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Evaluating Computational Creativity:
A Standardised Procedure for Evaluating Creative

Systems and its Application

Anna Katerina Jordanous

Summary

This thesis proposes SPECS: a Standardised Procedure for Evaluating Creative Systems.

No methodology has been accepted as standard for evaluating the creativity of a system in the
field of computational creativity and the multi-faceted and subjective nature of creativity generates
substantial definitional issues. Evaluative practice has developed a general lack of rigour and system-
aticity, hindering research progress.

SPECS is a standardised and systematic methodology for evaluating computational creativity. It
is flexible enough to be applied to a variety of different types of creative system and adaptable to
specific demands in different types of creativity. In the three-stage process of evaluation, researchers
are required to be specific about what creativity entails in the domain they work in and what standards
they test a system’s creativity by. To assist researchers, definitional issues are investigated and a set
of components representing aspects of creativity is presented, which was empirically derived using
computational linguistics analysis. These components are recommended for use within SPECS, being
offered as a general definition of creativity that can be customised to account for any specific priorities
for creativity in a given domain.

SPECS is applied in a case study for detailed comparisons of the creativity of three musical im-
provisation systems, identifying which systems are more creative than others and why. In a second
case study, SPECS is used to capture initial impressions on the creativity of systems presented at a
2011 computational creativity research event. Five systems performing different creative tasks are
compared and contrasted.

These case studies exemplify the valuable information that can be obtained on a system’s strengths
and weaknesses. SPECS gives researchers vital feedback for improving their systems’ creativity,
informing further progress in computational creativity research.

Submitted for the degree of Doctor of Philosophy
Department of Informatics, University of Sussex

December, 2012
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Chapter 1

Introduction

Farts of this Chapter are published in a peer-reviewed journal article (Jordanous, 2012).
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Figure 1.1: Wordle word cloud of this Chapter’s content.
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N.B. Each Chapter is preceded by a word cloud summarising the words in that Chapter, produced using online
software at http://www.wordle.net. The word clouds illustrate a key point underlying the work in Chapter 4: the
meaning we attribute to something is reflected in the words we commonly use to describe it. The word clouds reflect what
can be obtained through empirical inspection of language usage, which Chapter 4 will explore in greater detail.
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Overview

This initial Chapter introduces the focus of this thesis work in Section 1.1, presenting the research
question that is being addressed: How should we evaluate the creativity of a computational creativity
system? Motivations for this work are outlined in Section 1.2. The work in this thesis centres around
evaluation of computational creativity. Evaluation is presented as a key part of research (Section 1.3.
Section 1.5 introduces a central assumption made during this work, that computational creativity is,
in principle, an achievable possibility. Section 1.5 presents computational creativity as a research
field and comments on its development and growth, previewing Section 1.5.2 which looks at how
evaluation is viewed within computational creativity research. Section 1.5.2 focuses on the perception
of evaluation as one of the ‘Grand Challenges’ of computational creativity.

Section 1.6 outlines what is hoped to be achieved by the work in this thesis. As Section 1.7
points out, although the immediate intended target audience of the thesis is computational creativity
researchers who wish to evaluate the creativity of their systems, some of the contributions of this
thesis can be useful to a wider academic research audience. To help readers navigate through the

thesis to the parts most useful for them, a readers’ guide to the thesis is offered in Section 1.7.

1.1 The focus of this thesis: Evaluating computational creativity

This thesis addresses the research question: How should we evaluate the creativity of a computational
creativity system? Computational creativity is a youthful research discipline (Colton, 2008a; Car-
doso, Veale, & Wiggins, 2009) and practical suggestions for creativity evaluation methodologies have
only been presented within the last ten years. The aim of this thesis is to provide researchers with a

practical, standardisable evaluation approach, to help them assess the creativity of their systems.

1.2 Motivations for this work

‘A very important issue is the assessment of the creativity of programs.” (Colton, 2008a, p. 6)

‘unless the motivations and aims of the research are stated and appropriate methodologies and
assessment procedures adopted, it is hard for other researchers to appreciate the practical or theo-
retical significance of the work. This, in turn, hinders ... the comparison of different theories and
practical applications ... [and] has encouraged the stagnation of the fields of research involved.’
(Pearce, Meredith, & Wiggins, 2002, p. 119)

Pearce et al. (2002) highlighted a ‘methodological malaise’ faced by those working with compu-
tational music composition systems, following similar previous criticisms of Al research in general
Bundy (1990). A lack of methodological standards for system development and evaluation, Pearce
et al. argued, was leading to the ‘stagnation’ of this research area (Pearce et al., 2002, p. 119).

Computational creativity research is in danger of succumbing to this same malaise.
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Surveying the literature on computational creativity systems, one quickly finds evidence that sys-
tematic evaluation of creativity has been neglected.! Evaluation of computational creativity systems
is often ad-hoc, not reported in a way that can be criticised or replicated, or omitted entirely. Re-
searchers have not adopted one method as standard and creativity evaluation is often not conducted
in an academically rigorous way. Sometimes it is entirely absent.

Currently many implementors of creative systems follow a creative-practitioner-type approach,
producing a system then presenting it to others, whose critical reaction determines its worth as a
creative entity. A creative practitioner’s primary aim, however, is to produce creative work to be
judged on its own merits and quality, rather than to critically investigate creativity; in general this
latter investigative aim is important in computational creativity research. Creativity entails more
than just the quality of the output, for example, what about novelty, or variety? Yet computational
creativity systems are often described as creative without justification for this claim.

This cannot be the case for academic evaluation; the criteria by which you evaluate should be
clearly stated, for rigour of approach and to enable comparison and criticism of evaluation results.
Systematic evaluation is important for computational creativity research, allowing us to compare and
contrast progress. Ignoring this evaluation stage deprives us of valuable analytical information about

what our creative systems achieve, especially in comparison to other systems.

1.3 The role of evaluation and why it is needed

Evaluation helps identify where progress is being made and how the evaluated item can be improved
upon. Without evaluation, how can research progress be demonstrated and tracked? And how can we
understand and learn from our research without considering what has (and has not) been achieved?

Two different types of evaluation are summative evaluation and formative evaluation. In the con-
text of this thesis, summative evaluation aims to provide a summary of a system’s creativity, perhaps
in quantitative form, for judgement of the amount of creativity demonstrated by that system. For-
mative evaluation, on the other hand, provides feedback on the system’s strengths and weaknesses,
to assist improvements and developments during ongoing development or in reflections on how the
system worked well and how it could be improved. The distinction between summative and formative
evaluation is analogous to two types of educational feedback: giving a mark representing the work’s
quality, or giving constructive feedback on how to improve the work, respectively.

Both types of evaluation are examined in previous computational creativity evaluation literature.
Colton, Pease, and Ritchie (2001) advocate an entirely formative approach aimed at using evaluation
feedback ‘in the design of creative programs rather than in the assessment of established programs.’

(Colton et al., 2001, p. 1). Ritchie (2007) focuses instead on summative evaluation to measure the

IDetails of this survey shall be reported in Chapter 2 Section 2.3.
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creativity of an existing program, proposing criteria ‘which give some indicators of the extent to
which that program has been creative on that occasion.” (Ritchie, 2007, p. 74).

This work aims more towards the generation of formative feedback to help improve existing sys-
tems and design new systems. It does however recognise the value in some summative feedback, to
reward particularly creative achievements with positive evaluations, identifying what progress sys-
tems are making and what contributions are being made to knowledge. Evaluation in this work is
treated as reviewing systems, comparing them to others to an appropriate degree to see which are
more creative than others and in what ways, and learning from this evaluation and comparison.

‘It is important to be explicit ... about the criteria that are being applied in making judgements of
creativity.” (Ritchie, 2001, p. 3)

Ritchie’s above point stresses that it is not sufficient just to say that a system has been evaluated;
how the evaluation was performed should be easily transparent, so the evaluation process can be
repeated on other systems for consistency and for comparison of evaluation results. A transparent
evaluation process also becomes available to others for critique and perhaps to learn from, helping us
sharing knowledge and learning from the work that we are doing. Sloman (1978) stresses that ‘we
can reasonably, though only tentatively, infer that something is possible if we have an explanation
of its possibility’ (Sloman, 1978, p. 44). Such an explanation should not be contradicted by other
existing, established theories or laws.> Lack of these explanations would, Sloman argues, affect the
development of shared knowledge and understanding:

‘Unfortunately, the role of such explanations in our thought is obscured by the fact that not ev-
eryone who requires, seeks or finds such an explanation, or who learns one from other people,

asks this sort of question explicitly, or fully articulates the explanation when he has understood.’
(Sloman, 1978, p. 45)

1.4 A central assumption of this thesis: Computers can be creative

A central assumption of this thesis should be stated at the outset. Whilst it is acknowledged that there
is some resistance to the idea of computers being creative, this thesis makes a working assumption that
computational creativity is possible, taking a pragmatic outlook on computational creativity: Given
the assumption that computational systems can be creative, how does the computational creativity
researcher measure how creative a computational system is?

Whether computational creativity research makes progress towards simulating human creativity,
or whether computers would actually be able to express true creativity (whatever ‘true creativity’

might be), is a debate which for practical reasons is best left for another time and place.® Although

2Excepting where existing theories are invalid and are disproved by the new theory; see Chapter 2 Section 2.2.
3Boden (2004) and Colton (2008b) address this debate to some extent and it is also approached from a more general
standpoint by other authors (e.g. Dreyfus, 1979; Searle, 1980; Minsky, 1982)).
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this thesis makes the working assumption that computational creativity is possible, it is necessary to
acknowledge and consider this resistance to the idea and consider potential reasons for it.

‘Robots are being created that can think, act, and relate to humans. Are we ready?’ (Carroll,
2011, p. 67)

Some resistance to the possibility of a computerised system being creative does exist, whether the
computer is in robot form or in a more traditional computer setup. Brian Reffin-Smith’s 43 Dodgy
Statements on Computer Art (Reffin-Smith, 2010) eloquently summarise the conflict of views on
computational creativity, through reflections on both positive and negative aspects of computer art:

‘19. Using a computer merely to access the web is like using a Bugatti Veyron to deliver the
papers. ...

37. “i”, the imaginary square root of minus 1, is to the real numbers as the computer is - or should
be - to art. ...

41. Of course computers and other devices will never fully understand flowing, allusive conver-
sation. But they won’t care.” (Reffin-Smith, 2010)

Negative preconceptions about computational creativity primarily exist because creativity is seen
as something which is essentially human, a notable quality which should not be reducible to the form
of a computer program. Computers are perceived only to be able to blindly follow instructions given
to them by their programmers, with no intention or motivation guiding these actions (Searle, 1980;
Dreyfus, 1979); how can the ability to be creative be expressed in such instructions? Identifying such
instructions can itself be seen as a creative act, but the creativity is on the part of the programmer, not
the computer receiving the instructions (Ritchie, 2001; Jennings, 2010a).*

A long-propagated view is that there are certain qualities, such as being creative, which a computer
simply cannot be capable of (Nake, 2009; Dreyfus, 1979; Weizenbaum, 1976). As an example of this
view, Colton (2008b) quotes from the June 1934 edition of Meccano magazine:

s

¢ “Truly creative thinking of course will always remain beyond the power of any machine”
(Meccano magazine, June 1934, quoted in Colton, 2008b)

Resistance to computational creativity is often accompanied by the conception that computers
cannot be creative beyond what the programmer provides the system (as discussed by, for example,
Ritchie, 2001; Jennings, 2010a). There is a reluctance to accept that human skills and abilities that
people prize could be replicated computationally. Additionally, the common preconception of engi-
neering techniques as non-creative automata reinforces the belief that computers cannot do the kind of
tasks where algorithms or instructions have not been clearly specified beforehand. This is perceived

to require human level intelligence and demonstrates our superiority over computers.

‘Creative artificial intelligence must always fight the impression that it is simply a fancy tool for
expressing the programmer’s creativity.” (Jennings, 2010a, p. 500)

4This was often found in the feedback from surveys carried out in Chapter 8, as reported in Section 8.1.1 of that Chapter.
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This negativity influences people’s judgements of computational creativity when they hear that a
computer was responsible for producing an artefact (Ritchie, 2001; Colton, 2008a, 2008b).> Such
negativity has propagated through to have some legal significance, as discussed in Chapter 3 Section
3.5. It has also had an adverse effect on computational creativity research progress (Colton, 2008a).

Notwithstanding the ease with which we sometimes assign computers human-like characteristics
(Reeves & Nass, 2002; McCarthy, 1979), difficulties with identifying with computational creativity
may contribute to negative impressions of computational creativity. Hennessey and Amabile refer to
creativity as a ‘distinctively human capacity’ [p. 570], ‘one of the key factors that drive civilization
forward.” [p. 570]. As Boden (2004) describes:

‘A work of art is an expression of human experience and/or a communication between human
beings, so machines simply don’t count.” (Boden, 2004, p. 7)

In conversations with musicians,®

a common reaction emerges, that computer improvisers may
progress to the level where they could replace humans, making the human improviser unnecessary.

Colton (2008a) considers and refutes this objection:

‘Why on earth would Lucien Freud stop painting just because a computer can paint as well?
Moreover, people will always appreciate the blood, sweat, and tears expended by creative people
in producing their works. (Colton, 2008a, p. 7)

In a recent interview (Blitstein, 2010), David Cope mentions an oft-encountered objection to his
work with generative music creativity systems (Cope, 2005): ‘aren’t you taking away the last little
thing we have left that we can call unique to human beings - creativity?’ Blitstein (2010) reports
Cope’s controversial response to this worry about computational creativity somehow devaluing hu-
man creativity. Cope calls into question how creative humans can actually claim to be. As computers

work without biases and prejudices, unlike humans, Cope argues that:

‘humans are more robotic than machines. “The question,” Cope says, “isn’t whether computers
have a soul, but whether humans have a soul.” * (Blitstein, 2010)

Computational creativity research showcases several ways of producing unpredictable behaviour
that goes beyond explicit program instructions, such as connectionist computation, evolutionary com-
puting, emergence or the use of randomness (examples can be found in Chapter 3 Section 3.4.1). Neg-
ative attitudes on computational creativity have however encouraged an anti-mechanism definition of
creativity; creativity becomes what computers cannot do or that which we do not understand (Dreyfus,
1979; Weizenbaum, 1976). This suggests a shifting definition of creativity, for those resistant to the
idea of computers being creative, essentially centred around progress in computational creativity. For
computational creativity researchers, the most productive strategy may be to ignore such definitions

but recognise the effect computational creativity is having on the perception on creativity for some.

5 Again much feedback generated from the Chapter 8 surveys echoed this view.
% And particularly in the debrief for the survey on musical improvisation carried out for Chapter 6.
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Boden poses what she terms as four Lovelace questions (Boden, 2004, pp. 16-17), inspired by Ada
Lovelace’s observations about the contemporary computer of her time (Babbage’s Analytical Engine)

only being capable of doing what humans program it to do (Lovelace, 1953):

1. Can computational models help us to understand creativity?
2. Can a computer appear to be creative? [this is followed up in (Colton, 2008b)]
3. Can a computer appear to recognise creativity?

4. Can a computer really be creative?

Boden (2004) argues that the first three questions can be answered positively. She de-emphasises
the fourth question, deliberately not addressing it until the final chapter of (Boden, 2004), because she
sees question 4 is philosophical, unlike the scientific questions 1-3, so requires a different treatment.
Instead Boden concentrates her focus on the scientific questions 1-3.

It has been shown that ‘people do have a tendency to discount and even dislike computer creativity’
(Moffat & Kelly, 2006, p. 6). In a study with musicians and non-musicians, Moffat and Kelly
found that on a subconscious level, musicians were often negatively influenced against a piece of
music composed by a computer system, using subconscious aesthetic tendencies to like or dislike the
music.” This effect was found even though the musicians were also found to be poor at using their
expert knowledge to consciously detect that a piece of music is computer-composed.

As seen above, negative preconceptions against computational creativity are non-trivial. For the
purposes of the current work, though, assuming that computers can potentially be creative allows us
to make methodological and practical progress in evaluating computational creativity without being

too restricted by these objections.

1.5 Computational creativity as a research field

As Chapter 3 Section 3.4.1 will report, computational creativity is generally seen as the demonstra-
tion by computers of activity, behaviour or output production that would be perceived as creative if
demonstrated by a human. This definition has been developed in discussions over the past decade
(Schmid, 1996; Wiggins, 2006a; Cardoso & Wiggins, 2007; Colton, 2008b; Cardoso et al., 2009).8 9

Computational creativity research follows both theoretical and practical directions'® and crosses

several disciplinary boundaries across the arts, sciences and engineering. This has led to the emer-

7Somewhat surprisingly, this finding was not replicated to a significant degree in the non-musicians’ behaviour.

8This definition is also advocated at http://www.computationalcreativity.net, a site hosting relevant information for com-
putational creativity research, maintained by the steering committee for the computational creativity research community.

9 According to reports by Simon Colton and Geraint Wiggins at the most recent conference on computational creativity
(ICCC’12), the latest revision of this definition is likely to remove the specific reference to human creativity, instead
referring to creativity in general; however the basic structuring of the definition remains the same, i.e. the demonstration of
something that can be described as ‘creative’. Chapter 3 will investigate in more detail what this actually entails.

10The work reported in this thesis uses creativity theory to provide practical support to that subsection of computational
creativity research where creative systems are designed and implemented to model creativity or demonstrate creativeness.
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gence of a community with varying and occasionally disparate aims and motivations, ranging from
artistic goals to scientific exploration of creativity or the pursuit of software and/or hardware engineer-
ing achievements. Research within the field is influenced by artificial intelligence, computer science,
psychology and specific creative domains that have received attention from computational creativity
researchers to date, such as art, music, reasoning and narrative/story telling (Colton, 2008b; Widmer,

Flossmann, & Grachten, 2009; Leén & Gervas, 2010; Pérez y Pérez, 1999, provide examples).

1.5.1 Development of the Computational Creativity research community

In examining current evaluative practice in the research field of Computational Creativity, it is impor-
tant to understand how the field has developed. This places the practical discussions in context and
highlights researchers’ key aims and objectives within the field.

Though the field does not yet have a dedicated journal for research publication, the growth and
active development of computational creativity is demonstrated by a healthy and sustained recent
increase in workshop and conference activity, as well as a number of journal special issues on com-
putational creativity research (featuring selected papers from prior research events).!! Computational
creativity research events have been taking place regularly since 1999, developing from satellite work-
shops at artificial intelligence conferences!? leading to autonomous workshops (2007-2008)'* and
then to an annual conference series, the International Conference for Computational Creativity, or
ICCC (2010-present), taking place in Portugal (2010), Mexico (2011) and Ireland (2012). This de-
velopment has been accompanied by a substantial and increasing growth in the number of papers
presented to such research events and in program committee sizes.!* With the recent inclusion of
computational creativity as a fundable research area for the European Union’s Framework Programme
7,15 a significant European source of funding, it can be said that computational creativity research is
‘coming of age’ (Colton, de Mataras, & Stock, 2009).

The question of how best to evaluate the creativity of computational systems has been described
as a ‘big question’ in this research area, one which we may not even be able to start tackling properly

in the context of current research.'® This view has not been echoed in the calls for papers for research

11Knowledge—Based Systems 2006: 19(7), New Generation Computing 2006: 24(3), Al Magazine 2009: 30(3), Minds
and Machines 2010: 20(4).

12Computational Creativity workshops have been held in conjunction with several Al conferences (AISB’99, AISB’00,
AISB’01, ECAI’02, AISB’02, IJICAI’03, AISB’03, IJICAI’05, ECAI’06) case-based reasoning conferences (ICCBR’01,
ECCBR’04) and linguistics conferences (LREC’04, NAACL'09).

13 Autonomous workshops grew out of the International Joint Workshop on Computational Creativity series (2004-2008),
which started through the coming together of communities from Al and from Cognitive Science, to hold joint research
events on computational creativity. Separate symposiums have also been held, in Stanford, California (twice).

14Pre-2004 workshops typically contained 10-15 papers, with program committees of between 5-15 people. This has
now grown to averages of 33 accepted papers and 42 program committee members over the 2010-2012 conferences.

150bjective ICT-2013.8.1, “Technologies and scientific foundations in the field of creativity’, in the draft for the EU FP7
programme for 2013. See http://computationalcreativity.net/index.php Tnews&nid=9 (last accessed November 2012).

16This is discussed in more detail in Section 1.5.2.
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events. Creativity evaluation metrics and strategies have frequently appeared on the list of topics
of interest for workshops and symposiums in the form of phrases such as ‘Evaluation of Creativ-
ity’ (workshops on creative systems, 2002-04), ‘the assessment of creativity in Al programs’ (AISB
workshop, 2003), ‘how we assess creativity in computers’ (IJWCC 2007), ‘Metrics, frameworks and
formalizations for the evaluation of novelty and originality’!” (computational creativity workshop,
2005) and the rephrasing ‘Metrics, frameworks and formalizations for the evaluation of creativity in
computational systems’ (computational creativity workshops, 2006 and 2008). This last wording has
appeared in the call for papers for all ICCC conferences to date (2010-2012).18

As will be discussed later in this thesis, in Chapter 3, in the past there has been only limited evi-
dence of computational creativity researchers evaluating their systems’ creativity and demonstrating
to what extent their computational systems can actually be considered to be ‘creative systems’. This
may be partly due to the conflicting messages described above about whether creativity evaluation
is a plausible thing to attempt. Another reason may be that reviewers’ judgements and decisions
may be influenced by personal criteria that may differ from reviewer to reviewer (Pérez y Pérez,
2012, personal communications), hence the emphasis on a need for evaluation may also differ across
reviewers. The variety of disciplinary backgrounds that reviewers may come to computational cre-
ativity from (as mentioned above in this Section) makes Pérez y Pérez’s point particularly pertinent.
Additionally, this culture may have developed as a side-effect of the inclusive efforts to build up a
community of computational creativity researchers; decisions on whether a paper should be accepted
to a conference could be based around whether the paper would trigger interesting debate, rather than
how academically rigorous its presentation was (Pease, 2012, personal communications). This was
enhanced by the practice, since 2001, of accepting position/short papers (reports of work in progress
or comments on research directions) alongside technical/long papers (detailed technical reports of
creative systems or foundational theory). Whilst more thorough academic reporting is required for
technical papers, a requirement which has been particularly imposed in the last few years (Pease,
2012, personal communications), position papers often report work in progress rather than completed
work, so have less requirements imposed for academic rigour in reporting. Position papers encourage
the reporting of current work and new methods even if the work is not yet fully completed. Unfortu-

nately, as those proceedings often do not clearly distinguish technical papers from position papers,'°

7The combination of novelty and originality is often used as a reductionist definition of creativity (Pease, Winterstein,
& Colton, 2001; Peinado & Gervas, 2006; Pereira & Cardoso, 2006; Ritchie, 2007; Alvarado Lopez & Pérez y Pérez, 2008;
Brown, 2009a; Chordia & Rae, 2010). Definitional issues shall be returned to later in this thesis, in Chapter 3.

8For ICCC’ 11, this phrasing appeared with a qualifier: ‘quasi-formal approaches that, for example, argue for recognition
without definition or that define the absence of creativity may have interesting implications for computational creativity’.
This was probably in response to just such a evaluation framework offered by Colton (Colton, 2008b), which quickly
became adopted more often than more formally stated predecessors such as (Ritchie, 2007; Pease et al., 2001), as shall be
shown later in this thesis, in the survey presented in Chapter 3.

198ee for example the proceedings for ICCC 11, ICCC’10 or JWCC 07 (ICCC’11, 2011; ICCC’10, 2010; TWCC’07,
2007) where a position paper is distinguishable from a full technical paper only by its number of pages.
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this differentiation in quality can easily be missed, making a lack of evaluative (and other academic)
rigour seemingly more acceptable in this community.

The issue of good practice in creativity evaluation has been highlighted by some researchers for
many years now, for example Ritchie argued in 2001 that ‘[i]t is important to be explicit ... about the
criteria that are being applied in making judgements of creativity.” (Ritchie, 2001, p. 3). As the field
moves from its formative years of community development, into a position where it attracts enough
research to support an annual international conference audience and journal special issues, evaluation
has become more important for full research reports (Pease, 2012, personal communications). In con-
ference, lack of evaluation in a paper has become a valid reason for rejecting a long paper or changing
its status to that of a position paper (representing that work on the system is not yet complete). This

is illustrated by the following (anonymised) reviewers’ comments:

“This is the fourth paper I am reviewing for ICCC 2011 but the first one that takes evaluation
seriously. In fact, two of the three papers I have reviewed so far don’t even mention the issue of
evaluation, and the third mentions it only in passing, as something someone might do one day. ...
if this trend continues, then we as a community will make it harder to make progress.’

“This is a very strong paper. I just can’t bring myself to give a “strong accept” to work which has
such a dismissive attitude to evaluation.’

What is needed at this stage of the field’s development is an established and standardised approach
to evaluation for tracking and evaluating progress in computational creativity. As shall be seen and
explored throughout this thesis, though,?® the issue of how best to evaluate computational creativity

systems has generated many more questions than solutions.

1.5.2 ‘Big questions’ and ‘Grand Challenges’ in computational creativity

In colloquial discussions at the 2011 International Conference in Computational Creativity (ICCC’11),
the question of how to evaluate computational creativity was referred to as one of the ‘big questions’
of this research area. Although some authors have proposed evaluation methodologies for creativ-
ity,>! to some at ICCC’11, it seemed pointless to tackle such questions while they have not yet been
dealt with sufficiently in human creativity research, despite decades more investigation.??

In aiming to evaluate a system’s creativity, a number of complications exist. Human preconcep-
tions about computational creativity, the lack of a creativity baseline to evaluate creative systems
against and the general difficulty in defining creativity add to methodological issues such as who
should evaluate the system, whether evaluation should be quantitative or qualitative, and how (or if)
the creativity of two systems can be compared. In a recent research seminar presentation (Wiggins,
2008), Wiggins stated that he believes it is currently too awkward to assess creativity and therefore

his evaluative choice was instead to assess the quality of his systems.

20particularly Chapters 2 and 3.
2l Existing evaluation methodologies for computational creativity are examined in detail in Chapter 2.
22Chapter 3 will look at research on how human creativity could be evaluated.
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Cardoso et al. (2009) refer to evaluation in computational creativity as one of the Grand Chal-
lenges facing computational creativity researchers. This particular Grand Challenge, argue Cardoso
et al., ‘probably needs to be deferred until we are substantially more capable in general automated
reasoning and knowledge representation’ (Cardoso et al., 2009, p. 19).

It is important not to ignore a key issue in research merely because it is tricky to tackle. Instead we
should acknowledge the issue and surrounding debate and look for a ‘working’ answer if necessary,
simplifying assumptions to make the issue more tractable. This working answer may not be the
answer and in fact the answer may not even exist or may change over time.?®> Taking a practical and
proactive approach does however reduce perceived barriers to research, making ‘hard’ issues such as
evaluation of creativity more manageable and less stifling.

This thesis argues that performing evaluation, based on a working understanding of creativity if
necessary, provides more informative, more useful and more deeply grounded contributions than to
perform no evaluation at all.

‘if we are to make progress, the first thing we must do is face up to the things that make the

problem so difficult. Then we can move forward toward a theory, without blinkers and with a
good idea of the task at hand.” (Chalmers, 1996, p. xii, on the study of consciousness theory)

1.6 Research aims of this thesis

The research aims of this doctoral work are to make the following contributions:

e A practically applicable, standardised, flexible methodology for evaluating how creative com-
putational systems are and generating constructive feedback.

e A clearer understanding of creativity research that crosses interdisciplinary divides and collects
together findings from different academic perspectives.

e A working definition of creativity to use for evaluation.

e Evaluative feedback for a number of systems in a variety of domains, as a result of practically
applying the methodological evaluation tool in case studies.

o Criteria for meta-evaluation of creativity evaluation methodologies and the application of these

criteria to critically compare key methodologies.

1.7 Readers’ guide
The apostrophe placing in the title of this Section is significant. This thesis is potentially useful for
people from various academic backgrounds who are interested in creativity, computational or human:

e The main target readership of this thesis are computational creativity researchers who want to

know how best to evaluate the creativity of their computational creativity systems.

23Changing perceptions of creativity over time will be considered more in this thesis, particularly in Chapters 3 and 10.
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— Some will mainly want to learn about the evaluation methodology and how to use it.
— Other readers will want a more informed view of how the methodology was derived to
deal with issues in creativity and evaluation.

— Some readers may want to evaluate and compare creativity evaluation methodologies.

e Other readers may be working in areas similar to the systems evaluated in the case studies (or
may have a system evaluated in one of these case studies) and will therefore be looking for
information on how to make these systems more creative.

o In particular, Case Study 1 looks in detail at creativity in musical improvisation, reporting much
information on how this type of creativity is manifested and evaluated. This is useful both for
researchers modelling this type of creativity computationally and those interested in musical
improvisation creativity from a music research perspective.?*

o This thesis brings together research from several different disciplines, from computational cre-
ativity to areas such as psychology, education and law. Content especially in the earlier half of
this thesis should be useful to those seeking a clearer understanding of creativity unhindered by
academic ‘blinkers’ and discipline-specific research priorities.

e For people researching human creativity, it is possible that the methodology suggested in this
thesis could also be applied to evaluate the creativity of people as well as computers.® This

application falls outside the scope of this thesis work but would be very interesting to see.
With these different types of readership in mind, below is a summary of each Chapter’s content:

Ch.1 Introduction to the thesis, its direction and research question, giving foundational content about
computational creativity and evaluation.

Ch.2 Critical review of previous work in computational creativity evaluation, scientific method and
a survey of current evaluative practice in this research.

Ch.3 In-depth investigation into how creativity has been defined in terms of computational and hu-
man creativity, for a more informed and comprehensive understanding.

Ch.4 Empirical identification of 14 key components of creativity through natural language processing
tools and statistical analysis methods. The identified components collectively build up a multi-
perspective definition of creativity, incorporating common themes across creativity research.

Ch.5 Presentation of the SPECS methodology: the Standardised Procedure for Evaluating Creative
Systems, derived from the investigations into current practice in computational creativity eval-
uation, existing methodologies and the definitional findings.

Ch.6 Case Study 1: applying the SPECS methodology for a detailed and informed evaluation of the
creativity of three musical improvisation systems.

Ch.7 Case Study 2: using the SPECS methodology to simulate how we initially judge creativity, with

24 As partly illustrated by the acceptance of Jordanous (2010b), Jordanous and Keller (2011) to musicology conferences.
25This is discussed more in Chapter 10.
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limited time and information, in an evaluation of five systems presented at ICCC’11.26

Ch.8 Application of other methods of creativity evaluation to the systems in the two case studies and
critical comparison of the SPECS methodology with other creativity evaluation methods.

Ch.9 Reflections on how the SPECS methodology has been applied in the two case studies, including
discussion of practical and theoretical issues that arose. The reactions of the computational
creativity research community to earlier versions of this work are also discussed.

Ch.10 Summary of the SPECS methodology and conclusions about the contributions to knowledge
made in this thesis, with suggestions for future methodology development and for adoption of

the tool by the computational creativity research community.

1.8 Summary

This thesis focuses on evaluation of computational creativity, addressing the research question: how
should we evaluate the creativity of a computational creativity system? As Sections 1.2 and 1.3reported,
there is a clear need for evaluation in the field of computational creativity research, to track progress
and identify strengths and weaknesses in our research.

A key assumption is made in this work, that it is possible for computers to be creative (Section
1.4). This is by no means a universal assumption; resistance to the idea of computational creativity
abounds. Section 1.4 acknowledged this reaction against computational creativity, but concluded that
for useful progress in computational creativity the assumption in Section 1.4 is necessary.

Computational creativity is a relatively new research area, growing significantly in recent years,
particularly the past decade (Section 1.5). During this development, evaluation has been a recurring
topic for discussion. The question of computational creativity evaluation itself has proven non-trivial
and has been considered one of the ‘Grand Challenges’ of computational creativity research (Cardoso
et al., 2009). This current work is intended as a significant, practical methodological contribution
towards addressing this Grand Challenge. The methodological approach taken is influenced by key
findings in a wide range of creativity research, both computational and human, and by research on
existing creativity evaluation methodologies and standard scientific methodology.?’

The work reported in this thesis, or parts of thereof, is potentially of interest to a wider readership
than its immediate target audience (computational creativity researchers wishing to evaluate the cre-
ativity of their systems). To this end, a Readers’ guide to the thesis was provided in Section 1.7, to

guide readers to the parts of the thesis most relevant to them.

26The 2011 International Conference for Computational Creativity.
27See Chapters 2 and 3.
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Existing methodologies and issues in computational

creativity evaluation

Parts of this Chapter are published in a peer-reviewed journal article (Jordanous, 2012).
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Overview

The issue of how best to evaluate computational creativity systems has generated many more ques-
tions than answers. A chronological overview of the suggestion and development of evaluation met-
rics and methodologies is presented in Section 2.1 and summarised in Figure 2.3. This is followed by
a more detailed examination of the main methodologies to date (Colton, 2008b; Ritchie, 2007, 2001;
Pease et al., 2001), considering their strengths and weaknesses. Section 2.1 also looks at smaller-scale
creativity evaluation metrics and strategies that have been employed by researchers for evaluation.

While this thesis advocates that computational creativity is not solely a scientific endeavour (as was
expanded upon in Chapter 1 Section 1.5), this thesis does pursue methodological recommendations.
It is useful, therefore, to consider how developments of the scientific method could be relevant in
developing good methodological practice for computational creativity evaluation (Section 2.2).

To identify trends in current evaluative practice for computational creativity and see how (and
if) the contributions outlined in Sections 2.1 and 2.2 are applied in practice, Section 2.3 surveys 75
recent papers on creative systems, examining how each system is evaluated. We see that no evaluation
methodology has become the standard for evaluating computational creativity systems. This is in no
small part due to the number of practical and theoretical issues surrounding such an evaluation, which
largely remain unresolved despite the research community’s awareness and informed consideration
of such issues (Section 2.3.5). Existing evaluation methodologies have their critics and there is no

consensus within the computational creativity community about which methodology to adopt.

2.1 Existing evaluation methods

2.1.1 Overview of key evaluation methods in computational creativity

Overall, the major contributions to how to evaluate computational creativity systems have been in the
last decade (Ritchie, 2001, 2007; Pease et al., 2001; Colton, 2008b). Prior to 2001, little attention
was paid to devising practical methodologies for computational creativity evaluation, despite repeated
calls for such work (Boden, 1990, 1994a; Bundy, 1994; Boden, 1998, 1999; Colton & Steel, 1999;
Colton, Bundy, & Walsh, 2000; Wiggins, 2000).!

2001 was a fruitful year for computational creativity evaluation, with the publication of three
relevant papers:> Ritchie’s criteria approach (Ritchie, 2001),? the combination of tests in Pease et al.
(2001) and investigations on how input to a creative system determines its output (Colton et al., 2001).
Sections 2.1.2, 2.1.3 and 2.1.6 respectively report more details of each of these discussions. Only
Ritchie (2001) has had lasting practical impact, being used a number of times for evaluation since
2001 (e.g. Gervas, 2002; Pereira, Mendes, Gervas, & Cardoso, 2005; Haenen & Rauchas, 2006).

I'Such calls are easier to make than to fulfil.
2Somewhat reminiscent of the saying about London buses: ‘you wait for a long time then lots turn up at once’.
3The criteria approach in Ritchie (2001) was later revised in Ritchie (2007).
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The creative tripod evaluation framework (Colton, 2008b) was recently proposed, highlighting
three qualities a creative system must display in its behaviour if it is to be deemed creative: skill,
imagination and appreciation. This framework is summarised in Section 2.1.4. Ventura (2008) inves-
tigates whether the combination of the more informal creative tripod framework and Ritchie’s formal
criteria is sufficient to evaluate creative systems. Section 2.1.6 reports how Ventura reaches negative
conclusions on this matter. Colton’s approach, detailed in Section 2.1.4, has been adopted by several
authors in the few years it has been available so far (e.g. Chan & Ventura, 2008; Colton, 2008c;
Norton, Heath, & Ventura, 2010; Monteith, Martinez, & Ventura, 2010; Young & Bown, 2010). Gen-
erally this approach has been used by authors as a descriptive justification for why a particular system
should be deemed creative but not for comparison of systems.

