This is illustrated in
Figure 3.

Generation, Creativity and Intuition
In the previous section, I outlined a simple, comparative
mechanism by which statistically likely and information-
theoretically rich structures can emerge from a multi-agent
system furnished with high-quality models of a domain of
knowledge. With such a mechanism, the Threshold Paradox
disappears. I should also note that it is possible that such a
mechanism is one of Baars’ own proposals; however, if so,
it is not clearly specified as such. The remaining question
is then: how does this mechanism for choosing access to
consciousness help to simulate creativity?

GeneratorGenerator Generator Generator Generator

Access competition

Global Workspace

Memory
model

Memory
model

Sensory 
input

. . .

Figure 3: Schematic diagram of my proposal for the Global
Workspace. In this version, there is no need for a threshold
of access. Instead, the generators compete, one against an-
other, and probability and information content determine the
winner.

Perhaps surprisingly, an answer may be found in the writ-
ing of Wolfgang Amadeus Mozart (quoted by Holmes, 2009,
pp. 317–8):

When I am, as it were, completely myself, entirely
alone, and of good cheer – say traveling in a carriage,
or walking after a good meal, or during the night when
I cannot sleep; it is on such occasions that my ideas
flow best and most abundantly. Whence and how they
come, I know not; nor can I force them. Those ideas
that please me I retain in memory, and am accustomed,
as I have been told, to hum them to myself.

One might paraphrase the opening sentence here as “when
I am not being bothered, and when I have no worries and
no particular goals”, which in turn means “when I have no
distractions” or “when I have no information-rich input to
consciousness from outside or within”. This accords with
a situation when the Global Workspace is occupied only by
weakly-informative ephemera, and when generators are re-
ceiving little or no external stimulus.

Recall now my earlier proposal that effective animals will
base their actions not only on received stimuli, but on the re-
sults of the comparison of received stimuli with predictions
about the current state of the world made from the previous
state(s). Suppose that those generators continue to generate,
even when there is very little informative input. Given the
appropriate knowledge and tendencies in a particular indi-
vidual (music—and, by all accounts, scatology—in Mozart),
generators will begin to freewheel, within the same statisti-
cal framework as above, but lacking the statistical prior of
a particular stimulus. The outputs, one might expect, will
be rather more diffuse and perhaps less highly rated than
when directly stimulated, but this is not a brake on their
progress towards the Global Workspace, because there is lit-
tle or no competition. At this point, the diagram in Figure
2 becomes recognisable as the Wundt curve, as it defines a
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sweet spot of balance between dullness and over-complexity
in information-theoretic terms.

Mozart, above, describes a particular kind of musical ap-
proach, where one essentially enters a quiescent state, in or-
der deliberately to allow Baars’ generators to freewheel; I
find that the same method works for writing. But this is
only one case of many. For example, the mechanism above
also accounts for why hearing a musical phrase, or even a
non-musical pitch sequence, may give rise to new musical
phrase: the percept conditions the generators in a particular
way, and so affects the likely outcomes, which are generated
all the time. The ones with the right statistical properties
make it into the Global Workspace, and so can be further
elaborated.

Note that this mechanism can apply to any statistical
model available to the generators, so it need not be restricted
to music (as it is in the system components summarised in
the next section). In principle, the same idea can work with
any model from which statistical likelihoods can be com-
puted. This means, for example, that it can account for
the generation of sentences, and therefore possibly internal
speech. If internal speech is equated with essential thought,
as commonly, then the current approach can account for
general creative thought and for the emergence of partic-
ular thoughts into consciousness as intuition. It can also,
via prediction-H , account for the (sometimes inappropriate)
feeling of certainty associated with thoughts and intuitions.

Thus, I suggest that “Threshold Paradox” as a name for
this issue needs to be reinterpreted. The paradox is not in the
nature of the threshold, but in the formulation of the Global
Workspace as requiring one. The current theory reformu-
lates entry to the Workspace as purely competitive, without
a particular boundary, so, one might say, the paradox arose
from the assumption that the Threshold exists.

What is more, in the present theory, there is no longer
any need to search for an explanation of creativity as a dis-
tinct phenomenon. In my approach, non-conscious creativ-
ity is happening all the time as a result of on-going anticipa-
tion in all sensory (and other) modalities. When conditions
are right, this essential survival mechanism is not so much
exapted for creativity, but gives rise to creativity as a side
effect.

Towards a Creative System
To ground this theory in a technical base, I now summarise
research that has already been conducted towards building a
system of the kind proposed here, in the domain of musical
creativity. Pearce and Wiggins (2006)4 describe a statistical
model of musical learning, based on, but extending, statisti-
cal language learning methods. Wiggins (2011) has shown
that the extensions to the musical model can also benefit lan-
guage models. Pearce and Wiggins (2007) showed how the
model could generate entire musical melodies, though the
requirements of the current proposal are less stringent, as
fragmentary musical ideas are all that is required: in this

4A fuller presentation of the modelling work published up to
2007 is given in Pearce’s (2005) PhD thesis.

case short sequences of notes that might be consciously as-
sembled into melodies. Most importantly, the model has
been used to demonstrate that high information content cor-
responds with increased beta-band synchrony in human lis-
teners (Pearce et al., 2010), providing at least circumstantial
evidence that cognitive resource (i.e., attention) does indeed
follow information content, which would accord with that
information’s entry into the Global Workspace when the cir-
cumstances, as described above, are right.

Ponsford, Wiggins, and Mellish (1999), Whorley, Pearce,
and Wiggins (2008), Whorley, Wiggins, and Pearce (2007)
and Whorley et al. (2010) have presented more complex
models for dealing with deeper aspects of music than
melody.

A crucial piece of evidence for the model of creativity
proposed above is embedded in the workings of Pearce’s
perceptual model—recalling that perception and prediction
are closely linked in the view of the world presented here.
There are two sub-models, both of which contain multiple
predictors. The distributions output by the two sub-models
are combined multiplicatively, with weightings derived their
relative information entropy. The distributions output by the
multiple predictors within each of the two sub-models are
combined in the same way. Other configurations (for ex-
ample, a one-stage combination of all of the distributions,
instead of this two-stage combination) produce a less suc-
cessful model of human behaviour. This system matches ex-
actly against the multi-stage version of Baars’ Global Work
Space, described above, coupled with my proposal for a
competition mechanism based on information content and
entropy.

There is still substantial work to be done on this model
before the simulation of creativity can be claimed. The next
threshold to cross is not a paradox, but the engineering task
of implementing the integrated multiple generators in the
model described above, to test out the this particular ap-
proach to competitive generation in the Global Workspace.
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Abstract 

Early studies of creative ideation showed that individu-
als brainstorming in isolation tend to generate more and 
better ideas than groups. But recent studies depict a 
more complex picture, reinforcing the need to better 
understand individual and group ideation. Studying 
group influence is one way to address the complex in-
terplay between ideas in different brainstorming scenar-
ios. We define group influence as the degree to which 
individuals are influenced by ideas coming from other 
team members. This paper presents results from a mul-
ti-agent simulation of the role of group influence in 
brainstorming groups. The results from the simulations 
indicate that the findings from previous laboratory stud-
ies tend to be misinterpreted, and that both isolation and 
teamwork present opportunities and challenges for crea-
tivity.   

Introduction 

Is it better to generate new ideas in solitude or in teams? 
Creativity research has shown that this distinction is not 
trivial. Early studies showed that individuals working in 
privacy tend to generate superior results along three crite-
ria: total number of ideas, number of unique ideas, and 
quality of ideas [1]. But a more complex picture is por-
trayed by subsequent studies, reinforcing the need to better 
understand the interplay between individual and group 
ideation as well as the importance of facilitation dynamics 
[2].  

The term „brainstorming‟ refers to the method of prob-
lem solving based on timed sessions where participants are 
instructed to address a problem by freely generating a large 
number of ideas irrespective of their apparent value [3]. 
The aim of brainstorming sessions is to generate as many 
different alternative solutions to a given problem as possi-
ble. Whilst many variants of brainstorming have been pro-
posed, the basic premises are: a) to maximize the number 
and the originality of ideas, b) to combine or improve ideas 
suggested, and c) to avoid critical evaluation of ideas [4].  

Individual brainstorming consists of engaging subjects 
in idea generation sessions isolated from others. Group or 
team brainstorming refers to the more typical scenario 
where individuals interact to generate and evaluate possi-
ble solutions to a common problem. Following the litera-
ture, we use the term nominal group to refer to the former 
and interactive group to refer to the latter condition [2]. 

Recent studies of idea fluency in brainstorming show 
that nominal groups outperform non-facilitated interactive 
groups both in gross and net fluency of ideas; but are con-
siderably outperformed by facilitated interactive groups 
[2]. As with other factors related to team dynamics, such as 
diversity and leadership, group influence as a construct and 
its effects on creative ideation are yet to be fully under-
stood. This is a relevant topic in the still incipient research 
stream on multi-level approaches to team creativity [5]. 

The general process by which individuals in isolation 
consistently surpass group creativity has been explained as 
„ideational productivity loss‟ and appears to have a series 
of likely cognitive and group-level causes [6]. Cognitive 
factors that may interfere with ideational productivity in-
clude production blocking, interruptions, forgetting ideas, 
and distraction by task-irrelevant processes. A higher cog-
nitive load is also often cited as a source of ideational loss, 
typically caused by attending to other‟s ideas.  

Group factors that may account for productivity loss in-
clude team structure and diversity, turn-taking, awareness 
of public evaluation, disposition to converge with others‟ 
judgments, lower motivation due to shared responsibility, 
and a tendency to free-ride [7]. Multi-level approaches are 
required to understand, for instance, what is the appropriate 
degree of accessibility to others‟ ideas when brainstorming 
in teams in order to ensure that individuals are able to both 
build upon their own ideas as well as upon the ideas of 
their teammates.  

Teamwork in creativity enables the important process of 
sharing ideas; however this freedom may have two differ-
ent effects on creative ideation: one possibility is that 
teammates generate a wide range of diverging ideas thus 
obstructing the connection and refinement of coherent 
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„trains of thought‟. The noise generated in this imagined 
scenario would more likely produce incomplete and in-
compatible ideas of low quality not to mention dissatisfac-
tion from the participants. A second possibility is that 
teammates rapidly converge in agreement around one or 
just a few dominant ideas without exploring other alterna-
tives.  

Group influence can be one way to address this interplay 
between ideas in brainstorming. We define group influence 
in this paper as the degree to which individuals are influ-
enced by ideas coming from other team members. Here, 
group influence is a group-level rather than an individual 
construct. Groups with high influence levels are those 
where all ideas by all participants are always available to 
every group member. Groups with low influence levels are 
those where individuals are only exposed to their own ide-
as. Between these extremes, group influence indicates the 
ratio of ideas available to brainstormers.  

In this paper we present results from a multi-agent simu-
lation of the role of group influence in brainstorming 
groups. Our aim here is to model the interactions between 
agents engaged in a simple task of divergent reasoning in 
order to inspect the beneficial and detrimental effects of 
different team structures in idea generation. In defining this 
model, we follow the distinctions between ideas, agents 
and societal factors of the IAS framework for the computa-
tional modeling of creativity and innovation as explained 
below [5]. The rest of this paper is organized as follows: 
the next section presents precedent work on the computa-
tional modeling of group brainstorming, the following sec-
tion introduces our own modeling approach to group influ-
ence in brainstorming, then the simulations results are pre-
sented and the paper concludes with a discussion of the 
results and their implications in computational creativity 
research. 

Models of Group Brainstorming 

This paper presents an approach to the study of creativity 
using computational social science [7] in order to inspect 
the mechanisms behind the apparent paradox of ideational 
productivity loss in brainstorming groups. Computational 
social science utilizes multi-agent simulations that are use-
ful to explore hypotheses, test assumptions and understand 
fundamental issues in complex social systems. These sys-
tems are also useful to generate predictions for future la-
boratory experiments or case studies.  

Semantic and Social Models 

Iyer et al [8] propose a connectionist framework of idea 
generation in order to inspect experimental data from la-
boratory studies on ideation and idea priming. In particular 
they explore the interaction between ‘irrelevant primes’ 
and context familiarity; irrelevant cues are defined as sets 
of ideas of which only a fraction are related to the task at 
hand, while context familiarity is given by the pre-existing 
classification of ideas defined in the system.  

With this model, the researchers emulate the laboratory 
results and provide hypotheses as to why even irrelevant 
primes can increase idea quality and fluency. By manipu-
lating the degree of familiarity between contexts, they 
show that when irrelevant primes are used between two 
completely unfamiliar contexts, there is no benefit, whilst 
irrelevant priming is useful only when partial information 
about semantic relationships is shared between search con-
texts. In this vein, the authors suggest future experimental 
studies on the creative capacity to create ‘short-cut linkag-
es’ between features, concepts or semantic categories that 
are typically not related.  

In an extension of this work, Paulus et al propose an ap-
proach to modeling group creativity by vertically integrat-
ing neural and social networks [9]. They define agents as 
simplified versions of the connectionist model described 
above, and account for individual differences in semantic 
contexts, idea association, domains, cognitive strategies 
and responses to cues. Through what they define as a pa-
rameterized interaction protocol (PIP), their proposed 
model accounts for turn-taking between agents and, more 
relevant to our approach, the accessibility of ideas by either 
the entire group or a selected few. With this model still 
under development and testing, the authors aim to address 
a range of research questions, including the efficiency of 
certain interaction structures and scheduling protocols for 
group ideation.  

Group Influence in a Design Task 

From the perspective of computational social science, crea-
tive systems are modeled by multiple generators and eval-
uators of ideas linked in a social system. In such systems, 
creativity is explained as an emergent outcome, i.e. a glob-
al effect that „grows‟ from simple local interactions [10]. 
The model presented here is defined using the channels of 
interactions specified in the IAS framework (ideas, agents, 
society) [10]. Agents (A) engage in a simple designing task 
that constitutes the agent-idea channel (Ai) where the re-
sulting designs belong to the set of Ideas (I); social struc-
tures (S) determine the availability of ideas (Si); ideas are 
used by agents (Ia) to build design concepts (Aa) that are 
further applied in the design of new ideas (Ai’).  

In this model, Ai is implemented as a shape search pro-
cess starting from an initial set of polygons and affine 
transformations, I is the set of final shape representations 
produced by the agents, S is the arrangement of agents in 
groups, Si is the experimental variable of group influence, 
Ia is a transmission mechanism of ideas to agents, and Aa 
is modeled as an inference process of design concepts. At 
the moment, this model is limited to only four of the nine 
channels of interaction in the IAS framework, namely: Ai, 
Si, Ia and Aa. In the future, we plan to integrate and exam-
ine more IAS processes in this model including leadership 
styles (As), compliance to group majority (Sa), group 
agreement to adjust idea influence (Is), etc.  

A description of the simplified design task implemented 
in this system can be formulated as: “within a fixed time 
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period, generate as many different shape compositions as 
possible by combining a set of initial shapes”. Shape com-
positions are defined as arrangements of n final shapes 
created from the combination of less than n initial shapes. 
New shapes are created by the superposition of existing 
shapes which lead to the identification of new vertices in 
the intersections of line segments. This enables the emer-
gence of new shapes as the set of paths {LM} from be-
tween the start and end points of figures L and M that lead 
through each intersection point, traversing each segment no 
more than once [11]. This shape arithmetic task provides a 
relative quantitative measure to compare two or more sets 
of results. A quality criterion is defined for this task as a 
function of the total number of new shapes created and 
their number of sides.  

Figure 1 illustrates one composition created by this gen-
erative program. Further details on the complexity of this 
type of tasks are found elsewhere [13]. This two-
dimensional shape representation is used to model diver-
gent visual reasoning and is similar to those typically used 
in brainstorming research [6]. Whilst this design task is 
fairly straightforward to implement in a computer system, 
the results are varied enough to capture some of the key 
properties of design situations such as open-ended problem 
formulations with many appropriate solutions, and incre-
mental development of solutions. A measure of task diffi-
culty is defined by the number of initial shapes and the 
number of sides of these initial shapes. In this paper we 
present results using two initial shapes of three sides each. 

Figure 1 A random composition of 2 initial shapes where over-

lapping triangles are detected forming 3 emergent subshapes of 3, 

4 and 5 sides, respectively. Shape compositions with more sub-

shapes and subshapes with more sides are ranked higher. 

The task is used to study group brainstorming by im-
plementing a multi-agent system where agents are auto-
mated shape generators that search for new solutions, de-
rive design concepts and interact in this process over a 
fixed time period. Agent behavior in this simplified model 
of brainstorming consists of the following behaviors: ex-
ploration function (random shape drawing and transfor-
mation), evaluation function (concept formation from to-
pology relationships of shapes), and exploitation function 
(shape drawing and transformation by application of 
learned concepts).  

Shape exploration in this program can be considered po-
tentially creative inasmuch as emergent shape semantics 
“exists only implicitly in the relationships of shapes, and is 
never explicitly input and is not represented at input time” 
[12].  

A design concept is defined here as a topology relation-
ship between the initial shapes associated to the fitness of 
the final shape composition. More details are provided 
below. After a designer agent has generated one or more 
concepts, it can use them to generate new shapes. Exploita-
tion strategies consist of random variations to existing de-
sign concepts. New compositions can then be obtained as a 
result of applying the modified rule and evaluating whether 
its outcome yields a new shape composition. 