As well as providing a way to evaluate the creativity of a computational system, a key function of
a creativity evaluation methodology is how it can be used to compare systems against one another on
the basis of the level of creativity demonstrated. In practice, Ritchie’s approach (outlined in Section
2.1.2) tends to have been the most frequently adopted quantitative evaluation method by the compu-
tational creativity community (e.g. Gervds, 2002; Pereira et al., 2005; Haenen & Rauchas, 2000).
In comparison, although often cited, the tests offered by Pease et al. (2001) have not been applied
in practice. As argued in Section 2.1.3, though, this paper makes a significant contribution to the
literature on computational creativity evaluation.

Most recently, the FACE and IDEA models have been proposed (Pease & Colton, 2011b; Colton,
Charnley, & Pease, 2011; Pease & Colton, 2011a; Charnley, Pease, & Colton, 2012). The FACE
model is designed to represent creative acts and the IDEA model represents the impact of those acts.
As reported in Section 2.1.5, the models collectively aim to distinguish whether a system is acting
creatively or not, and whether an artefact is valuable or not.

The above-mentioned contributions and related work shall now be examined in closer detail.

2.1.2 Ritchie’s empirical criteria for computational creativity

‘The most extensive contribution to the discussion of how we could assess creativity in software
has come from Ritchie’ (Colton, 2008b, p. 2)

Graeme Ritchie has proposed a set of formal empirical criteria for creativity. The criteria were
originally introduced in Ritchie (2001) then were revised and updated in Ritchie (2007). The criteria
are situated in an overall framework describing the design and implementation of a creative computa-
tional system in set-theoretic form. Ritchie advocates post-hoc analysis of artefacts generated by the
system, disregarding the process by which they were created. For systems that produce abstract rather
than concrete results (Ritchie gives the example of analogies), Ritchie’s approach is not applicable.

The criteria collectively describe aspects of the typicality and quality of the output of the creative

system (and indirectly, the novelty of the system output). Two key mappings are used in the criteria:
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typ - a rating of how typical the output is in the intended domain
‘To what extent is the produced item an example of the artefact class in question?’ (Ritchie,
2007, p. 73)

val - a rating of how valuable the output is
‘To what extent is the produced item a high quality example of its genre?’ (Ritchie, 2007, p.
73)

Ritchie emphasises the importance of assessing computer-generated artefacts both in terms of how
typical an example they are of items in the target domain and in terms of atypicality. Further to this,
an artefact may be typical of the domain but not be a good example, so the value rating is introduced
to assess the quality of that artefact.

Originally a set of 14 criteria in Ritchie (2001), four new criteria were added and two existing
criteria revised in Ritchie (2007).* Ritchie (2007) states that the criteria are not intended as a model
of creativity or of the creative process, or as necessary evidence for creativity. Instead the criteria
are formally defined observable factors that relate to creativity; exactly how these criteria should be
implemented is left open to debate. The criteria can be combined in various ways, weighted or left
out entirely as appropriate for the given creative domain. As well as weighting individual criteria,
each criterion is parameterised, allowing further customisation of the criteria to individual definitions

of creativity for different domains or systems.

The Criteria

The formal definitions of the 18 criteria can be found in Ritchie (2007) and in Appendix F. Here, the
criteria are deliberately presented informally, with descriptors such as ‘suitable’ and ‘high’ substituted
for the parameters left unspecified by Ritchie. It is hoped that any subsequent loss in formal semantics

is balanced by a more immediate understanding of each criterion.

On average, the system should produce suitably typical output.

A decent proportion of the output should be suitably typical.

On average, the system should produce highly valued output.

A decent proportion of the output should be highly valued.

A decent proportion of the output should be both suitably typical and highly valued.
A decent proportion of the output is suitably atypical and highly valued.

A decent proportion of the atypical output is highly valued.

A decent proportion of the valuable output is suitably atypical.

e T AL T o

The system can replicate many of the example artefacts that guided construction of the system
(the inspiring set).
10. Much of the output of the system is not in the inspiring set, so is novel to the system.

11. Novel output of the system (i.e. not in the inspiring set) should be suitably typical.

“4In Ritchie (2007), criteria 15-18 were added to the Ritchie (2001) set and criteria 8 and 10 were revised slightly.
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12. Novel output of the system (i.e. not in the inspiring set) should be highly valued.

13. A decent proportion of the output should be suitably typical items that are novel.

14. A decent proportion of the output should be highly valued items that are novel.

15. A decent proportion of the novel output of the system should be suitably typical.

16. A decent proportion of the novel output of the system should be highly valued.

17. A decent proportion of the novel output of the system should be suitably typical and highly

valued.
18. A decent proportion of the novel output of the system should be suitably atypical and highly

valued.

The set of criteria® includes contradictions and inconsistencies between individual criteria, for
example criteria 5 and 6, or criteria 17 and 18. This is probably to be expected for a concept like
creativity which contains much ambiguity and is resistant to capture in a formal definition.®

Ritchie has no plans to carry out any further work on the criteria (Ritchie, 2009, personal commu-

nications), despite acknowledging the potential need for further development:’

“We do not claim that all these criteria are essential to an assessment of creativity, nor that they are
the only such criteria that could be considered; rather, they are a first draft of a general catalogue
of relevant factors’ (Ritchie, 2007, p. 7)

Applications of Ritchie’s criteria

Ritchie (2007) analyses how the 2001 version of the criteria has been interpreted and applied (Gervés,
2002; Pereira et al., 2005; Haenen & Rauchas, 2006). In practice, researchers have either chosen arbi-
trary levels for each of the parameters or re-used previously chosen parameter values for comparative
purposes, with each criterion weighted equally in the overall evaluation.

Ritchie criticised these implementation decisions as compromising the evaluative power of the
approach, though Ritchie’s original recommendations on these matters were vague. It would have
been useful for Ritchie to demonstrate how his criteria could be implemented in practice. There is
data available for such a demonstration; (Binsted, Pain, & Ritchie, 1997) reports ratings of typicality
and value of the products of JAPE, a joke generation system that Ritchie is involved with, but a
criteria-based evaluation does not appear to have been performed to date.

The closest that Ritchie comes to using the criteria in practice is in Ritchie, Manurung, Pain,
Waller, Black, and O’Mara (2007), on the STANDUP system for joke generation; however rather than
applying the criteria, the paper only mentions them briefly to say that the criteria are not appropriate

for evaluation in this case:

‘these [Ritchie’s] criteria are insufficiently subtle for making fine comparisons of creativity’
(Ritchie et al., 2007, p. 97)

SRitchie does not discuss how these criteria were selected for inclusion from a set of potential candidate criteria.
6See Chapter 3 for further discussion of this point.
The criteria have been described as ‘well-developed’ (Colton, 2008b, p. 3) and have not been revised again since 2007.
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Comments on Ritchie’s approach
In his approach, Ritchie prioritises tests for artefact novelty and quality, disregarding as minor and
unimportant other ‘subsidiary tests of creativity’ (Ritchie, 2001, p. 4) such as the autonomy of the

creator’s actions. The basis for this decision is not justified, except by statements such as:

‘If a person produces a painting which is radically different from previous work ... and which is
definitely a good painting, then that will usually be deemed creative. What is rarely brought into
the assessment is how the person came up with the idea/artefact’ (Ritchie, 2001, p. 4)

No supporting evidence for statements like this is offered. Many authors have questioned whether
assessing creativity should involve more than solely judgements of the end product (e.g. Cohen, 1999;
Pease et al., 2001; Boden, 2004; Colton, 2008b; Kaufman, 2009; Odena & Welch, 2009).8

Ritchie often uses non-committal language, for example [my emphases added]:

‘we list a number of criteria which might contribute to a decision about creativity’ (Ritchie, 2007,
p- 67)

‘define .. the attributes one might look for in order to decide whether or not a particular computer
program had behaved creatively’ (Ritchie, 2001, p. 4)

‘[we] state some criteria which could be applied in deciding how creative a program is, or has
been’ (Ritchie, 2007, p. 7)

Whilst this cautious approach guards Ritchie from full commitment to these views, it dilutes the
strength of conviction of these recommendations.

Ritchie makes no recommendations on exactly how the criteria should be implemented in assess-
ment and no example implementations are given. This leaves open questions of how best to choose
appropriate values for parameters, criterion weights and even what criteria to include in assessment.
To facilitate comparisons between systems, some standard settings can be adopted (Gervas, 2002;
Pereira et al., 2005; Haenen & Rauchas, 2006).” To deal with this issue rigorously, Ritchie suggests
generating values based on extrapolating from human assessment (essentially turning this into a su-
pervised learning problem). Now, though, the researcher seeking an evaluation method has a new
multi-dimensional, possibly non-linear problem to solve in order to extrapolate these values.

The distinction between being a typical member of a set and being a valued member of a set is
one that is often highlighted (e.g. Wiggins, 2006a; Boden, 2004; Forth, McLean, & Wiggins, 2008).
These two ratings are not necessarily distinct in Ritchie’s definitions listed above and are difficult
to separate completely in implementation, particularly if the two ratings are being produced by user
assessment. For example, in Jordanous (2010c),'? the criteria were implemented as an interactive
fitness function for creativity in a genetic algorithm system but the user struggled to provide inde-

pendent ratings for typicality and value. This issue arises again in Ventura (2008) where the two

8This debate is explored further in Chapter 5 Section 5.1.2 and also in Chapter 8.

9 As Chapter 3 Section 3.6.4 will discuss, there is variety as to what is important for creativity in different domains, so
questions arise as to the suitability of a standard set of parameter settings for all creative systems in all creative domains.

10The system in Jordanous (2010c) is included in Case Study 1 and will be described in Chapter 6 Section 6.2.
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rating schemes are amalgamated into one rating, of image ‘recognisability’ (Section 2.1.6). Ritchie
proposes that ratings schemes be formally outlined to avoid interpretation problems; another solution
is to be careful in how to phrase the evaluation rating questions to users, as is done to good effect in
Binsted et al. (1997) but less well in Ritchie (2007)."!

Criteria 9 to 14 rely on an inspiring set: the knowledge or examples guiding program construction.
Ritchie acknowledges that sometimes the information in this set may not be available, such as when
no examples are explicitly used by the system to generate new examples, but does not make practical
recommendations for how the criteria should be adapted for this situation.

In general, Ritchie’s proposals acknowledge a number of theoretical issues, but are relatively im-
practical to apply for evaluation. Several implementation decisions are left to the choice of the eval-
uator, which has stimulated important discussion on how to make such implementation decisions ac-
curately and has encouraged researchers to justify their decisions (Gervas, 2002; Pereira et al., 2005).
This flexibility could however also possibly be taken advantage of for a more favourable evaluation
of a particular system (for example one could weight highly the criteria where the system performs
well, or tweak parameters to best fit the system’s interpretation of creativity). The slight opaqueness
of the formally stated criteria makes this harder to detect on inspection. Some researchers, including
Ritchie himself, have also reported issues with implementing Ritchie’s criteria (Ritchie et al., 2007;
Jordanous, 2010c; Tearse, Mawhorter, Mateas, & Wardrip-Fonin, 2011). Applications of the criteria

have dropped in recent years, in favour of other options or no evaluation of creativity.!'?

2.1.3 Pease et al.’s tests on the input, output and process of a system
Pease et al. (2001) discuss a wide range of aspects involved in evaluating the creativity of artificial
systems. A combination of evaluative tests are proposed, based on:
e The input provided to the system.
* Input Measure: items produced by the system are ‘potentially creative’ (Pease et al.,
2001, p. 2) if they are not part of the inspiring set.
e The output produced by the system.
— Novelty Measures.

* Transformational Measure: categorising the novelty of items according to how they
were generated from procedures within the program: fundamental novelty if a pro-
duced item is only possible once generation procedures have been developed in some
way by meta level procedures; mere novelty if an item is produced using the proce-

dures already in the program; and none otherwise.

"This will be demonstrated in Chapter 8 Section 8.2.1.
12 A5 shall be shown in Section 2.3.
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* Complexity Measure: assessing the complexity of items by how complex and novel
the generating process was, taking into account the size of the domain.

x Archetypal Measure: how close in similarity a system product is to the nearest
(previously-identified) archetypal example.

* Surprise Measure: measuring the surprisingness of an event based on the probability
of similar events occurring in that context.

* Perceived Novelty Measure: human judges rate how novel they find items generated
by the system, compared to systems generated by humans; the responses are used to

categorise items as novel or not, accordingly.
— Quality Measures.

* Emotional Response Measure: human judges evaluate to what degree an item has
affected them positively or negatively; the responses are used to categorise items
according to the intensity of the response.

* Pragmatic Measure: using unspecified (domain-specific) ‘marking criteria’ (Pease

et al., 2001, p. 6) to judge to what extent an item meets an aim.
e The process(es) employed by the computational system.
— Generation.

* Randomness Measure: using probabilities of items being generated given specific
input, with measures of difference between two items, for a measure of randomness

that can be used to categorise items by randomness (high, low or none).
— Evaluation.

* Evaluation of Item Measure: statistically measuring how closely self-evaluation of
an output item by the system correlates with external evaluation of that item.

* Evaluation of Process Measure: comparing the quality measures from above on two
comparable sets of output items. One set is produced by methods which can be trans-
formed internally during program run-time and one by methods which cannot. The

quality of the first set should exceed the quality of the second.

As in Section 2.1.2, these tests are summarised in informal language above.!3 All the tests generate

quantified or categorised representations of the relationships between observable parts of the system

and responses to the system. !4

B3For more formal descriptions of the tests, the interested reader is referred to their full presentation in Pease et al. (2001).
14The presentation of these formal statements may have discouraged some from applying the tests. The layout is dense
with a lack of white space (probably due to space restrictions), making it more difficult to find each test within the paper.
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Pease et al. state a number of assumptions that they make about the nature of creativity prior to

determining the measurement methods proposed:

o (At least some part of) creativity is domain-independent so generalised measurements are
preferable where possible. Even if this assumption is incorrect, it will still be valuable in reveal-
ing parts of creativity which are linked to specific domains but which we may have presumed
were domain-independent.

e We should use human creativity as a guide for computational theory and as a yardstick to judge
progress against.

e There is no distinction between genius and everyday creativity:

‘We assume that creativity in children, adults and geniuses is essentially the same phe-
nomenon.” (Pease et al., 2001, p. 129)
e Creativity is (as mentioned above) a cyclic process of generating ideas and evaluating them.

e The creative process results in the production of item(s) (not necessarily physical objects).

Pease et al. admit that their choices of assessment methods are ‘somewhat arbitrary’ (p. 137).
Like Ritchie (2007), they see their tests as initial suggestions, hoping to prompt further discussions
along similar lines. Of the authors of Pease et al. (2001), some subsequent recommendations are
made for creativity evaluation (Colton, 2008b; Pease & Colton, 2011b), but these are unrelated to
those in Pease et al. (2001); in fact Pease et al. (2001) is not cited in these later publications.

Pease et al. (2001) discuss meta-evaluation, in other words how to evaluate a proposed evaluation.

To assess their proposed evaluation tests, Pease et al. offer the following two criteria to consider:

1. How closely the proposed test maps to how humans evaluate creative behaviour.

2. How possible and practical it is to apply the test to systems.

Pease et al. claim that the first criterion can be evaluated empirically, presumably through ex-
periments with human participants, and that the second can be evaluated by implementing the test
methods in artificial intelligence programs. These claims, however, are by no means rigorously ex-
plored in Pease et al. (2001) or elsewhere. This discussion, although seemingly an obvious inclusion
for authors writing about the importance of evaluation, is missing from other notable proposals on
creativity evaluation (Ritchie, 2001, 2007; Colton, 2008b) and deserves more attention generally than
the paragraph it receives in Pease et al. (2001).13

Communications between Pease et al. and Ritchie

The tests in Pease et al. (2001) are described by Colton et al. (2001, p. 6) as a set of ‘general
guidelines’ to complement other ‘concrete measures’ such as Ritchie’s criteria (Ritchie, 2001) or
Colton et al.’s fine-tuning measure. Ritchie (2007) introduced Pease et al.’s tests as an ‘elaboration’

of the empirical criteria (Ritchie, 2007, p. 81). Pease et al. acknowledge Ritchie’s work, describing

151n this thesis, Chapters 8, 9 and Appendix H return to the issue of meta-evaluation in greater depth.
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their paper as an extension of Ritchie’s framework (Pease et al., 2001, p. 129) and suggesting a

number of refinements to the framework:

e The notion of the inspiring set is defined more formally (pre-empting criticisms of the vague
specifications of the inspiring set (e.g. Ventura, 2008)).

e A distinction is made between strong (Is) and weak (Iy) versions of the inspiring set: 1

— I5: all items known by the programmer.

— Iy: all items that the programmer deems to have influenced program construction.

e The typicality rating scheme, heavily relied upon but left unspecified in Ritchie (2001), is
superseded by a formally stated ‘Archetypal Measure’, identifying typical (archetype) items

and measuring how close in similarity a system product is to its nearest archetype.

Graeme Ritchie had some influence on the writing of Pease et al.’s paper, being thanked in the
Acknowledgements section for his ‘helpful comments on earlier drafts’ (Pease et al., 2001, p. 137).
In a later publication (Ritchie, 2007) on his evaluation criteria, though, Ritchie distances himself from

Pease et al. (2001), criticising their approach in several ways:

o The tests proposed by Pease et al. are too unconnected and need to be more coherently linked.
e Pease et al. do not adequately justify their decisions on what aspects of creativity to test.
e Ritchie cannot see how Pease et al.’s tests could be incorporated in his formal framework:

‘Although PWC [Pease et al. (2001)]’s proposals at first glance appear to be an elaboration
of our basic framework, on closer inspection it is not clear where they would fit into, or
alongside, our formalisation.” (Ritchie, 2007, p. 83)

2.1.4 Colton’s creative tripod framework

The creative tripod framework (Colton, 2008b) is the culmination of discussion in several of Colton’s
previous publications (Colton & Steel, 1999; Colton et al., 2000, 2001; Pease et al., 2001; Hull &
Colton, 2007). Colton emphasises the importance of considering the creative process when evaluating
the creativity of a computer system. This follows from Pease et al. (2001) and represents a pointed
departure from the product-focused standpoint taken in Ritchie (2001).!7

The creative tripod represents three qualities that a creative system must demonstrate to some
degree, in order to be considered creative: skill, imagination and appreciation. If a creative system
can demonstrate each of these three behaviours, then Colton argues that this is sufficient for the
system to be perceived as creative. Here Colton makes an important distinction; rather than positing
the creative tripod qualities as necessary and sufficient conditions for the system to have if it is to be

deemed creative, he argues that the system should only be perceived to possess these qualities. In

16This distinction is reminiscent of the division of artificial intelligence into strong and weak versions.
7Chapter 5 Section 5.1.2 examines the product/process debate in more detail.
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other words, the challenge is to make a system appear to be creative to its audience, rather than to
develop some level of creativity which exists in the system independently of an audience’s perception.

Table 2.1 shows similarities between these three tripod qualities and the abilities outlined by Rabi-
now (as reported in Csikszentmihalyi (1996)) as necessary for a creative thinker: knowledge, motiva-
tion to explore, and evaluation. Parallels can also be drawn between the creative tripod qualities and
Cohen’s requirements for a ‘behaviour X’:!8 knowledge, emergence, awareness of what is emerging,

and the motivation to act on what has emerged (Cohen, 1999, pp. 29-30).

Table 2.1: Parallels between Colton’s creative qualities (Colton, 2008), Rabinow’s requirements for
creative thinkers (Csikszentmihalyi, 1996) and Cohen’s ‘behaviour X’ (Cohen, 1999).

Rabinow Colton Cohen
Knowledge Skill Knowledge
Motivation to explore  Imagination Emergence
Evaluation Appreciation  Awareness, Motivation to act

The creative tripod provides three standard descriptors for creative behaviour, both for post-hoc
assessment and during system development. Unlike Ritchie, Colton demonstrates how he envisages

his framework being used for creativity evaluation, using his own systems as examples:'’
e HR: a mathematical conjecture/concept discovery program (Colton, 2002).

— skill: HR can generate new concepts from existing known concepts or carry out proofs/disproofs
from empirical evidence.

— imagination: HR can search the space of possible concepts and conjectures and make dis-
coveries. For example HR discovered a conjecture about ‘refactorable’ numbers (Colton,
2008b) that was unknown to the system programmer (Colton).2?

— appreciation: HR demonstrates appreciation of the conjectures it generates through its

measures of ‘interestingness’ (Colton et al., 2000).
e The Painting Fool: an artistic image generator (Colton, 2008b, 2008c).

— skill: The Painting Fool can generate images in various different styles.

— imagination: The Painting Fool takes an evolutionary approach to scene generation and
can generate scenes it has not seen before.

— appreciation: The Painting Fool can recognise emotion portrayed in portraits (via a ma-

chine vision module to assist this behaviour and make the system more autonomous).

18Cohen (1999) repeatedly uses the term ‘behaviour X’ as a veiled reference for creative behaviour.

19The issue of who decides if a system demonstrates the tripod qualities is not raised. In his examples, Colton evaluates
his own systems, rather than using external judges, without discussing whether any bias is introduced as a result.

20This conjecture was considered publishable by the Journal of Integer Sequences (Colton, 1999).
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Figure 2.2: The Creative Tripod, outlined by Simon Colton in 2008.

Continuing the tripod analogy, each leg of the tripod’s legs is described as having three sections
(pictured in Figure 2.2), each representing one perspective on the system: the programmer, the com-
puter system and the consumer of the system. Each of these three parties can contribute skill, imag-
ination and appreciation. For example, if some form of skilful behaviour is demonstrated from each
of the three perspectives, relative to the system, then the ‘skill” leg would be fully extended.

To determine whether a system is creative or not, however, Colton is interested solely in the sys-
tem’s behaviour. Any contributions from the consumer or the programmer are irrelevant in determin-
ing if a system can be perceived as creative; they only contribute to how creative a system is perceived

to be, once the system has demonstrated skill, imagination and appreciation.?!

Colton argues that
if a creative system does not demonstrate these three behaviours, then that the system should not be
perceived as creative.?
‘Our position is that, if we perceive that the software has been skillful, appreciative and imagi-
native, then, regardless of the behaviour of the consumer or programmer, the software should be
considered creative. Without all three behaviours, it should not be considered creative, but the

more aspects which extend each leg of the tripod, the more creativity we should project onto the
software.” (Colton, 2008b, p. 18)

It is unclear why Colton chose to discuss the programmer and consumer in relation to the tripod,
if their contribution is not deemed crucial for determining the perception of creativity; the opinions
of the audience are already included in how the creativity of the system is perceived by others. Also,
Colton does not extend the tripod analogy further to consider how balanced the tripod is. If one of

the three qualities is extremely well-represented in the system compared to the others, for example a

21Chapter 3 Section 3.6.4 considers the appropriateness of a single definition of creativity to cover all types of creativity.

22Here Colton makes an important distinction; rather than positing the creative tripod qualities as necessary components
of a creative system, he argues that the system merely needs to be perceived to have these qualities. In other words, the
challenge is to engineer a system that appears to be creative to its audience, rather than engineering a system that possesses
a level of creativity existing independently of an audience’s perception.
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system that is highly skilful but weak in imaginative and appreciative capabilities, the tripod would

be unbalanced and unstable, disguising weaknesses in some areas through its strengths in others.

2.1.5 Computational Creativity Theory: the FACE/IDEA models

The FACE and IDEA models form part of a wider research project to formally develop Computational
Creativity Theory (Pease & Colton, 2011b; Colton et al., 2011; Pease & Colton, 2011a; Charnley
et al., 2012). The FACE model is designed to represent creative acts and the IDEA model represents
the impact of those acts. Collectively the models aim to distinguish between whether an artefact is
valuable or not, and whether a system is acting creatively or not, with focus on the latter.

Pease and Colton (Pease & Colton, 2011b) partly motivate their models in response to a consider-
ation of how versions of the Turing test have been applied in discrimination tests (Pearce & Wiggins,
2001) and as a direct test of the prevalent definition of computational creativity as tasks which if per-
formed by humans would be considered creative. The Turing test (as adopted above) is criticised for
various reasons: different styles of creativity are not equally recognised, or different manifestations of
creativity across domains; contextual ‘framing’ information is ignored and evaluations are performed
independently of context; there are opportunities to perform well on the test by ‘window dressing’ or
producing shallow imitations (‘pastiche’) at the expense of genuine creativity; and evaluation bench-
marks are high for computational systems if systems are to be judged at human standards of creativity
(especially as the Turing test has not yet been passed by intelligent systems).

Pease and Colton suggest as an alternative the FACE and IDEA model. The FACE model (Frame,
Aesthetic, Concept, Expression of concept) represents measures and measurement methods on con-
text, aesthetics, concept(s) of interest and how they are expressed, respectively. For each of the F A,
C and E items, tuples represent a method for generating information on that item and a representation
or measure of the item itself. The IDEA acronym represents the Iferative Development Execution
Appreciation cycle, which assumes an ideal audience i and measures the effects that one creative act
A has on i, such as change in well-being (wb) or the cognitive effort for appreciation (ce).

Several quantitative measures are proposed within this model, measuring disgust, divisiveness, in-
difference, popularity, provocation, acquired taste, instant appeal, opinion splitting, opinion forming,
shock and subversion. Some assumptions are made (but not yet fully justified) by the authors as to
why certain outcomes are preferable, such as the amount of cognitive effort or the extent to which a
creative system arouses divisiveness in its audience.

At this early stage of development (the FACE and IDEA models were first published in mid-
2011), FACE and IDEA are proposed not as the end solution for evaluation but as a ‘beginning in
our efforts to avoid some of the pitfalls of the TT” (Pease & Colton, 2011b, p. 7). There are plans to
develop sub-models of aspects of creativity, with several suggestions listed, including: affect, analogy,

appreciation, audience, autonomy, blending, community, context, and curiosity. The end goal for this
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work is a comprehensive, detailed formalisation of computational creativity:

‘Using the foundational terminology for creative acts and impact described above, we plan to
expand each term into a formalism containing conceptual definitions and concrete calculations
using those definitions which can be used for the assessment of creativity in software. In doing so,
we hope to contribute a Computational Creativity Theory which will provide a strong foundation
for objectively measured progress in our field.’

Some brief examples exist of the FACE model being applied to describe systems (Colton et al.,
2011) or guide their development (Colton, Goodwin, & Veale, 2012). Currently though, full worked
examples of the FACE/IDEA models being used for evaluation of computational creativity have not
yet been published by the team behind Computational Creativity Theory or by other researchers.
This is probably due to the stage of development it is in; this is a current project, with the models
being developing on an ongoing basis, even occasionally to the level of the precise terminology being
used.” With these ambitious aims for this current project, however, it will be interesting to see how

this work develops on its promising potential.

2.1.6 Combining creative evaluation methodologies together

Colton et al’s addition to Ritchie’s criteria

Colton et al. (2001) is a collaborative contribution from Graeme Ritchie and two authors of Pease
et al. (2001), Simon Colton and Alison Pease. Working within the formal framework described in
Ritchie (2001), Colton et al. investigate how input affects program output, specifically whether the
program overfits to its input (‘fine-tuning’) rather than producing new items. They conclude that
creative programs should be as general as possible and that the value of a program encompasses more
than the ability to generate specifically-targeted artefacts.

Colton et al. (2001) extends Ritchie’s criteria to include measures of the amount of ‘fine-tuning’
(replicating the input data rather than generating novel and valuable output) and estimates of the
generality of the program. As with Ritchie’s criteria, these measures require details of the inspiring
set (items that influence the way the program is implemented, either directly or implicitly). If details
of the inspiring set are not known, applying the measures becomes problematic.

Colton et al. (2001) is intended to complement Ritchie’s criteria. When Ritchie’s criteria have
been applied for evaluation, though, Colton et al.’s proposals have either not been used (Haenen &
Rauchas, 2006; Jordanous, 2010c) or have been considered separately to the criteria analysis, almost
as an afterthought (Gervas, 2002; Pereira et al., 2005). Rather than take the opportunity to incorporate
the contribution of Colton et al. in his updated version of the criteria, Ritchie (2007) merely reports
the details of Colton et al. (2001) as a ‘related proposal’ (Ritchie, 2007, pp. 81-82).

23 At the International Conference on Computational Creativity 2012, the "E’ of FACE was interchangeably referred to
by the model authors as ‘Example’, rather than ‘Expression’.
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The other contributions of Colton et al. (2001) are to cast Ritchie’s proposals as a guide for pro-
gram construction rather than post-hoc assessment and to stress there is no ‘right answer’ when as-
sessing creativity. The latter leads to the conclusion that there is little worth in comparing systems:

‘Under certain circumstances, it may be possible to use such measures [measures to estimate
the creativity of a program] to determine whether one program is more creative than another.
However, the circumstances would have to be very special, taking the design, input and output of

both programs into consideration, and it is still likely that such a comparison would be deemed
unfair. (Colton et al., 2001, p. 1)

Colton et al. (2001) conclude from this that formative feedback is more useful than summative
evaluation, a conclusion that this thesis agrees with. To disregard comparative evaluation completely,
though, is contentious. People can make comparisons such as ‘x is more creative than y’, even though
there is rarely any ground truth or correct answer to compare such statements to. Also, how do we
show progress in our research if we cannot compare our systems against previous work??*

Since the publication of this paper, each author of Colton et al. (2001) has retracted the view that
comparison between systems is unfair and that there is little worth in using measures of creativity
to assess computational systems after implementation. Ritchie (2007, also 2009 personal communi-
cations) continues to present his criteria as a tool for post-hoc analysis of creative systems. Pease
and Colton (2011b) investigated the application of the Turing Test (as inspired by Turing, 1950) for
computational creativity evaluation (finding it lacking). Colton (2008b) offered a new evaluation
framework for creative systems (as described in Section 2.1.4). In a recent description of the progress
of computational creativity research, Colton (2008a) advocated the comparison of creative systems:

‘We’ve recently reached the stage where there is a sufficiently large number of such programs for
us to be able to compare and contrast them in a meaningful way.” (Colton, 2008a, p. 6)

Incorporating Ritchie’s criteria and Colton’s creative tripod in a combinatory framework
The creative tripod is presented by Colton (2008b) as an informal alternative to Ritchie’s formal cri-
teria approach (Ritchie, 2007). Ventura (2008) tests the combination of the 2007 version of Ritchie’s
criteria and Colton’s creative tripod, in a thought experiment using an imaginary artistic computer
system called RASTER. RASTER stands for ‘Ridiculous Artist Supporting Thought Experiment Re-
alization’; as this acronym indicates, RASTER is intentionally designed to be uncreative. The system
generates images by comparing random binary patterns to existing images retrieved online, returning
any random patterns that are close enough to replicate the existing image being checked.

Ventura’s motivation is to test the sufficiency (as opposed to necessity) of this combination: is there

an element of creativity (or a decidedly non-creative element) that the Ritchie-Colton combination

24 As later Chapters in this thesis will show (Chapters 6, 7, 8), although Case Study 2 found only limited value in compar-
ison, some interesting observations came out of this comparison from learning from other systems strengths. Case Study 1
demonstrates how direct comparison between related systems supplied much valuable feedback for system improvements.
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framework is not able to detect? By exploring exactly what this combination does or does not provide,
Ventura aims to identify how the framework can be made more robust.

During the thought experiment, a key decision is made:

‘In our gedanken experiment, since we are interested simply in (artefact) class membership (how
recognizable an image is), the two rating schemes of the 3-tuple become redundant (that is, typi-
cality and quality are equivalent for this task [this emphasis added]), and we can think of the
2-tuple definition as capturing this by compressing both into the single rating scheme r.” (Ventura,
2008, p. 12)

If typicality and value ratings are treated as the same rating r, Ventura shows that several of the
criteria reduce to duplicates of other criteria. Only 3 distinct criteria remain for RASTER. This is
partly because Ventura claims RASTER has an empty inspiring set, i.e. he is stating that there are no
items that inspire or guide the implementation of the program. The online database of images is not
an inspiring set, argues Ventura, because they do not guide the search program within the set. Whilst
Ventura concedes that one could question his arguments for choosing not to use the online database as
an inspiring set, he is deliberately highlighting and exploiting the weaknesses in Ritchie’s definition
of the inspiring set, a definition which is surprisingly informal given the thorough formal treatment
applied to the majority of the content of Ritchie (2007).

7 distinct criteria remain for iRASTER, which is the same as RASTER except that it applies ge-
netic operators to an inspiring set of images to generate potential output patterns instead of randomly
generating patterns to be tested. This leads to the suggestion of a ‘meta-heuristical application’ (p.

15) of Ritchie’s criteria:

‘if most of the criteria can not be applied, then the system in question may not be a likely candi-
date for attribution of creativity.” (Ventura, 2008, p. 15)

Whilst this is a sensible observation, there is nothing in Ritchie’s papers prohibiting the use of only
three criteria to assess systems; this is allowable in Ritchie’s proposals. As highlighted in Section
2.1.2, Ritchie repeatedly says that the criteria are not intended as a definitive set but instead as a
set of possible tools for analysis from which the researcher can pick. No criteria are advocated
as essential and no recommendations are made for what criteria to include or exclude, how many
criteria are needed and how each criterion should be weighted in a summary measure of results. This
presentation of the criteria affords little protection against attacks such as Ventura’s.

A slightly different conclusion can also be drawn from Ventura’s arguments. As Ventura is rating
artefacts of RASTER and iRASTER for recognisability rather than typicality and value, he is arguably
no longer assessing RASTER and iRASTER for creativity, but instead is assessing for value (in terms
of recognisability). This slightly undermines Ventura’s contribution, as the criteria become less fit for
the purpose that Ventura is applying them for. Ventura almost reaches the same conclusion after seeing
that most criteria reduce to duplicates of each other when the typicality and value rating schemes are

combined, but criticises the applicability of the criteria rather than the application.
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Ventura (2008) argues that it is possible to engineer Ritchie’s criteria and Colton’s qualities to find
uncreative systems to be creative. To counter this, Ventura recommends that creativity assessment
should also incorporate measures of efficiency in terms of output quantity during the system runtime
and the ratio of items produced to items discarded during the creative process. These extra measures
would help discredit RASTER from being judged creative, although iRASTER may still be found to
be creative. This invites new counter-examples to then be proposed to highlight other inadequacies,
such as a system that keeps all items produced, or one that does not produce output at all. One wonders
if this would lead to a positive iterative process of improvement, or a more negative exchange haggling
over insignificant details. Ventura also questions if the ability of a system to self-promote should be
necessary for it to be deemed creative, though this is only posed as a closing question.

Rather than combining the two frameworks, Ventura mainly applies both frameworks separately
to the same systems to see if they individually generate positive assessments of creativity. Most of
the paper is devoted to looking at Ritchie’s criteria (approximately 5 pages) as opposed to the com-
bination of Ritchie and Colton’s work (approximately 1 page in total), or Colton’s creative tripod on
its own (less than 1 page in total).?> Although it is doubtful that alternative combination mechanisms
would lead to new conclusions being reached, different combinations of the two frameworks could
be beneficial, for example [my emphasis added]:

‘we should be implementing Ritchie’s criteria into artefact generation software, so that it could
better appreciate its own (:reativity.’26 (Colton, 2008b, p. 6)

Ventura notes that it would not be appropriate to formalise the three qualities that form Colton’s
tripod, because Colton (2008b) does not advocate that a system should have these three qualities, but
the system should be perceived to have them. Ventura questions the informativeness of any rating
system involving subjective judgements by humans. He seems to conclude that any evaluation by
humans could be seen as uninformative so should therefore be disregarded:

“This ... leads us to ask whether any rating scheme that is subjective (human evaluated) is not ipso

facto subject to a No-Free-Lunch type argument that demonstrates that it will be uninformative
on average.’” (Ventura, 2008, p. 18)

2.1.7 Other creativity metrics and evaluation strategies

Despite the recent attention paid to creativity evaluation, no one methodology is emerging as a stan-
dard tool. In the absence of an accepted standard methodology, several authors have proposed smaller-
scale creativity metrics or evaluation strategies, as outlined below. To date, these proposed metrics

and strategies have been used in isolation rather than in combination with other metrics. These metrics

25The rest of the 9-page paper gives details of the thought experiment systems or other details such as references.
26This has been attempted in Jordanous (2010c), where Ritchie’s criteria were used as a fitness function for a genetic
algorithm. This system is reported in more detail in Chapter 6 Section 6.2.
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Figure 2.3: Timeline of important contributions to computational creativity evaluation from 1990 to
present (2011). Major contributions are highlighted in bold font.
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are not being re-applied by other researchers,?’

meaning that as yet the methods have acquired little
practical significance on a research community scale. If treated collectively, though, these evaluation
strategies and metrics make a growing contribution to the evaluation toolkit available to creativity
researchers. This Section explores the options available from existing research.

Wiggins has proposed a framework for categorising creative systems (Wiggins, 2006a, 2003, 2001)
inspired by Boden’s proposals on creativity (Boden, 2004). The framework describes system details
formally according to seven formal rule sets and functions relating to the system’s conceptual space
(i.e. the set of all possible items that could conceivably be output by the system). One of these
rulesets, ‘E, is the set of rules used to evaluate items in the conceptual space. Though the framework
is intended to be used to ‘analyse, evaluate and compare creative systems’ (Wiggins, 2003, p. 1),
Wiggins carefully states that he does not contribute to the debate on creative evaluation:

‘I am making no attempt here to discuss or assess the value of any concepts discovered: while

this issue is clearly fundamentally important [citing Boden (1998), Ritchie (2001), Pearce and
Wiggins (2001)], it can safely be left for another time.” (Wiggins, 2006a, p. 453)

Wiggins’s work has tended to focus on quality evaluation rather than creativity evaluation (Whor-
ley, Wiggins, & Pearce, 2007; Pearce & Wiggins, 2007; Whorley, Wiggins, Rhodes, & Pearce, 2010).
In particular Pearce and Wiggins (2007)’s melody generation system was evaluated using a variation
of Amabile’s Consensual Assessment Technique (CAT) (Amabile, 1996), intended by Amabile for
evaluating the creativity demonstrated by humans in a quantitative way by expert judges. CAT was
adapted slightly in Pearce and Wiggins (2007) to assess the quality of output (‘stylistic success’) from
their system rather than the creativity of the system itself. This decision was perhaps influenced by
the authors’ substantial background in musical quality evaluation (e.g. Wiggins, Miranda, Smaill, &
Harris, 1993; Pearce & Wiggins, 2001; Wiggins, 2001, 2003; Pearce, 2005; Wiggins, 2006a).

A statistical approach to creativity evaluation is taken in O’Donoghue (2007), demonstrated on a
system that generates analogies. Initial tests for novelty were first carried out, comparing generated
analogies against the system’s knowledge base. Following this, ratings supplied by human evalua-
tors were used to assess the produced analogies on ‘qualities associated with creativity’ (O’Donoghue,
2007, p. 34). These qualities include novelty and quality (attributed to Ritchie (2001) by O’ Donoghue),
plus criteria relating to Colton et al.’s ‘interestingness’: empirical plausibility, novelty (again), surpris-
ingness, applicability, utility, comprehensibility and complexity of concepts and conjectures (Colton
et al., 2000; Colton & Steel, 1999). The evaluators also provided ratings on the validity of the analo-
gies. Statistical tests were performed on this evaluation data (first McNemar’s test, then the more
powerful Mann-Whitney (Wilcoxon) test) to test the hypothesis that the mean and median creativity
ratings for ‘valid’ analogies were greater than the equivalent ratings for ‘invalid’ analogies. Essen-

tially, although critical of the ‘artefact-centric’ approach in Ritchie (2001) (O’Donoghue, 2007, p.

27 As the Section 2.3 survey of evaluative practice will show.
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32), O’Donoghue takes a similar approach, obtaining various ratings of the produced artefacts based
on their novelty, typicality and value, before manipulating these ratings (using statistical tests, not
formal criteria) for an overall creativity evaluation of the system.

Another perspective on evaluation as part of the creative process is provided by Bird and Stokes
(2007). Working in a domain of pattern recognition and appreciation by robots, Bird and Stokes’s
approach to evaluation described properties of an artefact and then assigned that property a value of
merit or ‘de-merit’. Bird and Stokes (2007) do not give details of how this property value is assigned,
keeping this part of the discussion in Bird and Stokes (2007) brief, but they do stress that evaluation
is a necessary part of the robots’ creative process.

From a case-based reasoning perspective, Byrne, Schnier, and Hendley (2008) offer a theoretical
presentation of a creativity metric according to the creative potential stored in a system’s repository of
information. Case-based reasoning involves extrapolating from example ‘cases’ to generate solutions
to a related problem. Byrne et al. (2008) suggest measuring the similarity between the problem
solution proposed and the case base used to generate that solution. The greater the dissimilarity, the
greater the ‘misuse of knowledge’ (Byrne et al., 2008, p. 38), which Byrne et al. (2008) suggest is
strongly linked to creativity. Byrne et al. propose that the amount of processing required to transform
the example case to the solution could be measured, perhaps using graph distance metrics, although
they do not apply their suggestions for any practical evaluations.

Collins, Laney, Willis, and Garthwaite (2010) employ the Wilcoxon’s two-sample statistical test on
their music harmonisation generator. Again the metric examines similarity between generated output
and the system’s knowledge base, however their purpose is the reverse of of Byrne et al. (2008).
Despite Collins et al. describing their test as a creativity metric, they actually measure how closely
the system can replicate the test set (similar to the approach of Whorley et al. (2007)). In other words,
Collins et al. (2010) actually propose a correctness metric rather than a creativity metric, a distinction
which they briefly acknowledge:

‘This paper has presented a metric for evaluating the creativity of a music-generating system.
Until further evaluation has been conducted (by human listeners rather than just by the creativity

metric), we are cautious about labelling our overall system as creative.” (Collins et al., 2010, p.
9

The blurring of evaluative aims, between assessing quality and creativity, is a theme that recurs

not only in Collins et al. (2010), but also in several computational creativity system evaluations.?

2.2 Scientific method and its relevance to computational creativity evaluation

It is useful to take a step back from specific computational creativity methodology and consider more

broadly what makes good methodological practice for evaluation of research. There is a large body

28This shall be shown in Section 2.3 and Chapter 5 Section 5.1.8.
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of work on scientific method that is relevant for such considerations. As shall be described here,
this body of research has not arrived at a single universally-agreed scientific method, suitable for all
such research, despite much concerted effort from scholars over centuries. Despite this, however, it is
useful to review the contributions that have been made to the development of scientific method. Such
areview allows us to learn from these contributions and the associated debates and to see what general
methodological principles have arisen that could be applied for computational creativity evaluation.?

Scientific method can be thought of as a standardised practice for scientists to follow in their
pursuit of accurate, simple and comprehensive theories about the world. The scientific method as
we know it today can (arguably) be said to date from the work of Bacon (1878, originally 1620)
(Thagard, 1988). As a scientist who worked in a practical, applied manner, based around conducting
experiments, Bacon argued that scientific method should involve starting from the data you have

through observations and experimental evidence and trying to explain this data.

2.2.1 Verification of hypotheses

In scientific method, a hypothesis or theory is a proposition or assertion (or set of related propo-
sitions/assertions) that acts as the context for scientific investigation. It is debatable whether the
scientist starts with a hypothesis and uses it to make predictions to be tested, or if the hypothesis is
formulated post-discovery of the facts (Hacking, 1981a). As Hacking (1981a) concluded in his exam-
ination of Lakatos’ work,>’ timing and ordering becomes less important over time, once a hypothesis
has been adopted as part of our body of scientific knowledge. The end result of scientific method
is aimed at making contributions to knowledge but there is a distinction between discovery of such
knowledge and its justification,®' the latter of which scientific method is concerned with.>> In the
case of this thesis’ aims, scientific method concerns justifying how creative a computational system
is, given some hypothesis or theory of what it means for that system to be creative.

In one model of scientific method using hypotheses, if one forms a hypothesis based on prior
ideas and speculations (and perhaps some initial evidence), and can then deduce from that hypothesis
a particular conclusion(s), then the hypothesis is confirmed by empirical evidence confirming that
conclusion(s). This is referred to as the hypothetico-deductive model, where:

‘Start with hypothesis H. Use logic to deduce predicted observation O. If O is observed, then H
is confirmed... but if not-O is observed H is falsified’ (Thagard, 1988, p. 192)

Induction is a method based on similar principles as hypothetico-deductivism, but proceeding

in an opposite way. With induction, if one can collect enough examples of evidence indicating a

29To clarify, this thesis makes no claims that computational creativity is solely a scientific endeavour (see Section 1.5).

30The contributions of Lakatos to scientific method will be reviewed later in this Section.

31 A similar distinction between discovery and justification/verification has been made when examining different stages
of the creative process, for example by Poincaré (1929); see Chapter 3 Section 3.4.2.

32 As we shall see later in this Section, Feyerabend (1993) disagrees with this viewpoint on the focus of scientific method.
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particular pattern, then this pattern can be formulated into a hypothesis supported by the evidence of
those examples. For computational creativity evaluation, induction would be the process of building
a theory about how a system is (or systems are) creative, given several existing examples of that type
of system being creative.>> If, on the other hand, a hypothesis about the creativity of a system(s) is
largely formed from previous speculations and then tested successfully with confirmatory evidence
from examples of creative systems, this would fit the hypothetico-deductive model.

A central assumption underlies both induction and deduction: a hypothesis can be verified by
the existence of confirming examples. This assumption is affected by two counter-arguments: the
paradox by which a hypothesis can be confirmed by seemingly irrelevant evidence, and the problems
encountered when falsifying evidence is discovered during the search for empirical evidence. These
counter-arguments were offered by Hempel and Popper (following Hume) respectively (Bird, 1998).

The first counter-argument is centred around the paradox of confirmation (Bird, 1998, p. 92, orig-

inally proposed by Hempel)**

where a hypothesis / is verified not only by the existence of evidence
e in the scenario covered by & but by the existence of not(e) in the complementary of that scenario.
Hempel’s example considered a birdwatcher who has a theory that all ravens are black. If you saw
only black ravens, then this is evidence for the theory. (A white or green raven would falsify the
theory). Hempel saw that logically, the ’all ravens are black’ statement is equivalent to ’all non-black
things are non-ravens’ (as described by Edmonds & Eidinow, 2001, p. 129). Hence, to see a red robin
- or a yellow sun - is to provide confirmatory evidence for the ’all ravens are black’ theory; herein
lies the paradox. This is troublesome as it seems to contradict common sense; why should a yellow
sun be relevant evidence towards verification of a statement about black ravens?® To apply this to
computational creativity evaluation, a chair, deemed as uncreative, could be offered as evidence for a
theory that ‘all computer systems of type X are creative’.

The second counter-argument, proposed by Popper, led to the proposal of a new method to adopt in
scientific practice: falsification, which shall be examined next in this review of scientific method. Pop-
per argued that the process of verification associated with induction (and hypothetico-deductivism)
was not a sound scientific method to work with, as a string of positive results showing a theory to be

seemingly valid can be contradicted by just one result showing the theory to be false:®

‘The man who has fed the chicken every day throughout its life at last wrings its neck instead,

33Given the emphasis on novelty in creativity (Chapter 3 Section 3.4.1, the formation of a theory from previous examples
would need to be carefully handled; direct copies of existing examples of systems deemed as creative would be unlikely to
themselves be considered creative unless, perhaps, the likenesses were purely coincidental and unintentional.

34This is also known as the raven paradox or as Hempel’s paradox, due to the philosopher Carl Hempel using the
hypothesis ‘all ravens are black’ to illustrate this paradox originally (Bird, 1998).

33In Bird (1998), the example is of the hypothesis ‘all bats are blind’. According to the paradox of confirmation, this
hypothesis can be verified both by the existence of a blind bat and of a non-blind non-bat (in Bird’s example, a ‘sharp-eyed
red-setter’ (Bird, 1998, p. 92)), although the latter is seemingly irrelevant to the original hypothesis.

30popper was preceded in his objections by Hume, who questioned whether inductive reasoning was a reasonable scien-
tific method and questioned the assumption that past evidence is an adequate basis for future predictions (Bird, 1998).
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showing that more refined views as to the uniformity of nature would have been useful to the
chicken.” (Russell, 1912, p. 98)

2.2.2 Falsificationism

Popper (1972) pointed debates on scientific method into a different direction from induction, seeing

t.37 With induction, it can be

observation and experiments as theory-laden rather than free of contex
questioned how valid so-called universal statements are, where the construction and verification of
those statements is based upon contextual experiences that are open to interpretation (observations,
experimental results, and so on). Therefore Popper suggested falsification as an epistemologically
more secure scientific method: constructing a hypothesis and seeks the falsifying example to dis-
prove it. A scientific hypothesis therefore cannot be proven beyond doubt, but it can be disproven.
Popper argued that scientists’ focus should be on the search for falsifiers, rather than the search for
supporting evidence.Positive results from testing (even rigorous, detailed and varied testing) can only
be temporarily used as supporting evidence to corroborate a theory. On the other hand, a negative
result ‘may always overthrow it [the theory]” (Popper, 1972, p. 33).

Predictions are deduced from a theory in order to test it; such predictions are prioritised if they
are more amenable to testing, if they are not deducible from current theoretical knowledge or if they
actually lead to conclusions which contradict this current knowledge. The predictions are compared
against experimental evidence gained from reproducing the predicted scenario and making obser-
vations.*® Popper did not require that these statements must be tested in all possible ways but, for
Popper, if a statement is untestable then it cannot be deemed scientific (Popper, 1972, p. 48). State-
ments in science must be testable. Scientific statements also need to be objective [p. 44-48], hence
corroboratory empirically evidence must be reachable and reproducible by others.>*

Popper felt that the need for scientific method was driven by scientific fallibility and the need to
be able to work within such fallibility, to avoid committing mistakes to scientific knowledge where
possible (Popper, 1972, pp. 49-50). In fact Popper advocated a more tentative and temporary adoption
of scientific knowledge. Though we can hold a subjective opinion that we are sure of a statement

being true, we cannot be objectively certain of this. ‘The demand for scientific objectivity makes it

37Bird (1998) gave as example the statement * “I see a lemon” *(Bird, 1998, p. 166). To label what is being observed as
being a lemon does however imply various other facts, such as the fact that the observed item comes from a lemon tree.

38 As Bird (1998, p. 132) has pointed out, observation involves the observer actively interpreting sensory information; it
is possible for two observers to interpret the same sensory information in two different ways. Hence potential subjectivity
is introduced into the gathering of empirical evidence. Bird (1998) sees a way to avoid this: ‘The observer must be able
reliably to recognize the facts being observed. If the observer is not reliable then neither will his reports be reliable.” (Bird,
1998, p. 132). Reliability of the instruments and processes involved would also be of concern.

3In Chapter 5 Section 5.5 it shall be discussed how this emphasis on scientific knowledge distances scientific method
somewhat from computational creativity evaluation. For example, the dynamic nature of creativity and its existence as a
continuous rather than discrete quality may jar somewhat with the traditional interpretation of a hypothesis or theory in
scientific method that is (a) treated as static and (b) often exemplified in statements which are assigned a discrete truth value
which would not be affected by changes in time and context.



Chapter 2. Existing methodologies and issues in computational creativity evaluation 37

inevitable that every scientific statement must remain tentative for ever’ (Popper, 1972, p. 280).4

2.2.3 Structure and growth of scientific knowledge

How did Popper envision that science should progress, if nothing can be proven? (And, following on
from this, how can we prove how creative our computational systems are?) Also, as Bird (1998) has
questioned, how does Popper’s falsification deal with a lack of appropriate empirical evidence, cor-
roborative or falsifying? This question is pertinent to computational creativity researchers; elements
of unpredictability in creativity mean that the evidence a researcher is searching for in evaluation may
not be retrievable on demand; in fact the predictability of a particular piece of evidence arising (for
example an expected output instance) may be detrimental to the system’s overall perceived creativity,
if it produces only expected evidence. Bird (1998, pp. 8-9) gives the example of Darwinian theory
which is corroborated by finding fossils, but which is not falsified should fossils for a certain period
not be found; these gaps in the fossil records can be argued to be due to fossils not being found yet,
rather than those fossils not existing. Nothing can be proven beyond possible doubt, according to
Popper, but if a hypothesis has been corroborated by thorough and diverse testing, it should not be
succeeded by a new theory without ‘good reason’ (Popper, 1972, pp. 53-54), such as replacing it with
another version of the theory which is more testable, or if the consequences of the hypothesis are
falsified by later empirical evidence. This explanation does not sufficiently remove Bird’s issue with
lack of evidence, but has given some basis for progression in scientific work. The arising of this issue
acts as a warning for computational creativity evaluation; where possible in our evaluations we should
seek types of empirical evidence that accommodate the expected unexpectedness of creativity.
Looking at scientific progression more generally, Popper saw the trend for progression along the
‘path of science’ (Popper, 1972, p. 276-281) as the development of more universally applicable the-
ories, by continually proposing (and testing) theories at a higher level of universality than current
theories*! (while not pursuing theories which are so general that they could easily be falsified by out-
liers or extreme scenarios, or become tautologies (and therefore untestable). The ultimate Popperian
aim is to discover deeper and more general problems and corresponding theories and to conduct more
detailed, rigorous, diverse testing of hypotheses. This is an attractive proposition for the development
of theories on what creativity entails in the computational systems being evaluated. Overly-specific

theories on what makes a system more or less creative may end up overfitting to specific instances

40Popper no doubt intended this “tentative’ adoption of knowledge to be related to the positive and/or negative evidence
that had been discovered at a particular point in time, rather than to changing definitions. Nevertheless, as Chapter 3 will
show, attempts to pin down the dynamic nature of creativity into hypotheses fit well with the concept of tentative, temporary
adoption of knowledge (scientific or otherwise), rather than the adoption of absolute and permanent truths.

41Bird (1998) has pointed out (Bird, 1998, pp. 179-180) that Popper has in fact allowed induction to be part of his
scientific method: if enough positive evidence is rigorously gathered for a theory, it should be given more credence than
a theory with less thorough corroboratory evidence. Popper (1972, p. 276) acknowledged that the ‘path of science’, as he
sees it, could be described as ‘quasi-inductive’.
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of creativity in a particular context and time, rather than accommodating the dynamic*? nature of
creativity. They are also less likely to be useful to the research field as a whole, or to subsections of
the research field who are working in the same or similar domains.

Popper did acknowledge that in practice, one may try to discount falsifying evidence due to ex-
perimental error or unreliability, or treating discrepancies between evidence and theory as anomalies
that will be resolved as we advance our knowledge of the theory further (Popper, 1972). Bird (1998)
described a potential situation for when this last clause may apply; in the 19th century, Lord Kelvin
calculated that that the solar system could not have existed for a long enough time for life to have
evolved as evolutionary theory predicts, based on cooling rates of the Sun and Earth and assumptions
(based on scientific knowledge at the time) that there are no heat sources on the earth and that the
Sun’s energy is generated solely from combustion. Creationists see this as evidence for falsification
of evolutionary theory, especially as creationists believe that the world is only a few millennia old.
In his calculations, however, Kelvin did not (and could not) account for sources of energy which had
not yet been discovered, such as radioactive decay in the Earth or alternative energy generation pro-
cesses in the Sun such as fusion. Taking these discoveries into account, Bird (1998) pointed out how
Kelvin’s calculations no longer provide falsifying evidence for the theory of evolution.

A question is raised here on how falsification would deal with scenarios where falsifying evidence
becomes invalid after later scientific discoveries, or where a single and possibly inaccurate falsify-
ing exemplar stands alone amongst a large body of corroboratory evidence.** This concern is very
relevant for computational creativity evaluation, where a universally valid hypothesis on the nature
of computational creativity may be somewhat unrealistic.** Presumably, continuous testing (as ad-
vocated by Popper) would detect where evidence was no longer adequate for falsification. It appears
from Popper’s accounts in Popper (1972), however, that scientists should concentrate their time and
resources on seeking falsifying evidence for those theories which have not yet been falsified, perhaps
at the expense of continuing to rigorously and routinely test those theories which have been falsified.

The suggestions in Lakatos (1978) deal better with scenarios such as Kelvin’s supposed falsi-
fication of the earth’s lifespan. Lakatos took Popper’s scientific method and adapted it towards a
‘methodology of scientific research programmes’ (Lakatos, 1978, title and throughout text). For
Lakatos, occasional negative evidence for a theory - ‘anomalies’ (Lakatos, 1978, pp. 4-6) - should not
necessarily lead to that theory being falsified and therefore rejected. Along these lines, it should also

be acceptable to introduce occasional ‘ad hoc’ explanatory hypotheses to support the theory (Lakatos,

42The dynamism of creativity as a general concept is addressed in Chapter 3.

43The latter scenario is particularly pertinent in statistical hypothesis testing, widely used in psychology research and
other disciplines, where a hypothesis is tested and success is measured against p values. A hypothesis may be true at least
95% of the time (p=0.05) or 99% (p=0.01) and so on. As Bird (1998) has pointed out, a hypothesis which is satisfied by
99 trials out of 100 would presumably be regarded as falsified by Popper, but on the other hand would be considered to be
statistically very significant, if a scientist is concerned with p values.

44See Chapter 3.
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1978, p. 33). This approach could better accommodate theories which did not universally cover all
scenarios and contexts, as may be expected in computational creativity.

Lakatos (1978) considered how to avoid situations where theories are accepted even if they gen-
erate an unacceptable amount of anomalies and rely upon too many ad hoc hypotheses of unreliable
nature. Lakatos differentiated between scientific research programmes which can handle anomalies,
as opposed to those that have no strategies or heuristics for dealing with anomalies as they arise. In
a scientific research programme, theory consists of a hard core which is unchangeable and which de-
fines the programme, plus an auxiliary belt which can be changed and adapted as necessary (Lakatos,
1978, pp. 48-49). A scientific research programme may deal with anomalies either using negative
heuristics (a strategy of not abandoning the hard core of the theory when anomalies occur), or positive
heuristics (advising what to do when anomalies occur).

Research programmes should be seen as ‘progressive’ (Lakatos, 1978, pp. 33-34) if later theories
are more informative than earlier ones, later theories can explain earlier theories and later theories
have more corroboratory evidence than earlier ones. Otherwise the research programmes would be
described as ‘degenerating’ (Lakatos, 1978, pp. 33-34). Computational creativity evaluation would
be interested in pursuing progressive rather than degenerating research programmes, where theories
could develop and become more informative, generally useful and more accommodating of corrobo-
ratory evidence over time.

Like Lakatos, Kuhn (1962) considered scientific progress more widely than for individual theo-
ries. For Kuhn, science is not the linear accumulation of theories that move closer and closer to true
theories about the world. Instead science goes through cycles of normal science, crisis and scien-
tific revolutions. Scientists work within a particular paradigm (‘a conceptual scheme representing
a group’s shared commitments and providing them with a way of looking at phenomena’ (Thagard,
1988, p. 36)). Different paradigms are favoured at different points in time, given the state of knowl-
edge at that time and the cyclical point that scientific research related to that paradigm has reached.

Normal science represents the stage of scientific research that had traditionally been represented
in scientific method till that point, defined by Kuhn as:

‘research firmly based upon one or more past scientific achievements, achievements that some

particular scientific community acknowledges for a time as supplying the foundation for its fur-
ther practice.” (Kuhn, 1962, p. 10, my emphasis added)

The emphasis in the quote above highlights a fundamental part of Kuhn’s contribution, which
precedes Lakatos in considering how scientific research communities move from one dominant set
of theories to explain certain phenomena (or one dominant paradigm, in Kuhnian terminology) to
another.*> Over time, Kuhn observed, the current status quo of scientific knowledge in a particular

domain would encounter anomalies and problems, for which theories would be extended and/or re-

4SKuhn (1962) refers to this as a paradigm shift.
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shaped in order to accommodate these issues within the current theoretical framework. What Kuhn
referred to as ‘crisis’ (throughout Kuhn, 1962) is to reach a stage where the existing paradigm (the-
oretical framework) is being stretched and adapted in numerous ways, such that (to use Lakatos’
terminology) the ‘hard core’ of the theory is being challenged by anomalies beyond that point which
the ‘auxiliary belt’ can accommodate those anomalies. This would usually not be a discrete point
in time, but would be a process of recognition over time by increasing numbers of scientists (but
perhaps not the whole of that scientific community). Some of these scientists would identify an alter-
native paradigm (either prior to the crisis point or in response to the recognition of crisis) and conduct
revolutionary science, i.e. working within this alternative paradigm, rather than working within the
existing paradigm (normal science). Gradually a scientific revolution would occur, where the alterna-
tive paradigm replaces the previous paradigm, as more and more of the community adapt their work
to fit in with the new paradigmatic structure and theories.

For example, Einstein’s relativity theory disrupted the cumulative extension of theory from New-
ton. Newtonian mechanics could no longer be seen as the full and complete scientific truth, as Ein-
stein’s theory disproved various aspects of Newtonian mechanics. From a Kuhnian viewpoint, this
was an example where the normal science period of Newtonian mechanics was disrupted during the
period where Einstein conducted revolutionary science, which established a new scientific paradigm.

The Kuhnian view of scientific development can also be illustrated through the paradigm of com-
putational creativity, an area where the gathering and structuring of knowledge is in relatively early
stages given its comparative youth as an area of research (Chapter 1 Section 1.5). One can see the
scenario where one model on what computational creativity entails is favoured at first, with many
researchers in the community evaluating their systems according to that model, until a growing body
of evidence encourages a paradigm shift towards using an alternative model of creativity.*

New paradigms are not necessarily better than the preceding paradigm, but would replace the
older paradigm. Scientific method would be used in the ‘normal science’ phase, to assist progress
within a paradigm, but would not contribute to the larger-scale progress Kuhn identifies, from one
paradigm to another. What Kuhn’s contribution allowed, as did many of those outlined above, is that
it became acceptable for science to be seen as fallible. The pertinent issue therefore became how
to work within scientific fallibility and reconcile this fallibility against the perception of scientific
knowledge being the truth. Scientific method can therefore be seen as the tool to help scientists work

within the theoretical framework that they have chosen to adopt at that time.

46For example, it could be argued that in research on human creativity, a paradigm shift has occurred, moving from treat-
ing creativity as divergent thinking, to using a more holistic multi-perspective or multi-stage model of creativity (Chapter 3
Section 3.4.2). It may also be tentatively suggested from the evidence from the survey of current practice later in this Chap-
ter (Section 2.3) that a paradigm shift occurred from the Ritchie (2007) criteria model of creativity to the creative tripod
model proposed by Colton (2008b), although the quantity of evidence is far too small to make more than a suggestion of
this at this point. A further paradigm shift towards wide-scale adoption of Computational Creativity Theory (Colton et al.,
2011) could possibly occur, but it is too early at this point in time to make such a prediction with any concrete evidence.
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2.2.4 The existence (or not) of a standard scientific method

One question remains throughout the above discussion: is there such a thing as ‘the scientific method’?
(Bird, 1998, p. 237) Bird has argued that there is ‘there is no such thing’ (Bird, 1998, p. 273); instead
there is a ‘spectrum of methods and principles’ (Bird, 1998, p. 258) (and rules of thumb, heuristics,
and so on (Bird, 1998, p. 259)). In fact, the idea of working to a prescribed scientific method has
been rejected by Feyerabend (1993), who argued that the adoption of any prescribed method, princi-
ple, rule or theory can lead to situations being encountered where exceptions need to be made. On
this reckoning, all methods and hypotheses should be considered as potentially useful in scientific
practice, with none ruled out per se. It may be that the greatest knowledge gains may be obtained by
proceeding ‘counterinductively’ (Feyerabend, 1993, p. 29), contradicting established theories.

Feyerabend advocated what he describes as ‘an anarchistic methodology and a corresponding an-
archistic science’ (Feyerabend, 1993, p. 21). This ‘anarchism’ in choosing and applying methods
allows the researcher to actively avoid situations where progress in research is inhibited by (per-
haps inappropriate) methodological rules and principles. In this way, Feyerabend argued, scientific
progress would not be limited by older but well-established theories, which may persist despite being
poorer than newer but less-established contradictory theories.

There is one exception to this general approach - the single principle ‘that can be defended under

all circumstances and in all stages of human development.’ (Feyerabend, 1993, p. 28):4

‘The only principle that does not inhibit progress is: anything goes’ (Feyerabend, 1993, p. 23)

Adopting this approach ‘against method’ (Feyerabend, 1993, title), Feyerabend rejected the adop-
tion of a single scientific method.*® For our purposes, although some practical guidance in evaluation
methodology would be useful, to inform computational creativity researchers of available methods
and develop practice across the research community, Feyerabend warns us of the negative aspects of

being overly prescriptive in such methodological recommendations.

2.2.5 Scientific method review: general conclusions

From the above considerations, we can clearly see that a single, standardised and universally-agreed-
upon scientific method does not yet exist. Several debates exist over various relevant details, such as
how and when a hypothesis is formed, or the choice of which of various individual methods should
be cast as ‘the’ scientific method, for optimum scientific progress and advancement of knowledge,
or whether there actually is a single appropriate scientific method for all scientific disciplines. These

ongoing debates have been introduced above; for more detailed coverage of scientific method, the

471t seems appropriate for there to be exceptions to an approach that actively encourages exploiting exceptional cases.

48 Although critical of methods such as induction and falsification, Feyerabend is sympathetic to the ideas in Lakatos
(1978), as he sees them as ‘anarchism in disguise’ (Feyerabend, 1993, p. 181). In the Author’s preface, Feyerabend
describes the work in (Feyerabend, 1993) as a response to Imre Lakatos, to whom the work is dedicated.
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interested reader is referred to: Bird (1998), particularly Chapters 8 and the discussion of Popper’s
work in Chapter 5; the collected papers in Hacking (1981b); and the texts referenced during the
above discussions in this Section (especially Popper, 1972; Lakatos, 1978; Feyerabend, 1993).In the
scope of this thesis, what can be learned from the discussions in this Section is the general approach
of scientific method that has been established over centuries of debate. Good practice here should
involve clearly identifying a relevant hypothesis** and empirical consequences of that hypothesis.
The hypothesis should be tested by gathering appropriate evidence to support (or falsify, if taking a
Popperian stance) empirical consequences of that hypothesis. Such an approach should be borne in
mind (alongside the comments above that relate scientific method to the aims of this thesis) when

considering appropriate methodological steps to follow for computational creativity evaluation. >

2.3 Survey of current practice in computational creativity evaluation

Having identified that there are a number of contributions offered for creativity evaluation, it is useful
to see what methods are being used in practice, by examining evaluations reported in recent relevant
publications. The purpose of this examination is to survey to what extent evaluation (and specifi-
cally evaluation of creativity) is undertaken in computational creativity research. The survey looks at
whether evaluation is carried out systematically, rigorously and as an expected and normal part of the
research process in this field. The survey will look at how systems are evaluated, by whom, and to
what extent. Evidence of methods that have been adopted as standard across the community will also
be collected. Considering the progress in the research field at a level transcending individual systems
and individual researchers, it is also useful to see how systems are compared against the current state
of the art in that research strand, by looking at creative systems within the context of comparison
to similar related systems. This allows a system’s researchers to clarify the novel achievements and
contributions to knowledge of an individual system, as well as identifying relative weaknesses of the

system which may be addressed by learning from other research.

2.3.1 Survey methodology

A literature search was carried out to find all journal papers that present details of a computational
creativity system. Using the Web of Knowledge and Scopus databases, various combinations of words
and phrases such as ‘computational creativity’, ‘creative system’, ‘creative computation’, ‘system’
and ‘creativity’ were used as search terms. The search explicitly focused on finding all reports of

computational creativity systems where the system was intended to be creative.

490r several related hypotheses.

30Section 2.3.3 considers how current practice in computational creativity evaluation reflects scientific method principles.
Chapter 5 Section 5.5 considers how the SPECS methodology (derived in this thesis) relates to scientific method and how
it contextualises the approach of scientific method in the frame of computational creativity research evaluation.
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Table 2.2: Sources for papers included in survey on evaluation of computational creativity systems.

Total no. of  No. of papers

Publication source Year papers presenting
surveyed  creative systems
Minds and Machines 20(4) Special Issue on Computational Creativity 2010 8 3
Al Magazine 30(3) Special Issue on Computational Creativity 2009 6 2
New Generation Computing 24(3) Special Issue on Computational Creativity 2006 6 4
Knowledge-Based Systems 19(7) Special Issue: Creative Systems 2006 4 3
Other journal papers retrieved in a literature search 1996, 2002, 2010 4 2
Ist International Computational Creativity Conference (ICCCX) 2010 33 25
Dagstuhl Seminar on Computational Creativity 2009 36 10
International Joint Workshop for Computational Creativity (IJWCC) 2008 18 12
International Joint Workshop for Computational Creativity (IJWCC) 2007 17 14
Totals 132 75

The resulting collection of papers was supplemented with papers from journal special issues on
computational creativity (if these papers had not already been retrieved in the literature searches).
Reflecting the current balance of conference/workshop publications to journal publications in com-
putational creativity, papers from recent Computational Creativity research events were also added to
the survey.’! Details of these sources are listed in Table 2.2 and in full in Appendix A.

For each paper, the following information was recorded (as illustrated in Figure 2.4):

1. Paper details (Paper title, Authors, Publication year, Publication venue, No. of pages).

2. Creative system details (Whether or not a computational creativity system is presented in the
paper, Creative domain of the system (e.g. music, visual, reasoning etc.), Name of the system
being presented, if any).

3. Evaluation details:

e [s system evaluation mentioned at all in the paper?

e Has a system evaluation been performed and described in the paper?

o Brief description of evaluation done.

e Does the paper contain a section on evaluation?>?

e Do the authors state the aims of their evaluation and/or their evaluative criteria?

e [s the main aim of evaluation to assess creativity (including quality of output/system) or
(just) quality of output/system?

e Is a standard creativity evaluation method used? (e.g. Colton, 2008b; Ritchie, 2007)

o Is the system compared to other systems by different authors?

SProceedings from events in 2007 onwards were included in the survey. Proceedings from creativity research events
prior to 2007 are not readily available in an online format, making them difficult to locate for this survey and also less likely
to have influence on researchers today unless they were one of the relatively few people who attended that workshop (in
comparison with attendances of such events in more recent years).

52which may or may not have ‘Evaluation’ in the title of the section.
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Table 2.3: Creative domains addressed by creative systems in the paper.

Domain No. of papers | Domain No. of papers
linguistic creativity 23 gameplay 2
music 19 music and linguistic creativity 2
artistic creativity/visual images 17 reasoning 2
creativity support tools 3 furniture arrangement 1
design 2 movies 1
Ecosystem simulation 2 scientific creativity 1

e Have independent evaluators been used? (i.e. not the researchers themselves.)
o If independent evaluators are used, are experts or novices (or both) used as evaluators?

e What factors/criteria are used to evaluate the system?
4. Discussion of the system’s creativity.
e Degree of discussion of the system’s creativity in the paper.
[none, very little, some, a lot, this is the main focus of the paper]

e Number of pages in the paper that discuss the system’s creativity.

e Percentage of pages in the paper that discuss the system’s creativity.

2.3.2 Survey findings

Of the 132 retrieved papers, 75 papers presented details of computational creativity systems, with the
remaining papers discussing theoretical aspects of creativity or other related issues.

The domains which are most tackled by creative systems in the survey are language (23), music
(19) and art/images (17). Table 2.3 lists the creative domains represented in the survey.

Survey results are summarised in Table 2.4. Looking in more detail at the 75 surveyed systems:
e 58 out of 75 papers mentioned system evaluation in some way; 17 did not. Of those 58 papers:

— 41 papers reported details of evaluation that had been done. 17 papers discussed potential
evaluation strategies but had not actually performed any evaluation.

— 38 papers contained a section(s) devoted to evaluation. 20 did not. Of these 38:

* 18 papers had a section with the word Evaluation in the section title.

* 20 papers had a section on evaluation which did not have Evaluation in its title.

— Nearly all of the papers that mentioned evaluation (52 out of 58) stated or at least men-
tioned what assessment standards the system was evaluated by. 6 papers left this unspec-

ified, merely stating that the system was successful without justifying why.
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Figure 2.4: Evaluation survey process represented diagrammatically.
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e Of the 75 programs presented as creative systems, only a third (26 systems) were critically

discussed in terms of how creative they were.

— 32 systems were evaluated based solely on the quality or accuracy of system performance
compared to a human performing that task. This set of 32 systems includes 3 systems
which were described as being assessed on how creative the systems were, but which
were actually assessed by the quality of the system’s performance.

— 1 paper evaluated its system in terms of knowledge gained for future research.