The following pseudo-code shows the algorithm to gen-
erate initial shapes and new emergent subshapes in this 
task (exploration function):  

 

for(initialShapes) { 

   select n random (x,y) points 

   connect all pairs of points with lines 

   build a polygon with resulting lines 

} 

for(every polygon) { 

      for(every line i of every polygon) { 

           find intersection point(linei-linen) 

           store all vertex in a set 

        } 

} 

for(all vertex in set) { 

  build all subshapes via graph search (dijkstra) 

  store new subshape in a set  

} 

eliminate duplicate subshapes 

 

 
The following pseudo-code shows the algorithm to as-

sign a qualitative measure to shape compositions (first part 
of evaluation function):  

 

for(finalShapes) { 

  fitness += (sides of subshape * finalShapes) 

} 

 
The following pseudo-code shows the algorithm to build 

design concepts in this task (second part of evaluation 
function):  

 

for(all initialShapes s) { 

   s.insideVertex += (vertex is within boundaries of shape s+1) 

   s.outsideVertex += (!vertex is within boundaries of shape s+1) 

   s.inLine += (vertex intersects line of shape s+1) 

  s.coincidentVertex += (vertex is coincident with vertex of shape 

s+1 } 

 designConcept = { {insideVertex, outsideVertex, inLine,  

       coincidentVertex} , fitness} 

 store designConcept in a set 

 

 
The exploration and exploitation mechanisms used here are 
inspired in the classic notions of divergent or „horizontal‟ 
and convergent or „vertical‟ thinking processes [3]. During 
brainstorming sessions, one may assume that exploration 
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enables the discovery of new types of solutions, whilst 
exploitation allows for the generation of alternatives or 
new instances –a kind of tradeoff in a multi-armed bandit 
problem.  
 In this system, designer agents start with exploration and 
transition to exploitation given a variable defined by the 
experimenter. The following pseudo-code shows the algo-
rithm for selecting between exploration and exploitation: 
 

for(designerAgents) { 

  if (timeStep < exploreLength) strategy = “exploration” 

  else { 

     strategy = “exploitation” 

     select a random designConcept  from set of concepts 

     switch (designConcept) { 

        case (insideVertex): initialShapes(insideVertex) 

        case (outsideVertex): initialShapes(outsideVertex) 

        case (inLine): initialShapes(insideVertex) 

        case (coincidentVertex): initialShapes(coincidentVertex) 

    }  

  } 

} 

 
Group influence γ is defined as a sharing ratio of con-

cepts: in the extreme case where γ = 0, agents have no ac-
cess to the concepts generated by other agents; for cases γ 
> 0, agents have access to a fraction of the concepts gener-
ated by other agents up to γ = 1, where all agents have 
access to all concepts generated in the group. This experi-
mental variable γ enables the modeling of both nominal 
and interactive groups in the brainstorming research litera-
ture, as well as scenarios similar to computer-mediated 
brainstorming where the researcher can control the level of 
interaction between participants [2].  

Group influence γ is implemented in two sections of the 
code. First, agents store new design concepts in a shared 
team pool of concepts with a probability γ. Second, γ is 
also used in turn-taking on each simulation step. This is to 
account for the differential conditions in which nominal 
and interactive teams operate: when individuals work alone 
there is a type of allocation of turns in parallel, while 
teammates work in sequential turns. In this paper we in-
spect four γ scenarios: γ = 0, 0.33, 0.66 and 1.0. 

Exploration length ε is defined as a ratio of total simula-
tion time during which agents activate exploration behav-
ior. This variable is used to model the timing at which 
brainstorming participants switch from exploration to ex-
ploitation behaviors. Although we acknowledge that such 
transition may take more complex patterns in real brain-
storming sessions, in this paper we adopt a parsimonious 
approach as a foundation for future models. Exploration 
lengths ε = 0.2 to 1.0 are inspected in this paper in 0.2 in-
crements. 

In this paper we present and discuss results of four and 
sixteen-member groups where both group influence γ and 
exploration length ε are the experimental variables and 
both quantity and quality of generated ideas is the depend-
ent variable. Gross fluency refers to the total number of 

design concepts generated during a simulation, while net 
fluency refers to the number of original or unique design 
concepts produced.  

The impact of varying the level of group influence in 
idea fluency at different stages of a brainstorming session 
is likely to provide a possible explanation of the mecha-
nisms behind the well-documented yet poorly understood 
phenomenon of „ideational productivity loss‟ in group 
brainstorming.  

Results 

All results are mean values of 30 runs for every experi-
mental condition. Control random-generator seeds are used 
in order to compare the effects of the independent varia-
bles. The trend is clear: as the scope of influence of ideas 
increases, fluency decreases across all exploration lengths. 
Table 1 shows the results for all 20 experimental condi-
tions in gross and net fluency in four-member teams. When 
γ = 1, agents are activating the exploration strategy during 
100% of the simulation; therefore no advantage from ex-
ploitation behavior is possible. 

 

Table 1. Results in gross and net fluency from varying group 

influence γ in teams of 4 agents across a range of exploration 

lengths ε.  

 

Exploration length ε Group γ Gross fluency Net fluency 

ε = 0.2 

 

γ = 0 40.9 19.63 

γ = 0.33 53.86 19.46 

γ = 0.66 41.23 16.9 

γ = 1 18.4 9.2 

ε = 0.4 

γ = 0 48.46 22.76 

γ = 0.33 63.46 23.4 

γ = 0.66 47.66 19.23 

γ = 1 23.26 11.63 

ε = 0.6 

γ = 0 56.96 25.9 

γ = 0.33 69.46 25.43 

γ = 0.66 47.16 19.6 

γ = 1 29.13 14.56 

ε = 0.8 

γ = 0 57.56 25.03 

γ = 0.33 64.86 23.03 

γ = 0.66 44.9 18.26 

γ = 1 27.6 13.8 

ε = 1.0 

γ = 0 44.36 14.93 

γ = 0.33 44.43 14.13 

γ = 0.66 33.9 13 

γ = 1 22.06 11.03 
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Figure 2. Group influence γ has a negative effect on net fluency 

across all exploration lengths ε. The differential effects of γ are 

higher when ε is low, and net fluency is higher across all γ when ε 

is medium. With high ε, the effects of γ are less significant. 

Group influence γ has a clear effect on the generation of 
unique design concepts or net fluency, Figure 2. In this 
model, agents brainstorming in isolation do produce more 
original ideas than the same agents brainstorming in teams. 
These results are consistent across different team sizes 
from 4 to 16 members in our model, Figure 3.  

 
Figure 3. In large teams (N = 16), group influence γ has a more 

significant effect on net fluency across all exploration lengths ε.  

When group influence is zero, agents contribute no solu-
tions to the common pool of team concepts, and they only 
store and have access to their own concept pool. Gross 
fluency is the total sum of individual concepts, while net 
fluency is the count of original concepts in this set. Con-
sistently across different team sizes, when group influence 
is zero, net fluency is highest indicating that agents in iso-
lation generate more unique solutions than when they share 
solutions with others. 

Although this outcome is consistent with the brainstorm-
ing literature, it still seems counter-intuitive; how can 
teams of agents in this model be less efficient than same-
size groups of separate individuals? This result may seem 
paradoxical particularly when we consider the amplifying 
effects that the exploitation strategy has in this model, as 
evidenced by scenarios where agents explore the entire 
simulation time span (ε = 1.0). If exploitation is so produc-
tive (particularly when balanced with similar rates of ex-
ploration in this model), where does the advantage of iso-

lated agents come from despite the fact that they have ac-
cess to smaller solution sets during exploitation? In other 
words, one could expect that teams of agents in this model 
would be more productive given that each individual agent 
has access to a larger pool of concepts from which it can 
retrieve a higher diversity of solutions in order to build 
more concepts. In contrast, we observe that as group influ-
ence increases and agents contribute more and have more 
access to a larger pool of solutions, both gross and net flu-
ency decrease. The gap between net fluency of nominal 
and interactive groups varies in this model as a function of 
exploration length, i.e., how early or late is exploitation 
activated during the simulated brainstorming session.  

In larger groups the effects of group influence are more 
significant. Agents in large teams appear rather inefficient 
in high group influence conditions: their net fluency is 
equivalent to that of teams four times smaller. In this re-
spect, it would be tempting to conclude that working in 
isolation is more efficient for creative ideation.  

However, there is a fundamental distinction that is made 
clear in this model, which has largely remained implicit 
across studies that compare the performance of nominal 
versus interactive teams: the total output of these two types 
of groups is incommensurable. The key is turn-taking; the 
comparison is inadequate when measured in number of 
turns rather than in minutes or hours. The difference is that 
in isolation, although in theory the same number of indi-
viduals are generating and recording ideas, in fact the 
number of turns is n times higher than in interactive groups 
since turn-taking occurs in parallel. In principle, no idle 
time exists for individuals in nominal groups. In contrast, 
teams follow some type of sequential order (skewed or not) 
by which all team members except one are idle at every 
turn or intervention. Therefore, this natural „bottleneck‟ in 
team interaction (production blocking) is a sufficient cause 
for the relative poor performance of teams when compared 
to the aggregate results of individuals in isolation.  

In order to account for this inequality, turn adscription is 
manipulated in our model to ensure that all agents in nomi-
nal and interactive groups have access to an equal number 
of turns over the simulated time. The result is an increase 
in gross fluency as group influence increases, Figure 4.  

 
Figure 4. Teams outperform same-number of individuals in gross 

fluency as group influence γ increases (ε = 0.2). 
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Discussion 

Is it better to generate ideas in solitude or in teams? The 
work presented in this paper suggests that each condition 
may present certain advantages and judging performance 
merely by measuring output is a limited approach. Alt-
hough no definite answer can be expected from this simple 
model of brainstorming, it does capture interesting obser-
vations related to one of the key causes associated to idea-
tional productivity loss, i.e. production blocking in groups. 
Within its limitations, this model supports a number of 
insightful hypotheses to consider: 

- The balance between divergent and convergent think-
ing in a brainstorming session is important, and the time at 
which ideation is switched between these two modes of 
thinking is likely to have important an effect in the produc-
tivity of brainstorming groups. 

- Individuals brainstorming in isolation are more produc-
tive than teams over similar time periods as a result of their 
increased intensity of participation. Teams present a „bot-
tleneck‟ in the form of sequential turn-taking, which is 
avoided by individuals in isolation who are –in principle– 
constantly active in generating new ideas and building up 
on previous ideas. 

- The increased fluency of isolated brainstormers over 
teams may be a feature of easy tasks. It is possible that in 
difficult tasks, group diversity is more advantageous than 
individual ideational intensity. If this is the case, then 
transformative creativity may be more appropriate for 
brainstorming in solitude, whilst combinatorial creativity 
may be a more suitable objective of teams. 

- Turn allocation can be optimized via facilitation tech-
niques or technological means so that an adequate balance 
exists between having access to others‟ ideas and avoiding 
interruptions. This balance may turn out to be a key factor 
in the performance of brainstorming groups.  

The work presented here focuses on the effect of influ-
ence over ideas; it is natural to expect a more complex pic-
ture that includes individual diversity and other situational 
conditions. Nonetheless, our results can be cautiously 
compared to those from laboratory studies. For instance, a 
widely-cited study of 4-person groups in the same two as-
sessment conditions shows a productivity gain of around 
60% from interactive to nominal groups [14]. On the other 
hand, another study where the total number of ideas is con-
sidered in 4-people groups but in a simpler task, reports a 
mean difference of 38% between nominal and interactive 
groups [15]. In our system these differences range between 
40% and 100% depending on certain task factors. 

Nevertheless, the aim of this system is not to replicate a 
particular task or set of results, but rather to demonstrate 
the nature and effects of production blocking in teams or 
interactive groups. In addition, these findings provide a 
possible explanation as to why people may enjoy more 
working in groups than in isolation [16, 17]. Apart from a 
number of social reasons, in terms of idea generation, our 
experiments suggest that individuals find it easier to oper-
ate in groups as they have access to a large number of ideas 

generated by others. Namely, significantly less individual 
effort is required to generate solutions.  

If the results of this experiment were able to be general-
ized, then facilitators of brainstorming sessions should 
consider the aim of the session in relation to the type of 
demands imposed over the search of solutions, the degree 
of transformative or combinatorial creativity required, the 
social influence of the group (as a sum of paired influences 
between team members), and the resulting hierarchical 
interactions between brainstormers.  

Brainstorming has been treated in general as a „black 
box‟ method of problem solving. People are allocated into 
teams and they are expected to come up with solutions in a 
period of time with the general rule that they generate ideas 
without constraints. The importance of these simple com-
putational experiments is that they show that the results of 
brainstorming sessions can be qualitatively different be-
tween independent individuals and groups, and also be-
tween different types of groups. Further modeling will be 
necessary in order to formulate and evaluate research-
based instructions for adequate brainstorming sessions 
[18]. Future work with this model will account for individ-
ual agent diversity.  
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Abstract

This paper describes ongoing research into association-
based computational creative systems. The neces-
sary components for developing association-based cre-
ative systems are outlined, and the challenges in mea-
suring the creativity of such a system are discussed.
An approach to operationalising creativity metrics for
association-based systems based on representational af-
fordances is described. This approach is then demon-
strated through an analysis of results produced by a
system for constructing associations between visual de-
signs.

Association-based creative systems
Association, or the construction of a new relationship be-
tween two concepts or ideas, is a cognitive process at the
heart of many creative endeavours. Its presence is most ob-
viously felt in analogy and metaphor, but associative reason-
ing is also a component of complex similarity judgement,
recognition and simplification tasks (Markman and Gentner
1993; Balazs and Brown 1998; Goel 2008) that are critical
to the appreciation of creative works. Given the creative po-
tential of analogical processes (Goel 1997; Hofstadter and
the FARG 1995; Kuhn 1962) and the importance of under-
standing and appreciating creative works (Jennings 2010;
Wiggins 2006; Colton 2008) to a computational creative sys-
tem, it is clear that an operationalised understanding of the
process of association that underlies these and other acts is
of value to the field of computational creativity. Furthering
that understanding is a twofold endeavour: computational
models of association that are general, extensible and pow-
erful must be developed, and metrics by which the creativity
of those models can be assessed must be devised.

Association involves representing objects in a manner that
enables a new relationship between them. A mapping is then
constructed between the objects which embodies that rela-
tionship. These two component processes - representation
and mapping - cannot be modelled serially or discretely, as
representation depends on mapping and mapping depends
on representation (Kokinov 1998). This complex relation-
ship between the mapping and the representations used in
mapping creates a ‘chicken-or-egg’ problem that must be
addressed by any computational model. Not only must a
computational model of association possess representational

flexibility, but the search for representations must be in-
formed by feedback from the ongoing search for mappings,
just as the search for mappings is influenced by the construc-
tion of new representations.

Notably the process of association does not incorporate
the use or evaluation of the relationships that it constructs.
This is the primary addition of processes like analogy that
extend association - analogy adds the transfer of knowledge
between the associated object, the use of that knowledge
to achieve some goal, and the evaluation of the analogy
in terms of its utility at achieving that goal (French 2002).
Association-based similarity judgement also extends asso-
ciation, in this case by evaluating mapped and unmapped
attributes to construct a notion of similarity between the ob-
jects and then using that similarity in some categorisation
or comparison task (Markman and Gentner 1993). Models
of association must be capable of supporting this variety of
applications.

This research has developed the notion of interpretation-
driven search as a general framework for computational as-
sociation. We investigate this approach for its potential to
exhibit creative behaviours.

Interpretation-driven association
Donald Schön (1983) proposed a theory, ‘reflection-in-
action’, to explain the cyclical interactions of evaluation and
synthesis processes that had been observed in studies of de-
signers. Schön suggests that designers change the design
representations with which they are working, then observe
and reflect on the effects of those changes. As a result of
that reflection, the designer again acts to change the emerg-
ing design representation. This iterative interaction is en-
abled by the designer’s ability to interpret a representation
in a new way after it has been produced. Schön posits that
the designer’s ability to see things in an emerging design
that were not consciously put there is the core of the creative
design process.

The framework for computational association developed
in this research draws a parallel between Schön’s theory of
creative design and Boden’s (1990) notion of creativity as
exploring (and potentially transforming) a conceptual space.
The actions taken by a designer to modify their design may
translate that design to a new position within the designer’s
conceptual space, or they may transform the space itself, re-
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formulating the designer’s understanding of the problem and
producing a novel and surprising design. The genesis of both
exploratory and transformative reformulations is the recon-
ceptualisation of the representation the designer had con-
structed previously. This produces a new interpretation of
the design on which previously impossible actions are ren-
dered possible.

Schön sees the process of reflection-in-action as itself
being based on analogical reasoning (Schön and Wiggins
1992), but this research inverts that relationship, putting for-
ward a framework for association that is based on Schön’s
iterative cycle of reflection and action. This framework is re-
ferred to as interpretation-driven search. While inspired by
the design process, the interpretation-driven search approach
can be generalised beyond design tasks to any domain in
which potentially creative associations are constructed.

Interpretation-driven association uses iterative transfor-
mation and exploration of the objects being associated to
produce a representation that enables a new mapping to be
constructed. An interpretation is a transformation of the
representation of the objects being associated. These trans-
formations affect the object representations and enable po-
tential mappings between them to be explored. In this ap-
proach, interpretations are explicitly represented elements of
system knowledge, allowing them to be constructed, evalu-
ated, stored and retrieved. The interpretation process itera-
tively interacts with the process of searching for mappings
and operates in parallel with it. Interpretation influences
mapping search and mapping influences the construction,
application and evaluation of interpretations.

A model of association that implements these principles
can broadly be viewed a consisting of three processes: Rep-
resentation, Interpretation and Mapping. Representation
produces the ‘original’ representations of the objects that
are then iteratively searched, transformed and mapped by
the Interpretation and Mapping cycle. This framework can
be seen in Figure 1. The benefits of this parallel, interactive
approach are discussed in Grace et. al. (2012), along with a
more detailed elaboration of the framework.

Representation

Interpretation

Mapping

mappings

objects

association
graph representation

interpretations

Figure 1: Interpretation-driven search, a high-level frame-
work for computational association.

The creativity of associations
The definition of, and criteria for, creativity have been the
subject of considerable debate. One broad definition that has
attained some consensus is that of creativity as the union of
novelty and value (Sternberg and Lubart 1999). Novelty is
a metric based on the difference between the artefact and

other, existing artefacts in the same domain. Value is a met-
ric based on the artefact’s performance at whatever tasks to
which it is applied, when compared to the performance of
existing artefacts. Both of these qualities are highly contex-
tualised, as novelty can only be assessed from the perspec-
tive of a viewer and usefulness can only be assessed in the
context of an application.