— The remaining 17 papers had no critical discussion or evaluation of the creative system.
e 20 papers referred to existing creativity evaluation methodologies to evaluate their system:
— 5 papers used Colton (2008b).

* 1 further paper referenced Colton (2008b) but did not use this methodology.

4 papers used Ritchie (2007, 2001)

* 1 further paper referenced Ritchie (2001) but did not use this methodology.

1 paper used the Consensual Assessment Technique (Amabile, 1996).

— 3 papers used creativity theories (Boden, 1990; Wiggins, 2003) to classify their system.>3
— 5 papers proposed new metrics (Bird & Stokes, 2007; O’ Donoghue, 2007; Whorley et al.,
2007; Collins et al., 2010; Nelson, Brummel, Grove, Jorgenson, Sen, & Gamble, 2010).

— Of the 18 papers that applied recognised creativity evaluation methodologies:

* 10 papers used the methodologies to measure how creative their systems were.
* 6 papers adapted the chosen methodology to measure the quality of the systems.

x 2 papers used ‘creativity’ methodologies that actually measured quality.

— In half of the papers reporting details of a performed evaluation (38 out of 75), in-
stead of using a creativity metric, either evaluation was performed using non-standard,
system-specific methods not specifically designed for creativity evaluation or the evalua-

tion methodology was left unstated.

o 1

—

systems were directly contrasted to existing similar systems or to human performance:

— 8 systems were compared to systems by authors other than the paper authors.
— 2 systems were compared to systems by that author(s) but not those of other authors.
— 1 system was evaluated using human performance on the same task as a control in the

evaluation experiment.

o A further 4 papers discussed related systems without performing evaluative comparisons.

33Creativity theories were not used specifically to evaluate how creative the system was, but to justify the system as being
creative by positioning it in the context of creativity theory.
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e Only a third of systems (25 / 75) were evaluated by people other than the paper authors:

8 systems were evaluated by domain experts or the target users.

4 systems were evaluated by novices in that domain.

4 systems were evaluated by a range of people with differing expertise in that domain.

The expertise of evaluators in the remaining 9 systems was left unstated.

Journal papers generally tend to undergo a more stringent review process and are written and
edited over a longer time frame than conference papers. One could hypothesise that if the survey
was focused only to journal papers, ignoring conference papers, then a more rigorous and scientific
approach to evaluation would be seen. To a certain extent this hypothesis is validated in this survey,
although significant problems still remain with the evaluations performed. Taking the journal papers

that present a computational creativity system (14 out of 75):

e Out of 14 journal papers that presented details of a computational creativity system, system
evaluation was mentioned in almost all papers (12 out of 14) and evaluation was performed and
reported for all but one of these 12 papers.

e The evaluation process was more transparent in the set of journal papers. 11 papers clearly
stated the evaluation criteria being used for evaluation and 10 papers devoted a section of the
paper to reporting methodological details and results of the system’s evaluation.

e Again, though, although each system was presented as being creative, not all papers critically
discussed their system’s creativity. Only 7 out of 14 systems were evaluated for creativity,
though at 50% this is an increase of 15% compared to the full set of 75 papers included in the
survey. The other systems were evaluated only for accuracy and quality of performance.

e A standard creativity evaluation methodology was mentioned in 2 of the 14 papers. Of these 2
papers, 1 paper informally used a methodology (Ritchie, 2001) as a prompt for discussion of
their system’s creativity. 1 paper mentioned Ritchie’s approach but did not apply it.

e Only 5 systems were compared against the performance of other similar systems. Of these 5
systems, 1 paper compared its system to existing systems in the same domain but used different
criteria for evaluation. 2 of these 5 papers compared the system to its research competition in

terms of quality of performance but not in terms of creativity exhibited by the system.

Figure 2.5 presents a quantitative representation of the papers’ creativity discussions, using a count
of the number of pages in each paper that contain some mention of the creativity of their system
(measured in units of half a page and expressed as a percentage of the number of pages in the paper).>*
The 75 papers surveyed were on average 9.9 pages long, with an average of 1.4 pages per paper that

contained some discussion of computational creativity. Over half the papers (40 /75) contain less than

54Qccasionally the percentages do not give the correct totals, e.g. the percentages for the 5 and 67 lines should sum to
77% ( % of papers mentioning evaluation) but actually sum to 78% due to rounding of decimal places.
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Table 2.4: Summary of the evaluation approaches used in the 75 surveyed papers that presented a
computational creativity system.

Paper makes at least a mention of evaluation 77%
Paper states evaluation criteria 69%
Paper performs evaluation of their system 55%
Paper contains section(s) on Evaluation 51%
Main aim of evaluation: Creativity 35%
Main aim of evaluation: Quality/Accuracy/Other 43%
Mention of creativity evaluation methodology 27%

Use of creativity evaluation methodology to evaluate system’s creativity — 24%

System compared to other systems 15%
System compared to other systems produced by other researchers 11%
Systems evaluated by people other than system implementers 33 %

10% of such discussion, with an average of less than 1 page per paper. This includes 26 papers that
do not discuss the creativity of their system at all; this was somewhat surprising for papers that are
specifically aimed at a computational creativity research audience, presenting a computational system
as a creative system. Overall the papers vary a great deal as to how much they discuss computational

creativity. Based on the subjective rankings allocated during the survey:
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Figure 2.5: Percentage of pages per paper that contain some discussion of the system’s creativity.

e 6 papers’ main focus was on the creativity in computational systems.
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3 papers discussed the creativity in computational systems a lot.

3 papers discussed the creativity in computational systems quite a lot.

19 papers discussed the creativity in computational systems in some depth.

2 papers discussed the creativity in computational systems in a little depth.

16 papers discussed the creativity in computational systems in very little depth.

e 26 papers included no discussion of the creativity in computational systems.

To summarise the key findings from this survey, evaluation of computational creativity is not being
performed in a scientifically rigorous manner. From 75 computational systems presented as being
creative systems, the creativity of a third of these systems were not even critically discussed when
presented to an academic audience in paper format. Half the papers surveyed did not contain a section
on evaluation. Only a third of systems presented as creative were actually evaluated on how creative
they are and less than a quarter of systems made any practical use of existing creativity evaluation
methodologies. Occurrences of evaluation being done by people outside the system implementation
team were rare, as were any examples of direct comparison between systems, to see if the presented

system represents some research progress in that field.

2.3.3 Considering the survey results in the context of scientific method

It is apparent that across the time period covered by the surveyed papers, scientific method is not
being adopted as standard within the community for computational creativity evaluation. In the ma-
jority of papers, there was no reference to an overriding theory (or competing theories) about what
computational creativity is.>> No papers formally stated hypotheses for testing the systems in terms
of in what circumstances the system could be creative, though the 24% of papers that used a creativ-
ity evaluation methodology did indirectly state their hypotheses for testing, by their adoption of their
chosen methodology. Of the 58 papers that performed some sort of evaluation (of any aspect of the
system, not just its creativeness), 52 papers stated evaluation criteria but rarely in the context of an

overriding theory or hypothesis from which these evaluation criteria were drawn>®

or an explanation
of why those criteria had been adopted.

Given that only 35% of papers did perform evaluation of the creativity of their systems, and also
given the diversity and sparse adoption of methods being used for evaluation, the evidence as a whole
suggests that the community as a whole is not working within a particular paradigm or theoretical
framework for creativity, nor that there are competing paradigms which are being adopted by smaller
subgroups within that community. Instead, creativity evaluation (and to some extent evaluation in

general) is shown in this survey to be progressing along a more ad-hoc, individualistic basis.

S5Exceptions here include those papers that adopted a version of the Ritchie (2007) formalisation of creativity, or Colton’s
characterisation of creativity in the creative tripod model (Colton, 2008b).
56 Again, those systems that used existing models of creativity were notable exceptions.
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As discussed in Chapter 1 Section 1.5, it would be inaccurate to identify the computational cre-
ativity community as a solely scientific community. Many researchers within the community would
not see themselves as scientists. The desire to improve computational creativity systems and build
our knowledge of computational creativity, though, is demonstrated in the recent strengthening of the
calls for better evaluative practice (as discussed in Chapter 1 Section 1.5.

From the review of scientific method in Section 2.2 of this Chapter, what emerges is the usefulness
of having a hypothesis or theory and clearly stating how it is being tested. In the case of scientific
method, this would refer to the empirical conclusions arising from the adoption of a hypothesis, which
can be tested. In the context of computational creativity evaluation, what hypotheses are being/should
be tested in this scenario? The focus of this thesis is on how computational creativity researchers
should best evaluate the creativity of their systems, therefore the question becomes: what does it
mean for this system to be creative? A hypothesis for testing would therefore centre around what
answer a computational creativity researcher gives to this question, and the hypothesis would be
tested by how they employ this answer for evaluating the creativity of their system. No attempt shall
be made to define that hypothesis or its conclusions here;>’ however the need for clarity over these
aspects has emerged from Section 2.2 as being important for progress, but has been demonstrated to

be lacking in current research practice in computational creativity, according to the survey results.

2.3.4 The types of evaluation being used in the surveyed papers

This Section describes and critiques the types of creativity evaluation encountered in the 75 surveyed
papers, highlighting any notably useful or inadequate examples in approaches taken either in one
paper or across a larger cross-section of the surveyed literature.

In general, no creativity evaluation methodology has emerged from the Section 2.3 survey as the
standardised choice for computational creativity evaluation, leading to a lack of a communal approach
and a scarcity of examples of any particular methodology to guide researchers for good practice within
the field of computational creativity research. Where references to existing creativity methodologies
appear in papers, they are mentioned in discussion or only loosely applied for evaluation, rather than
being applied as intended by the authors. For example, Norton et al. (2010) mention Colton’s cre-
ative tripod during the introduction and in occasional further references but do not explicitly apply
the creative tripod to discuss the creativity of DARCI.?® The DARCI system (Norton et al., 2010) is
evaluated for other aspects beyond its creativity, namely how well it learns adjectives and how well
DARCI can label images with associated words, by surveying users. Interesting findings are uncov-
ered such as how disagreement between humans on interpretations of images implies that DARCI

does not have to agree with the common consensual opinions of humans all the time. These findings

5TThe issue of whether one universal answer exists for the question “what makes this computational system creative?”
shall be examined in Chapters 3 and 5.
38Chapter 7 onwards will return to the evaluation of the creativity of this system as part of Case Study 2 in this thesis.
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in turn lead the authors to conclude that ‘Clearly, other metrics are needed to truly evaluate DARCI
(Norton et al., 2010, p. 32). >° Similarly, after some discussion of the creativity of the STANDUP
system in Ritchie et al. (2007), particularly in relation to JAPE (Binsted et al., 1997), a similar system
to STANDUP and one that some of the authors have worked with, Ritchie and colleagues decide that
‘these criteria [Ritchie (2007)] are insufficiently subtle for making fine comparisons of creativity’
(Ritchie et al., 2007, p. 97). The authors then move evaluative focus to more quality-oriented tests
measuring improvement in communication and soliciting target users’ feedback on the system’s us-
ability and effectiveness. Another citation of Ritchie’s criteria does not fully acknowledge the scope
of Ritchie’s proposals: Riedl and Young (2006) justify their use of novelty and value in relevant
theory (Ritchie, 2001), without acknowledging the importance placed on typicality of products, the
inspiring sets that assist the system, or other content in Ritchie (2001) on modelling creativity.

A view of creativity that is often adopted in the surveyed papers®” is to treat creativity as the com-
bination of novelty and value of the system, particularly of its output (Gero, 2010; Pérez y Pérez,
Aguilar, & Negrete, 2010; McCormack, 2009; Aguilar, Hernandez, Pérez y Pérez, Rojas, & Zam-
brano, 2008; Alvarado Lopez & Pérez y Pérez, 2008; O’Donoghue, 2007; Pereira & Cardoso, 2006;
Gomes, Seco, Pereira, Paiva, Carreiro, Ferreira, & Bento, 2006; Riedl & Young, 2006).°' To illus-
trate, in his discussion of future evaluation Gero (2010) plans to examine the quality of analogies
produced by his analogy generator system and compare the output to previous generated analogies
(i.e. novelty). Often in the survey, a system’s creativity would be evaluated via inspection of a combi-
nation of novelty, value and some (variable) third factor that is usually more relevant to the system’s
needs as a whole (Machado & Nunes, 2010; Saunders, Gemeinboeck, Lombard, Bourke, & Kocaballi,
2010; Saunders, 2009; Riedl, 2008; Gervas, Perez y Perez, Sosa, & Lemaitre, 2007; O’Donoghue,
Bohan, & Keane, 2006).°> Saunders and colleagues, for example, examine the novelty, ‘hedonism’
(or pleasingness, i.e. value) and curiosity present in their system (Saunders, 2009; Saunders et al.,
2010). For example, Machado and Nunes (2010) plan (in the future) discuss future plans for incor-
porating automated evaluation (although not evaluation of the entire system) based on the diversity
(hence contextual novelty), value and complexity of the generated output. Dividing ‘value’ into two
separate perspectives, Gervds et al. (2007) considers the novelty, interestingness and coherence of

tales produced by MEXICA, the story generation system.

S9DARCI has since been evaluated in more detail (Norton, Heath, & Ventura, 2012), using the creative tripod model.

%0The view of creativity as the combination of novelty and value, or factors heavily related to these two such as originality
and appropriateness (respectively), is explored further in Chapter 3 Section 3.4.1. A more detailed report on how various
surveys evaluate novelty and value will be given in Chapter 5 Section 5.3.3, during examination of the coverage of existing
evaluation tests for Originality andValue.

61Cohen (2009b) pointedly rejects measuring the creativity of system by its ability to generate novel and “distinctive’
output, instead evaluating his artistic system AARON through feedback from audiences at exhibitions and by filtering
output for exhibition using his own taste and judgement.

62Chapter 3 Section 3.2.3 will make note of the views expressed by Weiley (2009), that creativity contains more than just
novelty and value, but is instead definable as ‘novelty, value and “x” * (Weiley, 2009).
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Authors rarely see a need to justify modelling creativity as {novelty and value}, probably due to
its prevalence within the field. An exception to this is where Riedl and Young (2006) ground their use
of novelty and value in relevant theory (Ritchie, 2001), though Riedl and Young uses Ritchie (2001)
to justify the use of novelty and value without (as mentioned above) acknowledging the contribution
made to modelling creativity by the entire 2001 paper by Ritchie. The diversity of tests employed®? for
value (or its strongly related counterparts) show what the above-mentioned example in Gervas et al.
(2007) illustrates: that one interpretation of system value does not necessarily correspond to another.
Also, evaluation of novelty (or originality, newness) is often examined in the papers cited above
according to how dissimilar the system’s artefacts are to previous output or other existing examples
of creative output in that domain (e.g. Saunders et al., 2010; Alvarado Lopez & Pérez y Pérez, 2008;
Gervas et al., 2007). On the other hand, appropriateness is often evaluated according to how similar
the system’s output artefacts are to known examples (e.g. Pérez y Pérez et al., 2010; McGreggor,
Kunda, & Goel, 2010; Alvarez Cos, Perez y Perez, & Aliseda, 2007; Gomes et al., 2006). Hence
across the field as a whole, there is a stark inconsistency as to whether to prioritise the generation of
artefacts which are dissimilar from existing artefacts, or whether to pursue the generation of artefacts
which are similar to existing artefacts, arising directly from the adoption of ‘novelty + value’ as
the underlying model of creativity. Such a contradiction is clearly not helping the identification of
coherent and consistent strategies to adopt across the field.

Another relatively frequent evaluation scenario in the surveyed papers is that authors conduct the
evaluation of their system by how its output is received by its intended audience (Machado & Car-
doso, 2002; Ritchie et al., 2007; Widmer et al., 2009; Edmonds, 2009b; Cohen, 2009a), though this
is usually in the form of exhibitions or informal solicitation of feedback rather than more formally
controlled experiments and evaluative feedback is not generally collected in a systematic way, espe-
cially on the system’s creativity (as opposed to the quality or aesthetics of its generated products).®*
Some authors (Widmer et al., 2009; Bushinsky, 2009; Edmonds, 2009b; Cohen, 2009a; Machado
& Cardoso, 2002) conducted tests seeing how their creative system fared against human opposition,
occasionally in a ‘blind’ manner reminiscent in some ways of a Turing test (Turing, 1950) where
the judge does not know if the creative entity is a human or a machine.®> Others use a competition
type of evaluation by seeing how one system performs in competition with others (e.g. Bushinsky,

2009; Widmer et al., 2009; Pérez y Pérez et al., 2010) or directly present the output of their systems

63See Chapter 5 Section 5.3.3 for details.

64 A partial counter-example to this is the work by Pearce and Wiggins (2007), who use a derivative of the Consensual
Assessment Test (CAT) (Amabile, 1996) (see Chapter 3 Section 3.4.2) to conduct controlled tests to collect feedback,
though they employ their version of CAT to evaluate the quality of their system, rather than its creativity.

%5The direct use of a Turing-style test has been criticised by Pease and Colton (2011b) for encouraging pastiche and
homogeneity rather than diversity, rewarding creativity that stays within constraints of a given stylistic boundary without
testing those boundaries (c.f. Boden (2004)’s exploratory rather than transformational/combinatorial creativity), while
shifting the development emphasis on superficial matters (relative to creativity) such as the front-end of the program.
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to audiences to see how they are received (e.g. Machado & Cardoso, 2002; Edmonds, 2009b; Co-
hen, 2009a). These are interesting and useful forms of overall system evaluation but have not been
used to specifically address creativity evaluation;%® for example, if Bushinsky (2009)’s Deep Junior
chess player wins matches against human and machine opponents, it is clearly performing well as a
chess player, but in the question of how creative Deep Junior is, this type of evaluation provides no
answers. Also, the choice of using competitive scenarios for evaluation is tempered by how clearly
the judging criteria are specified, how relevant they are and how closely they are adhered to. As
Widmer et al. (2009) remarks, even though their YQX musical system is tested by a variety of con-
tests, acknowledged flaws in YQX’s musical knowledge are not noticed by the judges. Widmer et al.
(2009) feel the need to add a critical discussion of their system using standards identified from re-
lated literature: intentionality, conscious awareness of form and structure, aesthetics, imagination,
skill and self-evaluation. Stating these criteria is good practice (though as found in the findings in
Section 2.3.2, not common practice) as the criteria can be critiqued, and forms part of this paper’s
contribution, as the criteria have been derived from study of relevant literature and can be learnt from
by others who wish to compare similar systems or perform similar evaluation.

Widmer et al. (2009) is not the only example where specific evaluation criteria for creativity are
stated, though it is one of only a few isolated examples where the criteria used are explicitly justified
in terms of their applicability and relevance for creativity as demonstrated by that system. In general,
papers that perform some form of evaluation do state the criteria by which they are evaluating their
system. In papers where the opposite is true (Bushinsky, 2009; Cohen, 2009a; Edmonds, 2009b) the
system is not being evaluated for creativity but for the quality of the system: the evaluation being
performed is either left down to aesthetic judgements of the appeal of the system’s products (Cohen,
2009a; Edmonds, 2009b) or seeing how the system performs in a competition, specifically, a chess
match (Bushinsky, 2009). Failing to explicitly justify choices of evaluation criteria, particularly re-
lated to how creative the system is, is however a recurring theme in many of the papers reviewed (e.g.
Riedl, 2010; Zhu & Ontanén, 2010; Gervas & Ledn, 2010; Saunders et al., 2010; Saunders, 2009;
Gervas et al., 2007; Hassan, Gervas, Leon, & Hervas, 2007; Oliveira, Cardoso, & Pereira, 2007;
Veale, 2006b). In such cases, evaluation criteria are stated but the reasons why they have been chosen
as appropriate evaluation criteria are not justified. Occasionally one cannot see the wider relevance of
why they have been chosen to evaluate the system, particularly the system’s creativity. For example,
Zhu and Ontafién (2010) ‘propose three dimensions to classify the landscape of analogy-based story
generation: 1) the scope of analogy, 2) the specific technique of computational analogy, and 3) the
story representation formalism’. It is not clear why these particular dimensions were selected. Saun-
ders and colleagues (Saunders, 2009; Saunders et al., 2010) evaluate their agent-based systems using

the Wundt curve as a measure of novelty against ‘hedonism’, or pleasingness (Saunders, 2009; Saun-

66 A5 has been stressed throughout, this thesis work concentrates on the issue of creativity evaluation.
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ders et al., 2010) and also develop the notion of curiosity as the driving force behind actions taken to
reduce uncertainty through exploration of a creative field over time, without relating this notion back
to what it means to be curious, and without developing the wider question of why this combination
of factors is used for evaluation. In a discussion considering various aspects of the story-generation
system VB-POCL, e.g. coherence of stories produced, limitations, Riedl (2010) asks: 'Is VB-POCL
creative?’ but then focusses on a ‘practical creativity’ that only addresses whether the program termi-
nates successfully and the ability of the system to find stories that other computational systems cannot
(without direct reference to some systems). Again, justification for selecting these criteria (and not
others) is left implicit rather than being explicitly stated. The evaluation in Gervas and Leén (2010) is
related back to the broader creative system framework proposed by Wiggins (2006a), with the use of
an evaluation function E (required as part of this framework) to evaluate if the story is ‘good’ or not.
This function E is based on evaluating a number of ‘significant variables’, story-specific variables that
represent the story content from a number of perspectives, in detail, such as the interest of the story,
danger in the story, tension, amount of action, and hypotheses made.®’ The question of whether the
system is creative or not is not addressed (except via its partial placing within Wiggins’ framework).
Hassan et al. (2007) does consider how creative certain aspects of their story generation system are,
looking at measurements of world construction and story construction parameters, content planning
and sentence planning. These evaluation criteria are used to discuss creativity inherent in the system,
but are extremely closely fitted to the system in Hassan et al. (2007) and how it operates. No reasons
are given for choosing these specific criteria to discuss the creativity of the system and questions arise
as to whether these criteria are the most relevant for evaluating creativity. They are also limited in
their usefulness for evaluating other story generation systems, for comparison, if for example another
system does not implement the construction of story worlds. There is no overall consideration of the
whole system’s creativity on a more general level.

This inadequacy in justifying evaluative choices occurs across several of the papers surveyed, but
not uniformly. There are a relatively small group of papers which do justify the criteria chosen for
evaluation, such as Widmer et al. (2009), mentioned above, which chooses evaluation criteria based on
what has been seen to be important (independently of the system development, in relevant literature),
or Monteith et al. (2010) and (Chan & Ventura, 2008),where the chosen evaluation criteria were based
on the adoption of the creative tripod (Colton, 2008b) as an underlying model of creativity.

Saunders et al. (2010) and Oliveira et al. (2007) also offer examples of another common evaluation
inadequacy in the reviewed papers: plans for future evaluation are outlined but actual evaluation has
not been carried out yet. This situation occurs reasonably often (e.g. Machado & Nunes, 2010;
Saunders et al., 2010; Lépez, Oliveira, & Cardoso, 2010; Aguilar et al., 2008; Forth et al., 2008;

67Similar (but less detailed) evaluations are made in an earlier related paper (Gervés et al., 2007), where the system is
evaluated on its ability to produce novel, coherent and interesting stories, but this is not based within Wiggins’ framework.
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Hull & Colton, 2007; Oliveira et al., 2007; Swartjes & Vromen, 2007). For example Machado and
Nunes (2010), who offer an evolutionary image generation system, talk about automating the fitness
function of their system (which currently uses user intervention) in future work, partially to allow the
authors to evaluate quality, diversity and complexity of the images. As another example, in Lopez
et al. (2010) no actual evaluation has taken place, but listening tests are proposed to gauge how fluent
the generated songs are. (Hull & Colton, 2007, p. 142) acknowledge ‘that evaluation of systems and
the artefacts they produce is an essential aspect of computational creativity which is missing from the
work presented here and we aim to fill this gap.’

Evaluation of aspects of the system other than its creativity tended to occur more frequently and
was often more rigorously conducted, as might be expected for scenarios where evaluation method-
ologies and approaches are already established, such as tests for precision and recall (e.g. Chuan
& Chew, 2007; Veale, 2006b) or statistical evaluation based on testing hypotheses about the system
(e.g. Colton, Gow, Torres, & Cairns, 2010; Mozeti¢, Lavra¢, Podpecan, Novak, Motaln, Petek, Gru-
den, Toivonen, & Kulovesi, 2010), or cross-entropy measures to examine the distribution of produced
artefacts (Whorley et al., 2010, 2007).°® Though a broader evaluation is important in the research
process, this survey is specifically concerned with systems that are being presented as creative sys-
tems. If evaluation of the creativity of these “creative systems” is not being performed, then claims
are being made about the system’s ability to be creative that are are not addressed or verified.

In some cases, evaluative tests are conducted on the system which purportedly evaluate the sys-
tem’s creativity but which actually only measure the system’s quality (Collins et al., 2010; Ried],
2010; O’Donoghue, 2007). As mentioned above in Section 2.1.7 Collins et al. (2010) propose cre-
ativity metrics but then acknowledge that their tests instead evaluate the quality of their system.
O’Donoghue (2007) mentions several factors for evaluation such as novelty, plausibility, surpris-
ingness, applicability and usefulness (citing Colton and Steel (1999)) and does conduct initial tests
for novelty (against the existing knowledge base of the system), but then focuses all evaluative testing
and discussion specifically on the quality of the analogies generated by his system. The slight change
in focus is briefly acknowledged by O’ Donoghue (2007) in the conclusion. Similarly, although Ried]l
(2010) devotes paper space to discussing what it would entail for the VB-POCL story generation
system to be productive, the focus then moves towards a ‘practical creativity’ (Riedl, 2010, p. 609,
p- 612,) that only tests for successful program termination and for the ability ability of the system
to find stories that other computational systems cannot (without direct reference to some systems).

Returning to the issue noted in the previous paragraph, the quality of the program for story telling is

%3Whorley and colleagues Whorley et al. (2010, 2007) uses a cross-entropy measure (Whorley et al., 2007) to evaluate
their system and present some preliminary results. Their system, however, uses cross-entropy measures in model construc-
tion and also to evaluate the models, hence the models are being evaluated by the same criteria that is used to shape the
models’ generation rather than using an independent evaluation measure. ‘An information-theoretic measure, cross-entropy,
is used to guide the construction of models, evaluate them, and compare generated harmonisations. The model assigning
the lowest cross-entropy to a set of test data is likely to be the most accurate model of the data.” (Whorley et al., 2010, p24).
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evaluated in place of addressing the factors that Riedl has previously highlighted in another surveyed
paper as important for determining how creative the system is: ‘the output of a creative system [such
as this one] must be novel, surprising, and valuable’ (Riedl, 2008, p. 42).

Sometimes evaluation (and in particular, creativity evaluation) does appear prominently in the pa-
per, but solely as a component of the system’s operation rather than an investigation of the system’s
overall creativity(Gervas et al., 2007; Bird & Stokes, 2007; Miranda & Biles, 2007; McCormack,
2007; Alvarado Lopez & Pérez y Pérez, 2008; Saunders, 2009; Saunders et al., 2010; Pease, Guhe,
& Smaill, 2010; Pérez y Pérez et al., 2010; Jordanous, 20100).69 While it is important to demon-
strate the system’s ability to reflect and self-evaluate (Poincaré, 1929; Wallas, 1945; Finke, Ward, &
Smith, 1992; McGraw & Hofstadter, 1993; Boden, 1998, 2004), this should not be at the expense of
evaluation of the overall system, to evaluate claims of it being a creative entity. This is recognised
by some authors; for example, in the surveyed work of Saunders and colleagues (Saunders, 2009;
Saunders et al., 2010) on multi-agent systems, only the agents are evaluated, rather than the system
as a whole. Future evaluation is planned, however, to quantify behavioural diversity between agents
and in system as a whole and also to test “how humans interacting with an artificial creative system
construe the agency of the robots.”(Saunders et al., 2010, p. 107).

Where the creativity of the system is evaluated in some way, often papers do not perform evalua-
tion but merely give summative statements that cursively describe the success of their results, with no
analysis or justification. These authors are losing the opportunity to test and demonstrate the success
of their systems in more methodical and academically recognised ways, weakening the contribution

of their paper. For example, for overall evaluation:

‘We are interested in problems of computational creative discovery where computer processes
assist in enhancing human creativity or may autonomously exhibit creative behaviour indepen-
dently.” [with no questioning of whether either of these two aims are achieved] (McCormack,
2009, p. 1)

[on their harmonic progression system:] ‘it is a creative system based within the “post-tonal”
harmony found in certain 20th century musical styles.” (Eigenfeldt & Pasquier, 2010, p. 16)

To summarise, various types of creativity evaluation have been seen in the 75 surveyed papers
(with no particular approach or method standing out as a universal option across the field). While
positive examples of good creativity evaluation practice exist, for example the consideration of what
makes the YQX system creative (Widmer et al., 2009) in relation to the surrounding research on

musical expression, there are a number of inadequacies in the surveyed literature:

o If existing creativity methodologies are mentioned, they are often not applied as intended but
referenced more briefly.

e A fairly popular underlying model of creativity that was adopted for evaluation was to treat

997t is acknowledged here that Jordanous (2010c) is one of the papers criticised on this issue.
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creativity as the combination of novelty and value of the system,’® especially in terms of its
output. Occasionally a third factor is also used, which varies depending on the system. The
manifestation of value in a system (or of appropriateness, or usefulness, or quality, etc) has been
interpreted and tested for in different ways. Occasionally tests for appropriateness or quality in
particular reward the opposite of what is normally evaluated for novelty, i.e. (dis)similarity be-
tween the system’s products and existing examples of creative output in that domain. Adopting
this model is therefore leading to some contradiction in strategies adopted across the field.

e A number of authors evaluated their system by how its output is received by its intended audi-
ence; however this is usually related to the system’s aesthetic qualities and/or usefulness rather
than relating to the system’s creativity.”!

e In some cases a system was evaluated by comparing its output to that of other systems (perhaps
in a competitive way) or to examples of human creativity in the same domain. These were
often blind tests, such that the evaluator did not know the creator responsible for the artefacts
they were evaluating. While the comparisons generally provided useful feedback, again these
tests were often used to evaluate system quality rather than creativity, or reward aspects of the
system that are not necessarily contributory to their creativity (Pease & Colton, 2011b).

o Usually papers that performed evaluation stated their evaluation criteria fairly clearly. In several
papers, though, the relevance of the evaluation criteria used was not justified, particularly if
used for evaluation of the creativity demonstrated by that system. Occasionally the choice of
evaluation criteria seemed inappropriate, overly specific or somewhat ad hoc.

e Papers that detailed evaluation plans for future work but that reported no evaluation had actually
been carried out were noted in the survey disappointingly often.

e Often papers did not include evaluation of creativity at all, despite the systems in the papers
being presented as creative systems.

e Looking at one specific example, Whorley et al. (2010) uses the same measure to evaluate gen-
erated musical models that is being used to generate the models, rather than using an evaluation
measure that is independent of the generative process. This could lead to skewed results as the
metric is essentially being applied to evaluate itself.

e In some cases, creativity evaluation tests are proposed and carried out which actually measure
the system’s quality rather than its quality.

e Sometimes evaluation (and in particular, creativity evaluation) only appears in the paper as

a component of the system’s operation rather than as an overall evaluation of the system’s

7OChapter 3 Section 3.4.1 will look at how the combination of novelty and value has been used as a model of creativity
in research into both computational and human creativity.

71 As the Case Studies in this thesis shall show (see in particular the survey of human opinion in Chapter8), people can
struggle to decide how creative they think something is and find it difficult to justify their opinions once formulated, instead
relying on intuition or judgements of quality as a substitute for judgements of creativity.
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creativity.
e It was fairly common to see papers labelling their system as creative with little methodical
analysis or investigation, through only brief and cursory descriptions of how their system is

creative.

Where specific examples of less adequate evaluation criteria/practice are given and commented on,
this is done in terms of thinking about possible improvements or noting matters that need to be treated
with more care or attention. A more detailed report of deployed evaluation methods is in Chapter 5

Section 5.3.3, which focuses on what aspects of creativity are being tested.””

2.3.5 Reasons behind the current state of creativity evaluation practice

The survey findings reported above show that for creativity evaluation, there is a lack of direction
and standardisation of practice within the computational creativity research community, to the ex-
tent that creativity evaluation is often reported poorly or missed out entirely. It is important to try
and understand why this situation has developed within the computational creativity research com-
munity. Notwithstanding the negative preconceptions about computational creativity that need to be
overcome if a system is to be fairly evaluated by an audience, the idea of evaluating the creativity
of computational systems is sometimes seen as being too complex to attempt.”> Nonetheless, the re-
search community is, in general, well informed and conversant with key issues and problems behind
the evaluation of the creativity of ‘creative systems’. Debates on such issues and problems have taken
place often during these formative years of this research field, both in discussions between people in
the field (Pease, 2012, personal communications) and in the context of relevant publications.”

The International Computational Creativity Conference (ICCC) showcases current trends and ad-
vances in computational creativity research. One discussion session at the ICCC’11 conference de-
bated the current evaluative culture in computational creativity. This discussion arose after the confer-
ence session including my paper at ICCC’11, which presented the results of the evaluation survey as
reported in Chapter 2 Section 2.3, highlighting weaknesses in evaluation of creativity in this research
field and motivating the need for a standardised and comprehensive creativity evaluation methodol-
ogy (Jordanous, 2011a). This paper briefly discussed issues around defining and evaluating creativity
as well as reporting some content from later Chapters of this thesis.”> This debate was particularly

illuminating, with several points raised as to why researchers did not include (or did not report)

72Chapter 9 Section 9.2 will return to the question of what is not being tested for, or is being treated inadequately, in the
context of how the suggestions of this thesis address such inadequacies and omissions.

73This issue arises at various points in this thesis, mainly in Chapters 1 and 3).

74 As discussed earlier in this Chapter, in Section 2.1.

751n Jordanous (2011a), the 14 components of creativity derived in Chapter 4 were proposed as part of a solution to the
definitional problem, while the Evaluation Guidelines (Chapter 5 Section 5.2) were proposed as a heuristics-based solution
to some of the evaluation issues. The paper also reported results from a pilot study evaluating musical improvisation
systems, a preliminary study to Case Study 1, in Chapter 6.
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creativity evaluation in their papers. The discussions demonstrated how people had engaged with
the issues surrounding creativity evaluation on a number of levels. It encapsulated the most recent
community-wide discussion on these issues, with opinions being voiced by people from a variety of
academic backgrounds and levels of experience. In their contributions to discussion, several people
also concurred that a closer examination of creativity evaluation was necessary and a more systematic
approach should be taken by the field as a whole.

Below is a review of the main points arising at this 2011 discussion with regards to the content
in Jordanous (2011a) and my responses to them, both at the time (when relevant) and upon further
reflection.”® All quotes are transcribed from a recording of the discussion session and anonymised.

Researchers’ reasons for not doing evaluation

‘I’d like to ask Anna whether you asked the authors of these 75 papers ... why they’ve not
done sufficient evaluation ... because I think there might be reasons, good reasons ... we aren’t
necessarily bad researchers for not doing evaluation, there’s good reasons why people don’t do it,
and I was wondering if you have any answers to that?’

Although my paper (Jordanous, 2011a) was careful not to label research with little scientific eval-
uation as ‘bad’, the paper was critical of such research if the research was positioned as scientific
research and/or made claims that the system was creative without justification. Citing warnings about
developing a ‘methodological malaise’ in computer music composition systems (Pearce et al., 2002),
my response emphasised that even though creativity evaluation is complex to address, more rigour in
our approach to evaluation would help maintain the credibility and progression of our research.

Evaluation of creativity could include evaluations done in alternative environments to the tradi-
tional idea of formal evaluations.”” Differing views arose during discussion as to whether this type
of evaluation would be relevant content for a technical paper. This thesis adopts the view I gave in
the discussion; if evaluative feedback is useful in verifying claims made in a paper that would other-
wise be left unverified, then that feedback should be included. People mentioned the validity of using
audience evaluation and how different information can be gained from using people with different
personal contexts to evaluate, such as through levels of expertise, geographical context or academic

inclinations and expectations.” There are scenarios where a rigorous, formal evaluation procedure

761t should be noted that the discussion session covered four other papers, so some points described here are influenced
by other presentations as well as mine. Only those points relevant to my paper have been included. Perhaps because my
presentation was last in this session, immediately preceding the discussion, or perhaps because the critical nature of my
paper made my presentation quite controversial, my paper received a large percentage of attention during the discussion.