Some challenges arise in applying this pair of creativity
criteria to the domain of computational association. Firstly,
the novelty of an association is on some level guaranteed, as
by definition an association must be a new relationship that
did not exist previously. Recalling a relationship of which a
system was already aware is a memory task, not an associa-
tion one. This makes an association always at least P-novel
(novel to the system itself, as defined by Boden (1990) ).

A significant challenge in applying the “novelty and
value” framework for evaluating creativity to a model of
association is in assessing an association’s value. Associ-
ation does not necessarily incorporate an evaluative compo-
nent and it is not necessary that an association be constructed
to serve some purpose. We refer to this goal-agnostic form
of association as ‘free’ association, which may incorporate
evaluative components but in which the associations are not
used to accomplish some purpose. Evaluation and purpose-
fulness are instead features of association-derived processes
that incorporate additional components. This does not mean,
however, ‘free’ association has no effect on the system that
constructed it, and therefore an alternative assessment for
value can be derived. Different associations produce differ-
ent transformed and mapped representations of the associ-
ated objects, and their value can be assessed based on the
degree to which those representations go on to affect the
system. This research focusses on this representational af-
fordance model of association value as a way by which the
model of association that has been developed could be fur-
ther developed into an association-based creative system.

Representational affordance as a utility metric
The “affordances” of an object or environment were first de-
fined by the psychologist James Gibson (1979), referring to
the opportunities it offers to a user. As applied to the design
of objects (Norman 2002) affordances refer to the possibili-
ties for action that a user perceives when interacting with an
object. Affordances do not require instruction, they emerge
implicitly from the interaction of an object, its user and the
situation (Maier and Fadel 2009).

A representation is an internal surrogate that encapsulates
knowledge about an entity, enabling the agent or system to
reason about that thing (Davis, Shrobe, and Szolovits 1993).
In any system that permits the construction of different rep-
resentations of an object, those representations will facil-
itate the performance of different actions by that system.
Different representations of objects within a system open
up different action possibilities for that system. Gero and
Kannengeisser (2012) refer to this as representational affor-
dance: the cognitive actions that are enabled by a represent-
ing an object in a particular way. During the design process
a representation may afford the construction of a new rep-
resentation with its own, different set of affordances. Gaver
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(1991) refers to this as “sequential affordance” and it is con-
sistent with the notion of reflection-in-action (Schön 1983).

Representations can provide affordances based on their
syntax or based on their semantics. The structure of a graph
representation can provide syntactic affordances, such as
path following or matching. However, a representation can
also provide semantic affordances based on how its content
can interact with other system knowledge. This paper fo-
cusses on semantic representational affordances.

In modelling the creativity of an association, a key ques-
tion arises: what is the value of a new mapping and the repre-
sentations that underlie it? We define an association’s value
in terms of what activities the possession of that associa-
tion enables the system to do. An association can be said to
be of value if the interpretation of the associated objects it
contains provides the system with different representational
affordances than it previously possessed. Furthermore, asso-
ciations can be compared and contrasted by the affordances
they provide.

Value can be defined using representational affordances
in the absence of any specific objectives or purpose of the
association construction process, making it apt for use in
a general model of creative association. In the case of an
analogy-making system built on a model of association, the
affordances that would be most relevant would be those that
enable acts of knowledge transfer between the object do-
mains. By contrast, in a model of design style the most rele-
vant affordances would be those that permitted the detection
of new patterns that connect stylistically similar objects.

A model of ‘free’ association that does not extend the pro-
cess to incorporate a use for the mappings it constructs can
also be assessed using the representational affordance met-
ric for value. If the goal of a free association system is to
construct as many different associations as possible, then
valuable associations are those that afford the possibility of
future, different associations. This kind of sequential affor-
dance of association is made possible by association models
that incorporate the effects of a system’s past experiences in
constructing associations into new association tasks.

In this research we use the notion of representational af-
fordances as a value metric for association models to dis-
cuss the potential creativity of results from a computational
model of association.

Experimenting with interpretation-driven
association

A computational model based on the interpretation-driven
framework for association has been developed. An imple-
mentation of that model which constructs ‘free’ associations
(in that the associations it constructs are not used for any ex-
plicit goals) between ornamental designs is described here.
The structure of the model and its prototypical implementa-
tion are presented here, along with selected association re-
sults produced by the system. The potential representational
affordances of the results presented are discussed as a first
step towards extending this model towards an association-
based creative system.

Computational model
Interpretation-driven search builds on the model of analogy
as Structure Mapping (Gentner 1983), in which the relation-
ships within two objects are mapped, rather than their fea-
tures. The search for these relationship mappings is inte-
grated with an iterative process of re-representation.

The model of interpretation-driven association (see Grace
et. al. (2012) for a detailed description) is comprised of
five processes. The first three processes: concept forma-
tion, relation formation and graph construction collectively
form the “representation” process of the interpretation-based
framework, while the latter two processes, mapping and in-
terpretation, are direct implementations of that framework.

The system begins with an image-based representation
of the objects, extracts a set of features to describe them
and then categorises those features into concepts. Relation-
ships between these features within each object are then con-
structed based on both topological information (such as rel-
ative size, bearing or symmetry) from the feature sets and
typological information from the conceptual categorisation
(such as conceptual similarity or conceptual sameness). The
features and relationships are then compiled into a graph
representation that serves as the basis for the iterative map-
ping and interpretation. The mapping process then searches
these graphs for subgraphs that contain common edge la-
bels. These subgraphs represent regions of the two images
that possess a consistent relational structure.

The transformations that are applied by the interpretation
process affect the structure or content of the object graph
representations. Implementations of this model could utilise
a variety of transformational approaches, such as transform-
ing the graph objects directly, transforming the features or
concepts directly and then re-constructing the graphs, or
even transforming the process by which one or more rep-
resentational stages are constructed.

At any given time, a single transformation is applied to the
graph representations, this is referred to as the ‘current’ in-
terpretation. This interpretation changes the structure of the
graphs, altering the trajectory of the mapping search operat-
ing on those graphs. The mapping search process produces
candidate mappings as it searches, and these are used to
construct new interpretations. New interpretations are con-
structed by examining what features-to-feature mappings in
those candidates cannot currently be successfully mapped,
and extrapolating what transformations would be necessary
to cause those to be successful.

Implementation
The implementation of the model uses vector images as its
input, calculating object features from the minimal closed
shapes formed by vector lines. The kinds of relationship
implemented in the system are ‘same concept’, ‘similar
concept’, ‘relative scale’, ‘linear distance’, ‘horizontal dis-
tance’, ‘vertical distance’, ‘relative orientation’, ‘bearing’,
‘contains’, ‘reflection of’, ‘shared vertex’ and ‘shared edge’.
The implementation is provided with the knowledge neces-
sary to detect these relationships and categorise them into
groups such as ”slightly smaller than” or ” 120 degrees of
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difference in orientation”. Instantiations of these relation-
ships form the edge labels on the graph representations of
each object being associated.

Mapping search is implemented as a genetic algorithm
that searches for subgraph isomorphisms between the graph
representation of each object. Each individual in the popu-
lation of the genetic algorithm is a set of mappings between
a feature in one object and a feature in the other. The fit-
ness for this algorithm is the largest contiguous subgraph
that can be constructed out of those feature-to-feature map-
pings in both objects. This use of a powerful, general search
algorithm reflects the fact that we are not attempting to im-
plement association in a biologically or cognitively plausi-
ble way, rather we are demonstrating the feasibility of the
interpretation-driven approach.

The interpretation process is implemented as the substitu-
tion of relationships between features. Replacing relation-
ships effectively causes the system to perceive two disparate
relationships as being alike. Interpretations in this system
can be expressed as “in this situation, relationship X in the
first object is the same as relationship Y in the second ob-
ject’. An interpretation is therefore a set of rules for re-
placing relationships, where relationships are represented as
edge labels in the graphs. Which interpretation is being ap-
plied to the objects is able to change every iteration, provid-
ing the parallelism between mapping and interpretation that
characterises the interpretation-based framework.

Methodology
A total of 31 ornamental designs were inputted into the sys-
tem as part of a series of experiments to demonstrate the ap-
plication of interpretation-based association. Objects were
drawn from a broad variety of design domains, including
symbols, architectural ornamentation and decorations and
object designs. These objects were drawn from a variety of
cultures and historical periods. From this library of designs
a subset of objects were selected for which interesting asso-
ciations could be produced and the capabilities of the system
could be documented.

A set of associations constructed by repeatedly associ-
ating a single pair of objects is presented. These associa-
tions are presented as a demonstration of the interpretation-
based model, but also as a starting point from which the
use of representational affordances as a metric for utility in
association-based creative systems can be discussed.

The two objects associated here are presented in Figure 2.
Object 1, on the left, is a Hittite sun symbol, while Object 2,
on the right, is a Japanese floral symbol. Both are vector line
drawings produced manually from black and white images
by the authors. For the purposes of this experiment the sys-
tem has been restricted so that the only type of relationship
which connects the features of these two objects is relative
orientation.

Results
Three associations between the two objects in Figure 2,
along with the interpretations used to produce them, are
shown in Figures 3, 4 and 5. All three associations con-
structed between these two objects utilised the ‘relative ori-

(a): Object 1 (b): Object 2
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Figure 2: The two objects used in the example associations.
The minimal closed shapes extracted from the images by the
system are numbered. The relative orientations of these fea-
tures are the relationships relevant to these examples. De-
signs sourced from (Humbert 1970).

entation’ relationship type, but each involved a different in-
terpretation. These differing interpretations permitted the
construction of different mappings.

In each of these figures the associated objects are pre-
sented side by side, with the features involved in the map-
ping being highlighted. The mapping between features in
one object and features in the other is shown as solid lines
joining the two images. The common set of relationships
between the features within each object is shown as thick
dashed lines. Only the relationships that are used in the
mapping are shown, pairs of features can have many rela-
tionships connecting them. Each of these relationships is la-
belled with its uninterpreted description. Interpretations are
an imposed equality between different labels and are shown
at the bottom of each image. Mappings can be constructed
between sets of features that share patterns of relationships
after this interpretation is applied.

The first association, seen in Figure 3, is constructed with-
out the use of an interpretation. Within the representations of
the two objects there exists a pattern of seven nodes in each
that share a consistent pattern of relationships. All seven
objects in both objects, in the order indicated by the thick
dashed lines, are consecutively separated by approximately
150 degrees of orientation. This relationship is present be-
tween every second point in the seven-pointed star in Object
1, starting from Feature f4 and proceeding twice around the
star to Feature f9. The same relationship of relative orienta-
tion is present between every eighth petal in Object 2 - that
is between each petal and the petal one spot to its left in
the floret to its left, starting from Feature f35 and proceed-
ing in a spiralling pattern twice around the design to f29.
The ‘null’ interpretation i∅ is shown as this mapping can be
constructed from the base representations produced by the
system without any transformation.

This association is included to demonstrate the capabil-
ity of the representation construction and mapping search
elements of our model of association. Without the use of
interpretations the system is capable of producing represen-
tations of visual objects comprised of networks of abstract
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Figure 3: An association constructed between the two objects without the use of an interpretation. All the relationships incor-
porated into this mapping (depicted by thick dashed lines) are of the type “∼150 degrees of difference of orientation”. These
relationships join the seven points of the star in Object 1 (by traversing the star twice) and seven of the petals in Object 2 (in
a spiral pattern joining each eighth petal). The empty or “null” interpretation means that these relationships are present in the
default object representations the system constructs.

relationships and features. These representations can then
be searched for common patterns of relationships, allowing
the features which those relationships join to be mapped.

Without the ability to transform representations, this asso-
ciation (and others trivially different from it) are all that the
system can construct. With mappings limited to those re-
lationships already present in both objects, the potential for
constructing an association with relevant affordances is slim.
The only way to give a system with a single representation of
each object the ability to construct additional associations is
to incorporate more information into those representations.
In this case that information would take the form of addi-
tional types of relationship between features other than dif-
ferences of orientation.

Utilising the capacity to reinterpret object representations,
the system is not limited to “literal” associations as seen in
Figure 3. Figure 4 shows the mapping produced by an as-
sociation between the same two objects that was produced
through interpretation-driven search. During the search for
mappings between the objects, the system constructed (ini-
tially by chance) some fragment of a mapping similar to the
one shown in Figure 4. This mapping candidate would not
have been successful in the absence of an interpretation. The
mapping was selected by the interpretation construction pro-
cess, which reverse-engineered one or more interpretations
from it. Interpretations are generated that would improve the
size of the largest common subgraph of the mapping spec-
ified by the candidate. That interpretation is then likely to
become the “active” one if the mapping search reaches a
point where the current interpretation is significantly out-
performed by the new interpretation. The search for map-

pings influences the construction of interpretations and then
those interpretations in turn influence mapping.

The mapping expressed in Figure 4 is based on an in-
terpretation that effectively treats the orientation difference
between adjacent points on the star in Object 1 the same
as the orientation difference between adjacent points on the
star in Object 2. Thick dashed lines are shown represent-
ing the “approximately 50 degrees of orientation difference”
relationship in Object 1 and the “approximately 20 degrees
of orientation difference” relationship in Object 2. The re-
sultant mapping connects each feature in the star in Object
1, starting with f4 and proceeding sequentially to f10 with
each feature in a floret in Object 2, starting with f14 and pro-
ceeding sequentially to f20. This mapping was constructed
from low-level relationships extracted from a visual repre-
sentation of these objects and then interpreted to make those
relationships situationally alike.

The notion of representational affordances as a tool for
assessing value in association models can be applied to the
association shown in Figure 4. The interpreted representa-
tions of the two objects are useful to the extent that the new
interpretations more aptly afford actions to the system. In
the case of a free association model like this implementa-
tion, the only actions available are the construction of dif-
ferent associations, and therefore the value of an associa-
tion can only defined by the degree to which it enables that.
In this system interpretations are remembered and re-used,
which causes the system’s past experiences to affect future
interpretations. This provides a mechanism by which this
association can guide the system’s future actions.

Representational affordances provided by the association
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Figure 4: An association constructed between the two objects through the application of an interpretation which equates the
relationship “∼50 degrees of difference of orientation” in Object 1 to the relationship “∼20 degrees of difference of orientation”
in Object 2. These relationships join the adjacent points of the star in Object 1 with eight adjacent petals in one of the florets in
Object 2. The interpretation that enabled this association is shown in the box beneath the objects.

in Figure 4 could be used to define the value of that asso-
ciation if the system were extended to perform purposeful
association construction. If associations were being con-
structed for use by an ornamental design classification sys-
tem, then the transformed representation may afford the pos-
sibility of classifying Object 2 as being based on radial adja-
cency, which a naive classification system would have been
able to do. If instead associations were being constructed for
use in an analogy-based design system, then the mapping of
f4 through f10 to f14 through f20 may afford the transfer
of knowledge about f11 (the centre circle which all of the
mapped features in Object 1 touch) to f13, which could then
be considered the “centre” of Object 2. The actions permit-
ted by the representational affordances of the association are
used by the system to achieve its goals, so those affordances
can be said to be of value because of that use.

Figure 5 shows a different association constructed by the
system. This time the interpretation equates the difference in
orientation between every third point in the star in Object 1
with the difference in orientation between the edge petals in
Object 2. Viewing the “edges” of a compound object such
as Object 2 as being part of a rotating sequence may be a
valuable affordance for a creative system. The association
system implemented in this research was able to find a broad
variety of such associations using just two objects and con-
sidering just one type of relationship. Different combina-
tions of the relationships that were mapped in Figures 4 and
5 were also found, such as mapping every adjacent point on
the star in Object 1 to the outermost petals of the three florets
in Object 2. Interpretation construction provided the system
with the ability to produce a variety of divergent mapping
from a single association problem.

Discussion
The experiments described here demonstrate that it is possi-
ble to use the interpretation-driven search approach to con-
struct associations between real-world design objects. The
representation construction processes used to produce the
graphs on which the iterative mapping and interpretation
processes operate have been shown to be viable. Associa-
tions were produced based on interpretations that were con-
structed by the system that transformed graph representa-
tions that had also been constructed by the system from fea-
tures and concepts that had been extracted from low-level
visual input. These results serve as an initial proof of con-
cept of the interpretation-driven model of association.

The associations presented in this paper could not have
been constructed from the information that was provided to
the system without the ability of the system to transform its
representations through the interpretation process. These as-
sociations could be constructed without the use of interpre-
tation if the system were provided with additional informa-
tion about the relationships between the objects, but this re-
duced representational autonomy would have a deleterious
effect on novelty. As assessed in the context of a hypothet-
ical society of individuals with access to the same informa-
tion and possessed of comparable perceptual abilities, as-
sociations produced using interpretation will be P-novel to
any individual that has not constructed the same interpreta-
tion, while associations produced using additional informa-
tion would be apparent to any other individual with access
to that information.

The P-novelty of an association is guaranteed as the sys-
tem by definition did not know of the relationship expressed
in an association before its construction. However, the inter-
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Object 1 Object 2
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Interpretation:
~150° Δrot = ~120° Δrot
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Figure 5: An association constructed between the two objects through the application of an interpretation which equates the
relationship “∼150 degrees of difference of orientation” in Object 1 with the relationship “∼120 degrees of difference of ori-
entation” in Object 2. These relationships join every third point of the star in Object 1 with the two outermost petals in each
floret in Object 2. As there are only six such petals in Object 2, only six of the seven points in Object 1 have been mapped. The
interpretation that enabled this association is shown in the box beneath the objects.

pretations used in the model of association described in this
research may not themselves be novel as they can be learnt
and re-used. It is possible to apply a known interpretation to
a different object and still produce a novel representation, as
a known transformation can produce a novel result.

It is also possible that a P-novel association can be con-
structed from a representation that has been used before. For
example, if the representation of Object 1 present in 4 (and
the interpretation used to produce it) were associated with
some other, different object, then the resulting association
would be P-novel. The known representation of Object 1 is
novel in the current circumstances, but is not novel to the
system as a whole. This is referred to as “situational” or “S”
novelty, after the definition of “S-creativity” in Suwa et al.
(1999).