77 As can be seen in the Evaluation Guidelines described in Jordanous (201 13),78 a researcher might choose to define
creativity in art (in whole or in part) as a positive audience reaction at an exhibition (Step 1). If this definition could
be justified as an appropriate interpretation of creativity in art (as opposed to quality) then audience reaction would be a
standard to test the system by (Step 2). A test for this standard (Step 3) would therefore be to exhibit the artwork produced
by a system and gauge audience response. In fact, the component Social Interaction and Communication (see Chapter 4
and Jordanous (2011a)) could incorporate exactly this type of evaluation.

79 A suggestion from members of the steering committee for future ICCC conferences was to include an exhibition of
works from creative systems. Such exhibition events would potentially be a new avenue for the systems to use to gather
feedback from audience reactions.
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may not be appropriate, as illustrated above. This does not mean that the system is left unevaluated.
The evaluation survey in Section 2.3 treated as evaluation any form of getting feedback on the sys-
tem. The situation being highlighted by the evaluation survey was where systems were developed and
presented without feedback of any kind having been elicited.
Difficulties in finding systems for comparison to your own
‘... the point about comparing to other systems ... in another field like machine learning for
example, it’s pretty easy to find ten other systems that are doing exactly what you claim to be
doing and you sort of run them all and compare them straight across. But in this field it seems

much trickier to find even one other system thats doing exactly what you’re doing and therefore
I’m not sure that you can do that, and secondly I’m not sure how you would do it.’

Section 2.3 criticised situations where systems are evaluated without contextual references to the
context of research progress in that area as a whole. If a researcher is unaware of related work by
others, then they cannot learn from that work and their own work is potentially less likely to make
a highly relevant contribution to the advance of research in that particular field. As a research field,
activity in computational creativity research has increased greatly over the last decade or so, as shown
by the progress in research events and the recent journal special editions focused in this area (see
Section 2.3). Many creative systems have now been developed.®? If similar systems exist and a
body of research builds up in a particular area, then it is useful to consider how research in that
area is progressing collectively. This benefit has been demonstrated in research into narrative/story-
generation systems (Gervas, 2009), a long-standing and thriving research area within computational
creativity research (e.g. Meehan, 1981; Turner, 1994; Bringsjord, 2000; Pérez y Pérez & Sharples,
2004; Peinado & Gervas, 2006; Peinado, Francisco, Hervas, & Gervas, 2010; Tearse et al., 2011).

This question sparked a debate about whether the central aim of a creative system was to generate
products that no other systems generate, or to generate behaviour distinct from all other systems. If a
system is unique, then how can it be compared to other systems? My specific response to this point
was to question how one would be able to find out if a system is producing unique results, if its output
is not compared with other systems.?!

There are situations where a creative system operates in a niche where no other system exists.
For example, the ERI-Designer is believed to be the sole exemplar system of creativity in furniture
arrangement (Pérez y Pérez et al., 2010; Aguilar et al., 2008). In these cases, direct comparisons
between two equivalent systems cannot be made, however comparisons could be made between the
system and humans performing the same task (as in Pérez y Pérez et al., 2010), or with a considered

comparison of the appropriate crossovers with systems operating in a reasonably similar domain.®?

80The Section 2.3 survey looks at 75 papers describing such systems.

81 For example, Originality is one of the 14 components used to evaluate systems in Case Studies 1 and 2 (Chapters 6 and
7 respectively). It is unclear how performance on this component could be evaluated on one system in isolation. Originality
does, however, form an important part of creativity, as seen in the Case Study Chapters and in Chapter 3 Section 3.4.1, and
is important for determining the uniqueness of a system.

82ERI-designer, mentioned above, could perhaps be compared to architectural design systems or game design systems.
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Another point made during discussion was that different versions of the same system could be
compared, to see what improvements have been made and to measure progress. An example was

described in a comment during discussion of a different paper:

‘I tend to apply just engineering solutions and try and get new results and look at the results I've
had before and see if they’re better and so on and apply modifications’

Some of the papers reviewed in the Section 2.3 survey did extend and develop existing systems
(e.g. Whorley et al., 2007, 2010), MEXICA and its variants (Gervas et al., 2007; Montfort & Pérez y
Pérez, 2008; Pérez y Pérez, Negrete, Pendlosa, Avila, Castellanos, & Lemaitre, 2010), ERI-designer
(Aguilar et al., 2008; Pérez y Pérez et al., 2010). Generally comparison between different versions of
the system was limited but was present to some degree.

The original questioner clarified that their question was about whether it was appropriate to com-
pare systems in different domains with different requirements. A point made during discussion was
that a broad evaluation from a wide perspective can be performed on systems which are fundamentally
different; we can learn both from the evaluation results and by understanding the ways that the sys-
tems are different.®® Distinctions were drawn between evaluation of one system as a single research
project and the evaluation of progress of a particular strand of research.

There are some types of systems that are so fundamentally different that there is no area of
crossover to compare; however as Chapter 3 Section 3.6.4 will point out, some aspects of creativ-
ity are universal across different systems. Whilst the amount of crossover between system domains
determines the extent to which the systems can be compared,® we do not need to be restricted to

evaluating systems that are very similar before meaningful comparisons start to emerge.’

Difficulties of evaluating creativity

A perennial issue was raised during discussion, concerning the complex nature and difficulties of

evaluating creativity. One comment focused on the somewhat contradictory nature of creativity:

‘some things that seem like perfectly reasonable evaluative criteria, that on the surface everybody
would say yeah, you should - yeah that system should score highly on that, in fact in the long run
may be detrimental.’

An example was given of how human creativity can involve contradictions, non-systematic pro-
cesses and even flaws, all of which we try to remove from our systems in the processes of refinement.

Another comment put into words the variety of opinions expressed during discussion:

83The SPECS methodology which is introduced in this thesis, in Chapter 5 and onwards, enables such comparison, by
identifying similarities and differences between domains in terms of aspects of creativity and priorities for each domain.
Such a comparison will be demonstrated in Case Study 2 (Chapter 7).

84For example, see Chapter 7.

85 Another issue mentioned during this part of the discussion was that it was often difficult to locate materials to use
for evaluation, such as the system’s source code or products. This is a valid concern that was also encountered during
Case Study 1 (Chapter 6) and is part of the justification for evaluating systems based on limited available materials and
information (Case Study 2, Chapter 7). See Chapter 9 Section 9.1 for further discussion.
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‘One of the things actually that I’'m a little confused about from the discussion currently, is -
I’'m curious what everyone right now was thinking about - is the issues and the scope of what
we’re talking about with creativity in that you [ICCC’ 11 attendees] seem to have a lot of different
approaches ...’

This comment developed some examples of different notions of creativity:

e To what extent creativity is seen as domain-specific.3
e Whether creativity should be evaluated at a specific point in time or over a longer period (or if
this choice should vary depending on the type of system or the specific creative domain).

e Who is evaluating the system.?’

It was questioned to what degree human creativity should be used as a basis for computational
creativity. This impacts upon whether assessment methods for human creativity are relevant for com-
putational creativity, an especially pertinent point given that human creativity assessment is by no
means a solved problem.®® While the prevalent understanding of computational creativity by re-
searchers is centred around the computational modelling or simulation of human creativity, there are
a number of alternative interpretations of computational creativity.?

Multi-dimensionality of creativity
‘Even people that I think believe creativity is something that you identify with a multidimensional
space, I often hear them slip back and forth into language that suggests it’s an either/or, a binary
choice, it’s creative or not. And so the two plus two as a creative act, I thought illustrated very

well that creativity is a continuum. On the one hand we’ve got things which are creative acts but
not creative, but it’s really a multidimensional space, it’s not about ‘is creative’ or not creative.’

This person’s comment is perceptive and raises valid points to remember.”® Although time limita-
tions prevented much discussion on this matter in my talk, one emphasis made during the talk was that
taking a confluence-style approach to creativity®' allows us to obtain more detailed feedback about

how to make our systems more creative.

Different types of evaluation
‘For me there’s five ways that a computational creative system can be evaluated: first you get a
paper, and it can be accepted or rejected, and there’s the experiments you can make to evaluate
the system, and that’s the evaluation you’re talking about, then there’s the evaluation of peers in
the domain in which the system is creative, then the expert, like the critics and then finally the
audience. And so my question is quite simple: did you have a look at how many of these systems
actually met their audience?*?

86 As will be discussed in Chapter 3 Section 3.6.4.

87This will be discussed further in Chapter 5 Sections 5.1.4 and 5.1.5.

88See Chapter 3 Section 3.4.2.

89This will be investigated in Chapter 3, particularly Sections 3.4.1, and was briefly mentioned in Jordanous (2011b).

90These points previews the sentiments of Chapter 3 Sections 3.2.2 and 3.4.2 in particular.

1 Chapter 3 Section 3.4.2 introduces the confluence approach to creativity.

92See (Eigenfeldt, Burnett, & Pasquier, 2012) for a more formal presentation of these ‘five ways that a computational
creative system can be evaluated’.
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This comment was useful in listing several ways in which a system can be evaluated. My response
confirmed that the survey took an inclusive view of evaluation and included scenarios where the
system was presented to an audience and audience feedback.”

This observation is included to acknowledge the five aspects of evaluation highlighted by this in-
formative comment. A similar variety of points of views was acknowledged during discussions on
evaluation at the 2009 computational creativity seminar at Dagstuhl, including the perspectives of
‘viewer/experiencer’, ‘creator’ and ‘interactive participant (Brown, 2009b, p. 1). This thesis con-
centrates on post-implementation evaluation of a system, but incorporates within that the possibility
of peer evaluation, expert evaluation and audience evaluation.®* If one of these types of evaluation
is prioritised over others, the system can still be treated in the survey as being evaluated in some
way. The evaluation survey above highlights situations where systems were developed and presented
without feedback of any kind having been elicited.

Producing a single score as evaluation of a creative system
‘I think there’s difficulties in trying to ascribe a single number to a creative system? Because I

think that creativity is a function of what inputs you provide in a given instance and what you get
out, so putting a single number on that is really hard.’

This view resonates with the stance taken in this work that formative feedback is a useful result of
evaluation and also echoes views previously expressed in discussions on evaluation at the Dagstuhl
seminar in computational creativity (Brown, 2009b) that ‘[e]valuation can feed back into the system

to affect (hopefully improve) future performance’ (Brown, 2009b, p. 1). %

Issues in providing a standard tool across creativity

‘[Something] reminded me of something I read ...that people were biased to move towards con-
junctive definitions of things. And they will go to a level of abstraction necessary to define some-
thing conjunctively ... coming up with abstractions and formalisms that covered all the bases. ...
And it’s a guarantee that the evaluation strategies that you come up with ... are only going to
cover a subset of what your current community covers, unless it’s a useless abstraction.

And so the question is how do people on the panel believe about that, as you move to improving
evaluation, if you’re not conscious of having different evaluation criteria for different parts of
your community, then parts of your community are going to leave, that’s a guarantee, or your
community is going to accommodate this disjunction. If your formalism is invented to cover all
the bases, it’s not going to. How are you, the community, going to handle that fragmentation?

This question was aimed more towards another paper preceding that discussion section (Colton

et al., 2011) than my own paper, however it neatly phrased how a tool for assisting researchers needs

931n the evaluation Case Studies, Chapters 6 and 7, the Social Interaction and Communication component incorporate
details about a system’s interaction with an audience.

94 As described in Chapter 5 Section 5.1.6.

9There are pros and cons to the approach of measuring creativity via a single score. In the Case Studies in this thesis,
the option to produce a single score to measure creativity was purposefully mentioned only briefly and was not followed
up on, as it seemed somewhat contradictory to split creativity into various components and then sacrifice the more detailed
qualitative feedback on each component for a single score. See Chapter 9 Section 9.1 for further consideration of this
decision and its consequences and alternatives.
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to be flexible enough to be adopted for several different types of creativity, without falling into a trap
of being all-inclusive but being virtually useless for definitional purpose and any real information.

My response (as a discussion panel member) clarified the importance I placed in a standardis-
able methodology that could be parameterisable and customisable, allowing an appropriate level of
domain-specific detail to be given, without being overly restrictive or abstract. As several of the pa-
pers in that particular session were directed towards a more clear and transparent approach to research
in computational creativity, I also emphasised the importance of being clear about the criteria chosen
for evaluation, so that these choices can be critically reflected upon and repeated where appropriate,
for greater consistency across research.
Community-defined criteria for evaluation

‘I have a proposal that I think is for a sort of middle ground that gets at finding some common

consensus on what evaluation criteria are within this community, without requiring them as for-
malised as in the sense that we are discussing.

So in the evolutionary computing community, there’s an annual prize for human-competitive
results. And there’s a panel that decides on the prize. They have very explicit criteria, but they’re
decided by humans, not by a formalism. And they include things, some of which are actually
relevant to this community, like if the system has produced an artefact which has been patented,
that is a good thing, and that counts. ...

there’s a sort of forum for deciding - in our community here it would be what counts as compu-
tational creativity and have discussions around that, in a venue that people care about, if they’re
competing, and in which criteria are explicitly articulated and debated, and work is recognised.’

This comment is included not as a reflection on my work, as such, but as an acknowledgement for
the need for engagement and contributions on a wider basis, that could potentially develop creativ-
ity evaluation practice from a community perspective rather than by individual researchers or small

teams. It will be intriguing to see if this suggestion is taken further.

2.4 Summary

The past ten years have seen discussion of how best to evaluate the level of creativity demonstrated
by computational creativity systems. Several creativity metrics and evaluation methodologies have
been proposed, as detailed in Section 2.1. In practice the most significant of these have been Ritchie’s
empirical criteria approach (Ritchie, 2007, 2001) and Colton’s ‘creative tripod’ framework (Colton,
2008b), with useful contributions to discussion from Pease et al. (2001), Colton et al. (2001), Ventura
(2008), Pease and Colton (2011b). As of the time of writing, no one evaluation methodology has
emerged as a standard evaluative tool for computational creativity researchers to use, to allow the
research community to measure progress using a common methodology.

Often the aim of evaluation has been to see if the systems can replicate human performance as
measured against a test set, rather than whether the systems can surpass prior creative achievements

by humans and/or computers. These two aims can be confused, especially in the absence of a standard
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evaluation methodology for creativity, though as later Chapters will show, these aims need not be
mutually exclusive and can be incorporated within the same evaluation framework.

More general observations on best methodological practice can be drawn from reviewing the body
of research on scientific method. While computational creativity is not solely a scientific pursuit, the
process of verification of a hypothesis in scientific method is closely analogous to the methodological
aims of this thesis, for computational creativity evaluation. Section 2.2 highlighted the importance of
being clear about what hypothesis is being used in a piece of research, and what evidence is needed
to test this hypothesis. Ongoing debates exist over the specific type of method to employ, whether a
process of verification or falsification should be followed and if a single method is in fact appropriate
for all scientific research. What does emerge during Section 2.2, however, is the importance of clarity
in the general approach to evaluating research and confirming theories and hypotheses, and the linking
of any evaluative or verification processes to testable parts of a theory.”®

Section 2.3 has investigated how computational creativity researchers are currently evaluating their
creative systems. The key conclusion of the survey was that evaluation of computational creativity is

not being performed in a scientifically rigorous manner:

o The creativity of a third of the 75 ‘creative’ systems was not critically discussed.

e Half the papers surveyed did not contain a section on evaluation.

e Only a third of systems presented as creative were actually evaluated on how creative they are.

o A third of papers did not clearly state or define criteria that their system should be evaluated by.

e Less than a quarter of systems applied existing creativity evaluation methodologies.

e Occurrences of evaluation by people outside the system implementation team were rare.

e Few systems were comparatively evaluated, to see if the presented system outperforms existing
systems (a useful measurement of research progress).

e General principles of scientific method are not being followed by the community as a whole.

Several reasons and justifications for this situation can be seen, as discussed in Section 2.3.5.
In particular, the considered debate (prompted by an earlier presentation of this thesis’s proposals
(Jordanous, 2011a)) at the 2011 conference on computational creativity (ICCC’11) highlights the
community’s general awareness and acknowledgement of issues that have hampered computational
creativity evaluation to date, as well as some thoughts on how to address these issues. Clearly, though,
these issues are far from resolved; more active investigation is needed into suitable evaluation method-
ologies, learning from what has been done so far.”” In order to evaluate computational creativity, a
clearer understanding of creativity itself would be beneficial in informing such investigations. Chapter

3 will more closely examine definitions of the word ‘creativity’.

96Chapter 5 Section 5.5will look at this further, including the development of the suggestion of a more holistic approach
by Bird (1998), and the expansion of scientific method principles to research encompassing more than scientific practice,
as is the case with computational creativity research.

97This will form the focus of Chapter 5.
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Defining creativity

Farts of this Chapter are published in a peer-reviewed journal article (Jordanous, 2012) and a peer-

reviewed conference paper (Jordanous & Keller, 2012).
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Figure 3.1: Wordle word cloud of this Chapter’s content



Chapter 3. Defining creativity 67

Overview

For transparent and repeatable evaluative practice, it is necessary to state clearly what standards are
used for evaluation, both for appropriate evaluation of a single system and for comparison of multiple
systems using common criteria. Defining standards for creativity evaluation is by no means straight-
forward; as Section 3.1 discusses, there is a lack of consensus on the exact definition of the word
creativity which hinders creativity research progress.

Section 3.2 examines how several issues and debates adversely affect the chances of deriving a
suitable, universally accepted definition of creativity. These debates mostly discuss the general nature
of creativity, though some specific concerns arise in computational creativity research.

Definitions of computational creativity generally refer to interpretations of human creativity in a
computational manifestation (Section 3.4.1), showing the need for a working definition of creativity
itself. Section 3.3 argues that dictionary-style definitions such as those in Figure 3.2 are inadequate
and impractical for evaluation. Research into human creativity is explored for a suitable definition,
with key contributions considered in Section 3.4.2. Some philosophical considerations of how we
interpret the meaning of concepts like creativity are presented in Section 3.4.3. Section 3.5, investi-
gates how creativity is defined legally, such as for copyright. Again, though, no universally accepted
definition is available, despite several offerings. What does emerge from this research are varying and
occasionally contradictory opinions on what is, and is not, creativity. Several different perspectives
on creativity exist, which should be considered when conducting research to decide the standpoint

taken. These perspectives and the decisions taken in this work are described in Section 3.6.

3.1 The need to define creativity

‘[there are] problems related to assessing artefacts in a domain where the assessment criteria
themselves are in flux’ (Colton, 2008b, pp. 7-8)

Evaluation standards are not easy to define. It is difficult to evaluate creativity and even more
difficult to describe how we evaluate creativity, in human creativity as well as in computational cre-
ativity (Sternberg & Lubart, 1999; Veale, Gervds, & Pease, 2006; Kaufman, 2009). Even the very
definition of creativity is problematic (Plucker, Beghetto, & Dow, 2004). Consequently there is a lack
of benchmarks or ground truths with which to analyse research progress.

Hennessey and Amabile pose a significant question and offer two answers:

‘Even if this mysterious phenomenon can be isolated, quantified, and dissected, why bother?
Wouldn’t it make more sense to revel in the mystery and wonder of it all?” (Hennessey & Ama-
bile, 2010, p. 570)

1. To gain a better understanding of creativity, learning from previous work by people such as
Picasso, da Vinci or Einstein (cited as examples of creative geniuses and ‘amazing individuals’
(Hennessey & Amabile, 2010, p. 570)).
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2. To learn how to boost people’s creativity. In a set of slightly grandiose statements, creativ-
ity is hailed as some kind of miracle cure for society’s woes, ‘driving civilization forwards’
(Hennessey & Amabile, 2010, p. 570).

Kaufman (2009) argues that creativity can and should be studied and measured scientifically, but
that the lack of a standard definition causes problems for measurement. Plucker et al. (2004) make

recommendations for best creativity research practice, based on their literature survey:

‘we argue that creativity researchers must
(a) explicitly define what they mean by creativity,

(b) avoid using scores of creativity measures as the sole definition of creativity (e.g., creativity is
what creativity tests measure and creativity tests measure creativity, therefore we will use a score
on a creativity test as our outcome variable),

(c) discuss how the definition they are using is similar to or different from other definitions, and

(d) address the question of creativity for whom and in what context.” (Plucker et al., 2004, p. 92)

In short, the standards used to judge creativity need to be specified and justified. A more objective
and specified definition of creativity enables researchers to make a worthwhile contribution (Torrance,
1967; Plucker et al., 2004; Kaufman, 2009). This is as relevant for computational creativity as it is
for human creativity. Computational creativity researchers must be clear about what is meant by
a program being creative, when discussing how creative it is; otherwise how can research progress
be tracked? How can the strengths and weaknesses of different research projects be compared and
contrasted? (Ritchie, 2001; Pearce et al., 2002; Colton, 2008b; Pease & Colton, 2011b). Looking at
human creativity research, Plucker, Beghetto and colleagues stress the need for definition:

‘Without an agreed-on definition of the construct, creativity’s potential contributions to psychol-
ogy and education will remain limited.” (Plucker et al., 2004, p. 87)

‘Explication of a definition of creativity is necessary for the study of creativity to continue to
grow, thrive, and contribute meaningfully to our understanding of the processes and outcomes
across and within various domains.” (Plucker & Beghetto, 2004, p. 155)

To stress this point further, it is argued that the lack of a standard definition for creativity research
weakens the ‘legitimacy’ and validity of that research, impeding progress (Rhodes, 1961; Plucker

et al., 2004). This concern applies to computational creativity and human creativity research alike.

‘we have to have a clear notion of what we mean by a program “being creative”. Without that,
discussion of the pros and cons of different internal mechanisms are just speculation.” (Ritchie,
2001, p. 3)

3.2 Perils and pitfalls in defining creativity

Several problems and issues arise when attempting to define creativity, as shall be seen in this Chapter.

Some are specific to computational creativity, others relate to creativity research in general.
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3.2.1 A standard definition of creativity?

‘However you think of creativity - whether you think of creativity - it is all likely different from
how your neighbor thinks of it. There are many different ways in which someone can be creative,
and there are almost as many different ways that people try to measure creativity. (Kaufman,
2009, p. 9)

No consensus has been reached on a standard, comprehensive definition of creativity, due to a
variety of issues involved in understanding and defining what creativity is. A multitude of definitions
of creativity have arisen, in various depths of analysis and for different purposes. Whilst there is some
agreement as to what creativity entails, definitions diverge according to what is prioritised as most
pertinent in their viewpoint of creativity. Identifying a standard definition that fits all manifestations

of creativity is non-trivial and is arguably a flawed approach to take (see Section 3.6.4).

3.2.2 High expectations of a weak term

We have an intuitive but tacit understanding of the concept of creativity that we can access introspec-
tively. For comparative purposes and methodical, transparent evaluation, this introspective under-
standing is not sufficient.! The title of von Hentig’s 1998 book on creativity neatly sums up the word
‘creativity’ (von Hentig, 1998): Kreativitdit: Hohe Erwartungen an einen schwachen Begriff, which
translates” as ‘Creativity: a high expectation of a weak term.’. The point that von Hentig makes is

that we expect the word creativity to convey a great deal, despite the word itself being ill-defined.

‘[c]reativity defies precise definition ... even if we had a precise conception of creativity, I am
certain we would have difficulty putting it into words’ (Torrance, 1988, p. 43)

‘it may be possible to use measures of creativity to determine whether a program is being creative
at all, but this is also problematic, because creativity is such an overloaded and highly subjective
word.” (Colton et al., 2001, p. 1)

Many authors have expressed the difficulties in coining a definition of creativity in words (Rhodes,
1961; Torrance, 1988; Sternberg & Lubart, 1999; Boden, 2004; Ritchie, 2006). In particular, how
can such a definition be tested once it is derived? (Boden, 1998; Heilman, 2005; Cardoso et al.,
2009; Dietrich & Kanso, 2010). There are competing opinions on what is or is not creative, with
no baselines or ground truths to test a definition of creativity against (Plucker et al., 2004; Colton,
2008b; Hennessey & Amabile, 2010; Norton et al., 2010). Often the creative process is not directly
observable, even with current neuroscientific advances (Dietrich & Kanso, 2010; Heilman, 2005).

Time and context factors also affect how creativity is defined. Individual and societal definitions of
creativity may shift over time as knowledge and practices develop, or cultural norms change (Boden,
1998; Colton, 2008b). The audience which critically receives the creative work plays a crucial role in

determining the perceived creativity of that work. Social peer pressure may influence perception of

IThis will be shown in an evaluation survey performed on systems in Case Study 1 (Chapter 8 Section 8.1.1), where
several participants called for creativity to be defined to help them to evaluate the creativity of the Case Study 1 systems.
2Thanks to Jens Streck for making me aware of this book and for translating the title from German to English.
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creativity, according to social groupings, reputation, and on a larger scale according to cultural stan-
dards. If creativity really ‘is in the eye of the beholder’ (Cardoso et al., 2009, p. 17)/(Widmer et al.,
2009, p. 44), then if someone or something is creative and this is not recognised, then it is unclear
whether that person or work is still creative, or if it only becomes creative when recognised. Bo-
den (2004) and Colton (2008b) question whether perceived creativity is reflective of actual creativity,
should such a distinction exist.

Creativity has a multi-faceted nature, being made up of many different factors and components
(Sternberg, 1988; Torrance, 1988; Sternberg & Lubart, 1999; Boden, 2004; Plucker et al., 2004;
Dietrich & Kanso, 2010). The multi-dimensionality of the concept of creativity, discussed in more
detail in Section 3.4.2, causes problems; how does one know that all aspects have been included and
that the definition is both inclusive and accurate (Plucker et al., 2004)? Also, which components are
most important? There may be no answer to these questions. People see creativity from their own
perspective (detailed further in Section 3.6), within a set of biases and assumptions which they may
not even be aware of (Hennessey & Amabile, 2010; Moffat & Kelly, 2006):

‘In essence, all of these researchers may be discussing completely different topics, or at least very
different perspectives of creativity. This is not merely a case of comparing apples and oranges: We
believe that this lack of focus is tantamount to comparing apples, oranges, onions, and asparagus
and calling them all fruit. Even if you describe the onion very well, it is still not a fruit, and your
description has little bearing on our efforts to describe the apple.” (Plucker et al., 2004, pp. 88-89)

3.2.3 Perceptions of mystery and wonder in creativity

‘It’s hard to claim that something is scientific or that it can be measured when the first people to
talk about it were also talking about muses and demons.” (Kaufman, 2009, p. 2)

Creativity is often said to have an undefinable or mysterious side to it, that we cannot identify.
This impression may originate from times when creativity was thought of as mystical, relying on the
presence of a ‘muse’ or divine inspiration (Williams, 1976; Albert & Runco, 1999; Williams, 1967;
Boden, 2004; Kaufman, 2009). The word ‘creativity’ as we use it today is etymologically derived
from the same sources as a ‘Creator’ or ‘Creation’ (Williams, 1976), indicating a godlike quality
that may be inaccessible to mere mortals (and computers). In the current print edition of the Oxford

English Dictionary (Simpson & Weiner, 1989), the definition of the word ‘create’ begins with:

‘Said of the divine agent: To bring into being, cause to exist’ (Simpson & Weiner, 1989, p. 1134).

An objection to computational creativity, and more widely to the study of creativity in general, is

whether it may have a detrimental effect on our sense of the wonder and mysticism of creativity:

‘Forget computers, for the moment: the conviction is that any scientific account of creativity
would lessen it irredeemably. ... [There is a] widespread feeling that science, in general, drives
out wonder. Wonder is intimately connected with creativity. All creative ideas, by definition, are
valued in some way. Many make us gasp with awe and delight. ... To stop us marvelling at the
creativity of Bach, Newton, or Shakespeare would be almost as bad as denying it altogether. Many
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people, then, regard the scientific understanding of creativity more as a threat than a promise.’
(Boden, 2004, pp. 277-278)

Rhodes argues that creativity is not something mysterious (Rhodes, 1961):

[Recent creativity research has] ‘rendered into baloney many former sacred cows. For instance
... the idea that people are born to be either creative or lacking in creative ability, the notion that
creativity is more a way of feeling than a way of thinking, the idea that creativity is something
mysterious, and the notion that the word creativity applies to a simple, uncomplicated mental
process that operates in restraint.” (Rhodes, 1961, p. 306)

This undefinable part of creativity is reflected in Weiley’s coining of creativity as ‘novelty, value
and “x”’ (Weiley, 2009). It is often inadvertently included in discussions about creativity, for example
O’Donoghue (2007) qualifies a list of components of creativity with the final component of ‘e.t.c.’
(O’Donoghue, 2007, p. 34) rather than providing a complete standalone list of components.

Several researchers have however agreed with the sentiments expressed above in Section 3.1, that
research into creativity helps us understand creativity better and develop our own creativity (Boden,
2004; Plucker et al., 2004; Kaufman, 2009; Hennessey & Amabile, 2010). Creativity is generally
considered a positive quality to possess® and to know how to develop one’s creativity is considered

desirable and beneficial, as illustrated by the wide availability of materials for this purpose.*

3.2.4 Overriding definitional problems

Veale et al. (2006) prefaces the New Generation Computing 2006 special issue on computational
creativity by outlining three different ways in which authors in this issue respond to the difficulties of
defining creativity (Veale et al., 2006, pp. 204-205):

1. Work without a definition of creativity or with an approximate definition, in the hope that
practical work will point towards a clearer definition.

2. Identify how metaphors are used in creativity and what existing computational heuristics and
models best represent such metaphors.’

3. Produce systems that model human examples of creative work; replicating the results of cre-

ativity rather than taking a fuller perspective.®

3Notwithstanding the acknowledgement of a ‘dark side’ of creativity (Kaufman, 2009), where creativity can be man-
ifested in a negative way. For example one could argue that the actions of Hitler or the ‘September 11° bombers in New
York were creative, although the atrocious consequences of their actions would provoke negative reactions to this conclusion
vastly in excess of any distaste towards computational creativity.

4The results of a questionnaire on creativity in musical improvisation, which will be reported in Chapter 6 Section
6.3.2, will also show how creativity is viewed as positive, with all responses treating creativity as a desirable aspect of
improvisation. Responses could be summed up by this comment from one participant: ‘I wish I had more of it, definitely’.

SA little bias is perhaps introduced here by Tony Veale, one of the authors of Veale et al. (2006), highlighting the
approach he favours above other approaches to modelling the creative process such as those outlined in Section 3.4.1.

SIn four P terminology, described in Section 3.4.2, this focuses on Products at the expense of Person, Process and Press.
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In contrast, Rhodes (1961) ‘appeals’ that ‘we do not throw out the baby with the bath water just
because the water is cloudy.’” (Rhodes, 1961, p. 310). Though it is problematic to define creativity,
this does not mean that we should avoid such a task. The next Sections will review several such

attempts to define creativity, categorised as:

Dictionary definitions of creativity (Section 3.3).

Research definitions of creativity (Section 3.4):

— Definitions of computational creativity (Section 3.4.1).

— Definitions of human creativity (Section 3.4.2).

Philosophical reflections on how to interpret the meaning of concepts like creativity (Section
3.4.3).
Legal definitions of creativity (Section 3.5).

3.3 Dictionary definitions of creativity

Dictionary definitions give a short and succinct account of word meanings. Figure 3.2 shows several
dictionary definitions of the word ‘creativity’ and the related words ‘creative’ and ‘creat’.” The most
frequent words used in these definitions (excluding common-use English words such as ‘the’, ‘and’,
and so on) are represented in a word cloud format, in Figure 3.3. This diagram shows the prominence

of a number of concepts in how creativity is defined, such as:®

e cause e make e imaginative e quality
e something ® new e existence e rank
e produce e original e ability e occasion

The definitions in Figure 3.2 tend to be self-referential, defined in terms of words derived from the
same word stem ‘creat-".” These definitions often contain (or on occasion entirely consist of) phrases
such as the ‘ability to create’, or ‘creative power or faculty’. Essentially, creativity is defined in terms
of itself. This does not help develop an in-depth practical understanding of creativity.

The brevity of the definitions in Figure 3.2 also affects the utility of dictionary-style definitions for
evaluation. For use as evaluation standards, definitions should be of sufficient length and detail, or
they provide only an overview rather than investigating more subtle points which may be significant.
Dictionary definitions however tend to be short and heavily abbreviated, due to space restrictions.

Dictionary definitions assume words can be defined independently of context. Some of the defini-

tions in Figure 3.2 show that context is important when considering the meaning of a word, making

"Definitions are taken from various print dictionaries, as indicated (Simpson & Weiner, 1989; Treffry, 1998, 2000;
Robinson, 1999; Garmonsway & Simpson, 1969; Babcock Gove, 1969; Barnhart, 1963; Sinclair, 1992).

8The selection of words listed here ignores the words ‘creativity’, ‘creative’ and ‘create’.

9The problem of self-reference in definitions of creativity has also been noted by Cope (2005).
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Figure 3.2: Dictionary definitions. N.B. Definitions of ‘creativity’ are often included under definitions

of ‘creative’ or ‘create’.

For readability, some definitions are edited slightly to standardise formats

and remove etymological/grammatical annotations.
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Figure 3.3: Word cloud representation of the words used in the dictionary definitions of Figure 3.2.
Generated by Wordle online software (http : //www.wordle.net /).

some interpretations more relevant than others. For example, in understanding what creativity is, one
use of ‘create’ that is less relevant is its use to refer to an actor playing a new theatrical role. Instead
of using words independently of context, we tend to use words to refer to things within a contextual
frame of reference (Evans & Green, 2006; Haiman, 1980). Cognitive linguistics studies language as
it is used, rather than relying on pre-determined meanings. Cognitive semanticists, who research the
meaning of words and phrases using cognitive linguistics, follow a central principle:

‘word meaning cannot be understood independently of the vast system of encyclopaedic knowl-
edge to which it is linked’ (Evans & Green, 2006, p. 243)

To construct a mental representation of the meaning of the word involves a dynamic process of
conceptualisation (applying concepts to background knowledge). The point is that words cannot be
used out of context, therefore they have no meaning or relevance that is independent of context. Se-
mantics (what words mean) should not be separated from pragmatics (how words are used) (Haiman,
1980). Instead, word meaning is grounded in our experiences and knowledge. The words themselves
act as reference points to relevant contextual knowledge, rather than ‘neat pre-packaged bundles of
information’ (Evans & Green, 2006, p. 221).
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3.4 Research definitions of creativity

3.4.1 Defining computational creativity

As the interest of this thesis is in computational creativity research, it is important to examine how

computational creativity has been defined by researchers to date.

Computational creativity = human creativity performed by computers?
A prevalent definition of computational creativity centres around human creativity being demon-
strated by computer systems: computational creativity is where computers exhibit behaviour which,
if seen in a human, would be perceived as creative (Colton, 2008b; Wiggins, 2006a; Cardoso &
Wiggins, 2007). Whilst such a definition is intuitively simple, it reveals little about what creativity
actually is; nullifying what is an aim of much computational creativity research (Widmer et al., 2009).
In computational creativity research, this type of definition has often been adopted (Schmid, 1996;
Wiggins, 2006a; Cardoso & Wiggins, 2007; Colton, 2008b; Cardoso et al., 2009). To some extent
it simplifies matters to reproduce the only example we have of creativity, i.e. human creativity. If
‘creativity really is in the eye of the beholder’ (Cardoso et al., 2009, p. 17), though, then there are
significant repercussions for the scientific validity of evaluating computational creativity systems. A
researcher could report their system as the most creative and progressive system of its type, on the
basis that they themselves view it that way, without further justification. Another researcher might
counter this with a similar claim about their own system, for the same justification. This would

quickly lead to stagnation in research (Pearce et al., 2002) rather than progress.

Alternative definitions of computational creativity
Alongside the prevailing current definition of computational creativity (to refer to human creativity in
a computational setting without defining creativity itself), there exist complementary perspectives on

computational creativity which incorporate creativity theory in some way.