Figure 3 demonstrates an inherent weaknesses of a model
of creative association that does not incorporate the ability
to reinterpret its object representations. The mapping it ex-
presses is quite likely H-novel, in that it is not expected that
the majority of human observers would have identified that
mapping. However, any sufficient pattern matching system
provided with the two graph representations used by the sys-
tem would come to the exact same conclusion. The mapping
used in this association may be H-novel in a society com-
posed of individuals with human perceptual biases, but to a
hypothetical society composed of individuals with a percep-
tual system like that of this model, the mapping is obvious.

The use of an interpretation in the construction of associ-
ations acts to redress the weakness present in models of cre-
ative association based on static representations. The asso-
ciation expressed in Figure 4 could not be constructed from

the graph representations the system built without the use
of a representation transformation process. In a hypotheti-
cal society of individuals with the same perceptual biases as
this system, the mapping used in this association would be
P-novel to any individual that had not constructed the same
interpretation. If this same mapping were to be constructed
by incorporating a new relationship type in the default repre-
sentations that made the mapping possible without interpre-
tation - “radial adjacency” for example - then the resultant
mapping would, like the one in Figure 3, be trivially de-
ducible by any other pattern matching system with access to
the same information.

The utility component of evaluating creativity can be
aided by the use of representational affordances. In the
interpretation-driven approach to association, mappings are
produced between transformed representations that can re-
veal structures and connections that were not apparent in the
original representations. The utility of those mappings can
then be assessed by what actions those new structures enable
the system to take. For example, the view of the outermost
petals in Object 2 as a sequence of rotated features seen in
Figure 5 was not expressed in the uninterpreted representa-
tion. The notion of representational affordance also allows
the value of an association to be defined in the abstract for
models of association that do not use the associations they
construct to accomplish any objectives.

Maher (2010) frames the evaluation of a creative artefact
as requiring three criteria; not just novelty and value but also
unexpectedness. Unexpectedness (also referred to as ‘sur-
prisingness’) is a metric based on how different the artefact
is to what was expected to be the next artefact produced.
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Unexpectedness, writes Maher, differs from novelty in that
it relates to the expected trajectory of the domain or field in
which the artefact is being produced, which is distinct from
the existing set of artefacts within that domain.

Assessing the unexpectedness of an association using Ma-
her’s criteria requires identifying abstract patterns in the se-
quence of recently constructed associations that can be used
to project a trajectory of expected associations. Associations
can certainly be surprising in a variety of ways - much hu-
mour depends on setting the recipient up to expect that a
certain association is being proposed, then subverting that
expectation and instead constructing a very different associ-
ation. However, unexpectedness as defined by Maher specif-
ically refers to identifying emerging trends in the output of
a system over multiple iterations. This is a challenging task
in the domain of association as it is difficult to define a sim-
ilarity metric that could then be used to find patterns in as-
sociation output.

The interpretation-based model of association could pro-
vide a method by which the unexpectedness of associations
could be assessed. Interpretation-based associations could
be characterised by the interpretations used to construct
them, which are significantly more generalisable than the
mappings that comprise those associations. The explicit rep-
resentation of interpretations permits further investigation of
expectation and unexpectedness in computational models of
association. This would address a challenging issue in the
development of creative models of association and methods
by which they can be evaluated.

The representational affordance framework for assessing
the value of an association allows us to consider the asso-
ciations constructed by an interpretation-based system as a
creative artefact. The utility of that artefact is the degree to
which it has an effect on the system that constructed it. In
a “free” association system where experience plays a role
in future associations then that effect can be defined as the
influence an association has on the construction of future as-
sociations.
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Abstract 

This paper summarizes efforts to computationally mod-
el two transitions in the evolution of human creativity: 
its origins about two million years ago, and the ‗big 
bang‘ of creativity about 50,000 years ago. Using a 
computational model of cultural evolution in which 
neural network based agents evolve ideas for actions 
through invention and imitation, we tested the hypothe-
sis that human creativity began with onset of the capaci-
ty for recursive recall. We compared runs in which 
agents were limited to single-step actions to runs in 
which they used recursive recall to chain simple actions 
into complex ones. Chaining resulted in higher diversi-
ty, open-ended novelty, no ceiling on the mean fitness 
of actions, and greater ability to make use of learning. 
Using a computational model of portrait painting, we 
tested the hypothesis that the explosion of creativity in 
the Middle/Upper Paleolithic was due to onset of con-
textual focus: the capacity to shift between associative 
and analytic thought. This resulted in faster conver-
gence on portraits that resembled the sitter, employed 
painterly techniques, and were rated as preferable. We 
conclude that recursive recall and contextual focus pro-
vide a computationally plausible explanation of how 
humans evolved the means to transform this planet. 

 Introduction 

To gain insight into the mechanisms underlying creativity, 
one might start by testing peoples‘ creative abilities, per-
haps using technologies such as fMRI, or dissect the brains 
of people who were known to be particularly creative dur-
ing their lifetimes. However, to gain insight into the evolu-
tion of creativity, these options do not exist. All that is left 
of our prehistoric ancestors are their bones and artifacts 
such as stone tools that resist the passage of time. Thus to 
understand the evolution of creativity, computational mod-
eling is virtually the only scientific tool we have. 
 Humans are not only creative; we put our own spin on 
the inventions of others, such that new inventions build 
cumulatively on previous ones. This cumulative cultural 
change is referred to as the ratchet effect (Tomasello, Kru-
ger, & Ratner, 1993), and it has been suggested that it is 
uniquely human (Donald, 1991). A mathematical model of 
two transitions in the evolution of the cognitive mecha-
nisms underlying creativity has been put forward (Gabora 
& Aerts, 2009). Computational models of these mecha-
nisms have also been developed (DiPaola & Gabora, 2007, 

2009; Gabora, 1995, 2008a,b; Gabora & Leijnen, 2009; 
Leijnen & Gabora, 2009, 2010; Gabora & Saberi, 2011). 
However, these efforts used different modeling platforms, 
and because the aims underlying them have been part sci-
entific and part artistic, their relevance to each other, and to 
an overarching research program has not previously been 
made clear. The goal of this paper is to explain how, to-
gether, they constitute an integrated effort to computation-
ally model the evolution of human creativity.  

First Transition:  

The Earliest Signs of Creativity 

The minds of our earliest ancestors, Homo habilis, have 

been referred to as episodic because there is no evidence 

that they deviated from the present moment of concrete 

sensations (Donald, 1991). They could encode perceptions 

of events in memory, and recall them in the presence of a 

cue, but had little voluntary access to memories without 

environmental cues. They were therefore unable to shape, 

modify, or practice skills and actions, and unable to invent 

or refine complex gestures or vocalizations. 

Homo erectus lived between approximately 1.8 and 0.3 

million years ago. The cranial capacity of the Homo erec-

tus brain was approximately 1,000 cc, about 25% larger 

than that of Homo habilis, at least twice as large as that of 

living great apes, and 75% that of modern humans (Ruff et 

al., 1997). This period is widely referred to as the begin-

nings of cumulative culture. Homo erectus exhibited many 

indications of enhanced intelligence, creativity, and ability 

to adapt to their environment, including sophisticated, task-

specific stone hand axes, complex stable seasonal home 

bases, and long-distance hunting strategies involving large 

game, and migration out of Africa. 

This period marks the onset of the archaeological record 

and it is thought to be the beginnings of human culture. It 

is widely believed that this cultural transition reflects an 

underlying transition in cognitive or social abilities. Some 

have suggested that they owe their achievements to onset 

of theory of mind (Mithen, 1998) or the capacity to imitate 

(Dugatkin, 2001). However, there is evidence that other 

species possess theory of mind and the capacity to imitate 

(Heyes, 1998), yet do not compare to modern humans in 

intelligence and cultural complexity. 
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Evolutionary psychologists have suggested that the intel-

ligence and cultural complexity of the Homo line is due to 

the onset of massive modularity (Buss, 1999, 2004; Bar-

kow, Cosmides, &Tooby, 1992). However, although the 

mind exhibits an intermediate degree of functional and 

anatomical modularity, neuroscience has not revealed vast 

numbers of hardwired, encapsulated, task-specific mod-

ules; indeed, the brain has been shown to be more highly 

subject to environmental influence than was previously 

believed (Buller, 2005; Byrne, 2000; Wexler, 2006). 

A Promising and Testable Hypothesis 

Donald (1991) proposed that with the enlarged cranial ca-

pacity of Homo erectus, the human mind underwent the 

first of three transitions by which it—along with the cul-

tural matrix in which it is embedded—evolved from the 

ancestral, pre-human condition. This transition is charac-

terized by a shift from an episodic to a mimetic mode of 

cognitive functioning, made possible by onset of the capac-

ity for voluntary retrieval of stored memories, independent 

of environmental cues. Donald refers to this as a self-

triggered recall and rehearsal loop. Self-triggered recall 

enabled information to be processed recursively with re-

spect to different contexts or perspectives. It allowed our 

ancestor to access memories voluntarily and thereby act 

out
1
 events that occurred in the past or that might occur in 

the future. Thus not only could the mimetic mind tempo-

rarily escape the here and now, but by miming or gesture, 

it could communicate similar escapes in other minds. The 

capacity to mime thus ushered forth what is referred to as a 

mimetic form of cognition and brought about a transition to 

the mimetic stage of human culture. The self-triggered 

recall and rehearsal loop also enabled our ancestors to en-

gage in a stream of thought. One thought or idea evokes 

another, revised version of it, which evokes yet another, 

and so forth recursively. In this way, attention is directed 

away from the external world toward one‘s internal model 

of it. Finally, self-triggered recall allowed for voluntary 

rehearsal and refinement of actions, enabling systematic 

evaluation and improvement of skills and motor acts. 

Computational Model 

Donald‘s hypothesis is difficult to test directly, for if cor-
rect it would leave no detectable trace. It is, however, pos-
sible to computationally model how the onset of the capac-
ity for recursive recall would affect the effectiveness, di-
versity, and open-endedness of ideas generated in an artifi-
cial society. This section summarizes how we tested Don-
ald’s hypothesis using an agent-based computational model 
of culture referred to as ‘EVOlution of Culture’, abbreviat-
ed EVOC. Details of the modeling platform are provided 
elsewhere (Gabora, 2008b, 2008c; Gabora & Leijnen, 
2009; Leijnen & Gabora, 2009). 

                                                 
1
 The term mimetic is derived from ―mime,‖ which means 

―to act out.‖ 

The EVOC World. EVOC uses neural network based 

agents that (i) invent new ideas, (ii) imitate actions imple-

mented by neighbors, (iii) evaluate ideas, and (iv) imple-

ment successful ideas as actions. Invention works by modi-

fying a previously learned action using learned trends 

(such as that more overall movement tends to be good) to 

bias the invention process. The process of finding a neigh-

bor to imitate works through a form of lazy (non-greedy) 

search. An imitating agent randomly scans its neighbors, 

and adopts the first action that is fitter than the action it is 

currently implementing. If it does not find a neighbor that 

is executing a fitter action than its own action, it continues 

to execute the current action. Over successive rounds of 

invention and imitation, agents‘ actions improve. EVOC 

thus models how descent with modification occurs in a 

purely cultural context. Agents do not evolve in a biologi-

cal sense–they neither die nor have offspring–but do in a 

cultural sense, by generating and sharing ideas for actions.  

Following Holland (1975) we refer to the success of an 

action in the artificial world as its fitness, with the caveat 

that unlike its usage in biology, here the term is unrelated 

to number of offspring (or ideas derived from a given 

idea). The fitness function (FF) was originally chosen be-

cause it allows investigation of biological phenomena such 

as underdominance and epistasis in a cultural context (see 

Gabora, 1995); the one used here is one over several used 

in EVOC (see Gabora, 2008 for others). The FF rewards 

head immobility and symmetrical limb movement. Fitness 

of actions starts out low because initially all agents are 

entirely immobile. Soon some agent invents an action that 

has a higher fitness than doing nothing, and this action gets 

imitated, so fitness in- creases. Fitness increases further as 

other ideas get invented, assessed, implemented as actions, 

and spread through imitation. The diversity of actions ini-

tially increases due to the proliferation of new ideas, and 

then decreases as agents hone in on the fittest actions. 

We used was a toroidal lattice with 100 nodes, each oc-

cupied by a single, stationary agent, and a von Neumann 

neighborhood structure (agents only interacted with their 

four adjacent neighbors). During invention, the probability 

of changing the position of any body part involved in an 

action was 1/6. On each run, creators and imitators were 

randomly dispersed. 

Chaining. This gives agents the opportunity to execute 

multi-step actions. For the experiments reported here with 

chaining turned on, if in the first step of an action an agent 

was moving at least one of its arms, it executes a second 

step, which again involves up to six body parts. If, in the 

first step, the agent moved one arm in one direction, and in 

the second step it moved the same arm in the opposite di-

rection, it has the opportunity to execute a three-step ac-

tion. And so on. The agent is allowed to execute an arbi-

trarily long action so long as it continues to move the same 

arm in the opposite direction to the direction it moved pre-

viously. Once it does not do so, the chained action comes 

to an end. The longer it moves, the higher the fitness of this 
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multi-step chained action. Where n is the number of 

chained actions, the fitness, Fc, is calculated as follows: 

 

Fc = Fnc+ (n – 1) 
 
The fitness function with chaining provides a simple means 
of simulating the capacity for recursive recall. 

‘Origins of Creativity’ Results 

As shown in Figure 1, the capacity to chain simple actions 

into more complex ones increases the mean fitness of ac-

tions in the society. This is most evident in the later phase 

of a run. Without chaining, agents converge on optimal 

actions, and the mean fitness of action reaches a plateau. 

With chaining, however, there is no ceiling on the mean 

fitness of actions. By the 100
th

 iteration it reached almost 

15, indicating a high incidence of chaining.  

 

 
Figure 1. Mean fitness of actions in the artificial society with 

chaining versus without chaining. 

 
As shown in Figure 2, chaining also increases the diversity 
of actions. This is most evident in the early phase of a run 
before agents begin to converge on optimal actions. Alt-
hough in both cases there is convergence on optimal ac-
tions, without chained actions, this is a static set (thus 
mean fitness plateaus) whereas with chained actions the set 
of optimal actions is always changing, as increasingly fit 
actions are found (thus mean fitness keeps increasing). 
 

 
Figure 2. Mean number of different actions in the artificial 

society with chaining (continuous line) versus without chain-

ing (dashed line). 

 

Recall that agents can learn trends from past experiences 
(using the knowledge-based operators), and thereby bias 
the generation of novelty in directions that have a greater 
than chance probability of being fruitful. Since chaining 
provides more opportunities to capitalize on the capacity to 
learn, we hypothesized that chaining would accentuate the 
impact of learning on the mean fitness of actions, and this 
too turned out to be the case (Gabora & Saberi, 2011).  

Second Transition:  

The ‘Big Bang’ of Human Creativity 

The European archaeological record indicates that a truly 

unparalleled cultural transition occurred between 60,000 

and 30,000 years ago at the onset of the Upper Paleolithic 

(Bar-Yosef, 1994; Klein, 1989; Mellars, 1973, 1989a, 

1989b; Soffer, 1994; Stringer & Gamble, 1993). Consider-

ing it ―evidence of the modern human mind at work,‖ 

Richard Leakey (1984:93-94) describes the Upper Palaeo-

lithic as follows: ―unlike previous eras, when stasis domi-

nated, ... [with] change being measured in millennia rather 

than hundreds of millennia.‖ Similarly, Mithen (1996) re-

fers to the Upper Paleaolithic as the ‗big bang‘ of human 

culture, exhibiting more innovation than in the previous six 

million years of human evolution. We see the more or less 

simultaneous appearance of traits considered diagnostic of 

behavioral modernity. It marks the beginning of a more 

organized, strategic, season-specific style of hunting in-

volving specific animals at specific sites, elaborate burial 

sites indicative of ritual and religion, evidence of dance, 

magic, and totemism, the colonization of Australia, and 

replacement of Levallois tool technology by blade cores in 

the Near East. In Europe, complex hearths and many forms 

of art appeared, including cave paintings of animals, deco-

rated tools and pottery, bone and antler tools with engraved 

designs, ivory statues of animals and sea shells, and per-

sonal decoration such as beads, pendants, and perforated 

animal teeth, many of which may have indicated social 

status (White, 1989a, 1989b).  

 Whether this period was a genuine revolution culminat-

ing in behavioral modernity is hotly debated because 

claims to this effect are based on the European Palaeolithic 

record, and largely exclude the African record (McBrearty 

& Brooks, 2000); Henshilwood & Marean, 2003). Indeed, 

most of the artifacts associated with a rapid transition to 

behavioral modernity at 40–50,000 years ago in Europe are 

found in the African Middle Stone Age tens of thousands 

of years earlier. However the traditional and currently 

dominant view is that modern behavior appeared in Africa 

between 50,000 and 40,000 years ago due to biologically 

evolved cognitive advantages, and spread replacing exist-

ing species, including the Neanderthals in Europe (e.g., 

Ambrose, 1998; Gamble, 1994; Klein, 2003; Stringer & 

Gamble, 1993). Thus from this point onward there was 

only one hominid species: modern Homo sapien. Despite 

lack of overall increase in cranial capacity, the prefrontal 
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cortex, and particularly the orbitofrontal region, increased 

significantly in size (Deacon, 1997; Dunbar, 1993; Jerison, 

1973; Krasnegor, Lyon, and Goldman-Rakic, 1997; 

Rumbaugh, 1997) and it was likely a time of major neural 

reorganization (Klein, 1999; Henshilwood, d‘Errico, 

Vanhaeren, van Niekerk, and Jacobs, 2000; Pinker, 2002).  

 Given that the Middle/Upper Palaeolithic was a period 

of unprecedented creativity, what kind of cognitive pro-

cesses may have been involved? 