Reduction of creativity to novelty +value Peinado and Gervas define computational creativity as
‘how to create something new and useful at the same time.” (Peinado & Gervas, 2006, p. 290). The
novelty (related concepts: originality, newness) and value (related concepts: usefulness, appropriate-
ness, relevance) of creative products have often been identified as the two main aspects of creativity
(Pease et al., 2001; Peinado & Gervas, 2006; Pereira & Cardoso, 2006; Ritchie, 2007; Alvarado Lopez
& Pérez y Pérez, 2008; Brown, 2009a; Chordia & Rae, 2010).!° Here computational creativity bor-
rows from psychological research into creativity (e.g. Finke et al., 1992; Mayer, 1999; Sternberg,
1999; Boden, 2004; Plucker & Beghetto, 2004; Kaufman, 2009; Rowlands, 2011). Mayer (1999)
refers to this combination as the ‘basic definition of creativity’ (Mayer, 1999, p. 450). Table 22.1 of
Mayer (1999), reproduced here in Figure 3.1, summarises the “Two Defining Features of Creativity’
(Mayer, 1999, p. 450) as used in Sternberg (1999).

10 A5 seen in Chapter 2 Section 2.3.4, though, inconsistencies have arisen in how this model is adopted.
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Table 3.1: Mayer’s summary of how novelty and value (or highly related concepts) are used to define
creativity by different authors in various chapters of Robert J. Sternberg’s influential Handbook of
Creativity (1999) (Mayer, 1999, Table 22.1, p. 450).

Author (Chapter) Feature 1: Originality Feature 2: Usefulness
Gruber & Wallace (5) novelty value

Martindale (7) original appropriate

Lumsden (8) new significant

Feist (13) novel adaptive

Lubart (16) novel appropriate

Boden (17) novel valuable

Nickerson (19) novelty utility

In their survey of creativity definitions usage in research, Plucker et al. (2004) found that of the 34
out of 90 surveyed articles that included a definition:
‘The most common characteristics of explicit definitions were uniqueness (n = 24) and usefulness

(n = 17). Of interest, all 17 articles that included usefulness in their definition also mentioned
uniqueness or novelty.” (Plucker et al., 2004, p. 88)

Novelty is a continuous attribute rather than discrete, being measurable by ‘degree of newness’
(Rhodes, 1961, p. 309) rather than something being either new or not new (Perkins, 1994; Rhodes,
1961; Kaufman, 2003; Pease et al., 2001; Potts, 1944). Questions arise as to what novelty entails in a
creative context (Boden, 2004; Bundy, 1994; Macedo & Cardoso, 2002; Peinado et al., 2010). ‘How
novel should “novel” be for creativity?’ (Perkins, 1994, p. 120).

Another issue is that it is difficult to find domain-independent heuristics to follow when ascertain-
ing the value of products. Usefulness is relative; what is considered useful in products of one domain
is not necessarily reproduced in the other and may not apply equally across that individual domain.
To recognise the usefulness of a creative product, one must either know the product’s domain well
enough to appreciate value, or have access to the opinions of people who are experts in that domain.

To exemplify this point, in Jordanous and Keller (2011) we report how the greatest contributor to
creativity in musical improvisation is the social communication and interaction that happens between
musicians, or between performer(s) and audience during the creative process of improvising.'! For
creativity, improvisers prioritise this over the ‘correctness’ of the music produced during improvisa-
tion. In mathematical proof derivation systems, however, accuracy is paramount.

Zongker’s paper entitled Chicken Chicken Chicken: Chicken Chicken and published via the Annals
of Improbable Research (Zongker, 2006) demonstrates how the perception of creativity in a particular

domain is not always consistent across all examples of creativity in a domain. Chicken Chicken

" These findings are reported in greater detail in Chapter 6 for Case Study 1.
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Chicken shows creativity, in a domain that emphasises content correctness and usefulness (scientific
research papers), because of the extreme absence of any scientifically useful and correct content.
Instead the value of Zongker (2006) is as an ironic reflection on academic publications.

As discussed in Section 3.4.1, it is questionable whether the combination of novelty and value is
enough to understand creativity (Kaufman, 2009). This reductionist approach provides two tangible
attributes with which to evaluate creativity. It is questionable, though, whether creativity can be
reduced to just these two components. Other creativity definitions reported in this Chapter incorporate
more than merely the novelty and value of products.'?

Another relevant point, as Section 3.4.2 will emphasise, is that creativity entails more than solely
the end product; a creative person or system should not be judged based only on how novel and useful
its products are. As early as 1963, Newell, Shaw, and Simon describe four criteria for creativity
(Newell et al., 1963), of which the combination of novelty and usefulness is only one. The other three
include transformation of views previously accepted by the creative person’s peers, motivation and

persistence in the creative process and coping with uncertainty during the process.!?

Creativity as the search for solutions to problems Creativity has often been portrayed as finding
solutions to problems, both in computational creativity research (Newell et al., 1963; McCarthy, 1979;
Meehan, 1981; Turner, 1994; Wiggins, 2006b; Jennings, 2010b; Ventura, 2011; Veale, 2012, also
Pérez y Pérez, 2012, personal communications) and research into human creativity (Weisberg, 1988;
Perkins, 1994). Newell et al. (1963) differentiate between creative problem solving and problem
solving if the solution is novel and useful, and the original problem was specified in an uncertain
manner which required unconventional and persistent and interpretative effort. Cardoso et al. (2009)
question Newell et al. (1963)’s approach:

‘This approach is, of course, a classic Al formulation: there is at its base the implicit assumption

that the created artefact is an “answer”, and therefore that there must have been a question. In the

creative arts and in the less empirically motivated sciences and mathematics, this need not be the
case: creative motivation may be altogether less well-defined.” (Cardoso et al., 2009, p. 2)

Reducing creativity to problem solving works when the creator is searching for an ideal solution
which is not obvious, or if there is no single ideal solution but several candidates for a reasonable
solution (Boden, 1994b). This interpretation of creativity rules out the possibility of being creative
if no problem currently exists, though. Creativity must also allow for the idea of being creative
to discover what can be done, using what Boden refers to as ‘exploratory creativity’ and Mandel

describes as ‘problem-finding creativity’ (Boden, 2004; Mandel, 2011).

12The work in Chapter 4 will present evidence that there is much more to consider in terms of what creativity is, that the
combination of novelty and value does not incorporate.

13These four criteria align to some degree with the results in Chapter 4, although those results include other criteria not
mentioned by Newell et al. such as domain competence and autonomous freedom on the part of the creative person.
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Boden’s framework for creativity ~As discussed in Section 3.6, Boden (2004) identifies three differ-

ent types of creativity:

e Exploratory creativity - exploring a scope-limited set of possible options within a domain (Bo-
den uses the term conceptual space for this set.

e Transformational creativity - transforming the conceptual space (set of options) by identifying
where the boundaries of the set can be changed to include new options.

e Combinational creativity - combining two or more concepts within the conceptual space to

form a new concept.

Though exploratory creativity seems less important than transformational creativity, exploring a
new conceptual space helps to establish the value of the space, by seeing what potential it has for
development; a new space is more useful if it has greater potential for exploratory creativity.

With transformational creativity, to reject rules, the rules have to be understood (perhaps via prior
explorative creativity). The key point here is that it is not enough to just not be aware of rules or
constraints, but that there has to be some intention to transform them. Transformation is usually by
dropping constraint(s) and negating constraint(s).

Combinational creativity is inspired somewhat by the associative view of creativity in Koestler
(1964), combining concepts together in a Gestalt manner such that the resulting combination provides
more of value than the two individual components did on their own. Often part of this creative act is
in seeing components that can be combined and how they can be combined.

One potential problem with Boden’s three views of creativity is that they all assume the existence
of a conceptual space, or constrained set of possibilities, that the creative individual consciously
reasons with in order to be creative. Boden’s framework therefore does not easily accommodate sub-
conscious processes of creativity, or systems which employ principles of embodiment and emergence
(such as McCormack, 2007; Bown & Wiggins, 2007; Bird & Stokes, 2007; McLean, 2009).

The implementation of creativity theory in practical computational creativity systems is currently
limited, with most researchers preferring a more direct and hands-on approach. There are however
some examples of Boden’s three-fold framework being applied as a framework rather than a quali-
tative discussion of differences in creative practice (Thornton, 2007; Wiggins, 2006b). In particular,
Wiggins proposes the Creative Systems Framework (Wiggins, 2006b, 2006a; McLean & Wiggins,
2010; Forth, Wiggins, & McLean, 2010) for this purpose. Ritchie (2006) has focused on and devel-

oped transformational creativity.

Domain Individual Field Interaction (DIFI) framework Csikszentmihalyi proposes a systems model
of creativity. Figure 3.4, a reproduction of Csikszentmihalyi’s Figure 13.1 (Csikszentmihalyi, 1988,
p- 329), shows how Csikszentmihalyi sees the creative process unfold over time. Time is a key

element in this model, highlighting how creativity is a dynamic process that progresses and develops
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as the result of interactions between the three subsystems of Domain, Field and Individual/Person:

‘what we call creative is never the result of individual action alone; it is the product of three
main shaping forces: a set of social institutions, or field, that selects from the variations produced
by individuals those that are worth preserving; a stable cultural domain that will preserve and
transmit the selected new ideas or forms to the following generations; and finally the individual,
who brings about some change in the domain, a change that the field will consider to be creative.’
(Csikszentmihalyi, 1988, p. 325).

° Retains
~ FIELD Selected DOMAIN
(Social organization Var: e
of Domain) ariants GRS
\Pyoduccs Transmits
Varition structured
X information
and change and action

=

PERSON

Genetic Pool
and Personal

Experiences

Figure 3.4: Csikszentmihalyi’s DIFI framework for creativity: mapping interactions between Do-
main, Field and Person (Csikszentmihalyi, 1988, Fig. 13.1, p. 329).

For a better understanding of creativity, Csikszentmihalyi argues for a Kuhnian-style scientific
revolution in creativity research (Kuhn, 1962), saying that ‘we need to abandon the Ptolemaic view of
creativity, in which the person is at the center of everything, for a more Copernican model in which
the person is part of a system of mutual influences and information.” (Csikszentmihalyi, 1988, p.
336).14 As a consequence, we cannot determine what is creative (or not) purely by referring to an
individual person or their products but must consider people and their products or ideas in the context
of the appropriate domain and its field.

The DIFI framework has recently impacted upon computational creativity research (Chordia &

Rae, 2010; de Silva Garza & Gero, 2010; Saunders et al., 2010). It is a rare example of a creativity

14K uhn’s contributions to scientific method, as well as those of others, have been discussed in Chapter 2 Section 2.2.
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framework which has been implemented on more than one occasion as a basis for practical systems,
which pays attention to interactions between the creator, the body of knowledge the creator is working
in and the audience which critically receives the creative work and provides feedback. There is some
information about how these interactions take place, though an examination of Figure 3.4 raises some
practical questions, for example: how does the creative individual ‘produce Variation and change’?
How does the field decide which ‘Variants’ of creative contributions should be retained and added to

domain knowledge?

Reframing creativity by defining something ‘creativity-like’ Following in the steps of recasting cre-
ativity as problem-solving, or a combination of novelty and value, this approach deals with the defi-
nitional problem by identifying something similar to creativity that is easier to define. Cohen (1999)
defines behavior X as the combination of emergence, awareness, motivation and knowledge. !>

Cohen considers his generative art system AARON in the context of behavior X but refrains from
describing AARON as creative (McCorduck, 1991; Cohen, 1999; Pearce & Wiggins, 2001; Boden,
2004; Bird & Stokes, 2007; Colton, 2008b). This restraint is largely because AARON lacks the
ability to make aesthetic choices about the quality of produced work. The implication (left implicit
by Cohen) is that behavior X and autonomy are two necessary conditions for creativity, though it is
unclear whether Cohen sees this combination as sufficient for creativity.

Pease et al. suggest redefining creativity as creativity2 (Pease et al., 2001, p. 137) so that it
is more tightly defined and therefore easier to assess (c.f. Popper’s falsifiable hypotheses, Popper,
1972). Creativity2 is however left undefined by Pease et al.

Is redefinition the right approach? Rhodes’s emphasis on how we should ‘not throw out the baby
with the bath water just because the water is cloudy.” (Rhodes, 1961, p. 310) is relevant here. The dif-
ficulties in identifying creativity should not lead us to redefine creativity; otherwise we are no longer
researching creativity but creativity2 (Pease et al., 2001) or behavior X (Cohen, 1999). This will place

limits on what can be achieved, rather than contributing to the bigger picture that is creativity.

The role of evaluation within the creative process As Boden (2004) says, creativity is not just about
new ideas but also incorporates the development and refinement of these ideas.!® Several com-
putational creativity researchers employ in their systems a sequence of engagement-reflection, or
generate-and-explore, where the system takes a cyclic process of engaging with creative production
then critically reflecting on what it has produced, to inform the next stage of creative production
(Finke et al., 1992; McGraw & Hofstadter, 1993; Gervés et al., 2007; Pérez y Pérez, 1999; Al-
varado Lopez & Pérez y Pérez, 2008; Pease et al., 2010; Pérez y Pérez et al., 2010). Others use
evolutionary computational approaches, where the fitness of the system is evaluated and evolved
(Biles, 1994; Bird & Stokes, 2007; Miranda & Biles, 2007; McCormack, 2007; Jordanous, 2010c¢).

15 As previously mentioned in Chapter 2 Section 2.1.4.
16Such development/refinement is analogous to Wallas (1945) and Poincaré (1929)’s validation; see Section 3.4.2.
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Whilst not adopted universally across the computational creativity research community, and whilst
there is still some ambiguity as to exactly what the engagement and reflection stages should entail,
this approach satisfies the call of Boden (1999) to treat evaluation as an important part in the creative
process itself, so the creative system can recognise the best of the artefacts it generates.

An approach that incorporates evaluation in the creative process faces the same issues and ques-
tions as this thesis does; how does one evaluate creativity? To date, the systems mentioned above
generally sidestep this issue somewhat, evaluating the quality of their output rather than creativity.'”

Hence they progress towards more successful output, but not necessarily more creative output.

3.4.2 Defining human creativity

The most widely accepted definition of computational creativity (Section 3.4.1) is a computational
system which is perceived to act creatively if treated as a human. This moves the focus from the
question what is computational creativity to the question what is creativity.

There is no shortage of answers offered to this latter question in the research literature on human
creativity; a 1988 review mentions over 60 definitions of creativity in the psychology literature (Tay-
lor, 1988) and Plucker et al. (2004) identifies several post-1988 definitional offerings. Here the main
definitional contributions of human creativity research are examined, with particular interest in how

they relate to computational creativity as well as human creativity.

The Four Ps

One major approach in creativity research is to break down creativity into four perspectives, com-
monly referred to as the Four Ps (Rhodes, 1961; Stein, 1963; Mooney, 1963; MacKinnon, 1970;
Simonton, 1988; Tardif & Sternberg, 1988; Odena & Welch, 2009):

e Person: The individual that is creative.
e Process: What the creative individual does to be creative.
e Product: What is produced as a result of the creative process.

e Press: The environment in which the creativity is situated.

Rhodes (1961) was perhaps first to identify the four P perspectives. Rhodes collected 40 definitions
of creativity and 16 definitions of imagination. The ‘Four P’ dimensions of creativity emerged from
analysis of these definitions.!® Several people seem to have independently identified four similar
themes of creativity (MacKinnon, 1970; Stein, 1963; Mooney, 1963; Odena & Welch, 2009), or at
least three (Jackson & Messick, 1967, who consider Person, Product and the Response from Press).
This repeated pattern of seemingly independent discovery boosts the credibility of the Four Ps.

Simonton (1988) sees discrepancies between combining the Four Ps in theory and in practice:

17The distinction between the evaluative aims of creativity and quality was raised in Chapter 2, particularly Section 2.3.
18 A5 Rhodes published this work in a relatively unknown journal, many later advocates of a ‘Four Ps’-style approach to
creativity seem unaware of Rhodes’s contribution (e.g. Odena, 2009, personal communications), so do not cite him.
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‘Now, in an ideal state of affairs, it should not matter which one of the four p’s our investigations
target, for they all will converge on the same underlying phenomenon. ... But reality is not so
simple, needless to say. The creative process need not arrive at a creative product, nor must
all creative products ensue from the same process or personality type; and others may ignore the
process, discredit the product, or reject the personality when making attributions about creativity.’
(Simonton, 1988, p. 387)

From this, one conclusion which seems to follow naturally is that an accurate and comprehensive
definition of creativity must account for the (potential) presence of all four aspects, in order to be
complete. Simonton, however, concludes that ‘[i]f we cannot assume that all four aspects cohesively
hang together, then it may be best to select one single definition and subordinate the others to that
orientation’ (Simonton, 1988, p. 387), with his natural research inclination leading him to focus his
work on persuasion, his term for the Press/Environment aspect.

Plucker et al. (2004) conducted a literature survey investigating the use (or absence) of creativity
definitions in creativity research. While the key purpose of this analysis is to see how rigorously
people define creativity as they work with it, Plucker et al. also use their analysis to derive their own
definition by identifying reoccurring themes and forming these into an inclusive definition which

happens to account for each of the Four Ps:

‘Creativity is the interaction among aptitude, process, and environment by which an individual
or group produces a perceptible product that is both novel and useful as defined within a social
context’ (Plucker et al., 2004, p. 90)

In reviewing Four Ps research, Kaufman (2009) mentions addendums that have been suggested for
the Four Ps: persuasion (Simonton, 1988) and potential (Runco, 2003). In general, however, the Four
Ps approach have been adopted as they were originally conceived by various researchers (Rhodes,
1961; Stein, 1963; Mooney, 1963; MacKinnon, 1970).

The Four Ps: Person This perspective addresses human characteristics associated with creative in-
dividuals or groups of people. Encouraged by Guilford’s call in 1950 for studying the creative person,
an abundance of different personal characteristics have been associated with creativity (Rhodes, 1961;
Stein, 1963; Koestler, 1964; Tardif & Sternberg, 1988; Odena & Welch, 2009), ranging from person-
ality traits, attitudes, intelligence and temperament to habits and behaviours (for example curiosity,
persistence, independence and openness). Some of these are closely related; others are contradictory.

This discrepancy and sheer quantity of attributes together place an obstacle in the way of compiling
a definitive list of attributes of a creative person and instead provoke disagreements on exactly which
cognitive characteristics should be attributed to creative people. Tardif and Sternberg’s review shows
that as of 1988, different authors highlight a variety of characteristics, with no general consensus and

no characteristics common to all reports (Tardif & Sternberg, 1988, Table 17.1, p. 434).

The Four Ps: Process The creative process has been broken down into a series of sequential or
cyclic stages occurring over time (Poincaré, 1929; Wallas, 1945) or subtasks (Odena & Welch, 2009).
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Section 3.4.2 gives details of different models of the creative process. In their work on enhancing
pupil creativity in school music lessons, Odena and Welch (2009) have broken down the creative
process into subtasks, by identifying different types of process (such as different activities, group
process, the structuredness or otherwise of a process and composition by improvisation) rather than
tracing a linear progression of subprocesses.

Regarding the creative process, Tardif and Sternberg consider how creativity is not just the first
flash of inspiration, but is also the activity that validates, develops, and refines that first idea.'® Rather
than occurring at one point in time, say Tardif and Sternberg, creativity occurs over a developmental
period of time. Tardif and Sternberg (1988) question whether creativity is a social or an individual

process. This point has often been taken forward, most notably by Csikszentmihalyi (1988).

The Four Ps: Product Many authors advocate that proof of creativity is necessary to be considered
creative (Kagan, 1967; Tardif & Sternberg, 1988; Plucker et al., 2004; Ritchie, 2001).

‘When an idea becomes embodied in tangible form it is called a product. ... Products are artifacts
of thoughts.” (Rhodes, 1961, p. 309)

The product-centric view adopted by computational creativity researchers (e.g. Ritchie, 2001),
that creative products are both necessary and sufficient for creativity, was present in earlier human
creativity research (Kagan, 1967). Influenced by Guilford’s seminal 1950 address on creativity re-
search (see Section 3.4.2), emphasis in human creativity research shifted from identifying creative
individuals post-production of creative work, to predicting future potential for creativity in individu-
als. This change in emphasis is demonstrated in the proliferation of psychometric tests for creativity,
as reported in Section 3.4.2.

Tardif and Sternberg (1988) consider the creative product more briefly than the other three ‘Ps’
in their review. They decide that while a creative product is essential for creativity, it is not enough

merely to generate a product; the product should also be considered in a domain-specific context.

The Four Ps: Press/Environment The Press perspective encompasses a bidirectional perspective
between the environment which influences the creator and receives the creative work, and the creator
who publicises their work and is given feedback on what they produce. Tardif and Sternberg (1988)
consider both creative domains themselves and the social environments in which creative people are
influenced as they employ creative process, advertise their creative products and receive feedback.
Rhodes (1961) concentrates on the role that the environment plays on a person during the creative
process, rather than how the creative produce is judged by the external world after being created. He
reflects on how everyone is different, so everyone perceives the world in a unique way and processes

ideas according to their own internal makeup and experiences.

19This is again akin to the validation stage in Wallas (1945) and Poincaré (1929); see Section 3.4.2.
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Of the Four Ps, this is the perspective that is often neglected when one takes an individualistic view
of creativity. In general creativity theorists do however acknowledge the influence of the environment
in which creativity is situated (Simonton, 1988; Hennessey & Amabile, 1988). If one concentrates on
an individual’s creativity, however, the Press perspective is often neglected, even if unintentionally.
For example, although stating that ‘[t]o be appreciated as creative. a work of art or a scientific theory
has to be understood in a specific relation to what preceded it’ (Boden, 2004, p. 74), Boden’s treatment
of creativity mainly focuses on different cognitive processes of creativity (see Section 3.4.1), rather
than a detailed examination of social or environmental influences. Some computational creativity
researchers are starting to highlight the importance of the environment in which a creative system is
situated (Sosa, Gero, & Jennings, 2009; Saunders et al., 2010; Pease & Colton, 2011b).

Interaction between the Four Ps The mysterious impression often associated with creativity (see

Section 3.2.3) can be explained to some extent when one or more of the Four Ps are not accounted:

‘Each strand [of the Four Ps] has unique identity academically, but only in unity do the four
strands operate functionally. It is this very fact of synthesis that causes fog in talk about creativity
and this may be the basis for the semblance of a “cult”.” (Rhodes, 1961, p. 307)

Rhodes argues that creativity research should follow a very definite path, in a specific direction:

‘from product to person and thence to process and to press.” (Rhodes, 1961, p. 309)

‘Objective investigation into the nature of the creative process can proceed in only one direction,
i.e. from product to person and thence to process and to press.” (Rhodes, 1961, p. 309)

Such a statement makes Rhodes’s contribution less useful. For example, the Press (environment) in
which one is creative has some influence on the creative Process, so one may prefer to study how Press
and Person interact before looking at Process issues. For example, Simonton sees creativity as how a
person’s ideas emerge as influential when that person, by chance, has new ideas and promotes them to
influence others. Creative people would not be equivalent to lucky people, by this interpretation, but
chance would intervene in their success. Simonton refers to this as the ‘chance-configuration theory’
that ‘outlines the general conditions that favor creativity’ (Simonton, 1988, p. 422).

Tardif and Sternberg (1988) discuss each of the Four Ps individually, ‘as these really are separate
levels of analysis, and it is from comparisons within levels that coherent statements about our knowl-
edge of creativity can be made’ (Tardif & Sternberg, 1988, p. 429). Tardif and Sternberg’s summary is
weakened somewhat by this as it does not make comparisons across the Four Ps, despite highlighting
Simonton’s emphasis on the interactions and relations between these four views (Simonton, 1988).

Mooney (1963) argues that the four approaches should be integrated in a model of creativity,
proposing a model that ‘puts together the four approaches by showing them to be aspects of one
unifying idea’ (Mooney, 1963, p. 333). This model, though, seems to be of life itself, situating
‘man’ in the ‘universe’, ‘belonging to the whole’ whilst ‘being integrative to the whole’ rather than

specifically of creativity. It may be rather too large to be practically useful for modelling creativity.
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In his more specific reflections on creativity, though, Mooney’s contribution matches neatly with the
four Ps approach identified elsewhere at that date (Rhodes, 1961; Stein, 1963)
Confluence Approach

‘With regard to the confluence of components, creativity is hypothesised to involve more than a

simple sum of a person’s attained level of functioning on each component.” (Sternberg & Lubart,
1999, p. 11)

This approach follows on from the concept of interaction between the four Ps. The confluence
approach to creativity works on the principle of creativity resulting from several components con-
verging and looks at what these components are (Sternberg & Lubart, 1999; Mayer, 1999; Ivcevic,
2009). Mayer (1999) describes this as a quantitative approach to creativity. The collection of com-
ponents may be either a simple or more complex combinations. There may be thresholds for com-
ponents, above which creativity is said to be present. Components can interact and influence each
other, such that a strong component may compensate for a less well represented one. They may have
a multiplicative effect, depending on how the confluence approach is defined by a particular author.

As an example, in investment theory (Sternberg & Lubart, 1999) creativity is seen as the ability
and motivation to trade in ideas; ideas are bought ‘low’ and sold ‘high’ (Sternberg & Lubart, 1999, p.

10). Investment theory posits a confluence model consisting of six components:>°
1. Intellectual ability.

e Ability to ‘think outside the box’ (escape conventional thinking).
e Analytical ability (to recognise worth).

e Marketing ability (to sell ideas to others).

2. Knowledge (enough to be useful, but not to the extent that domain conventions become con-
straints).

3. Cognitive styles.

e Choosing a novel approach.
e Ability to think globally and locally.

4. Personality.

o Self-efficacy.
e Motivation especially in the face of problems.

Risk-taking.

Ambiguity toleration.

5. Motivation.

6. Environment.

20Strong parallels can be drawn between the investment theory confluence model and the Four Ps.
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Confluence approaches capitalise on the diversity of creativity that hinders other creativity defini-
tions, reducing creativity to its diverse components. Reductionist approaches can help make a com-
plex concept more understandable, without losing the value of the original concept. Dennett (1995)
argues, in a similar discussion about understanding minds, purposes and meanings in the context of

Darwinian evolution:2!

‘a proper reductionist explanation of these phenomena would leave them still standing but just
demystified, unified, placed on more secure foundations. We might learn some surprising or even
shocking things about these treasures, but unless our valuing these things was based all along on
confusion or mistaken identity, how could increased understanding of them diminish their value
in our eyes?’” (Dennett, 1995, p. 82)

Psychometric tests for creativity

The question of how to evaluate creativity is problematic, in computational or in human creativity:
‘many people have a gut reaction about studying and measuring creativity ... the thought of grad-
ing Faulkner (or Mozart or Picasso) sounds absurd. The idea of “grading” Einstein or Bill Gates
is a little absurd, too, yet we still have an awful lot of science and math questions on the SATs,
GREs, AP tests and so on that could theoretically provide a reasonable grade for them. Indeed,

most of the things that scientists try to measure don’t merit this type of reaction.” (Kaufman,
2009, p. 2)

Psychometric tests, or psychological measurement tests, are designed to measure various human
skills and psychological attributes. Several tests and test batteries (collections of tests) exist to mea-
sure how creative people are, often treating creativity as closely related to divergent thinking, or the
ability to think in a broad and expansive way. Some key examples of psychometric tests, along with

their underlying interpretation of creativity, are described below.

Guilford’s Structure of Intellect battery Prior to 1950, little research of note was being conducted
into creativity. J. P. Guilford’s presidential address to the American Psychological Association (Guil-
ford, 1950) thrust a spotlight onto creativity research, or more specifically, the lack of thereof. His
talk was hugely influential in encouraging more creativity research (Kaufman, 2009), redirecting
the focus of research towards attributes of creative people and how to identify who is creative. As
part-illustration of this, Figure 3.5 shows how use of the word ‘creativity’ in books has increased sig-
nificantly since 1950, according to statistics generated by the Google Ngram project (Michel, Shen,
Aiden, Veres, Gray, Pickett, Hoiberg, Clancy, Norvig, Orwant, Pinker, Nowak, & Aiden, 2011).
Concentrating on divergent thinking in creativity, Guilford (1950) proposed the Structure of Intel-

lect battery of tests for creativity based around 4 aspects of divergent thinking:

e Fluency (how many ideas in total a person has in a creative situation).

e Flexibility (how many different types of idea the person has).

21 A similar approach is taken to the work reported in Chapter 4 to derive the key ‘building blocks’ of creativity (using
computational linguistics techniques to analyse and combine several discussions about what creativity is).
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Figure 3.5: Use of the word ‘creativity’ since 1900 in the ‘Google Million’ corpus of 1 million books
digitised as part of the Google Ngrams project. This image, generated by the Google Books Ngram
Viewer at http://ngrams.googlelabs. com (last accessed September 2011), shows how use of the
word ‘creativity’ noticeably increased in books published from the mid-1950s onwards.

e Originality (how unusual the person’s ideas are).

e Elaboration (how developed the person’s ideas are).
Guilford’s talk prompted work on several other creativity tests measuring divergent thinking:

e Getzels and Jackson’s battery (Getzels & Jackson, 1962).
e Minnesota battery of tests (Goldman, 1964).
Wallach and Kogan’s two test batteries (Wallach & Kogan, 1965).

Torrance Tests for Creative Thinking (Torrance, 1974).

e Creativity Quotient test (Snyder, Mitchell, Bossomaier, & Pallier, 2004)
Of these, Torrance’s test battery is most widely used and studied today (Kaufman, 2009).
Torrance Tests of Creative Thinking Torrance offered three types of creativity definition:

e An artistic definition: as depicted in Figure 3.6 (Torrance, 1988).

o A survival definition: “When a person has no learned or practiced [sic] solution to a problem,
some degree of creativity is required.” (Torrance, 1988, p. 57).

e An operational (Torrance, 1967) or research definition (Torrance, 1988):

‘the process of becoming sensitive to problems, deficiencies, gaps in knowledge, missing
elements, disharmonies, and so on; identifying the difficulty; searching for solutions, mak-
ing guesses, or formulating hypotheses about the deficiencies; testing and retesting these
hypotheses and possibly modifying and retesting them; and finally communicating the re-
sults.” (Torrance, 1967, pp. 73-74)
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Figure 3.6: Creativity is... 14 pictures originally conceived by Karl Anderson in 1964 and reproduced

by Nancy Martin in 1985, as part of E. Paul Torrance’s research into what creativity is (Torrance,
1988, Figs. 2.1-2.14, pp. 49-55).
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The Torrance Tests of Creative Thinking (TTCT) are based around Torrance’s operational defini-
tion of creativity, focusing on process. Torrance advocates this definition for two reasons: firstly, it
allows further investigation about people who employ these processes, the environments the processes
are employed in and what is produced as a result; and secondly, it describes a ‘natural process’ rather
than reporting creativity in a forced manner.

First presented in 1974, Torrance’s tests have undergone ongoing development, surviving Torrance
himself and becoming an commercial enterprise with copyrighted creativity scoring tables to ‘grade’
creativity.?? The TTCT battery is aimed at a wide age range (Torrance, 1967) from toddlers to adults.
Influenced by Guilford, the battery tests the same factors of divergent thinking (fluency, flexibility,

originality and elaboration) in various tests: figural (image-based) and verbal (words-based).
Criticisms of divergent-thinking psychometric tests

e The tests look at trivial and inadequate instances of creativity, such as filling in circles with
drawings, rather than more meaningful examples of creativity (Sternberg & Lubart, 1999).

e Tests are usually based on the four factors of divergent thinking: fluency, flexibility, originality,
elaboration, without firm evidence that divergent thinking fully captures what creativity is. In
fact the prominence of divergent thinking in creativity research, as championed by Guilford
(1950), has recently been called into question (Baer, 1998; Plucker et al., 2004; Kaufman,
2009; Dietrich & Kanso, 2010). Chapter 4 shows that divergent thinking is only one of 14
different components that are important for creativity.

e The process of scoring responses to tests and analysing results is heavily reliant on the judgment
and experience of an individual test administrator.

e The tests assume (without justification) that everyday creativity,>> which they test for, can pre-

dict potential future genius-level creativity (Kraft, 2005).

From a computational creativity perspective, this last point raises another issue; current computa-
tional systems tend to be specialised to a particular domain rather than demonstrating more general
creativity in everyday situations. Hence practicalities currently prevent psychometric tests such as

those outlined above being used to evaluate the creativity of a computational system.
Other tests for creativity Other tests for creativity in psychology research include:

e Remote Associates Test (Mednick, 1967) (RAT), a psychometric test measuring convergent
rather than divergent thinking. Participants are given sets of three words and asked to provide
a fourth word that links to all three words semantically.

e Consensual Assessment Test (CAT) (Amabile, 1996), where several experts are asked to rate

22This restriction on availability of TTCT material has unfortunately restricted their use in creativity research to some
extent (e.g. Kaufman, 2009).

23See Section 3.6.1 for further discussion of the distinction between everyday creativity (the concept that everyone can be
creative to at least some degree) and creative genius (studying examples of people with exceptional creative achievements).
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several aspects of a set of creative products. The various ratings are then combined for an
overall comparative judgement of creativity reflecting the general consensus opinion of the

experts.?*

As in computational creativity, no one creativity test is used as standard. Common practice in
psychology research tends towards a combination of two or more tests rather than using one test
in isolation. For example, Ward, Thompson-Lake, Ely, and Kaminski (2008) uses both Mednick’s

Remote Associates Test and the Alternate Uses test from Guilford’s Structure of Intellect battery.

Creativity as a multi-stage process

Creativity as a process has been subdivided into stages in several different ways, as reported below.

Cognitive stages of creativity Poincaré reflected upon various different stages of his creative cog-
nitive processes during mathematical work (Poincaré, 1929).% Later Wallas drew parallels between
Poincaré’s descriptions and comments from Hermann von Helmholtz, a German physicist of the 19th
century (Wallas, 1945). Wallas combined both sets of introspective reflections and recast them as a

multi-stage iterative model of the creative process, labelling each stage:

e preparation - consciously investigating the problem area and compiling relevant knowledge,
without finding a suitable solution.

e incubation - exploration of the problem area by the ‘subliminal self” (Poincaré, 1929), while
conscious thought is concentrated elsewhere, in unrelated areas.

e illumination - conscious recognition of a key insight, significant and previously unseen, that

points towards a creative solution.

— intimation - an instinctive feeling that inspiration is about to occur. Although intimation
was originally included as a stage in its own right (Wallas, 1926), Wallas later treated it
as part of the illumination stage (Wallas, 1945).

e verification - conscious exploration and evaluation of the insight in order to produce and refine

a creative solution.2°

A systems perspective to creativity Not unlike Csikszentmihalyi’s DIFI framework, described in
Section 3.4.1, Hennessey and Amabile (2010) propose a systems model of creativity. Hennessey

and Amabile (2010) review creativity literature fairly broadly, comparing different perspectives of

24The CAT is one of only a few evaluation methods to cross disciplinary boundaries for use outside psychology research
(Wiggins, 2008; Brown, 2010; Masters, 2011).

Bt is interesting to note that in an alternative translation of Poincaré (1929) (the unattributed 1914 translation quoted
by Wallas (1945)), the title of this chapter is translated from ‘L’invention mathématique’ to ‘Mathematical Invention’. In
Poincaré (1929), the title is translated to ‘Mathematical Creation’;‘invention” and ‘creation’ are interchanged.

26The verification stage is not described by Helmholtz, however Poincaré highlights the need for the illumination stage
to be followed by a ‘second period of conscious work ... in which one verifies the results of this inspiration and deduces
their consequences.” (Poincaré, 1929, p. 394).



Chapter 3. Defining creativity 91

creativity (mostly within the psychology literature, not taking into account computational creativity

but looking at educational and cultural research), and using different levels of analysis.
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Figure 3.7: Hennessey and Amabile’s systems model of creativity, showing different levels of analysis
in creativity research (Hennessey and Amabile, 2010, Fig. 1, p. 571).

Their resulting model of creativity is pictured in Figure 3.7, taken from Figure 1 in Hennessey
and Amabile (2010, p. 571). Their conclusions criticise the divided nature of creativity research and
propose an interdisciplinary ‘systems perspective’ where ‘creativity arises through a system of inter-
related forces operating at multiple levels, often requiring interdisciplinary investigation.” (Hennessey
& Amabile, 2010, p. 571).

Creative Thinking Spiral In another view of creativity as a cyclical dynamic process, Resnick (2007)
proposes the creative thinking spiral, pictured in Figure 3.8.
‘people imagine what they want to do, create a project based on their ideas, play with their
creations, share their ideas and creations with others, reflect on their experiences - all of which
leads them to imagine new ideas and new projects. As students go through this process, over and
over, they learn to develop their own ideas, try them out, test the boundaries, experiment with

alternatives, get input from others, and generate new ideas based on their experiences.” (Resnick,
2007, p. 1)

Although authors such as Boden (2004) have long championed a more theoretically informed view
of the creative process in computational creativity, this is only now starting to be put into practice
(Chordia & Rae, 2010; Saunders et al., 2010; de Silva Garza & Gero, 2010, all using the DIFI frame-
work) (Wiggins, 2006a; Ritchie, 2006; Thornton, 2007; McLean & Wiggins, 2010; Forth et al., 2010,
all using Boden’s three-fold model of creativity). The recent dynamic models of the creative process
proposed by Hennessey and Amabile (2010) and by Resnick (2007) have not had the same length of
time to exert influence on computational creativity; it remains to be seen whether these models will

be discovered and experimented with by the computational creativity research community.
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Figure 3.8: The Creative Thinking Spiral, proposed by Resnick to demonstrate the cyclic way in
which people come up with new ideas, develop and share them, then reflect on the ideas as feedback
for new ideas (Resnick, 2007, untitled figure on p. 1).

3.4.3 Conceptual analysis of creativity

Creativity can be seen as an example of what Gallie described as an essentially contested concept
(Gallie, 1956): a subjective concept whose meaning seems to be commonly understood, with a variety
of interpretations available to be attached to that concept, but where a fixed ‘proper general use’ is
elusive (Gallie, 1956, p. 167).

Essentially contested concepts can be used for qualitative judgement of worth; however their sub-
jective and abstract nature makes it difficult for people to pin down these judgements in words in a
way which is exact, complete, objective and indisputable. Gallie cites the concepts of art, democracy,
social justice and the practice of religion as examples of essentially contested concepts (Gallie, 1956,
p. 180). Though he does not mention creativity, it seems clear that creativity could also be an example
of an essentially contested concept (Torrance, 2012, personal communications).

The value of identifying creativity as an essentially contested concept is seen in Gallie’s discus-
sions of understanding these abstract notions better by reflecting on this type of concept more gener-

ally, helping us accept and navigate difficulties caused by disputes about a concept’s exact meaning:

‘I hope to show, in the case of an important group of concepts, how acceptance of a single method
of approach - of a single explanatory hypothesis calling for some fairly rigid schematisation - can
give us enlightenment of a much needed kind.” (Gallie, 1956, p. 168)

Gallie defines essentially contested concepts through several features, such as being internally
complex in nature, but amenable to being broken down into identifiable constituent elements of vary-
ing relative importance, dependent on a number of factors such as context and individual preference.
The existence of this variety of interpretations is contributory to the coining of the descriptor essen-

tially contested for such concepts; though there is consensus on the concepts’ meaning in very general
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terms, exact interpretations differ. There is not a single agreed instantiation of these concepts but in-
stead many reasonable possibilities. The influences of changing circumstances and contexts, and the
nature of essentially contested concepts, mean that the interpretation of essentially contested concepts
will not reach a point of resolution in their meaning or instantiation but will always continue to be
contested. It is more productive, argues Gallie, to acknowledge that these different interpretations
will and do exist, and work from that as the basis for understanding words like creativity, rather than
expend time and energy in arguing the case for a single interpretation to be the standard meaning.
Then we can support evaluative judgements of creativity by referring to ‘the respective contributions
of its various parts or features’ (Gallie, 1956, p. 172).?’

The varying interpretations of creativity mostly revolve around the type of creativity being dis-
played, being determined by reflections of the domain in which creative activity is taking place and
the demands of that domain on creative products and processes to be used, as well as the background,
skills and aims of the person being creative.?® Different types of creativity manifest themselves in
different ways, although they can all be identified. On this note, Wittgenstein has observed how words
and language can be interpreted in multiple ways (Wittgenstein, 1958). Giving the example of the
concept of a game, and the many differing interpretations of what constitutes a game, Wittgenstein
comments on the way in which we identify these different interpretations under the word ‘game’:

‘we see a complicated network of similarities overlapping and criss-crossing: sometimes overall
similarities, sometimes similarities of detail. ... I can think of no better expression to characterize
these similarities than “family resemblances”; for the various resemblances between members of
a family: build, features, colour of eyes, gait, temperament, etc. etc. overlap and criss-cross in

the same way. And I shall say: “games” form a family.” (Wittgenstein, 1958, Part 1, Paragraphs
66-67)

Similarly, with creativity, different manifestations of creativity do not necessarily need to all share
any common, core elements (‘family resemblances’) in order to be identified more generally as part of
the creativity ‘family’,?° but relationships between these different manifestations show shared char-
acteristics similar to Wittgenstein’s family resemblances in language. So to understand creativity, we
can investigate what resemblances exist across different instantiations of creativity.

Wittgenstein is widely considered to have made a large contribution to our general understanding
of the meaning of language. Although Wittgenstein earlier believed that language represents a fixed

logical structure or picture that is hooked to a particular part of reality (Wittgenstein, 1922), later

27Such a strategy is an important part of the work described in this thesis, as shall be seen in the next Chapters.

28This ties in with the discussion of the Four Ps of creativity, discussed in Section 3.4.2.

29Excepting perhaps the presence of the combination of originality and value that has often been argued as necessary
(if not necessarily sufficient) for creativity. For discussions on the interpretation of creativity as originality and value,
see Section 3.4.1 of this Chapter. As Chapters 4 and 6 will illustrate, even these two features are not always seen as
crucial or even the most important for certain types of creativity, such as the downplaying of value in creative musical
improvisation compared to other more important factors such as social communication and interaction, or intention and
emotion involvement in the improvisatory process.
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Wittgenstein took a more pragmatic view of language - that its meaning is what we make it and how
we use it, in our (consensual and collaborative) usage of language (Wittgenstein, 1958). Our public,
shared understanding of language makes us interpret it the way we do - and this is not fixed but can
evolve and change shape over time as public usage changes.>® To understand the use of a word,
one must know background information and context. For example in paragraph 31 of Wittgenstein
(1958), Wittgenstein gives the example where a chess piece is identified to someone as a “king”. To
understand this usage of words, the person must already know the rules of the game of chess, or
must at least know what it means to have a piece in a game which could be called a king (say if this
introduction to the king piece comes during explanations of how to play chess). One would not expect
the person to take any other interpretation of the word “king” in this context.

What this resolves to is that Wittgenstein sees the meaning of a word or statement is in how that
language is used, rather than trying to understand what assigned meaning a word represents. A single
word can have multiple uses (and therefore multiple meanings) depending on context (polysemy).
Wittgenstein also talks about words that appear similar but have very different functions, using the
illustrative example of a set of crank handles for a train engine - which all look the same but perform
very different functions when used. His key point is that words’ meanings are set by how we use them
and our language is grounded in rules set by shared consensual usage.

Similarly, Waismann (1968) criticises the natural tendency (as he perceived) of many of his con-
temporaries (excluding Wittgenstein) to analyse statements and reduce them wherever possible to
underlying rules. This is, Waismann argues, overlooking a crucial issue, that of the “open texture”
or “Porositit der Begriffe” of many concepts.?! Language cannot universally be reduced to logical
statements about sense data using generally applicable methods; instead the heterogeneity of language
should be taken into account to cope with the ‘systematic ambiguity’ of language (Waismann, 1946,
p. 228). Waismann (1946) sees language as consisting of many layers (strata), with the meaning of
statements and concepts being governed by features or ‘motives’ of each layer. Of these motives,
open texture is the most pertinent for our interest in understanding the concept of creativity.?

Open texture concerns concepts which are multi-faceted in meaning, where it is difficult to fully

301ncidentally, Wittgenstein concluded from these views that any philosophical problems arising from this were actually
only linguistic puzzles, arising from the rules and constraints set down by how we use our language and grammar. So if
we voice a particular philosophical ‘problem’ then this problem is only extant because of how we use our language. Rather
than being a problem with the language itself, this is instead an issue with our usage and application of language being
inadequate, hence providing us with philosophical puzzles that we try to solve (with language). To Wittgenstein, then, the
problem of interpreting creativity becomes a mere puzzle to be solved, arising from the simple problem that our language
does not have the rules in place to apply when interpreting what creativity is, due to the way in which we use language
(particularly the way we use the word creativity).

3lWaismann was reported to be strongly influenced, though not completely directed, by the views of Wittgenstein (Ed-
monds & Eidinow, 2001; Bix, 1991). ‘Waismann’s work was devoted largely to presenting Wittgenstein’s ideas in a more
accessible form; however, some of Waismann’s concepts were his own extension of Wittgensteinian ideas. The concept of
“open texture” belonged to the second group’ (Bix, 1991, pp. 55-56).

32 An interpretation of open texture has also become influential in legal interpretation of subjective concepts (Bix, 1991).
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define that concept in all possible concepts and scenarios:

‘we can never exclude altogether the possibility of some unforeseen situation arising in which we
shall have to modify our definition. Try as we may, no concept is limited in such a way that there
is no room for any doubt. We introduce a concept and limit it in some directions; ... This suffices
for our present needs, and we do not probe any farther. We tend to overlook the fact that there
are always other directions in which the concept has not been defined. And if we did, we could
easily imagine conditions which would necessitate new limitations. In short, it is not possible
to define a concept like [this] with absolute precision, i.e. in such a way that every nook and
cranny is blocked against entry of doubt. That is what is meant by the open texture of a concept.’
(Waismann, 1968, p. 120, emphases in original)

Waismann differentiates between open texture and vagueness in a word’s meaning. If it is possible
to define a word more accurately, such that any possible vagueness can be (eventually) ruled out,
then this is not open texture. Open texture is where ‘we can never fill up all the possible gaps through
which a doubt may seep in. ... Vagueness can be remedied by giving more accurate rules, open texture
cannot.” (Waismann, 1968, p. 120).

Crucially for our concerns, the implications of open texture mean that we are unlikely to reach the
point where we have a full, complete and static definition of creativity. Other possible interpretations
exist, especially for a concept such as creativity which is by its nature likely to extend into new and

unpredictable directions:3?

‘Every description stretches, as it were, into a horizon of open possibilities: however far I go, I
shall always carry this horizon with me.” (Waismann, 1968, p. 122)

From the philosophical reflections outlined above in this Section, we are guided towards accepting
the dynamism of language and its usage in different contexts. We should aim towards building a
growing and informed understanding of the interpretation of the word ‘creativity’ as it is used over
time and across contexts, rather than imposing a single static definition to be adopted regardless of

current context and usage.

3.5 Legal definitions of creativity

One arena in which terms need to be tightly defined and unambiguous, and the exact meaning of
specific terms is often fiercely debated, is legal practice. In a legal context, we encounter a by-now-

familiar problem with determining what creativity is:

‘a simple, appropriate definition of the word creativity does not exist” (Clifford, 2004, footnote
on p. 260)

‘Despite the value of facilitating creativity for intellectual property law, understanding creativity
is hardly something within the competent domain of law and legal analysis. Not surprisingly,
the legislative and judicial development of intellectual property law has paid remarkably little
attention to what is known about how to promote creativity. (Mandel, 2011, p. 1)

33 As we see throughout this Chapter.



Chapter 3. Defining creativity 96

Feist Publications, Inc v. Rural Telephone Service Co.

The Feist Publications, Inc v. Rural Telephone Service Co. 1991 Supreme Court case set a
legal precedent in the relationship between copyright and creativity. In this case, Feist
Publications, Inc. (Feist) were sued by Rural Telephone Service Co. (Rural) for copyright
infringement, after Feist copied details from a telephone directory produced by Rural for
publication in their own telephone directory service. Rural had previously denied Feist
permission to reproduce this information. The Court ruled that as compilation of telephone
directories did not ‘entail a minimal degree of creativity’, they were not ‘sufficiently original
that Congress may protect such compilations through the copyright laws.” (Feist, 1991, p. 348).
‘As a constitutional matter, copyright protects only those constituent elements of a work that
possess more than a de minimis quantum of creativity.” (Feist, 1991, p. 363)

The legal implications of the question what is creativity ?>*

have mainly been discussed due to its
connections with originality, an important concern in cases of patent and copyright law. In particular,
whether creativity is a necessary condition for originality is an unresolved question that arises in
various legal contexts.>> This next Section looks at these issues and also examines how computational

creativity has been discussed in a legal context.

3.5.1 Creativity and Copyright

Copyright is the part of intellectual property law concerned with protecting original work that has been
produced in some physical form (Copyright, Designs and Patents Act, 1988; Intellectual Property
Office, 2010). A landmark case in US law (Feist, 1991) determined that in granting copyright:

originality requires independent creation plus a modicum of creativity’ (Feist, 1991, p. 346)

The amount of creativity required to be present in original, copyrightable work is ‘famously low’
(Mandel, 2011, p. 11) - ‘even a slight amount will suffice’ (Feist, 1991, p. 345). The emphasis
is on some (or indeed any) creativity being detected in the work in order to qualify it as original
and copyrightable (Karjala, 2008). As the Court’s pronouncements in Feist (1991) do not give a
definition of what they mean by creativity, however, the legal ramifications of Feist (1991) can make
only limited contribution to future cases (Clifford, 2004). Clifford cites a number of examples where
decisions made on the creativity present in a work often contradict each other across different cases.

Analysing intellectual property law in the context of creativity research, particularly copyright,
Mandel argues that intellectual property law treats copyrightable work as primarily the work of an

individual, needing adaptation to adequately accommodate collaborative work.

34Given the scope of this thesis, this Section is limited to giving an overview of some pertinent legal discussions of
creativity, mostly from UK or US law, rather than attempting a comprehensive presentation of different legal systems.

35This question takes the reverse perspective to creativity researchers, who are more interested in originality as a con-
stituent part of creativity rather than vice. versa.
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3.5.2 Patent law

‘The United States Supreme Court has ruled in numerous cases that an invention is an idea rather
than an object. If a man can prove that an idea was his by demonstrating or providing evidence that
only he had the knowledge from which it was synthesised, he can claim patent to the invention.’
(Rhodes, 1961, p. 305)

Patentability is related to how original intellectual property is (Holmes, 2009) and via originality
to creativity, given the emphasis on originality for creativity (Feist, 1991). Patents are granted for
novel inventions or ideas which may not necessarily have been implemented yet, whereas copyright
asserts ownership of produced artefacts (Copyright, Designs and Patents Act, 1988).

‘a man cannot have a valid patent for something which is merely different from existing knowl-

edge. To the requirement of novelty (i.e. difference) there is superadded the elusive requirement
of “subject-matter” or “inventive ingenuity.” * (Potts, 1944, p. 113)

Potts identifies an ambiguity as to what justifies something as an invention of something new rather
than just an improvement of something that exists. This relates to the question of ‘what is creativity’
but focuses on a slightly tangential question (for our purposes): what is an invention? Potts argues
that there is a continuous spectrum with inventions at one end and ‘mere improvements’ at the other,
with the level of novelty increasing across the spectrum.

‘there can be all gradations of novelty, from something different but obvious to anyone having a
minimum of practical knowledge and experience, to something which is so brilliant and remark-

able that the highest genius (whatever that may be!) is required to produce it.” (Potts, 1944, p.
115)

3.5.3 Computational creativity and the law

The legal ramifications of a computer system being creative have not yet been considered to a great
extent. Where this has been investigated, a common response is that a computer cannot be creative,
precisely because it is a computer and because creativity is a human behaviour. Clifford (2004)
questions whether the absence of human involvement in computational creativity has repercussions
in how the creative act is perceived legally, specifically in determining whether a computer-generated
piece of work can/should be copyrightable.

For the purposes of copyright, Clifford states the importance of considering process in creativity,
to make the case that computer-generated work should by default not be considered creative, because
‘it would not only be difficult to establish a requisite amount of intellectual creativity, it would be
impossible to establish origin creativity. Consequently ... the creativity in the product must be the
result of a human-based creative process’ (Clifford, 2004, p. 272). Clifford uses previous legal
judgements (Computer Associates International, Inc. v. Altai, Inc. (1992), which considered whether
one computer program was a copy of another) to suggest a framework for identifying creativity based

on the ‘abstraction-confirmation-examination’ tests proposed in the Computer Associates case:
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* A. Abstraction: Finding the “Expressive Constituents” within the Work ... [expressive con-
stituents refer to the ideas expressed in the work]

B. Confirmation: Insuring® that Some of the Expressive Constituents Originated from a Human

C. Examination: Did the Author Deliberately Decide to Do It That Way?
D. Applying the Abstraction-Confirmation-Examination Test’ (Clifford, 2004, pp. 291-298)

This would clearly fail to identify a computational creativity system as creative due to step B
which requires that all expressive constituents originate from people, not from computers. Similarly,
Warner (2010) argues that mechanical processes such as that employed by (all) computational pro-
cesses demonstrate an absence of creativity, because of the description in Feist (1991) of processes
that are ‘so mechanical or routine as to require no creativity whatsoever’ (Feist, 1991, p. 362). Warner
arrives at this conclusion by arguing that computation involves ‘mechanical procedures’, and that the
use of the phrase ‘so mechanical’ in Feist (1991) is equivalent to the use of the word ‘mechanical’.

Warner perhaps over-interprets the phrasing in Feist (1991), equating ‘mechanical’ with ‘com-
putational’ without justification or acknowledgement. Warner’s ‘careful and exhaustive process of
correlation” (Warner, 2010, p. 10) is also logically flawed, as it is based on the argument that ‘so
mechanical’, in a continuous sense, correlates directly to ‘mechanical’, in a discrete sense:

‘So in “so mechanical or routine” ... directly qualifies mechanical and indicates that it is to be
understood in its most intense sense. Mechanical in a “mechanical procedure” is understood in

an absolute sense, as matter of preliminary scientific definition. ... A similarity in intensity of
meaning then has been established.” (Warner, 2010, p. 5)

Even within the pages of the Computer journal, Holmes questions whether machines can generate
patentable products (Holmes, 2009), due to problems with originality. Holmes claims that ‘originality
must lie in the personality of the inventor’ (Holmes, 2009, p. 99) and asks ‘what becomes of person-
ality’ (Holmes, 2009, p. 100) when original products are automatically generated. He concludes:

‘Computing professionals do great social harm when they portray their machinery as anything
but tools to amplify human accomplishment and originality.” (Holmes, 2009, p. 99)

Some examples of computational creativity have been recognised. Computer programs and databases
are legally treated as literary works (Copyright, Designs and Patents Act, 1988; Holmes, 2009).
Gaussian-Quadratic, a computer-produced artwork, was successfully registered for copyright in the
1960s, (Noll, 1994) though Noll (the human artist involved) struggled to obtain this copyright. The
copyright application was repeatedly rejected due to the role of the computer and the use of ran-
dom generation in generating the artwork. The application was eventually accepted because a human

(Noll) had written the program and had used an algorithmic process to generate ‘randomness’.

36perhaps Ensuring was intended here, rather than Insuring.
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3.6 Different perspectives on creativity

Sections 3.3, 3.4, 3.4.3 and 3.5 have examined some key contributions towards defining the concept of
creativity. Abstracting from specific individual definitions, some higher-level issues emerge that affect
how one views creativity, subsequently shaping how a definition is formed. This Section examines
such issues and states what decisions this thesis work makes on these issues, to acknowledge the

effect of these choices.

3.6.1 Creative genius or everyday creativity?

Early study of creativity assumed a focus on creativity at the genius level, such that one must be
particularly gifted and make a substantial contribution to their domain in order to be described as
creative (Poincaré, 1929; Hadamard, 1945; Wallas, 1945). More recently, Sternberg (1988) takes a
‘genius’ approach to creativity, distinguishing creative and non-creative individuals.

In the same volume as Sternberg (1988), Weisberg draws attention away from ‘the genius view of
creativity’ (Weisberg, 1988, p. 150) to look at the thought processes of ‘ordinary’ people (Weisberg,
1988, p. 151). Koestler (1964) and Rhodes (1961) echo this focus. Boden (2004) also focuses on
everyday layperson (laycomputer?) creativity rather than specialist expert creativity, arguing that
creativity is not just a special attribute of the few. Despite Boden (2004) concentrating on everyday
creativity, ideas in Boden (2004) are often illustrated with examples of genius creativity, such as citing
Bach, Newton and Shakespeare (Boden, 2004, p. 278) to exemplify how we admire creative work.

The key question in this debate is whether creativity can be learnt or developed, or if it is an
attribute only for the selected few to possess. The work of Odena and Welch (2009) and others in ed-
ucational creativity development is built around the belief that it is possible to nurture and develop an
individual’s capacity for creativity (their ‘little-c’ creativity (Gardner, 1993), or ‘P-creativity’ (Boden,
2004), as will be explained in Section 3.6.3.

Everyday creativity is becoming more prevalent in recent research on creativity.’” This preference
may be because research aimed at developing everybody’s creativity is more inclusive and contains

more perceived value than research which is aimed at relatively few individuals only.

3.6.2 Cognitive approaches or embodied creativity?

As discussed in Section 3.4.1, the three-fold framework of creativity outlined in Boden (2004) has
had some influence in computational creativity. Boden’s framework and its successors are based on

‘conceptual spaces’ and the cognitive operations of exploration, transformation and combination.?® It

37 As demonstrated in the adoption of ‘everyday creativity’ as the theme for the 2009 ACM conference in Creativity and
Cognition, strongly aiming the conference away from genius or domain-specific creativity (Bryan-Kinns, 2009).

38 Chris Thornton and Jens Holger-Streck at the University of Sussex are in the initial stages of a Leverhulme Trust project
examining how this translates to current research, looking at the cognitive foundations of computational creativity.
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is questionable how well this theory sits with an embodied view of creativity situated in an interactive
environment, with bi-directional influences exchanged rather than the creator having a one-way influ-
ence on the conceptual space. This debate is reminiscent of the similar debate in artificial intelligence
(A.L) between symbolic and non-symbolic approaches to A.L. (Minsky, 1982).

Rather than preferring one perspective over the other, this thesis takes a more inclusive approach,
enabling the spectrum of possibilities between these two views. The components identified in Chapter
4 represent both cognitive and embodied aspects of creativity. As a brief and introductory example of
this, the cognitive processes referred to in the Thinking and Evaluation component co-exists with the

Social Interaction and Communication component.

3.6.3 Levels of recognition of creativity

Boden (2004) distinguishes between P-creativity (psychological/personal creativity) and H-creativity
(historical creativity). P-creativity is where a person creates something that is original to them; it
may already exist in the world but the creator is not aware of it. H-creativity, on the other hand,
is a creation that does not exist anywhere else. Anything H-creative is P-creative by definition; H-
creativity is P-creativity with the addition of historical novelty.

A similar debate resounds in psychological research, in slightly different terminology.

e P-creativity (Boden, 2004) = new (Elliott, 1971) or little-c creativity (Gardner, 1993).
e H-creativity (Boden, 2004) ~ traditional (Elliott, 1971) or big-C creativity (Gardner, 1993).

This thesis focuses on P-creativity, as is common in computational creativity research, as a simpli-
fying assumption to avoid the practical problems of modelling all human knowledge in a computer-

accessible format (see Chapter 5 Section 5.1.3 for further discussion).

3.6.4 The generality of creativity in different domains

There is some debate over whether there is such a thing as ‘creativity’ in general, shared between
different types of creativity and independent of domain specifics (as argued by Plucker (1998). The
alternative view is that creativity is domain-specific (Baer, 1998; Csikszentmihalyi, 1988; Gabora,
2011); e.g. musical creativity is independent of artistic creativity, or scientific creativity. If this latter
view is taken, then a further issue is to identify an appropriate level of detail with which to define
domain boundaries. As illustration, the domain for the case study systems in Chapter 6 could be
musical creativity, or could be refined further to ‘microdomains’ (Baer, 1998, p. 174) such as musical
improvisational creativity, or jazz musical improvisational creativity (as all the systems evaluated in
Chapter 6 could be said to improvise some form of jazz - see Chapter 6 Section 6.2). All these labels
describe the musical systems analysed in Chapter 6 to differing degrees of specificity.

In debate in the Creativity Research Journal in 1998, both Plucker and Baer concede a lack of evi-

dence to conclusively decide if creativity is domain-general or specific to individual domains. Plucker
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(1998) explains this through bias in the methods used for detecting creativity. Tests for specific do-
main achievements, such as assessments of performance quality, show creativity as domain-specific,
whereas psychometric tests show evidence for creativity being domain-general. Baer (1998) argues it

is safer for researchers to assume creativity is domain-specific:

‘if the generic hypothesis is correct, then the content of the exercises one uses does not matter
and nothing is lost by making the incorrect (domain specificity) assumption. But if the specificity
hypothesis is correct and one chooses all exercises from the same domain (which the generic
hypothesis allows), then the loss will be significant, as any improvement in creative thinking will
be limited to the single content domain from which the exercises are chosen.” (Baer, 1998, p.
176)

Psychometric tests for creativity make the opposing assumption that creativity is domain-general;
creativity in one context, such as devising multiple uses for a household object, can predict a person’s
general creative abilities. Baer (1998) offers several examples where creativity in one domain does not
necessarily correlate to creativity in another, as judged by experts in each domain (Amabile, 1996).

Difference in creative ability in different domains may be down to variances in domain knowl-
edge and competence (Plucker, 1998; Amabile, 1996; Rowlands, 2011). Amabile (1996) notes that
Creativity-Relevant Skills such as cognitive and exploration skills must be accompanied by two other
skillsets necessary for creativity: Domain-Relevant Skills specific to a given domain and Task Moti-
vation, the motivation that the creative person has for the task.

Plucker and Beghetto dismiss the notion that people need to reach a certain level of knowledge in
order to make ‘meaningful contributions’ to a domain (Plucker & Beghetto, 2004, p. 163). Instead
they argue that a person can achieve levels of creativity in a domain that are relative to the knowledge
they have of that domain. One might question how useful such achievements would be to a broader
community, however Plucker and Beghetto’s point allows for little-c or P-creativity creativity (see
Section 3.6.3) that is useful at an individual level, independently of its importance in a wider context.

Plucker and Beghetto (2004) and Baer (2010) disagree with both Baer (1998) and Plucker (1998),
representing a shift in opinions for both Baer and Plucker since 1998. Plucker and Beghetto (2004)
and Baer (2010) now adopt a hybrid view, acknowledging that some aspects of creativity transcend
domains and others are specific to that domain. This view has been taken in several creativity models

(Csikszentmihalyi, 1988; Sternberg, Grigorenko, & Singer, 2004; Wiggins, 2006a; Kaufman, 2009).

‘Rather than artificially split creativity, domain-specific and domain-general features of creativity
can be examined. In doing so, a richer question can be addressed: What aspects of creativity are
domain general and which aspects are domain specific?” (Plucker & Beghetto, 2004, p. 159)

In this spirit, this thesis adopts a hybrid position similar to Plucker and Beghetto (2004) and Baer
(2010). Creativity shall be treated as being independent of individual domains to some extent® but

with some elements of creative behaviour specific to the relevant domain.*’ Therefore both domain-

39 As will be explored in Chapter 4.
40Domain-specific elements of creativity in a given domain shall be investigated in Chapters 6 and 7
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general and domain-specific elements of creativity should be used to evaluate creativeness.*!

3.7 Summary

The difficulty of capturing in words an adequate definition of creativity should not discourage us from
such an attempt (Rhodes, 1961; Plucker et al., 2004; Colton, 2008b), even though other researchers
have been swayed away from this task (as reported in Sternberg & Lubart, 1999; Veale et al., 2006).
The goal of this thesis is an evaluation methodology for computational creativity; Section 3.1 ex-
plained how a rigorous and comparative evaluation process needs clear standards to use as guidelines
or benchmarks (Torrance, 1967; Kaufman, 2009). Creativity is generally ill-defined (as discussed
in Section 3.2.2) with no standard definition agreed upon (Section 3.2.1). There are complications
in constraining this seemingly mysterious term (Section 3.2.3) to definition. Dictionary definitions
are restricted by their format to provide only cursory, shallow insights into what creativity truly is
(Section 3.3). In research definitions, though, many researchers have helped ‘demystify’ creativity,
both in computational and human creativity research (3.4.1 and Sections 3.4.2, respectively).

Generally computational creativity is defined by those in the field as human creativity simulated by
computational systems (Section 3.4.1), without further clarifying what human creativity is perceived
to be. Consequently it is important to examine how creativity is defined in human-focused research
areas. Although some progress has been made in defining creativity in a computational context, this
is often by redefining creativity as something closely related, for example: searching for solutions
to problems, combining novelty and value, combining exploration, transformation and association of
concepts in a conceptual space, or defining a ‘creativity-like’ concept (Section 3.4.1).

These approaches are practically useful and more computationally malleable; however they all
suffer the same problem; their definition of creativity may not actually be definitions of creativity as
a whole, but of some subset of creativity as seen from a particular perspective. To avoid similar prob-
lems, Section 3.4.2 delved into psychological and other research on human creativity to see what can
be learnt from the frameworks, psychometric tests and models of creativity examined.*? In such re-
search, the Four Ps construct (Section 3.4.2) ensures we pay attention to four key aspects of creativity:
the creative Person, the generated Products, the creative Process and the Press/Environment hosting
and influencing the creativity. This framework helps to see creativity in a wider context. Models
of the creative process and psychometric tests of creativity based on the creative person generating
products are useful in their own limited sphere, but creativity is complex and multi-dimensional, re-
quiring broader treatment. The confluence approach to creativity (Section 3.4.2) takes a reductionist

approach, understanding creativity as a whole by breaking it down into smaller constituent parts.*3

4IThe SPECS methodology presented in Chapter 5 uses both general and domain-specific aspects of creativity.

42The work in Chapter 4 will take similar steps by using multiple sources from different academic viewpoints.

43Chapter 4 will adopt a confluence-style approach, seeking to capture a wider disciplinary spectrum of perspectives on
creativity that has previously been attempted (Sternberg & Lubart, 1999; Mayer, 1999; Ivcevic, 2009).
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Such multi-dimensional approaches to understand the complexities of creativity are supported by the
philosophical literature on how to interpret and analyse concepts like creativity, as reported in Section
3.4.3. ‘Creativity’ must be understood in context of the scenarios and circumstances it is used in; an
exhaustive and complete definition of the term is somewhat “utopian’ (Waismann, 1965, p. 76,223).

In the search for a more precise and accurate definition of creativity, Section 3.5 explored how
creativity has been defined and used in the law, via selected relevant UK and US examples. Here too,
though, there was no standard definition of creativity to be found (Clifford, 2004; Mandel, 2011),
despite the need to detect the presence of creativity for legal reasons (Feist, 1991; Karjala, 2008;
Copyright, Designs and Patents Act, 1988). What did appear in this review of legal research was an
interesting conflict of opinions on how computational creativity is perceived legally (Section 3.5.3).

Several competing views of creativity exist (Section 3.6). Sometimes differences of opinion do not
need to be directly resolved but can co-exist, such as whether creativity is centred around cognitive
function or whether it is embodied and situated in an interactive environment (Section 3.6.2), or
whether creativity is domain-independent or domain-specific. Other conflicts arise where a previously
narrow view of creativity has been widened in perspective. An inclusive view of creativity should
adopt the wider perspective. For example rather than focus just on creative geniuses one should focus
on human everyday creativity, of which genius is a special case (Section 3.6.1). Similarly, P-creativity
encompasses H-creativity (Boden, 2004) (Section 3.6.3).

To satisfy the need for clear and defined benchmarks by which to evaluate progress in creativity
research, particularly computational creativity research, there is much useful contributory material
towards a satisfactory definition, as reported in this Chapter. What remains to be done is to draw
this assortment of material together, unifying the perspectives where possible to remove disciplinary
separation and boundaries. Chapter 4 will describe how this task has been undertaken, reporting the

results of this work and reflecting on the implications for the study of computational creativity.
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Identifying key components of creativity

Farts of this Chapter are published in a peer-reviewed journal article (Jordanous, 2012) and peer-
reviewed conference papers (Jordanous & Keller, 2012, 201 1; Jordanous, 2011a, 2010a).
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Overview

As a concept, creativity has proved resistant to a satisfactory and comprehensive summative defini-
tion, despite numerous attempts. Section 4.1 motivates the need for a working definition of creativity
for evaluation. Rather than adding another to the mass of existing definitions, Section 4.1 outlines this
approach’s aims to extract the common themes of creativity across disciplinary or domain specifics.
Combining several viewpoints across various perspectives in creativity research leads to a more in-
clusive summary of how we define creativity. This is inspired by the use of ontologies to represent
knowledge about a concept or concepts (Chandrasekaran, Josephson, & Benjamins, 1999).

Cognitive linguistics advocates that the meaning of a word is dependent on the context it is used
in (Evans & Green, 2006). In particular, the premise exists in cognitive linguistics that the study
of language helps reveal how people think (Lakoff, 1987; Lakoff & Johnson, 1980). Words used
frequently in discussions of the nature of creativity provide the context for use of ‘creativity’ and
are therefore linked to our interpretation of creativity (Oakes, 1998; Kilgarriff, 2001, 2006). Also, in
Chapter 3, Section 3.4.3 described how the meaning of words like creativity can best be understood by
seeing how they are used and by identifying individual components that collectively contribute to the
meaning of creativity. In a similar vein, Section 4.2 of this Chapter reports on an empirically-based
approach for harnessing the most discussed aspects of creativity. A corpus of academic papers is
collated, representing sixty years of research into the nature of creativity, from research perspectives
such as psychology, education, computational creativity and others. This corpus is analysed against a
corpus of matched papers on subjects unrelated to creativity, using the log likelihood ratio (LLR)
statistic on word frequencies in the two corpora. 694 creativity words are identified that appear
significantly more often in the creativity papers corpus than expected.

These creativity words are clustered into groups of words with similar meanings. Through inspec-
tion of these clusters, a total of 14 different components are identified, representing different aspects
of creativity that collectively contribute to the overall meaning of the word ‘creativity’. Section 4.3
presents these components. These components are offered to address the clear need within the com-
putational creativity research community (Chapter 2) and beyond (Chapter 3) for a comprehensive,

accurate and cross-disciplinary understanding of creativity.

4.1 Creativity is what we say it is: Motivation and aims for this work

The need for a universally-accepted definition of creativity is clear. Chapter 3 Section 3.1 illustrates
how this point has been made by several creativity researchers, concluding that although it is prob-
lematic to define creativity, the benefits of a more informed and objective approach outweigh these
concerns. As Hennessey and Amabile point out (Hennessey & Amabile, 2010), an accurate and en-

compassing definition assists our understanding of creativity and further research. It also smooths
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out individual variances in interpretations of creativity, to highlight the agreed-upon universal com-
ponents of creativity as a concept, transcending any disciplinary or domain-specific biases (Plucker
& Beghetto, 2004). Chapter 3 Section 3.2 argues that the difficulty of capturing in words an ade-
quate definition of creativity should not discourage us from such an attempt, due to the need for clear
evaluative criteria that reflect the nature of creativity as closely as possible (Chapter 3 Section 3.1).

As discussed in Chapter 3 Section 3.2.2, we assume an intuitive understanding of the concept of
creativity but lack a universally accepted and comprehensive definition of the concept. There have
been many attempts to capture the nature of creativity in words; indeed the work in this Chapter is
based around thirty such examples. Despite these attempts, Chapter 3 demonstrates that no definitive
consensus has yet been reached on exactly what creativity is. Multiple viewpoints exist, many of
which prioritise different aspects of creativity. This recalls the perspectives on creativity discussed
in Chapter 3 Section 3.4.3, where differing interpretations of concepts like creativity will necessarily
remain unresolved because of their complex, context-dependent nature. Instead of seeking a single
definitive realisation of creativity, it is more effective to understand creativity by identifying con-
stituent parts and features that influence how ‘creativity’ is interpreted, taking into account the many
effects of context on how these parts interact and exert their relative influence.

In the academic literature on creativity, many repeated themes have emerged in the literature as
important components of creativity. Differing opinions can be found, though, in what are considered
primary contributory factors of creativity. For example psychometric tests for creativity (e.g. Guil-
ford, 1950; Mednick, 1967; Torrance, 1974; Kraft, 2005; Runco, Dow, & Smith, 2006; Kaufman,
Kaufman, & Lichtenberger, 2011) focus on divergent thinking and problem solving as key attributes
of a creative person. In contrast, computational creativity research (e.g. Wiggins, 2006b; Peinado
& Gervas, 2006; Pease et al., 2001) places emphasis on the novelty and value of creative products.
Whilst there is some agreement across academic fields, the differing emphases contribute to subtle
variances in the interpretation of creativity.