A Testable Hypothesis 

Converging evidence suggests that creativity involves the 
capacity to shift between two forms of thought (Finke, 
Ward, & Smith, 1992; Gabora, 2003; Howard-Jones & 
Murray, 2003; Martindale, 1995; Smith, Ward, & Finke, 
1995; Ward, Smith, & Finke, 1999). Divergent or associa-
tive processes are hypothesized to occur during idea gener-
ation, while convergent or analytic processes predominate 
during the refinement, implementation, and testing of an 
idea. It has been proposed that the Paleolithic transition 
reflects a mutation to the genes involved in the fine-tuning 
of the biochemical mechanisms underlying the capacity to 
subconsciously shift between these modes, depending on 
the situation, by varying the specificity of the activated 
cognitive receptive field. This is referred to as contextual 
focus

2
 because it requires the ability to focus or defocus 

attention in response to the context or situation one is in. 
Defocused attention, by diffusely activating a broad region 
of memory, is conducive to divergent thought; it enables 
obscure (but potentially relevant) aspects of the situation 
thus come into play. Focused attention is conducive to 
convergent thought; memory activation is constrained 
enough to hone in and perform logical mental operations 
on the most clearly relevant aspects. 

Support from Computational Model 

Again, because it would be difficult to empirically deter-

mine whether Paleolithic humans became capable of con-

textual focus, we decided to begin by determining whether 

the hypothesis is at least computational feasible. To do so 

we used an evolutionary art system that generated progres-

sively evolving sequences of artistic portraits, with no hu-

man intervention once initiated. We sought to determine 

whether incorporating contextual focus into the fitness 

function would play a crucial role in enabling the computer 

system to generate art that humans find "creative" (i.e. pos-

sessing qualities of novelty and aesthetic value typically 

ascribed to the output of a creative artistic process). 

We implemented contextual focus in the evolutionary art 

algorithm by giving the program the capacity to vary its 

level of fluidity and control over different phases of the 

creative process in response to the output it generated. The 

                                                 
2
 In neural net terms, contextual focus amounts to the ca-

pacity to spontaneously vary the shape of the activation 

function, flat for divergent thought and spiky for analytical. 

creative domain of portrait painting was chosen because it 

requires both focused attention and analytical thought to 

accomplish the primary goal of creating a resemblance to 

the portrait sitter, as well as defocused attention and asso-

ciative thought to deviate from resemblance in a way that 

is uniquely interesting, i.e., to meet the broad and often 

conflicting criteria of aesthetic art. Since judging creative 

art is subjective, rather than use quantitative analysis, a 

representative subset of the automatically produced art-

work from this system was selected, output to high quality 

framed images, and submitted to peer reviewed and com-

missioned art shows, thereby allowing it to be judged posi-

tively or negatively as creative by human art curators, re-

viewers and the art gallery going public. 
 Our strategy for modeling contextual focus may raise 
questions about the ability of computers to "truly" be crea-
tive, and the role of the human system designer in the crea-
tive output. Several researchers in computational creativity, 
have addressed such questions by outlining different di-
mensions of creativity and proposing schema for evaluat-
ing a "level of creativity" of a given system, for example 
(Ritchie, 2007; Jennings, 2010; Colton, Pease, & Charnley, 
2011). We are interested in applying such analyses to our 
portrait-system as a possibility for future work; indeed, the 
mechanics of contextual focus might be clarified by the 
computational creativity literature. In particular we are 
interested in further exploring the link between system-
modified fitness constraints and the idea of transformation-
al creativity (Boden, 2003; Wiggins 2006). 
 However, for the purposes of the current paper, it is less 
important to address the question of designer involvement 
in system creativity, or to try and quantify the amount of 
creativity displayed. Rather, we concentrate on the qualita-
tive impact made by the explicit incorporation of contextu-
al focus into the system as a whole, and its ability to ele-
vate the perceived quality and novelty of system output to 
a level audiences judged reminiscent of successful "artistic, 
human-style" creativity.  
 Generative Art Systems: Creative evolutionary sys-

tems are a class of search algorithms inspired by Darwini-

an evolution, the most popular of which are genetic algo-

rithms (GA) and genetic programming (GP) (Koza, 1993). 

These techniques solve complex problems by encoding a 

population of randomly generated potential solutions as 

‗genetic instruction sets‘, assessing the ability of each to 

solve the problem using a predefined fitness function, mu-

tating and/or marrying (applying crossover to) the best to 

yield a new generation, and repeating until one of the off-

spring yields an acceptable solution. We are not claiming 

that contextual focus is Darwinian, but simply that for our 

computational modeling purposes, Genetic Programming 

proved a convenient foundational aggregator to support our 

contextual focus fitness function module. 

 Typically these systems allow a human user to pick 

those individuals that will be mated – making the human 

the creative judge. In contrast, our system used a function 

trigger mechanism within the contextual focus fitness func-
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tion which allowed the process to run automatically, with-

out any human intervention once the process was started. It 

was not until the evolutionary art process came to comple-

tion that humans looked at and evaluated the art. Others 

have begun to use creative evolutionary systems with an 

automatic fitness function in design and music, as well as 

in a creative invention machine (Bentley, Corne, 2002). 

What is unique in our approach is that it incorporates sev-

eral techniques that enable it to shift to processing artistic 

content in a more divergent or associative manner, and 

employs a form of GP called Cartesian Genetic Program-

ming (Miller, 2011), detailed in the next section. 

 Implementation: The GP function set has 13 functions 

which use unitized x and y positions of the portrait image 

as variables and additional parameter variables (noted PM) 

that can be affected by adaptive mutation. Functions are 

low level in nature which aids in a large ‗creative‘ search 

space, and output HSV color space values between 0 and 

255. An individual in our population is manifested as one 

program that runs successively for every pixel in the output 

image, which is then tested against our creative fitness 

function. This allows correlated painterly effects as one 

moves through the image. Functions 1 through 5 use sim-

ple logical or arithmetic manipulations of the positions 

(low level functions create a larger ‗creative‘ search space), 

whereas 7 through 14 use trigonometric or logical func-

tions that are more related to geometric shapes and color 

graduations. The 13 functions of the function set are:  

 
1: x|y;  

2: PM & x;  

3: (x ? y) % 255;  

4: if (x[y) x - y; else y - x;  

5: 255 - x;  

6: abs (cos (x) * 255);  

7: abs (tan (((x % 45) * pi)/180.0) * 255));  

8: abs (tan (x) * 255) % 255);  

9: sqrt ((x - PM)2 ? (y - PM) 2); (thresholded at 255)  

10: x % (PM? 1) ? (255 - PM);  

11: (x ? y)/2;  

12: if (x[y)255*((y ? 1)/(x ? 1)); else 255*((x ? 1)/(y ? 1));  

13: abs (sqrt (x – PM2? y – PM2) % 255);  

 

 The contextual focus based fitness function varies flu-

idly from tightly focusing on resemblance (similarity to the 

sitter image, which in this case is an image of Charles 

Darwin), to swinging (based on functional triggers) toward 

a more associative process of the intertwining, and at times 

contradicting, ‗rules‘ of abstract portrait painting. Different 

genotypes map to the same phenotype. This allows us to 

vary the degree of creative fluidity because it offers the 

capacity to move though the search space via genotype 

(small ordered movement) or phenotype (large movement 

but still related). For example, in one set of experiments 

this is implemented as follows: if the fittest individual of a 

population is identical to an individual in the previous gen-

eration for more than three iterations, meaning the algo-

rithm is stuck in analytic mode and needs to open up, other 

genotypes that map to this same phenotype are chosen over 

the current non-progressing genotype, allowing divergent 

open movement through the landscape of possibilities.  

 The automatic fitness function partly uses a ‗portrait to 

sitter‘ resemblance. Since the advent of photography (and 

earlier), portrait painting has not just been about accurate 

reproduction, but also about using modern painterly goals 

to achieve a creative representation of the sitter. The fitness 

function primarily rewards accurate representation, but in 

certain situations also rewards visual painterly aesthetics 

using simple rules of art creation as well as a portrait 

knowledge space. Specifically, the divergent painterly por-

tion of the fitness function takes into account: (1) face ver-

sus background composition, (2) tonal similarity over exact 

color similarity, matched with a sophisticated artistic color 

space model that weighs for warm-cool color temperature 

relationships based on analogous and complementary color 

harmony rules, and (3) unequal dominate and subdominant 

tone and color rules, and other artistic rules based on a por-

trait painter knowledge domain as detailed in (DiPaola, 

2009) and illustrated in Figure 3. The system is biased to-

ward resemblance, which gives it structure, but can, under 

the influence of functional triggers, exhibit artistic flair.  

 
 

Figure 3. The contextual focus fitness function mimics human 

creativity by moving between restrained focus (resemblance) 

to more unstructured associative focus (resemblance + am-

biguous art rules of composition, tonality and color theory). 

 

The fitness function calculates four scores (resemblance 

and the three painterly rules), and then combines them in 

different ways to mimic human creativity, shifting between 

unstructured associative focus (rules of composition, tonal-

ity and color theory) and restrained focus (resemblance). In 

its default state, the fitness function uses a more analytic 
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form of processing, specifically, a ratio of 80% resem-

blance to 20% non-proportional scoring of the three paint-

erly rules. Several functional triggers can alter this ratio in 

different ways, but the main trigger is when the system is 

―stuck‖. Within any run, for instance as long as an adaptive 

percentage of 80–20 resemblance bias is maintained (re-

semblance patriarchs), the system will allow very high 

scoring of painterly rule individuals to be accepted into the 

next population. Those with high painterly scores 

(weighted non-proportionally including for a very high 

score with respect to just one rule) are saved separately, 

and mated with the current 80/20 population. Unless other 

triggers exist, their offspring are still tested with the 80–20 

resemblance test. System wide functional changes occur 

when redundancy triggers affect the default ratio for all 

individuals. As mentioned previously, when a plateau or 

local minimum is reached for a certain number of popula-

tions, the fitness function ratio switches such that painterly 

rules are weighted higher than resemblance (on a sliding 

scale), and work in conjunction with redundancy at the 

input, node, and functional levels. Similarly, but now in 

reverse, to the default resemblance situation, high scoring 

resemblance individuals can pass into the next population 

when a percentage of painterly rule individuals is met. Us-

ing this more associative mode, high resemblance individ-

uals are always part of the mix, and when these individuals 

show a marked improvement, a trigger is set to return to 

the more focused 80/20 resemblance ratio.  

As the fitness score increases, portraits look more like 

the sitter. This gives us a somewhat known spread from 

very primitive (abstract) all the way through to realistic 

portraits. Thus in effect the system has two ongoing pro-

cesses: (1) those ‗most fit‘ portraits that pass on their por-

trait resemblance strategies, making for more and more 

realistic portraits—the family ‗resemblance‘ patriarchs, 

and (2) the creative ‗strange uncles‘: related to the current 

‗resemblance fit‘, but portraits that are more artistically 

creative or ‗artistically fit‘. This dual evolving technique of 

‗patriarchs and strange uncles‘ mimics the interplay be-

tween freedom and constraint that is so central to creativi-

ty. Paradoxically, novelty often benefits from the existence 

of a known framework reference system to rebel and inno-

vate from. Creative people use some strong structural rules 

(as in the templates of a sonnet, tragedy, or in this case, a 

resemblance to the sitter image) as a resource or base to 

elaborate new variants beyond that structure (in this case, 

an abstracted variation of the sitter image).  

 

‘Big Bang of Creativity’ Results 
The automatic creative output was generated over thirty 

days of continuous, un-supervised computer use. The im-

ages in Figure 4 show a selection of representative portraits 

produced by the system. While the overall population im-

proves at resembling Darwin‘s portrait, what is more inter-

esting to us is the variety of recurring, emergent and 

merged creative strategies that evolve as the programs in 

different ways to become better abstract portraitists.  

 
 

Figure 4. These images have been seen by thousands in the 

last 2 years and have been perceived as creative art works on 

their own by the art public, including above at the MIT Mu-

seum in Cambridge, MA. 
 

Humans rated the portraits produced by this version of 

the portrait painting program with contextual focus as 

much more creative and interesting than a previous version 

that did not use contextual focus, and unlike its predeces-

sor, the output of this program generated public attention 

worldwide. Example pieces were framed and submitted to 

galleries as a related set of work. Care was taken by the 

author to select representational images of the evolved un-

supervised process, however creative human bias obvious 

exists in the representational editing process. Output has 

been accepted and exhibited at six major galleries and mu-

seums including the TenderPixel Gallery in London, Emily 

Carr Galley in Vancouver, and Kings Art Centre at Cam-

bridge University as well as the MIT Museum, and the 

High Museum in Atlanta, all either peer reviewed, juried or 

commissioned shows from institutions that typically only 

accept human art work. A typical gallery installation con-

sisted of 40-70 related portraits produced in time order 

over a given run. Gallery showings focus on ―best resem-

blances‖ and those that are artistically compelling from an 

abstract portrait perspective. This gallery of work has been 

seen by tens of thousands of viewers who have commented 

that they see the artwork as an aesthetic piece that ebb and 

flows through seemly creative ideas even though they were 

solely created by an evolutionary art computer program 

using contextual focus. Note that no attempt to create a 

pure ‗creativity Turning Test‘ was attempted. Besides the 

issues surrounding the validity of such a test (Pease, Col-

ton, 2011), it was not feasible in such reputable and large 

art venues. However most of the thousands of causal view-

ers assumed they were looking at human created art. The 

work was also selected for its aesthetic value to accompany 

an opinion piece in the journal Nature (Padian, 2008), and 

was given a strong critical review by the Harvard humani-
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ties critic, Browne (2009). While these are subjective 

measures, they are standard in the art world. The fact that 

the computer program produced novel creative artifacts, 

both as single art pieces and as a gallery collection of piec-

es with interrelated themes, using contextual focus as a key 

element of its functioning, is compelling evidence of the 

effectiveness of contextual focus.  

Discussion and Conclusions 

Many species engage in acts that could be said to be crea-

tive. However, humans are unique in that our creative ideas 

build on each other cumulatively; indeed it is for this rea-

son that culture is widely construed as an evolutionary pro-

cess (e.g. Bentley, Ormerod, & Batty, 2011; Cavalli-Sforza 

& Feldman, 1981; Gabora, 1996, 2008; Hartley, 2009; 

Mesoudi, Whiten & Laland, 2006; Whiten, Hinde, Laland, 

& Stringer, 2011). Our creativity is evident in all walks of 

life. It has transformed the planet we live on.  

We discussed two transitions in the evolution of unique-

ly cumulative form of creativity, discussed cognitive 

mechanisms that have been proposed to underlie these 

transitions, and summarized efforts to computationally 

simulate them. Using an agent based computer model of 

cultural evolution, we obtained support for the hypothesis 

that the onset of cumulative, open-ended cultural evolution 

can be attributed to the evolution of a self-triggered recall 

and rehearsal loop, enabling the recursive chaining of 

thoughts and actions. Using a generative genetic program-

ming system, we used a computational model of contextual 

focus to automatically produce a related series of art output 

that received critical acclaim usually given to human art 

work supporting the hypothesis that the capacity to shift 

between analytic and associative modes of thought plays 

an important role in the creative process. 

Our results suggest that the evolution of chaining and 

contextual focus made possible the open-ended cumulative 

creativity exhibited by computational models of language 

evolution (e.g. Kirby, 2001). Note that in chaining versus 

no chaining conditions the size of the neural network is the 

same, but how it is used differs. This suggests that it was 

not larger brain size per se that initiated the onset of cumu-

lative culture, but that larger brain size enabled episodes to 

be encoded in more detail, allowing more routes for re-

minding and recall, thereby facilitating recursive re-

description of information encoded in memory (Karmiloff-

Smith, 1992), thereby tailor it to the situation at hand. Our 

results suggest that it is reasonable to hypothesize that this 

in turn is vastly accentuated by the capacity to shift be-

tween associative and analytic different processing modes. 

We wish to acknowledge some limitations of this work. 

Chaining does not work, as in humans, by considering an 

idea in light of one perspective, seeing how that perspec-

tive modifies the idea, seeing how this modification sug-

gests a new perspective from which to consider the idea, 

and so forth. We are planning a more sophisticated imple-

mentation of that works more along these lines. Second, 

there is some irony in using an art program based on the 

genetic algorithm as a starting point to implement contex-

tual focus, which we have claimed is unique to the cultural 

evolution of ideas and has no counterpart in biological evo-

lution. Our goal here was to see if contextual focus ‗works‘ 

at all; since this was successful, we will now move on to 

more cognitively plausible implementations. One of the 

projects currently underway is to implement contextual 

focus in the EVOC model of cultural evolution that was 

used for the ‗origin of creativity‘ experiments. This is be-

ing carried out as follows. The fitness function will change 

periodically, so that agents find themselves no longer per-

forming well. They will be able to detect that they are not 

performing well, and in response, increase the probability 

of change to any component of a given action. This tempo-

rarily makes them more likely to ―jump out of a rut‖ result-

ing in a very different action, thereby simulating the capac-

ity to shift to a more associative form of thinking. Once 

their performance starts to improve, the probability of 

change to any component of a given action will start to 

decrease to base level, making them less likely to shift to a 

dramatically different action. This helps them perfect the 

action they have already settled upon, thereby simulating 

the capacity to shift to a more associative form of thinking. 
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Abstract 

Creativity is widely used in advertisements, and is 
meant to be appreciated by people. However creativity 
can also be used as a defense.  When we walk in the 
street we are overwhelmed by messages which try to 
get our attention with any persuasive device at hand. As 
messages get ever more aggressive, often our basic 
cognitive defense – trying not to perceive those mes-
sages – is not sufficient.  One advanced defensive tech-
nique is based on transforming the perceived message 
into something different (for instance irony or hyperbo-
le) from what was originally meant in the message. In 
this paper we describe an implemented application for 
smartphones that creatively modifies the linguistic ex-
pression in a virtual copy of the poster. The mobile sys-
tem is inspired by the subvertising practice of counter-
cultural art, and aims at experiencing aesthetic pleasure 
that relaxes the cognitive tension of the user. 

 Introduction 
We are surrounded by linguistic expressions on the walls 
around us. Whenever we walk along a street, posters, signs 
and other similar advertisements are there trying to attract 
our attention and in most cases trying to influence our ac-
tions, beliefs and behavior. We may try to avoid those ads 
but it is not easy: even if the characteristics of our percep-
tive and cognitive system partially help us in being “banner 
blind” (Pagendarm and Schaumburg 2001; Burke, Gorman, 
Nilsen and Hornof 2004), pervasive advertising often man-
ages to overcome our barriers (Müller, Alt and Michelis 
2011). One strategy to counter messages that forcefully 
grab our attention is to use our cognitive system to fight 
back and creatively alter the advertising message itself.  
This form of “reactive” creativity lies at the root of various 
phenomena, including some aspects of verbal humor, espe-
cially irony. The psychoanalytical approach to humor 
(Freud 1905), gives an attractive account of the release of 
energy that results from overcoming our inner censors 
through the appreciation of humorous expressions. A simi-
larly liberating process can be attributed to other types of 
variations of linguistic expressions.  
 From an aesthetic point of view a given variation is 
more highly appreciated if the change is limited, as for 
instance suggested by the optimal innovation theory (Giora 
2003). 

 When we humans entertain this creative, reactive modal-
ity to defend ourselves, we tend to intervene within our 
mind. Sometimes people even intervene on the physical 
object itself, the classic example being the poster, writing 
over it to correct an expression (or even add graphic sym-
bols to images, such as moustaches added to a face). In 
countercultural art this is called subvertising. 
 As far as current technology is concerned, a lot of atten-
tion is being devoted to figuring out how to exploit 
smartphones for advertising. Here instead we propose a 
mainly defensive goal on behalf of the consumer. The aim 
is to exploit technology for producing linguistic expres-
sions that slightly change the observed advertisement.  The 
goal is to accommodate a message that is biased in a rather 
different direction. The system produces a new virtual 
poster so as to help the user relax the cognitive tension 
produced by the unduly attention-grabbing original mes-
sage. 
 In particular we have developed a mobile application 
that allows users to take a picture of a poster, and then au-
tomatically produces a new virtual version with the same 
layout and visual aspect of the poster, but with a creative 
variation of the linguistic expression it originally ex-
pressed.  
 In our current prototype the user merely needs to point 
the camera of the smartphone at the poster, and the image, 
with the same appearance but the altered linguistic expres-
sion, is produced in a few short steps. 
 An image analysis and reconstruction component takes 
care of the graphic aspects, and an underlying program is 
called to obtain the actual variation of the given expres-
sion, which can have several different realizations. In this 
paper we utilize just one of the functionalities of 
VALENTINO, an affective valence shifting program 
(Guerini, Strapparava and Stock 2011); the creativity in-
volved in the process is a necessary element for the suc-
cessful impact of this defensive tool.  

Background and relevant Work 
The word subvertising is a portmanteau of the words “sub-
vert” and “advertising”. Subvertising refers to the practice 
of making spoofs or parodies of corporate and political 
advertisements in order to make a statement. This can take 
the form of a new image, an alteration to an existing im-
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age, or a modification/re-contextualization of an existing 
slogan (sometimes called a “meme hack”).  
 According to AdBusters, a Canadian magazine that is a 
leading proponent of counter-culture and subvertising, “A 
well produced 'subvert' mimics the look and feel of the 
targeted ad, promoting the classic 'double-take' as viewers 
suddenly realize they have been duped. Subverts create 
cognitive dissonance.” 
 In our work we focus on the creative textual modifica-
tion task of subvertising. In particular, we want to imple-
ment a defense strategy for making the user aware of the 
subtle presuppositions implicit in advertising messages - 
by using exaggeration (or hyperbole) of the affective con-
tent of the message. The main resource used to implement 
such a defensive strategy is the VALENTINO prototype, a 
tool for affective modification of existing texts.  
 Affective variations of pre-existing texts have been stud-
ied and implemented in various domains, see for example 
(Mateas, Vanouse and Domike 2000; Guerini, Strapparava 
and Stock 2008b, 2011), or similarly funny variations 
(Stock and Strapparava 2003).  The effectiveness of affec-
tive variations has also been assessed; in particular, Van 
Der Sluis and Mellish's (2010) evaluation shows that bi-
ased variations of a message work better than the neutral 
condition. With regard to output quality, Whitehead and 
Cavedon (2010) demonstrated that adding bigram frequen-
cies for the insertion of valenced modifiers (chosen accord-
ing according to MAX function) significantly improve the 
perceived quality of the resulting texts. 

Valentino 
VALENTINO can modify existing textual expressions to-
wards more positively or negatively valenced versions, 
given a numeric coefficient that represents the desired va-
lence shifting for the final expression.  
 Since the system works in an open domain and without 
lexical restrictions, VALENTINO's linguistic resources are 
general purpose, and automatically built from large scale 
corpora and English lexical repositories. 
 For the task of modifying single words, we automatical-
ly built a resource that gathers these terms in vectors (Or-
dered Vectors of Valenced Terms - OVVTs). We used the 
WordNet antonymy relation as an indicator of terms that 
can be “graded”, and built four groups of terms that can be 
used (one group for each POS). Moreover, we populated 
the vectors using other specific WordNet semantic rela-
tions (the similar_to relation for adjectives, hyponym rela-
tion for verbs and nouns). Finally the valence of WordNet 
synsets, taken from SentiWordNet scores (Esuli and Sebas-
tiani 2006), was added to the corresponding lemmata. An 
example OVVT for the antonymy pair (ugly ↔ beautiful) 
ordered from most negative to most positive is: 

(hideous … ugly … unnatural) ↔ (pretty … beautiful … gorgeous) 

For insertion or deletion of words that play the role of 
downtoners or intensifiers we created specific OVVTs 
(which we call Modifier-OVVTs). In this case the words 
were gathered according to a criterion of contextual, rather 

than semantic, connection: we used the Google Web 1T 5-
Grams Corpus (Brants and Franz 2006) to extract infor-
mation about co-occurrences. In particular we created re-
sources connecting terms with their modifiers (according 
to POS), thus obtaining adjective modifiers for nouns, and 
adverb modifiers both for adjectives and verbs. An exam-
ple Modifier-OVVT for the term “dish”, ordered from 
most negative to most positive, is:   

(disgusting … mediocre … tasty … delicious … exquisite). 

Strategies 
We undertook a preliminary qualitative study with human 
subjects, to understand how people modify the valence of 
existing texts. The insights gained showed that: (a) people 
usually modify single words, (b) sometimes add or subtract 
words that play the role of downtoners or intensifiers and 
(c) sometimes use paraphrases (Guerini, Strapparava and 
Stock 2008b).    
 As a first step VALENTINO performs POS tagging, 
named entity recognition, morphological analysis and 
chunking of the existing constituents (NPs, VPs, ADJPs, 
and so on). This task exploits the TextPro package (Pianta, 
Girardi and Zanoli 2008). Subsequently the strategies de-
scribed in points a), b), and c) above are applied to the 
chunks, following some general guidelines.  
 Minimal variation: texts (chunks) are slanted as much as 
needed, but the target score should not be exceeded, limit-
ing the variation as much as possible.  
 Modification of dependents: A constituent is modified 
considering first the dependents (from left to right) and 
then possibly the head. Consider the very positive and the 
slightly negative variations of the following sentence:  

“ We ate [a very good dish]NP” 
“We ate [an incredibly delicious dish]NP” (+) 

“We ate [a good dish]NP”  (-) 

The rationale is that in a constituent the element that bears 
the greatest part of the meaning is in the head, and it de-
creases the further we move into the constituent.  
 Candidates Selection: The selection of substitutes is a 
two-step process. Given a term to be modified (e.g. “good” 
in the example) there can be various candidates for the 
modification. 
• The first step requires filtering out all the terms that do 

not meet the target score. For example if the target score 
is higher than +0.5, all terms from -1 to +0.5 are discard-
ed. Further possible constraints can be taken into account  
(e.g. if the reasoning is about “good dish” then only the 
similar_to “good” that co-occur with “dish”, and with 
score > 0.5, should be kept). 

• Various strategies can then be used for choosing the best 
candidate: word persuasive impact (Guerini, Strapparava 
and Stock 2008a) word or n-gram frequency (Whitehead 
and Cavedon 2010), mutual-information, etc. Currently, 
the most used measure in VALENTINO is pointwise mutu-
al information score, which yields modifiers specialized 
for the given term (e.g. “delicious” co-occurs less fre-
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quently than “nice” with “dish”, but it is more specialized 
in this context).  

As for metrics that help decide the best quality lexical 
choice, while we have converged so far on the best mutual 
information measure, we think in different situations dif-
ferent measures should be applied (although this is outside 
the scope of this paper). Furthermore specific n-gram pat-
terns – see for example (Veale 2011) - for extracting se-
mantically exaggerated variations are under development.  
 In the present scenario, the critical choice was deciding 
the suitable degree of the affective modification amongst 
those proposed by VALENTINO; i.e. which one is the best 
for obtaining a defensive effect. In fact, light modifications 
usually obtain the effect of strengthening the message, 
while stronger ones can weaken it (Guerini, Strapparava 
and Stock 2012). Obviously strengthening the message is 
not the aim of the present tool, which is why we chose 
maximum target scores for the affective exaggeration strat-
egy in subvertising. 
 

Figure 1 

 
 

 
 
 

Figure 2 

Interface  
We have implemented SUBVERTISER, a mobile subvertising 
tool that allows a user to photograph an advertisement they 
see, select the text they wish to change. The system then 
replaces that text with a valenced version created by 
VALENTINO.  SUBVERTISER tries to match the font face, 
size and color of the new slogan to the text in the original 
image in order to heighten the effect of presenting a mes-
sage that subverts the original. 
 SUBVERTISER requires very little interaction on the part 
of the user: once a photo of a printed ad (e.g., poster, bill-
board or banner) is taken with the phone, only a few steps 
are required to swap the original advertising message with 

a valenced version: selecting the region of the text in the 
photo to replace, correcting the text after scanning by in-
built OCR, and selecting his or her preferred new version 
from of a list suggested by VALENTINO. 
 In a typical scenario, the user is walking with friends in 
a city, perhaps shopping or going to see a movie. When he 
is interrupted by a poster advertisement that bothers him, 
he uses his phone to take a snapshot of it, modifies it with 
SUBVERTISER, and can then show the new ad to his friends. 

Algorithm 
Behind the scenes, SUBVERTISER performs a number of 
steps to process both the language and the image of the 
advertisement.  Given the photo taken by the user with the 
phone's camera (the image can also be chosen from a pre-
existing library of images), the user selects the text region 
he wants to change containing the advertising message by 
moving and resizing a selection rectangle (Figure 1). 
 The image area is then passed to an OCR application on 
the smartphone itself, which scans for text within that rec-
tangle1. The OCR both detects the coordinates of the 
bounding boxes for every individual word as well as re-
turns the recognized text string of the message. 
 From the bounding box information we obtain the rec-
tangle containing the first line of text, which is then scaled 
down to 100 pixels in height, and uploaded to an online 
third-party (multi-step) font recognition service2 using ded-
icated APIs.  Meanwhile, the program applies an inpainting 
algorithm to each bounding box in the original text zone. 
This step reconstructs the background image that was un-
derneath the original text, providing a blank background 
where new text can be written (Figure 2).  
 The user is then asked to correct OCR errors, which if 
left unchanged would lead to linguistic errors in the va-
lenced text, via a text entry box on the smartphone.  
VALENTINO is queried with the corrected OCR text string, 
and four valenced sentences are returned, from the most 
positive to the most negative, and presented to the user 
(Figure 3) to choose from. Once we know the original text, 
we also send that information to the font recognition serv-
er, which needs to align known letters with the image in 
order to determine the font and then respond with that in-
formation. 
 Once the user selects one of the slanted messages, an 
algorithm decides how to divide the slanted text into lines, 
since VALENTINO typically changes the number of words 
in the sentence. 
 Then, we ask the online font service to generate a new 
image with the detected font and a transparent background,  

                                                
1 As much processing as possible is done directly on the mobile 
to avoid excessive bandwidth usage and associated costs, and to 
lower the needed time to complete the task. Image processing is 
done with the OpenCV library, while character recognition is 
provided by the Tesseract OCR engine, which are both open 
source. 
2 URL: www.myfonts.com/WhatTheFont/ 
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since we often may not have access to the original font due 
to limitations of the smartphone, and the image containing  
the new text is downloaded to the phone.  

 We next identify the original text color by looking at the 
first line of text in the original image, and treat that as the 
color for the whole text (even if the ad is written in multi-
ple colors), to save processing time. This identification is 
performed by clustering the colors of the pixels in two 
groups with k-means, then considering the two means as 
colors of text and background. 
 Finally the new message is copied inside the bounding 
boxes of the original text. The image is shown onscreen 
(Figure 4) and the user can save it to the image library or 
share it by mail or MMS.  
 SUBVERTISER is currently implemented on the iPhone. 
An Android version is under development. The only exter-
nal resources needed are the font recognition service and 
VALENTINO’s server. 

Further work  
From the technical, NLP processing point of view, the 
basic capabilities of VALENTINO are currently being ex-
panded. First, we are now starting to take into account the 
sentence structure, so that it can be better focused. An 
analysis of rhetorical aspects of a given sentence will also 
benefit the quality of the intervention. As for metrics that 
help decide the best quality for lexical choice, we have 
converged so far on the best mutual information measure 
(see above), although we think in different situations dif-
ferent measures should be applied.  
 More generally we can note that an extended 
VALENTINO could be parameterized to achieve different 
goals, including: a) generic valence shifting; b) focused 
biased language to influence the audience’s view on one 
element (e.g., a human or a thing) in the sentence; c) 
“cleansing” of biases present in the original expression; or 
d) special effects, such as ironic or hyperbolic reconstruc-
tions. 
 As for point b, specifically for evaluative expressions, 
subjective evaluations can be along different dimensions: 
the ethical aspect (related to moral values), the epistemo-
logical aspect (related to truth), aesthetics (related to beau-
ty or pleasure), and the utilitarian (related to utility, re-
sources, results), and can be especially reflected in the lex-
ical choice. 
 The aim is also to link a set of preferences and infor-
mation about the context to the system. For instance audi-
ence preferences can shift its behavior in line with the us-
er's attitude; also independent preferences (e.g. originating 
from a social institution) might produce expressions that 
could influence the audience towards a specific direction. 
 As for the overall mobile application we have described, 
some technical improvements, like automatic spell check-
ing of the OCR output, would enhance the app’s usability.   
 We would like to mention that additional uses can be 
envisaged, apart from defense against unwanted advertis-
ing expressions. In a sophisticated but not unusual twist of 
fate, the same technology can be used by the advertisers 
themselves. A new form of promotion could be based on 
an active role on the part of their target, which, by adding a 

 

Figure 3 
 

 
 

Figure 4 
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creative variation, contributes to the reinforcement of the 
basic advertising goal. 
 Another prospect is in an artistic direction. For instance 
the mobile application could be monitored on a large dis-
play by a crowd at an exhibition, where the audience could 
see posters in the city being continuously and automatical-
ly changed by different individuals walking around with 
their smartphones, so as to counter the messages on the 
walls and introducing a collective sense of liberation. 
 Another setting is with mobile games, where the user 
may interact with existing linguistic expressions to produce 
anagrams, wordplay and so on. 

Conclusions  
Creativity is widely used in advertising, which must appeal 
to people of all walks of life in every imaginable situation.  
But advertising also tries to change people's actions, beliefs 
and behavior, which they rightfully resist as an invasion of 
their time and attention.  The resulting conflict leads to 
increasingly pervasive, aggressive and frequent advertise-
ments on one hand, while on the other to a conscious re-
fusal to pay attention to those ads or a profaning transfor-
mation of the message. Inspired by the latter, a system, 
even if just based on some degree of combinational crea-
tivity (Boden 2009) can aid people in defending them-
selves against elements in their environment. 
 We thus built SUBVERTISER, a creative subvertising sys-
tem, which assists consumers in proactively “taking back” 
their daily outdoor routine. SUBVERTISER allows consum-
ers to use the power of satire and virtual profaning to push 
back at advertisers.  By combining the utility and perva-
siveness of smartphones with the capability of the 
VALENTINO affective valencing system, consumers can 
take a picture of an advertisement in public that offends 
them, select the wording they want to change, use 
VALENTINO to supply them with language variations that 
subverts the intended message, and then modify the adver-
tisement with their chosen variations to look just like the 
original. By sending the new version to their friends, they 
can join in a collective release of tension from the perpetu-
al barrage of advertisements. 
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Abstract

This paper describes a novel language processing ap-
proach to the analysis of creativity and the development
of a machine-readable ontology of creativity. The ontol-
ogy provides a conceptualisation of creativity in terms
of a set of fourteen key components or building blocks
and has application to research into the nature of cre-
ativity in general and to the evaluation of creative prac-
tice, in particular. We further argue that the provision of
a machine readable conceptualisation of creativity pro-
vides a small, but important step towards addressing the
problem of automated evaluation, ’the Achilles’ heel of
AI research on creativity’ (Boden 1999).

Introduction
Creativity is a complex, multi-faceted concept encom-
passing many related aspects, abilities, properties and be-
haviours. This complexity makes the production of a com-
prehensive and generally applicable account of creativity
problematic. Existing definitions of creativity are often too
superficial for use by the research community and may be
subject to discipline or domain bias, limiting their applica-
tion. The need for a comprehensive, multi-dimensional ac-
count has been widely recognised (Rhodes 1961; Torrance
1967; Plucker, Beghetto, and Dow 2004; Kaufman 2009).
Such an account would assist our understanding of creativ-
ity, highlighting areas of common ground and avoiding the
pitfalls of disciplinary bias (Hennessey and Amabile 2010;
Plucker and Beghetto 2004).

Words associated with academic debate about the nature
of creativity are strongly linked to our understanding of its
meaning and attributes. Analysis of this language provides a
sound basis for constructing a sufficiently detailed and com-
prehensive account of the concept. In the present work, sta-
tistical language processing techniques are used to identify
words significantly associated with creativity in a corpus of
academic papers on the topic. A measure of lexical similar-
ity provides a basis for clustering words and identifying key
themes or components of creativity. The set of components
yields information about the nature of creativity, based on
what we emphasise when we discuss the concept.

Within the field of computational creativity, the prob-
lem of automatic evaluation remains a significant issue:
‘the Achilles’ heel of AI research on creativity’ (Boden

1999). Recently, the Semantic Web has emerged as a
way to address the troublesome but important issue (Bo-
den 1999) of articulating values, concepts and information
in an open and machine-readable format. Linked Data is
the term used in the Semantic Web community to describe
published data that is machine-readable and connected to-
gether using semantically typed links. We take the step of
encoding our components in RDF, the current W3C stan-
dard for implementing Linked Data.1 The resulting on-
tology is available to the wider research community as a
resource in the Semantic Web, under the permanent URI
http://purl.org/creativity/ontology, a form fa-
miliar to Semantic Web researchers and also accessible
through browsers such as Marbles.2

Currently, most content on the Semantic Web is in the
form of ontologies of ‘things’: semantically structured col-
lections of factual or objective data on topics as diverse as
people, places, narratives, or music.3 To date, little work
has been done on specifically defining subjective concepts
in an ontology. However, current work on lexical resources
such as WordNet has laid foundations for more definitionally
troublesome concepts to be considered in detail; the time is
ripe for development of ontologies of subjective concepts
such as creativity.

Components of creativity
We identify a core lexicon consisting of just those words
that appear to be highly associated with discussions of cre-
ativity in a corpus of academic papers on the topic. Our ap-
proach substantially develops and refines work described in
Jordanous (2010). A key innovation is the use of a measure
of lexical similarity, which allows the words to be clustered
automatically to reveal a number of common themes or fac-
tors of creativity. Further analysis results in a set of fourteen

1http://www.w3.org/TR/rdf-syntax-grammar,
last accessed 27th January 2012.

2http://www.w3.org/2001/sw/wiki/Marbles, last
accessed 27th January 2012.

3Example ontologies are available
at http://www.foaf-project.org,
http://www.geonames.org/ontology,
http://www.contextus.net/ontomedia and
http://musicontology.com respectively, all last ac-
cessed 27th January 2012.
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key components.

Corpus data
A ‘creativity corpus’ was assembled from a sample of 30
academic papers examining creativity from a variety of
stand-points (Jordanous 2010). The selected papers cover a
wide range of years (1950-2009) and academic disciplines,
from psychological studies to computational models. Aca-
demic papers were used due to ease of location (e.g. through
targeted literature search), accessibility (electronic publica-
tion for download), format (ease of conversion to text allows
for computational analysis) and availability of citation data
(used as a criterion for inclusion of a paper).4

In Jordanous (2010), language use in the creativity corpus
was compared to general language use as represented by the
British National Corpus (BNC) (Leech 1992). This had the
undesired effect of highlighting words that were predomi-
nant in academic papers but not necessarily specific to cre-
ativity literature, e.g. et’, al’. In the present study, a further
corpus of 60 academic papers on topics unrelated to creativ-
ity was assembled (a ‘non-creativity corpus’). For each pa-
per in the creativity corpus, we retrieved the two most-cited
papers in the same academic discipline5 and with the same
year of publication, that did not contain any words with the
prefix creat (i.e. creativity, creative, creation, etc.).

Each corpus was processed using the RASP natural lan-
guage processing toolkit (Briscoe, Carroll, and Watson
2006) to perform lemmatisation and part-of-speech (POS)
tagging. Lemmatisation allows us to ignore morphological
variation so that, e.g., processed and processing are both
recognised as forms of process. POS tagging allows us
to distinguish between different grammatical usages of the
same orthographical form: e.g. process as a noun or as a
verb. Two lists of frequency counts were produced: one for
all words occurring in the creativity corpus and one for all
words in the non-creativity corpus. Only ‘content-bearing’
words (i.e. nouns, verbs, adjectives and adverbs) were con-
sidered to be of interest. Any ‘function words’ or other mi-
nor categories (pronouns, articles, prepositions etc.), were
ignored as they have little or no independent semantic con-
tent and are therefore of limited interest for the present study.

Finding words associated with creativity
A standard, statistical measure of association was used to
identify words salient to discussions of creativity. The log-
likelihood ratio (or G-squared statistic) is a measure of how
well observed frequency data fit a model or expected fre-
quency distribution. The statistic is an alternative to Pear-
son’s chi-squared (χ2) test that has been advocated as a more
appropriate measure for corpus analysis as it does not rely
on the (unjustifiable) assumption of normality in word dis-
tribution (Dunning 1993). This is a particular issue when

4Note that some papers have been published in very recent years
and therefore have few citations. In this case selection was based
on subjective judgement of influence.

5As categorised by the literature database Scopus
http://www.scopus.com/), last accessed 27th January
2012.

analysing relatively small corpora as in the present case.6
The log likelihood ratio is more accurate than χ2 in its treat-
ment of infrequent words in the data, which often hold useful
information.

Our use of the log-likelihood ratio follows that of Rayson
and Garside (2000). Given two corpora (in our case,
‘creativity corpus’ and ‘non-creativity corpus’) the log-
likelihood score for a given word is calculated as:

LL = 2
∑

i∈{1,2}

Oi ln(
Oi

Ei
) (1)

where Oi is the observed frequency of the given word in
corpus i and Ei is its expected frequency in corpus i. The
expected frequency Ei is given by:

Ei =
Ni × (O1 +O2)

N1 +N2
(2)

where Ni denotes the total number of words in corpus i.
Following standard statistical practice, any word occur-

ring fewer than five times was excluded. This ensures
that the statistics are robust. To identify significant results,
we also removed words with a log-likelihood score less
than 10.83, representing a chi-squared significance value
for p=0.001 (one degree of freedom). To identify words
strongly associated with discussion of creativity it was nec-
essary to select just those words with observed counts higher
than than expected in the creativity corpus. This resulted in a
total of 694 distinctive creativity words: a collection of 389
nouns, 205 adjectives, 72 verbs and 28 adverbs that occurred
significantly more often than expected in the creativity cor-
pus. The 20 such words with the highest log-likelihood ratio
scores are listed in Table 1.

It is important to note that our objective is to identify key
themes in the lexical data, not to induce a comprehensive
terminology of creativity. Despite the relatively small size
of the available corpora, the resulting set of 694 creativity
words is sufficiently rich for this purpose.

Identifying components of creativity
In Jordanous (2010) an attempt was made to identify key
components by clustering creativity words by inspection of
the raw data. In practice, this proved laborious and made
it impossible systematically to consider all of the identified
words. It also raised issues of subjectivity and experimenter
bias. Here we address these problems, at least in part, by first
clustering all the words automatically according to a statis-
tical measure of distributional similarity (Lin 1998). The
more manageable collection of clusters are then inspected
manually to identify key components.

Intuitively, words that tend to occur in similar linguis-
tic contexts will tend to be similar in meaning (Harris
1968). For example, evidence that the words concept
(LLR=189.90) and idea (LLR=475.74) are similar in mean-
ing might be provided by occurrences such as the following:

6At around 300K and 700K words respectively, the creativity
and non-creativity corpora are very small compared to the British
National Corpus (≈ 100M words) and tiny in comparison to recent,
web-derived text collections of billions of words.
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Word (and part of speech tag) LLR
thinking (N) 834.55
process (N) 612.05

innovation (N) 546.20
idea (N) 475.74

program (N) 474.41
domain (N) 436.58
cognitive (J) 393.79
divergent (J) 355.11
openness (N) 328.57
discovery (N) 327.38

primary (J) 326.65
originality (N) 315.60
criterion (N) 312.61

intelligence (N) 309.31
ability (N) 299.27

knowledge (N) 290.48
create (V) 280.06

experiment (N) 253.32
plan (N) 246.29
agent (N) 246.24

Table 1: The top 20 results of the log-likelihood ratio (LLR)
calculations. A significant LLR score at p=0.001 is 10.83.

1. the concept/idea involves (subject of verb ‘involve’)
2. applied the concept/idea (object of verb ‘apply’)
3. the basic concept/idea (modified by adjective ‘basic’)

Word occurrence data of this kind was obtained from an
analysis of the written portion of the BNC, which had
previously been processed using the RASP toolkit to ex-
tract grammatical dependency relations (subj-of, obj-of,
modified-by). Each word in the creativity corpus was then
associated with a list of all of the grammatical relations in
which it participated, together with corresponding counts of
occurrence.

Distributional similarity of two words is measured in
terms of the similarity of their associated lists of grammat-
ical relations. The present work adopts an information-
theoretic measure devised by Lin (1998), which has been
widely used in language processing applications and shown
to perform well against other similarity measures as a means
of identifying near-synonyms (Weeds and Weir 2003) . Sim-
ilarity scores were obtained separately for pairs of nouns,
pairs of verbs and so on. For a given set of words, the simi-
larity data is conveniently visualised as a graph or network,
where nodes correspond to words and edges are weighted by
similarity scores, as in Figure 1.

A possible problem with obtaining word similarity data
this way would arise if the majority of the creativity words
were used with distinctive or technical senses within the cre-
ativity corpus. This is unlikely, however: whilst some nar-
rowly specialised usage may be present in our creativity lex-
icon, most words retain general senses reflected in the wider
BNC data set.

The graph clustering software Chinese Whispers (Bie-
mann 2006) was used to automatically identify word clus-

Figure 1: Graph representation of the similarity of the nouns
concept and idea and related words. Words are drawn as
nodes linked by weighted edges representing word similarity
(maximum similarity is 1.0).

ters in the dataset. This algorithm uses an iterative process
to group together graph nodes that are located ‘close’ to each
other. By grouping words with similar meanings, the num-
ber of data items was effectively reduced and themes in the
data could be identified more readily by inspection. Themes
discovered through clustering were further analysed in terms
of the Four Ps of creativity (Rhodes 1961; Mooney 1963;
MacKinnon 1970) to identify alternative perspectives and
reveal subtler (but still important) aspects of creativity. From
the analysis it was possible to extract a set of fourteen key
components of creativity.

Implementing an ontology of creativity
The fourteen components provide a clear account of the con-
stituent parts of the concept of creativity. Our remaining
contribution is to express these components in a machine-
readable form. We also want to use Linked Data principles
(Heath and Bizer 2011) to connect the individual compo-
nents to other data sources within the Semantic Web, so
that creativity is defined in terms of concepts that have al-
ready been defined. To achieve this, we used SKOS (Simple
Knowledge Organisation System),7 a W3C standard which
provides a model for representing ontological data within
the Semantic Web. We also made use of WordNet (Reed and
Lenat 2002), a large lexical database of English in which
words are grouped by sense and interlinked by lexical and
conceptual relations. WordNet has recently been made avail-
able as a Semantic Web ontology.8

The SKOS ontology incorporates three main classes:
skos:Concept (anything we may want to record informa-
tion about), skos:ConceptScheme (a set that collectively de-
fines a skos:Concept) and skos:Collection (a collection of
semantically-related information).

We created an instance of skos:ConceptScheme called

7http://www.w3.org/TR/skos-reference, last ac-
cessed 27th January 2012.

8http://wordnet.rkbexplorer.com/
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CreativityComponents to represent the set of components
that defines the skos:Concept of Creativity. Each compo-
nent is represented as an individual skos:Concept. As RDF
is a graph-based model, the resulting encoding can be visu-
alised as in Figure 2. The graph has also been published in
serialised format as an RDF/XML text file and made avail-
able as http://purl.org/creativity/ontology.
The skos:Concept labelled Creativity has the unique URI
purl.org/creativity/ontology#Creativity and
any Linked Data that needs to refer to the concept can use
this identifier.

The distributed nature of Semantic Web research means
that the enormous task of defining concepts in a machine-
readable form is divided across the research field, rather
than being the sole responsibility of one particular research
group. This work practice acts as a form of peer review, as
ontologies are developed, critiqued, and ultimately judged
by the extent to which they are adopted and re-used as points
of reference by other researchers.

Upper ontologies allow us to link the concepts in our on-
tology to related ontological work on creativity in the future
(even if these future researchers are not aware of our on-
tological contribution). An upper ontology defines higher-
level vocabularies and concepts necessary to implement on-
tologies themselves, providing the meta-vocabulary to link
specific ontologies to more general concepts. The imple-
mentation of the Wordnet dataset and structure as an ontol-
ogy provides WordNet as an upper ontology for us to use,
linking a lexical string (e.g. “creativity”) to various concepts
associated with that string, such as its sense, hyponyms,
type, ‘gloss’ (brief definition) and other related lexical in-
formation.

Each component in our ontology is comprised of a cluster
of keywords. It makes sense, therefore, to link each com-
ponent back to the appropriate keywords, using the Word-
Net ontology at http://wordnet.rkbexplorer.com/.
In this way, our components are linked into the Semantic
Web through the WordNet ontology. This linkage also pro-
vides further semantic information on each component via
the lexical relations and other information represented in the
WordNet hierarchy. Finally, following Linked Data princi-
ples, we also link our interpretation of creativity as an exten-
sion of the representation of the concept in WordNet. In this
way, machines (and people) can see the relationship between
this general concept of creativity and our more detailed on-
tological analysis.

Discussion and Implications
The current work is part of a wider project engaged with
the question of the evaluation of computational creativ-
ity (Jordanous 2011). The components of creativity have
already been applied, both for in-depth expert evaluation
and in forming snapshot judgements of the creativeness of
a given system. The resulting component-based evalua-
tion yields detailed information about creative strengths and
weaknesses. Crucially, the evaluation highlights those com-
ponents where a system performs poorly, providing insight
into areas where improvement in performance is needed.

By publishing the ontology in the Semantic Web we en-
sure that it is freely available to the research community.
This has a number of implications. First, it may be freely
referred to, extended or amended. Refinement is clearly
possible, for example in providing more fine-grained anal-
ysis of the components or in articulating the relationships
between them. Second, it facilitates the development of
creativity-aware applications to support manual evaluation
of creativity based on the components. It also represents
a step towards the development of methods of automated
evaluation. One intriguing possibility is to further exploit
language processing techniques to provide automated eval-
uation by proxy based on textual reviews or descriptions
of system performance. This is analogous to the way that
sentiment analysis techniques are now used to automatically
evaluate attitude and opinion based on reviews of products
or services (Pang and Lee 2008).

The current work illuminates the sorts of issues that arise
in formal modelling of subjective or ‘soft’ concepts such
as creativity. For example, some of our components ap-
pear logically inconsistent with others in the set: e.g. the
need for autonomous, independent behaviour (Independence
and Freedom) versus the requirement for social interaction
(Social Interaction and Communication). Also, creativity
clearly manifests itself in different ways across different do-
mains (Plucker and Beghetto 2004) and components will
vary in importance, according to the requirements of a par-
ticular domain. For example, creative behaviour in mathe-
matical reasoning has more focus on finding a correct solu-
tion to a problem than is the case for creative behaviour in,
say, musical improvisation (Colton 2008). Questions remain
about how such dialectical and fluid aspects might be mod-
elled. We present the set of components as a rather loose col-
lection of dimensions – attributes, abilities and behaviours,
etc. – which contribute to our overall understanding of cre-
ativity, rather than a unified definition.

Concluding remarks
This paper has described the development of an ontology
of creativity using corpus-based, language processing tech-
niques and its publication as machine-readable, Linked Data
in the Semantic Web. The resulting ontology provides a
multi-perspective analysis of creativity in terms of a set of
fourteen key components and has application to the study
and evaluation of computational creativity. Weaving the on-
tology into the Semantic Web has implications for future
work on modelling subjective concepts and suggests some
interesting directions for future research into the problem of
automated evaluation of creativity.
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ABSTRACT 

Coming Together is a series of computational creative systems based upon the premise of composition by 
negotiation – within a controlled musical environment, autonomous multi-agents attempt to converge their 
data, resulting in a self-organised, dynamic, and musically meaningful performance.  

All the Coming Together systems involve some aspect of a priori structure around which the negotiation 
by the agents is centered. In the versions demonstrated, the structure presupposes several discrete 
movements that together form a complete composition of a predetermined length. Characteristics of each 
movement – density, time signature, tempo – are generated using a fuzzy-logic method of avoiding 
similarity between succeeding movements. 

Two versions of Coming Together are described, used in two different musical compositions. The first, 
for the composition And One More, involves agents interacting in real-time, their output being sent via 
MIDI to a mechanical percussion instrument. This version has nine different agents performing on eighteen 
different percussion instruments, and includes a live percussionist whose performance is encoded and 
considered an additional agent. 

The second version, for the composition More Than Four, involves four agents, whose output is 
eventually translated into musical notation using MaxScore1, for performance by four instrumentalists. 
Agent interaction is transcribed to disk prior to performance; at the onset of the performance, a curatorial 
agent selects previous movements from the database, and chooses from those to create a musically unified 
composition. 
 

                                                
1 www.computermusicnotation.com 
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Demonstration 

Impro-Visor is a free open-source program designed to 
help musicians learn to improvise. Its main purpose is to 
help its user become a better improviser. It can exhibit 
creativity by improvising continuously on its own in a va-
riety of soloist styles. We demonstrate that, in principle, 
Impro-Visor can continue creating indefinitely, without 
repeating the same sequence of musical ideas. We also 
demonstrate how Impro-Visor can alternate (“trade”) 
phrases with the soloist, again continuously, as well as 
recording what the soloist plays on a MIDI device. Related 
aspects that can be shown are learning an improvisational 
style through grammar acquisition and using “roadmaps” 
as a basis for trading. The figure shows a screen shot of 
Impro-Visor creating phrases in real-time and capturing the 
soloist’s input in real-time from a MIDI device. 
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Introduction 
We have created an interactive narrative system called 
Mimesis, which explores the social discrimination 
phenomena through gaming and social networking. 
Mimesis places players in control of a mimic octopus in its 
marine habitat that encounters subtle discrimination from 
other sea creatures. Relevant to computational creativity, 
Mimesis explores: 

1) Collective creativity by constructing game characters 
algorithmically from collective musical preferences on 
a social networking site. 

2) Everyday creativity by modeling the diverse creative 
ways people respond to covert acts of discrimination. 

 
Figure 1: The player character is customized based on the 
player’s musical preferences on Facebook.  

Collective Creativity 
Building on previous work [2], Mimesis requests access to 
information from the player’s Facebook profile, using 
music preferences in the player’s social network as a stand-
in for qualities of individual and social identity. Mimesis 
generates corresponding moods for each musical artist. By 
associating the player character with artists’ moods such 
oblivious, confused, suspicious, or aggressive, players can 
impart these qualities onto the player character (see Figure 
1). Within gameplay, moods are mapped to strategies of 
conversationally responding to microaggressions. 

Everyday Creativity 
The player character encounters other sea creatures who 
utter sentences like: “Where are you from?” and “You 
don’t seem like the typical creature around here.” This is 

shown in Figure 2. While such questions may seem 
benign, they can also covertly imply the theme: “You are 
an alien in your own land” (such might be encountered by 
an Asian American in the United States). The player 
responds by using gestural input such as pinching out for an 
open/oblivious attitude or pinching in for a 
closed/aggressive attitude. Each encounter plays out 
according to a conversational narrative schema based on 
sociolinguistic studies of narratives of personal experience. 

 
Figure 2: The screen shows the player’s character (left) in a 
microinvalidation encounter with an NPC (right).  

These encounters convey aspects of the experience of 
microaggressions, which are covert acts of discrimination. 
Researchers Sue et al. identify “microinvalidations” as 
communications that exclude, negate, or nullify the 
experiential reality of others). The “alien in your own land” 
theme is an example of microinvalidation. 
Microaggressions have been clinically found to have strong 
cumulative effects on health and happiness, restrict 
understandings between groups. [1] 

We hope the system is an effective tool for increasing 
awareness of this subtle form of social discrimination. 
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Music is an interesting domain for the study of computational creativity. Some generative formalisms for
musical composition (e.g. Markov chains) achieve plausible music over short time-scales (a few notes) but
appear to be “meandering” over longer time-scales. Imposing a sense of teleology or purpose is an important
goal in creating valuable music.

In the field of evolutionary computation (EC), researchers draw inspiration from Darwinian evolution to
address computational problems. EC can be applied to aesthetic and creative domains. Although EC is
commonly used to generate music, key open issues remain. Formal measurement of the quality of a piece of
music in a computational fitness function is an obvious obstacle. A naive representation for music, such as
a list of integer values each corresponding directly to a note, will tend to produce disorganised music.

In previous work, Hoover et al. [1, and later] showed that a functional representation could impose
organisation and a sense of purpose. In this system, music is represented as a function of time. A fixed
piece of pre-existing music is used as a “scaffold”: the system then evolves functions, i.e. mappings from the
scaffold to new accompanying material. Time-series of numerical “control” variables are also proposed as a
means of imposing structure on the music. Fitness is judged interactively.

The XG project is partly inspired by this work. It discards the “scaffold”, but relies on the time-series
of control variables (see Figure 1).
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Figure 1: Time-series of control variables
(left) impose a bar/beat structure and an
overall AABA structure. The evolved func-
tion (right) maps these variables to numerical
outputs, once per time-step. The outputs are
interpreted as music.

It also differs in its internal representation for the mappings (a simple language of arithmetic functions,
with special accumulator functions at the outputs to control volume), and its use of a computational (non-
interactive) fitness function. Surprisingly good results arise using this representation in combination with a
simple fitness function which rewards variety in the output music. Neither the functional representation nor
the fitness function is alone capable of producting good results. More details are available in a full paper [2]
and online1.

A longer-term goal of the XG project is to create large-scale musical works as mappings from pre-existing
time series arising in nature and human affairs, and from non-musical artforms such as film or still images
with a sequential aspect.

[1] Amy K. Hoover, M. P. Rosario, and Kenneth O. Stanley. Scaffolding for interactively evolving novel drum tracks for existing
songs. In Proceedings of EvoWorkshops, volume 4974 of LNCS, page 412. Springer, 2008.

[2] James McDermott and Una-May O’Reilly. An executable graph representation for evolutionary generative music. InGECCO

’11, Dublin, 2011.

∗Funded by IRCSET/Marie Curie; jamesmichaelmcdermott@gmail.com
1http://www.skynet.ie/~jmmcd/xg
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Abstract

This demonstration presents an implementation of a
computer-assisted approach to music generation called
functional scaffolding for musical composition (FSMC)
whose representation facilitates creative combination,
exploration, and transformation of musical ideas and
spaces. The approach is demonstrated through a pro-
gram called MaestroGenesis with a convenient GUI
that makes it accessible to even non- musicians. Music
in FSMC is represented as a functional relationship be-
tween an existing human composition, or scaffold, and
a generated accompaniment. This relationship is rep-
resented by a type of artificial neural network called
a compositional pattern producing network (CPPN).
A human user without any musical expertise can then
explore how accompaniment can relate to the scaffold
through an interactive evolutionary process akin to an-
imal breeding.

Composing with MaestroGenesis

MaestroGenesis is a program that helps users create
complete polyphonic pieces with only the musical ex-
pertise necessary to compose a simple, monophonic
melody. Users begin creating accompaniments by es-
tablishing a scaffold, or melody that will provide the
initial rhythmic and harmonic seed for the accompa-
niment. The accompaniment is then represented as
a functional transformation of this original scaffold
through a method called functional scaffolding for mu-
sical composition (FSMC) (Hoover et al. 2012). FSMC
explots the structure already present in the human-
composed scaffold by computing a function that trans-
forms its structure into the accompaniment.

These FSMC-accompaniments are then bred like an-
imals might be bred. Once the scaffold is chosen, a
population of ten accompaniments is displayed. Each
is rated as good or bad by pressing the “thumbs-up”
button (figure 1). By ratings accompaniments with fa-
vorable qualities higher than those without, the next
generation of accompaniments tends to possess simi-
lar qualities to the well-liked parents. Through inter-
actively evolving these accompaniments, they grow to
reflect the personal inclinations of the user.

Figure 1: MaestroGenesis Candidate Accompa-
niments. Accompaniments in MaestroGenesis are
evolved through a process similar to animal breeding.
Candidate accompaniments are evolved ten at a time
in an interative process in which each subsequent gen-
eration inherits traits from the previous population.

Conclusion
MaestroGenesis is a program that facilitates creativity
in music composition through functional scaffolding for
musical composition (FSMC) (Hoover et al. 2012). Ac-
companiments are evolved through a process similar to
animal breeding. The program is availble for download
at http://maestrogenesis.org.
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CrossBee is an exploration engine for text mining and 

cross-context link discovery, implemented as a Web appli-

cation with a user-friendly interface. The system supports 

the expert in advanced document exploration supporting 

document retrieval, analysis and visualization. It enables 

document retrieval from public databases like PubMed, as 

well as by querying the Web, followed by document clean-

ing and filtering through several filtering criteria. Docu-

ment analysis includes document presentation in terms of 

statistical and similarity-based properties, topic ontology 

construction through document clustering. A distinguishing 

feature of CrossBee is its powerful cross-context and cross-

domain document exploration facility and bisociative 

(Koestler 1964) term discovery aimed at finding potential 

cross-domain linking terms/concepts. Term ranking based 

on an ensemble heuristic (Juršič et al. 2012) enables the 

expert to focus on cross-context links with high potential 

for cross-context link discovery. CrossBee’s document 

visualization and user interface customization additionally 

support the expert in finding relevant documents and terms 

through similarity graph visualization, a color-based do-

main separation scheme and highlighted top-ranked bi-

sociative terms. 

A typical user scenario starts by inputting two sets of 

documents of interest and by regulating the parameters of 

the system. The required input is a file with documents 

from two domains. Each line of the file contains exactly 

three tab-separated entries: (a) document identification 

number, (b) domain acronym, and (c) the document text. 

The other options available to the user include specifying 

the exact preprocessing options, specifying the base heuris-

tics to be used in the ensemble, specifying outlier docu-

ments identified by external outlier detection software, 

defining the already known bisociative terms (b terms), 

and others. Next, CrossBee starts a computationally very 

intensive step in which it prepares all the data needed for 

the fast subsequent exploration phase. During this step the 

actual text preprocessing, base heuristics, ensemble, bi-

sociation scores and rankings are computed in the way 

presented in the previous section. This step does not re-

quire any user intervention. After this computation, the 

user is presented with a ranked list of b term candidates. 

The list provides the user with some additional information 

including the ensemble’s individual base heuristics votes 

and term’s domain occurrence statistics in both domains. 

The user then browses through the list and chooses the 

term(s) he believes to be promising b terms, i.e. terms for 

finding meaningful connections between the two domains. 

At this point, the user can start inspecting the actual ap-

pearances of the selected term in both domains, using the 

efficient side-by-side document inspection. In this way, he 

can verify whether his rationale behind selecting this term. 

CrossBee is available at website: http://crossbee.ijs.si/. 

The system’s home page is shown below. 
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The creative process can be thought of as the search
through a space of possible solutions for one that best sat-
isfies the problem criteria. To better understand this search
process, two face valid creative tasks have been created, both
of which track the intermediate configurations that creators
explore. These data—called search trajectories—may yield
valuable insights into the creative process. This demonstra-
tion allows visitors to try both tasks and to see the sorts of
data that are produced.

The first task is a computerized version of Amabile’s
(1982) popular collage task, wherein participants make
themed collages using colored shapes (see Figure 1). The
software allows the shapes to be moved, rotated, flipped,
and stacked using an intuitive mouse-based interface. The
creator’s moves can be characterized according to the extent
that the set of shape movements actually performed exceeds
the minimal set of movements needed to produce the final
collage.

Figure 1: Intermediate screen of the collage task. The white
area represents a piece of paper and the gray area is a work
area. Initially all of the shapes are stacked in the work area,
similar to the triangles in the upper-right corner.

The second task, called the orbital composition task (Jen-
nings 2010; Jennings, Simonton, and Palmer 2011), involves
arranging a camera and light that lie in fixed circular orbits
around a set of objects. The configuration space has only
three dimensions—camera angle, camera zoom, and light
angle—but the scene is constructed in a way that permits

many interesting and varied images (see Figure 2). While
less face valid than the collage task, the orbital task’s sim-
plicity permits more consistent analyses and makes it possi-
ble to collect ratings from a standardized subset of the space,
thereby providing a sense of the search landscape topology
that can help overcome some of the ambiguities inherent in
analyzing search trajectories alone (see Jennings 2012).

Figure 2: Final images from the orbital composition task as
selected by four different research participants.
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ANGELINA - Coevolution in Automated Game Design
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Figure 1: Screenshot from a game about a murdered aid
worker from Scotland. The background image is of the Scot-
tish landscape, and a red ribbon image has been selected to
represent the aid charity.

ANGELINA
ANGELINA is a co-operative co-evolutionary system for
automatically creating simple videogames. It has previously
been used to design both simple arcade-style games and two-
dimensional platformers. In the past, ANGELINA’s efforts
have been focused on mechanical aspects of design, such as
level creation, rule selection and enemy design. We are now
in the process of expanding ANGELINA’s remit to cover
other aspects of videogame design, including aesthetic prob-
lems such as art direction and the selection and use of exter-
nal media to evoke emotion or communicate meaning.

ANGELINA has produced several new games for this
demonstration, exemplifying the new abilities the system
now has. Its co-operative co-evolutionary system for plat-
form games is composed of four modules: (i) a level de-
signer that places solid blocks and locked doors to shape the
progress of the player (ii) a layout designer that places and
designs the enemies the player faces, as well as the start and
end of the level (iii) a powerup designer that defines what
bonus items the player can acquire during gameplay and (iv)
a creative direction module that arranges a set of media re-
sources in the level for the player to discover during game-
play. This latter module is the newest addition to the system,
and takes advantage of many new capabilities built into AN-
GELINA for retrieving content from the web dynamically
for use in themed videogames.

Design Task
Inspired by the collage-creation problem described in (Cook
and Colton 2011) ANGELINA obtains current affairs arti-
cles by accessing the website of the British newspaper The
Guardian. It selects a news story, and attempts to design a
short platform game whose theme is inspired by the news ar-
ticle selected. Currently, this allows ANGELINA to demon-
strate simple abilities such as the appropriate selection of
media from a wide variety of sources, and arrangement in a
potentially nonlinear level space.

Figure 2: Media retrieved for a game inspired by an in-
quiry into a newspaper. Left: an image retrieved using the
phrase ’newspapers and magazines’. On the right is Re-
bekah Brooks, one of the journalists in the investigation.

ANGELINA uses online knowledge sources such as
Wikipedia to extract additional information about data re-
trieved from the news articles - it can, for instance, identify
when a country is the subject of a news article, allowing
the system to search photography websites such as Flickr
for photographs of that country to use as a backdrop to the
game. Keyword-based searches can also be augmented with
emotional keywords to alter the results they return, based on
techniques described in (Cook and Colton 2011). By read-
ing live Twitter search results about a named person in the
news article, ANGELINA can use search augmentation ap-
propriate to the opinions it finds to retrieve media that reflect
perceived public opinion of a particular topic. Although a
simple technique, it is a first step towards the system dealing
with opinion and bias through the work it produces.

Games
The games produced are simple platform games, loosely fol-
lowing the design tenets of the Metroidvania subgenre. The
player must navigate the level space to reach the exit, but in
order to gain access to later level sections, it is necessary to
seek out and obtain items that add to the player’s capabili-
ties (for example: unlocking doors or changing the player’s
jumping abilities). As the player explores further they will
encounter enemies, as well as images and sound content that
is appropriate to the game’s theme.

ANGELINA is implemented in Java, but the games the
system produces are Flash-based. When ANGELINA has
evolved a game design, it modifies an existing ActionScript
game template to include the generated design content, as
well as incorporating the media downloaded and selected
from the internet. All of the games available in the demon-
stration, as well as others developed by the system, are avail-
able on the project website: www.gamesbyangelina.org
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DESCRIPTION 

SynAPP is a web application currently hosted at AGH-UST 

(http://149.156.205.250:15180) designed to stimulate users’ 

creative skills through image association tasks and a rating 

feedback system. In SynAPP users perform two tasks 

related to image-image associations:  

  -Associating two images using a word or short phrase. The 

two images can be presented simultaneously, left and right, 

or sequentially with a five seconds delay in between. The 

user is allowed to make only one association per couple. 

  -Evaluating associations generated by other users 

according to two criteria: originality (0, 0.5 or 1 points) and 

intelligibility (0, 0.5 or 1 points). 

The set of image pairs for these two tasks are mutually 

disjoint, so if a user generates association for an image pair, 

then she or he does not evaluate associations generated by 

other users for the same pair; and vice versa. 

All the responses are recorded with their respective time 

stamps, and the time taken to perform each association is 

also recorded.  A user can see how her or his associations 

were rated (with respect to their originality and 

intelligibility) by other users, and also how this evaluation 

evolved over time. This information is shown in an intuitive 

way using tables and graphs. 

Users perform three standard tests of creativity before and 

after using SynAPP: 

  -Will Shortz & Morgan Worthy’s word equation (ditloid) 

puzzles like "24 = H. in O. D." ("24 = Hours in One Day"). 

Different equations are used for before-SynAPP and after-

SynAPP tests. 

  -Guilford’s alternative uses task: the user is asked to give 

as many uses as possible of a common item. Different 

objects are used for before-SynAPP and after-SynAPP tests. 

  -Wallace & Kogan’s assessment of creativity: A test 

similar to Guilford’s, but the user is asked to find objects 

with a common property instead. 

The answers given by each user are evaluated by the other 

users, similar to the image associations, and statistics on 

these evaluations is also displayed graphically to the user. 

We hypothesize that SynAPP helps users to improve their 

creative, out-of-the-box divergent thinking cognitive 

abilities, and our goal is to properly evaluate this hypothesis 

based on the analysis of the data collected from the 

association tasks and the creativity tests. 

APPLICATION WORKFLOW 
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Mixed-initiative procedural content generation can aug-
ment and assist human creativity by allowing the algorithm
to take care of the mechanisable parts of content creation,
such as consistency and playability checking. But it can also
enhance human creativity by suggesting new directions and
structures, which the designer can choose to adopt or not.

The proposed framework generates spaceship hulls and
their weapon and thruster topologies in order to match
a user’s visual taste as well as conform to a number of
constraints aimed for playability and game balance. The
2D shapes representing the spaceship hulls are encoded
as pattern-producing networks (CPPNs) and evolved in
two populations using the feasible-infeasible 2-population
approach (FI-2pop). One population contains space-
ships which fail ad-hoc constraints pertaining to rendering,
physics simulation and game balance, and individuals in
this population are optimized towards minimizing their dis-
tance to feasibility. The second population contains feasi-
ble spaceships, which are optimized according to ten fitness
dimensions pertaining to common attributes of visual taste
such as symmetry, weight distribution, simplicity and size.
These fitness dimensions are aggregated into a weighted
sum which is used as the feasible population’s fitness func-
tion — the weights in this quality approximation are ad-
justed according to a user’s selection among a set of pre-
sented spaceships. This adaptive aesthetic model aims to
enhance the visual patterns behind the user’s selection and
minimize visual patterns of unselected content, thus gener-
ating a completely new set of spaceships which more ac-
curately match the user’s tastes. A small number of user
selections allows the system to recognize their preference,
minimizing user fatigue.

The proposed two-step adaptation system, where (1) the
user implicitly adjusts their preference model through con-
tent selection and (2) the preference model affects the pat-
terns of generated content, should demonstrate the potential
of a flexible tool both for personalizing game content to an
end-user’s visual taste but also for inspiring a designer’s cre-
ative task with content guaranteed to be playable, novel and
yet conforming to the intended visual style.
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Figure 1: The fitness dimensions used to evaluate spaceships’ vi-
sual properties and sample spaceships optimized for each fitness
dimension. Weapons are displayed in green and thrusters in red.

Figure 2: The graphic user interface for spaceship selection.
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