Cognitive linguistics advocates that the meaning of a word is dependent on the context it is used
in (Evans & Green, 2006). In particular, the premise exists in cognitive linguistics that the study of
language helps reveal how we think (Lakoff, 1987; Lakoff & Johnson, 1980).

Identifying what contributes to our intuitive understanding of creativity can guide us towards a
more formal definition of what creativity is. The work presented here adopts a confluence-style
reductionist approach (Chapter 3 Section 3.4.2), understanding creativity as a whole by breaking it
down into smaller constituent parts. This approach works on the principle that creativity emerges
as a result of several components converging (Boden, 1994a; Sternberg & Lubart, 1999; Mayer,
1999; Ivcevic, 2009) and investigates what these components are. Similar approaches have been
applied to define other concepts that are difficult to define in words, for example: consciousness
(Seth, 2009), personality (McCrae & Costa Jr, 1999), flow (Romero & Calvillo-Gamez, 2011) and
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musical perceptual preferences (Huron, 2001).

Some of the issues surrounding creativity definition have been debated for decades; clearly these
cannot all be resolved satisfactorily in the scope of this thesis. Hence the current requirement be-
comes a working understanding of creativity in computational systems which is practical, accurate
and complete enough to be used as current evaluative standards.

This work aims to include a broader spectrum of perspectives on creativity than has previously
been considered. The intention is to avoid being restricted by previously learned disciplinary bound-
aries or constraints by employing empirical methods where possible over a wide and cross-disciplinary
range of sources. This empirical approach draws together several academic opinions across disci-
plinary divides, for a more universally acceptable definition of creativity.

There is much useful contributory material towards a definition of creativity.! This assortment
of material can now be drawn together to unify different perspectives where possible, to avoid the
disciplinary separation that is often seen in creativity research (Hennessey & Amabile, 2010). This

Chapter describes how this task has been tackled (Section 4.2) and reports the results (Section 4.3).

4.2 Methodology for identifying components of creativity

This Section describes the steps taken” to identify components of creativity by analysing corpus data:

1. Employing natural language processing methods and a corpus-based statistical analysis to iden-
tify words that are associated with creativity: creativity words.
2. Using a statistical measure of word similarity and a clustering algorithm to help group the

creativity words into semantically-related groups identifying different aspects of creativity.

4.2.1 Identifying words significantly associated with creativity

Compiling a creativity corpus

To identify words significantly associated with creativity, a representative creativity corpus was as-
sembled, consisting of academic papers discussing the nature of creativity. The creativity corpus
contains thirty such papers from a variety of academic stand-points, ranging from psychological stud-
ies to computational models. Appendix B lists these papers.>

The creativity corpus papers were chosen to cover a wide range of years (1950-2009) and academic

disciplines. Figure 4.2 show the disciplinary make-up of the corpus as it changes over this time period.

I'Selected key contributions were outlined in Chapter 3.

ZMuch of the natural language processing work was undertaken in conjunction with Bill Keller, a computational linguist
at the University of Sussex. In this interdisciplinary project, working with a computational linguistics expert ensures that
my ideas and motivation for this work are supported by a thorough background and up-to-date knowledge in computational
linguistics research findings and methods. In what follows, where the work undertaken is joint rather than my own, I
acknowledge Bill’s contribution. Where there is no such acknowledgement, the work is my own.

3Due to practical considerations in some of the methods employed in this Chapter, the size of the creativity corpus was
limited to thirty papers, to ensure the overall task remained manageable.
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Creativity corpus:
a collection of thirty academic papers which
explicitly discuss the nature of creativity

A paper was included if it was considered particularly influential, as measured by the number of times

it had been cited by other academic authors. For papers published in very recent years and which have

therefore not yet accrued many citations, selection was based on intuitive judgement.

Academic papers were used as the source of information, for several reasons:

Ability to access timestamped textual materials over a range of decades.

Ease of locating relevant papers: e.g. availability of tools to perform targeted literature searches,
electronic publication of papers for download, tagging of paper content by keywords, citations
in papers to other related papers.

Publication of academic papers in an appropriate format for computational analysis: most pa-
pers that are available electronically are in formats such as PDF or HTML, which can be con-
verted to text fairly easily.

Availability of citation data as a measure of how influential a paper is on others: whilst not a
perfect reflection of a paper’s influence, citation data is often used for measuring the impact of
a journal (Garfield, 1972) or an individual researcher’s output (Hirsch, 2005).

Availability of provenance data, such as who wrote the paper and for what audience (from the

disciplinary classification of the journal).

Generating comparative data for statistical analysis

For statistical comparison purposes, a second corpus was compiled containing sixty papers on topics

unrelated to creativity: the non-creativity corpus. Appendix B lists these sixty papers.

Non-creativity corpus:
Sixty academic papers on topics unrelated to creativity, from the same range of
academic disciplines and publication years as the creativity corpus papers

The non-creativity corpus papers were selected to match the creativity corpus make-up as closely

as possible (except for the creativity content), covering a similar range of disciplines over the same

time period, as is pictured in Figure 4.2. A literature search retrieved, for each paper in the creativity

corpus: the two most-cited papers in the same academic discipline, published in the same year, that

did not contain any words starting “creat-" (creativity, creative, and so on). The non-creativity corpus

is twice the size of the creativity corpus, to acknowledge that in general the set of academic papers on

creativity is a small subset of all academic papers.
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Pre-processing of the corpora
Both corpora were processed by Bill Keller (Jordanous & Keller, 2012) using the RASP toolkit
(Briscoe, Carroll, & Watson, 2006) to perform lemmatisation and part-of-speech (POS) tagging.

e [emmatisation converted words in the text from their existing form to a root form or lemma.
This allowed the grouping together of words which are different forms of the same basic root.
For example, the words creates, created and creating all occur in the corpus as distinct variants
of the lemma create. During lemmatisation, RASP converted these words to a form “cre-
ate+[RASP tag indicating the exact form of this word]”. In later stages of text processing, only
the text before the plus sign was used for this work.

e Each word was assigned a POS tag identifying its grammatical category (e.g. noun, verb, etc.),
using the local context. This distinguished between words that fit more than one category,
usually with different associated meanings according to category. For example, with POS-

tagging, novel as a noun (a good novel) was distinct from the adjective (a novel idea).

RASP automatically performed other processing as it ran, placing each new sentence on a new

line headed by a new line indicator ~_~ and annotating the punctuation used. These steps were

inconsequential for the work described below so are mentioned only for completeness.

@ Psychology

© CompSci

¥ Arts&Hums

= Other/undefined

of papers

Number

1950 - 1969 1970 - 1979 1980 - 1989 1990 - 1999 2000 - 2004 2005 - 2009
Year

Figure 4.2: The disciplinary make-up of the corpora over time. The y-axis represents the count of
papers per datapoint for the creativity corpus; this count will be doubled for the non-creativity corpus
which is twice the size (1 paper in the creativity corpus is matched to 2 papers in the non-creativity
corpus. Some disciplines have increased in output over time, for example computational creativity
publications started to appear around the 1990s. This is reflected in the papers chosen. N.B. Some
papers fit in more than one discipline.
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To illustrate the form of each corpus after pre-processing, here is the first sentence from Guilford’s
seminal paper on creativity (Guilford, 1950), the first paper in the creativity corpus:

I discuss the subject of creativity with considerable hesitation, for it represents an area in which
psychologists generally, whether they be angels or not, have feared to tread.

After RASP processing, this became:

~_" I_PPIS1 discuss_VVO the AT subject NN1 of_I0 creativity NN1 with_IW considerable_-
JJ hesitation NN1 ,_, for_IF it_PPH1 represent+s_VVZ an_AT1 area NN1 in_II which_-
DDQ psychologist+s_NN2 generally RR ,_, whether CSW they PPHS2 be_VBO angel+s_-

NN2 or_CC not+_XX ,_, have_VHO fear+ed_VVN to_TO tread_VVO ._.

Without going into the exact meanings of each RASP tag,* this exemplifies the current form of the

corpora.’ Some additional pre-processing steps were employed by Bill Keller at this stage.

e Each word (POS-tagged lemma) was mapped to lower case, so capitalised forms (e.g. Novel)
would be treated the same as lower case forms (e.g. novel).

e The data was filtered so that only words of the major categories (noun, verb, adjective and
adverb) were represented. The major categories contain the semantic content of the papers
making up the creativity corpus. Minor categories or ‘function words’, such as prepositions
(e.g. upon, by), conjunctions (e.g. but, or) and quantifiers (e.g. many, more) offer little semantic

content so have limited value for this work and can be removed from the data.

Generating word-frequency data
After RASP processing, word frequency information was generated by Bill Keller, consisting of two
frequency counts for each word (POS-tagged lemma) in the creativity corpus, indicating how often

that word appeared in each corpus. The frequency data informed the statistical tests described next.

ldentifying significant creativity words using the LLR statistic

The word frequency data derived from the two corpora was used to establish which words occur
significantly more often in the creativity corpus than in the non-creativity corpus, hence identifying
words commonly used to discuss creativity. For this the log likelihood ratio (LLR) statistic (also
referred to as G* or G-squared) was used. The log likelihood ratio statistic compares two corpora to
measure how well data in one corpus fits a model distribution based on both corpora (Dunning, 1993;
Kilgarriff, 2001; Rayson & Garside, 2000; Oakes, 1998). The higher the log likelihood ratio statistic,
the greater deviation there is between the observed usage of a word and what was expected given
the model distribution. This study compares the actual frequency with which words are used in the
creativity corpus against a model distribution based on both the creativity corpus and non-creativity

corpus. The log likelihood score for a given word w is calculated as shown in equation 4.1:

4Briscoe et al. (2006) gives details of RASP tags and further information
SFrom this point onwards, references to a ‘word’ in the corpus data indicate a lemma tagged with POS information.
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LLR=2Y o0i(Ino; —Ine;) “4.1)

where for i € {1,2}, o; is the observed number of occurrences of w in corpus i and ¢; is the expected

number of occurrences of w in corpus i. The expected count e; of a word in corpus i is:

__Nix(o1+02)
l N1 +N,

where J; is the total number of words in corpus i (i.e. sum of frequencies of all words in corpus i).

4.2)

The log likelihood ratio is an alternative to the chi-squared test (}2). It has been advocated as the
more appropriate statistical measure of the two for corpus analysis as it does not rely on an assumption
of normality in word distribution (Dunning, 1993; Kilgarriff, 2001; Oakes, 1998), a particular issue
when analysing smaller corpora, such as those used in the current work.> The LLR statistic is more
accurate in its treatment of infrequent words in the data, which often hold useful information. The 2

statistic tends to under-emphasise such outliers at the expense of very frequent data points.

Filtering the results
Using LLR, 12169 words were found more often than expected in the creativity corpus. This set
of 12169 words was filtered to remove words with an LLR score less than 10.83, representing a x>
significance value for p = 0.001 (at one degree of freedom). This filtering process reduced the set of
words to only those that occurred significantly more often than expected in the creativity corpus.

The LLR statistic measures to what extent the observed distribution of a word in a corpus deviates
from expected; however it does not indicate whether the word is more or less frequent than expected in
the creativity corpus. Only those words which appear more frequently than expected in the creativity
corpus were retained; the rest were discarded. To avoid extremely infrequent words disproportionately
affecting the data, any word occurring fewer than five times was removed. Finally, the words were
inspected to remove any spurious items such as proper nouns (author citations, for example).

These filtering steps resulted in the identification of a total of 694 creativity words: a collection
of 389 nouns, 72 verbs, 205 adjectives and 28 adverbs that occurred significantly more often than

expected in the creativity corpus. The creativity words are listed in Appendix C.

4.2.2 Clustering the creativity words semantically

694 creativity words were identified through the steps taken in Section 4.2.1. Many of the creativity
words have similar meanings to each other and there may be overlap between the meanings of differ-

ent words. Although a much smaller set than 12169 words, a set of 694 words is not tractable to work

5The creativity corpus (= 300,000 words) and non-creativity corpus (= 700,000 words) are small in comparison to
corpora such as the Lancaster-Oslo/Bergen corpus(‘LOB corpus’, ~ 1 million words), the British National Corpus (‘BNC’,
~ 89 million words) and more recent web-based text collections containing billions of words.
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with, giving little relief from the current definitional confusion identified in Chapter 3. To extract the
underlying semantic themes underpinning these 694 words, the creativity words were clustered into
semantically related groups and analysed to identify distinct components of creativity.

As part of collaborative work for this project, Bill Keller provided a measure of distributional
similarity for pairs of words in the creativity set.” The set of creativity words was separated into four
sets: nouns, verbs, adjectives and adverbs.? Taking each of the four sets, for each pair of words in a
set, a value, or similarity score, between 0.0 (not at all similar) and 1.0 (identical) was calculated.

To calculate similarities, an information-theoretic measure of similarity (Lin, 1998) was employed
that has been widely adopted for calculating the similarity between a pair of words (Lin, 1998; Weeds,
2003). Lin defines similarity formally using information theory, measuring how much two things, A
and B, have in common and how much overlap there is when describing A and B. In Lin (1998) this
Similarity Theorem is derived and practically applied to measure similarity in different case studies:

‘The similarity between A and B is measured by the ratio between the amount of information

needed to state the commonality of A and B and the information needed to fully describe what A
and B are.” (Lin, 1998, p. 2)

Lin (1998) provides several examples of this definition being applied to measure similarity in
different case studies. In this work, the amount of information is quantitatively measured using a
point-wise mutual information statistic: distributional similarity.

Distributional similarity is based on the Distributional Hypothesis (Harris, 1954) which states that
two words which tend to appear in similar contexts will tend to have similar meanings. ‘Context’
can be interpreted in different ways, for example being in the same document, or the same sentence.
In this work, ‘context’ is interpreted as the grammatical relations and words surrounding the target
words. Similarity is based on how often two words appear in the same grammatical relationship to
some other word. For example, some evidence that the words concept and idea are similar in meaning

would be provided by occurrences such as the following:

(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’)

It would be difficult to see the same pattern of occurrences in sentences for, say, the words concept
and chorale. Intuitively we can understand that although concept and chorale are both nouns, and
both occur in the set of creativity words, they express dissimilar things. Even though it is possible to
conceive of sentences where these words both occur in the same grammatical relationship, e.g. the

concept/chorale was interesting, this is not as simple as it was for the words concept and idea.

7Bill Keller’s work is summarised here; Jordanous and Keller (2012) gives more details from a computational linguistics
perspective.
8 As described in Section 4.2.1, no other word types were used in this work.
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Figure 4.3: Graph representation of the similarity of the nouns concept and idea and closely seman-
tically related words. Each word is drawn as a node in the graph, linked together by a weighted edge
representing the similarity of the two words (maximum similarity strength is 1.0).

(1 4 ability, capacity, skill, strength
(2 2 achievement, progress

. behaviour, belicf, comcept, comception, cntenon, definition, explanation, framework, guideline, idea, interpretation,
term, thought

[4 8 mnxicty, concem, consideration, depression, emotion, fear, interest, uncertainty |

(s 6 appeeciation, expenence, insight, knowledge, recognition, understanding

(6 s aspect, character, elemsent, nature, relatioashap

(7 2 assessment, evalustion

(s 10 benefit, change, contnbution, developnsent, gain, increase, loss, reduction, shift, vanation ';,
(9 2 chanctenstic, factor ||
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(1s 7 conflict, debate, discussion, explorgion, investigation, research, survey

(16 2 cosmection, link

(" 2 comntry, state

e ~

Figure 4.4: Some of the word clusters produced using the Chinese Whispers algorithm.

Using Lin’s similarity measure (Lin, 1998) with the written portion of the British National Corpus
(BNC Consortium, 2007) as source data for the similarity calculations, the words concept and idea

scored 0.2365 for similarity (to 4 d.p.). This score is relatively high; out of 388 nouns,’ only 3 nouns

9The 388 nouns exclude the word concept itself, which would score a similarity score of 1.0 when paired with itself.
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had a similarity score with concept of 0.2 or greater. This similarity pair and other highly similar
related words are illustrated in Figure 4.3. As expected, using the same measurements, the two words
concept and chorale scored much lower for similarity, at 0.0026 (to 4 d.p.). Similarly, out of 388

[,10

nouns, idea is ranked 2nd in terms of similarity to concept,'” whereas chorale is ranked 315th. Lin’s

similarity measure was used to calculate similarity scores between all pairs of words of the same

category (nouns, verbs, adjective, adverbs) in the creativity words set.!!

The word pair similarity data
for each category was represented as an edge-weighted graph as illustrated in Figure 4.3, where the
nodes of the graph are words and the edges are weighted by similarity scores (similarity score > 0).
The graph clustering algorithm Chinese Whispers (Biemann, 2006) identified word clusters (groups
of closely interconnected words) in the dataset. This algorithm iteratively groups together graph nodes
that are located close to each other, as represented by edge weights. By grouping together words with
similar meanings, the number of data items was reduced and themes in the data could be recognised
more readily, from each distinct cluster. Figure 4.4 shows some of these clusters. The Chinese Whis-
pers algorithm is nondeterministic, potentially generating different results each time. The algorithm

was therefore run a number of times. Figure 4.5 gives an example of the clusters produced in one run.

An alternative projection of the data

To take a different view of the data and focus on the words most closely related to creativity, the 20
words with highest LLR score were each plotted as the root node on individual subgraphs, using the
graph drawing software GraphViz.'> For each of the 20 words, a strongly connected component graph
was plotted, representing all the words connected directly to that word. To reduce the amount of data
to be examined, similarity scores were discarded if they fell below a threshold value (so that each
graph only contained the most strongly connected words). This kept the graphs smaller and easier to

inspect and analyse visually. An example (simplified for readability) is given in Figure 4.6.

4.2.3 Analysing the results by inspection

At this point the data could be expressed in three different projections, each of which could be visually
inspected. The projection of the data as word clusters, the strongly connected component word graphs
described above and the original LLR scores were collated and manually analysed by inspection.
Inspecting the clusters produced as a result of Chinese Whispers, several possible groupings were
identified which grouped the clusters further together to reduce numbers of clusters. Figure 4.5 shows
the process of identifying links between the original clusters (on the left-hand side of the figure),
indicating components (on the right-hand side) that represent a cluster or clusters at a higher level of

abstraction. The graph projections of the data and the LLR scores were used to inform this process

10 A gain the word itself, concept is ranked first with a perfect similarity score of 1.0.
1180 a similarity score would be calculated between two nouns, for example, but not between a noun and an adjective.
Zhttp://www.graphviz.org/
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Figure 4.5: The process of manually identifying components (on the right) from clusters (on the left).
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thinking
N

0.16

011

thought

Figure 4.6: thinking, a high frequency word in the creativity corpus, is the root node for this graph.
The other nodes represent the most semantically similar words in the creativity corpus. The edges
between two nodes are labelled with the similarity score between those two words and the length of
the edge is roughly proportional to that score.

and supplement the data as represented in Figure 4.5.

To see different perspectives and identify less obvious (but still important) aspects of creativity,
each element in the analysis data was considered in terms of each of the Four Ps of creativity.'3
The Four Ps framework helps to highlight different aspects of creativity, to portray creativity in a
fuller context. For example, novelty is commonly associated with end products or results of creative
behaviour: how novel is the end product? A creative process can also take a novel approach, be per-
formed by a new person or be new in a particular environment. Viewing novelty from the perspectives
of product, process, person and press uncovers these interlinked interpretations.

In this way, components were manually identified and refined, in an iterative process of analysis

through inspection. An alternative way of generating the components may have been to employ more

13 As described in Chapter 3 Section 3.4.2: Person, Product, Process and Press.
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objective methods to manipulate the results, for example using principal components analysis or more
computational linguistics tools. At this point, though, the size of the results set was considered suffi-
ciently small to be manageable for manual analysis. Using human judgement at this point may have
unwittingly introduced some bias, though many efforts were made to avoid this and to be guided by
the data as much as possible. It was felt, however, that the benefits of introducing human judgement at
this stage would outweigh these concerns, especially given the amount of empirical processing of the
data prior to this late stage. There were also a number of anomalies in the results set, as a consequence
of ‘noise’ in the data'* which could be identified and removed through manual inspection.

Another concern which arose during this work could be dealt with through manual inspection; the
sentiment (positivity or negativity) attached to the words in relation to creativity. Take for example,
the two phrases ‘improvisation is creativity’ and ‘improvisation is not creativity’.!> This would link
together the two words ‘improvisation” and ‘creativity’, despite the two different sentiments.!® Al-
though improvisation may be associated with creativity in one perspective but seen as distinct from
creativity in another, the meanings of the two words are still connected together. This connection
arises through the two words being mentioned in the same context when discussed. On occasion dur-
ing the manual analysis, the original creativity corpus was consulted to investigate how some of the

less obvious words were connected to creativity. Component construction was guided accordingly.

4.3 Results: Fourteen components - or building blocks - of creativity

Following the above analysis steps, the following set of concepts has been generated. These are
proposed as a set of key components of creativity.

No claims are made for this set to be a necessary and sufficient definition of creativity in all possi-
ble manifestations, for two reasons. Firstly, some components are logically inconsistent with others,
for example the balance between autonomous independent behaviour in Independence and Freedom
and the reliance on information exchange in Social Interaction and Communication."” Additionally,
creativity can manifest itself slightly differently across different domains (Plucker & Beghetto, 2004)
and components will vary in importance, according to domain requirements. As an illustration of
this second point, creative behaviour in mathematical reasoning is focused towards finding a correct
solution to a problem than creative behaviour (Colton, 2008b), but in contrast, such a focus is less
important in musical improvisation creativity (Jordanous & Keller, 2011).8

Instead, this set is presented as a collection of aspects which contribute to defining what creativity

14See as example ‘words’ such as “ativity” or “blind-variation-and-selective-retention” in the list in Appendix C.

15These phrases did not occur in the corpora but are used to introduce improvisation as a creative act (see Chapter 6).

16 A5 mentioned earlier, function words such as “is’ are filtered out of the data.

TInconsistencies and overlap between components were expected to some extent, given the subjectivity and complexity
of creativity.

185ee also Chapter 6.
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is. The set items, presented in alphabetical order, should be treated as components of creativity that,
in combination, act as building blocks for creativeness. The set is akin to an ontology'® of creativity

(Chandrasekaran et al., 1999): a collection of knowledge about the concept of creativity.2"

Dealing with Uncertainty \\
General Intellectual Ability ~g Key themes » Independence and Freedom

Active Involvement and Persistence Generation of Results
/, Domain Competence

Intention and Emotional Involvement - and factors ™ Originality
Progression and Development ™ of creativity ™- Social Interaction and Communication
Spontaneity / Subconscious Processing \ Thinking and Evaluation

Value Variety, Divergence and Experimentation

Figure 4.7: Key components of creativity identified in the empirical work presented in this Chapter.

1. Active Involvement and Persistence

e Being actively involved; reacting to and having a deliberate effect on a process.

e The tenacity to persist with a process throughout, even at problematic points.
2. Generation of Results

e Working towards some end target, or goal, or result.

e Producing something (tangible or intangible) that previously did not exist.
3. Dealing with Uncertainty

e Coping with incomplete, missing, inconsistent, uncertain and/or ambiguous information.
Element of risk and chance, with no guarantee that problems can or will be resolved.
e Not relying on every step of the process to be specified in detail; perhaps even avoiding

routine or pre-existing methods and solutions.
4. Domain Competence

e Domain-specific intelligence, knowledge, talent, skills, experience and expertise.
e Knowing a domain well enough to be equipped to recognise gaps, needs or problems that

need solving and to generate, validate, develop and promote new ideas in that domain.
5. General Intellect

e General intelligence and intellectual ability.

o Flexible and adaptable mental capacity.

19Ontology is used in the computer science sense (Chandrasekaran et al., 1999) rather than the philosophical sense.

201p collaborative work with Bill Keller, the components have recently been published on the Semantic Web, as a cre-
ativity ontology (Jordanous & Keller, 2012). The creativity ontology is available at Attp : //purl.org/creativity /ontology,
last accessed December 2012.
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. Independence and Freedom

e Working independently with autonomy over actions and decisions.
e Freedom to work without being bound to pre-existing solutions, processes or biases; per-

haps challenging cultural or domain norms.
Intention and Emotional Involvement

e Personal and emotional investment, immersion, self-expression, involvement in a process.

o Intention and desire to perform a task, a positive process giving fulfilment and enjoyment.

. Originality

e Novelty and originality - a new product, or doing something in a new way, or seeing new
links and relations between previously unassociated concepts.

e Results that are unpredictable, unexpected, surprising, unusual, out of the ordinary.

. Progression and Development

e Movement, advancement, evolution and development during a process.
e Whilst progress may or may not be linear, and an actual end goal may be only loosely
specified (if at all), the entire process should represent some developmental progression

in a particular domain or task.
Social Interaction and Communication

o Communicating and promoting work to others in a persuasive, positive manner.

e Mutual influence, feedback, sharing and collaboration between society and individual.
Spontaneity / Subconscious Processing

e No need to be in control of the whole process - thoughts and activities may inform a
process subconsciously without being fully accessible for conscious analysis.
e Being able to react quickly and spontaneously during a process when appropriate, without

needing to spend time thinking about options too much.
Thinking and Evaluation

e Consciously evaluating several options to recognise potential value in each and identify
the best option, using reasoning and good judgment.
e Proactively selecting a decided choice from possible options, without allowing the process

to stagnate under indecision.
Value

e Making a useful contribution that is valued by others and recognised as an influential
achievement; perceived as special; ‘not just something anybody would have done’.

e End product is relevant and appropriate to the domain being worked in.
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14. Variety, Divergence and Experimentation

e Generating a variety of different ideas to compare and choose from, with the flexibility to
be open to several perspectives and to experiment with different options without bias.

e Multi-tasking during a process.

4.4 Summary

The goal of this work is an evaluation methodology for computational creativity. As shown in Chap-
ter 3, creativity is complex to define; however a rigorous and comparative evaluation process needs
clear standards to use as guidelines or benchmarks (Torrance, 1988; Kaufman, 2009).2! This cur-
rent Chapter 4 reported how techniques from the field of computational linguistics have been used to
empirically derive a collection of components of creativity. These components represent a compre-
hensive, multi-perspective definition of creativity.

The set of components was generated through an analysis of what is considered important in
talking about creativity. Words were identified which appear significantly often in connection with
discussions of creativity. To identify these words, the log likelihood ratio statistic (Section 4.2.1)
was used to compare two corpora: a creativity corpus consisting of thirty academic papers about
creativity (Section 4.2.1 and a non-creativity corpus consisting of sixty academic papers matched to
the creativity corpus by year and subject area, on subjects unrelated to creativity (Section 4.2.1).

Lin’s semantic similarity measure (Lin, 1998) and the Chinese Whispers clustering algorithm (Bie-
mann, 2006) were used to cluster the resulting words according to similarity, as reported in Section
4.2.2. Through these clusters and similarity data, a number of distinct themes emerged. The themes
identified in this linguistic analysis have collectively provided a clearer ‘working’ understanding of
creativity, in the form of components that collectively contribute to our understanding of what creativ-
ity is. Together these components act as building blocks for creativity, each contributing to the overall
presence of creativity; individually they make creativity more tractable and easier to understand by
breaking down this seemingly impenetrable concept into constituent parts.

The components can be used as several aspects with which to examine computational creativity
systems by, for a more informed and detailed evaluation of how creative these systems are. Crucially,
this level of detail can help us identify what aspects a system is creative and how the system’s per-
ceived creativity can be improved. Chapter 5 will investigate the use of the components as evaluation

standards for computational creativity.

2l Chapter 8 Section 8.1.1 will report a survey asking people to evaluate the creativity of musical improvisation computer
systems, where several of the participants called for the term ‘creativity’ to be defined before they could feel comfortable
and confident evaluating for creativity. This goes against the general assumption that people have a working intuitive sense
of what creativity is, at least in the context of judging and assigning creativeness.



Chapter 5

Operationalising tests of creativity

Farts of this Chapter are published in a peer-reviewed journal article (Jordanous, 2012) and a peer-

reviewed conference paper (Jordanous, 2011a).
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Figure 5.1: Wordle word cloud of this Chapter’s content
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Overview

This Chapter aims to identify a more systematic and rigorous approach to computational creativity
evaluation. The point is to understand to a greater level of detail exactly why a system can justifiably
be described as creative and to inform future development work on that system.

Section 5.1 looks at the main points of contention and practical issues when evaluating compu-
tational creativity, considering how existing methodologies address these issues. Any negative pre-
conceptions about computational creativity need to be overcome if a system is to be fairly evaluated
(Section 5.1.1). Questions arise about what to evaluate (Section 5.1.2), what interpretations of cre-
ativity should be used (Section 5.1.3), who should perform the evaluation (Sections 5.1.4 and 5.1.5),
when evaluation should be performed (Section 5.1.6) and what types of tests should be used (Section
5.1.7). There is also a distinction to be drawn between the aim of evaluating creativity or evalu-
ating quality (Section 5.1.8); as the survey of evaluative practice in Chapter 2 Section 2.3 showed,
these aims have become blurred to some extent. Following from the Section 5.1 discussions, Section
5.2 proposes Evaluation Guidelines for computational creativity evaluation that some of these issues
using heuristics.

Steps to implement the heuristics in the Evaluation Guidelines are considered in Section 5.3. The
SPECS methodology is derived as a result: the Standardised Procedure for Evaluating Creative Sys-
tems. Section 5.3 presents the SPECS methodology and accompanying text discussing implementa-
tion details. Section 5.4 presents decision-tree-style diagrams offering practical guidance on applying
SPECS in various scenarios (Figures 5.6(a) - 5.6(g)).

SPECS is presented as the methodological solution to the question: How should we evaluate
the creativity of a computational system? As Section 5.5 discusses, SPECS is related to scientific
method in some ways but there are clear ways in which SPECS handles the specific requirements of

computational creativity evaluation more appropriately than is possible with scientific method.

5.1 Practical issues involved in evaluating computational creativity

Computational creativity evaluation is affected by a number of different issues and challenges, which
have hindered the acceptance of any one evaluation methodology as standard. Many of these issues
are a matter of significant, long-standing and/or continuous debate both in the computational creativ-
ity community and in research on human creativity. Chapter 3 examined the definitional problems
in creativity in depth, leading to the derivation in Chapter 4 of a set of components that can be used
to collectively construct a working definition of creativity. This Section discusses some other impor-
tant practical issues, in the context of existing computational creativity evaluation methodologies as

reported in Chapter 2 and also from a wider perspective, that guide the direction of this work.



Chapter 5. Operationalising tests of creativity 123

5.1.1 Overcoming negative preconceptions about computational creativity

Cardoso et al. stress in their review of computational creativity progress that creativity is ‘in the eye
of the beholder’ (Cardoso et al., 2009, p. 17), as does Widmer et al. (2009). As emphasised in the
Four Ps approach to creativity (Chapter 3 Section 3.4.2), the opinions of the audience are crucial in
making, distributing and maintaining creativity judgements.

As is examined in greater detail in Chapters 1 and 8, people’s evaluation of computational creativ-
ity can be influenced by preconceived notions and beliefs. This perception has been discussed from
several different perspectives (e.g. Minsky, 1982; Cohen, 1999; Pearce & Wiggins, 2001; Boden,
2004; Colton, 2008b, 2008a; Nake, 2009; Reffin-Smith, 2010). People may be reluctant to accept the
concept of computers being creative, either through conscious reticence or subconscious bias (Moffat
& Kelly, 2006). On the other hand, researchers keen to embrace computational creativity may be pos-
itively influenced towards assigning a computational system more credit for creativity than it perhaps
deserves. Hence our ability to evaluate creative systems objectively can be significantly affected once
we know (or suspect) we are evaluating a computer rather than a human.

Perception of the creativity of a computer system is a recurring point throughout Colton (2008b),
primarily with respect to the negative preconceptions that people may have about computational cre-
ativity.! Colton offers his framework as a means for people to discuss the creativity of a computer

system, free of any restrictions from what Colton describes as:

‘the default position in the popular perception of machines that software cannot be creative’
(Colton, 2008b, p. 18)

While Colton (2008b) does not address the problem of overcoming negative prejudices, he does
provide the creative tripod framework for description of creativity by those who are receptive to the
idea of computational creativity. To add to this tool he recommends that computational systems
should be described in high-level terminology rather than at algorithmic level or in source code, to
avoid arousing preconceptions about computer creativity developing. This is the approach Colton
is taking with his Painting Fool artist system,” which he hopes will be considered as an artist in its
own right rather than as a computer system which is programmed to generate images (Colton, 2008b,
2008c¢). This approach has its advantages but there are implications as to whether a system presented

solely in this way could be replicated, as is expected in scientific work.

5.1.2 The product/process debate in computational creativity evaluation

‘As a research community, we have largely focussed on assessment of creativity via assessment
of the artefacts produced.” (Colton, 2008b, p. 1)

I'Section 1.4 of Chapter 1 reflects on this in more detail.
Zhttp://www.thepaintingfool.com
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One important debate in computational creativity evaluation is about whether evaluation of a cre-
ative system should focus exclusively on the output produced by the system, or whether the processes
built into the system should also be taken into account. Of the major contributors to this debate, Colton
(2008b) and Pease et al. (2001) argue that both product and process should be included in evaluation,
whereas (Ritchie, 2007) concentrates solely on the product of systems, stating that examining the
process is unimportant for creativity (Chapter 2).

Ritchie argues that humans normally judge the creativity of others by what they produce, because
one cannot easily observe the underlying process of human creativity. Ritchie therefore advocates a
black-box testing approach, where the inner program workings are treated as unknown and evaluation
concentrates on the system’s results. While it is true that we can only use the material we have
available to form an evaluation, the evaluation experiments in Pearce and Wiggins (2001) show that
people often make assumptions about process in their judgements on product.> Pearce and Wiggins
discuss how our interpretation of how something was produced is important, even if the actual method
is unknown, and that such an interpretation can be derived if people are repeatedly exposed to the
compositional systems (human or computational) that they are evaluating. Collins (2008) discusses
how making reasonable assumptions can assist the reverse-engineering* of program code from output,
in scenarios where white-box testing (evaluation with access to the program code) is not possible.

Colton (2008b) acknowledges Ritchie’s arguments but quotes examples from art to demonstrate
that process is as important as the end product when evaluating creativity, at least in the artistic
domain. As evidence, Colton cites conceptual art,> where the concepts and motivations behind the
artistic process are a significant contribution of the artwork.

Colton (2008b) also poses a thought experiment that considers two near-identical paintings pre-
sented at an exhibition. In the first painting, the dots are placed randomly, whereas in the second, the
dots’ locations represent the artist’s friendships with various people. Colton argues that the second
painting would be more appealing to purchase than the first, even though the end product is very
similar, due to the process by which it was created. This thought experiment illustrates how process
can impact on our judgement of creative artefacts, though it is questionable whether this thought
experiment describes perception of creativity, or of quality or appeal.

The thought experiment described in Ventura (2008) gives further evidence on how knowledge of
the creative process affects how we evaluate creativity.® The RASTER and iRASTER systems (see
Chapter 2 Section 2.1.6) were designed by Ventura to be decidedly non-creative. If these systems

were implemented and their generated images were given to people to evaluate without telling the

3This finding was replicated in the Chapter 8 Section 8.2.1 survey carried out to obtain ratings of typicality and value of
improvised music for Case Study 1.

“4Reverse-engineering is the process of identifying (and possibly replicating) how a product is generated, through anal-
ysis of that product.

5See the panel What is Conceptual Art? for details on conceptual art in the context of this debate.

OThis point was not made explicitly in Ventura (2008), however.
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What is Conceptual Art?

Sol LeWitt defined Conceptual Art (LeWitt, 1967) as an art form where ‘the idea or concept is the
most important aspect of the work. When an artist uses a conceptual form of art, it means that all
of the planning and decisions are made beforehand and the execution is a perfunctory affair. The
idea becomes a machine that makes the art.’

If assessing how creative a piece of conceptual art is, solely by evaluating the product, then there
are two negative consequences:

1. The primary intentions of the artist are ignored (the artist’s focus is on how the art is made
rather than what the result is).

2. The level of creativity presented will probably be underestimated, especially if the art results in
producing something that might seem commonplace outside the context of that art installation.

Two examples are Tracey Emin’s controversial exhibit My Bed (1999), pictured in Figure 5.2 and
Duchamp’s Fountain (1917), pictured in Figure 5.3.

evaluators how they were produced, the evaluators may well rate the creativity of the system highly.
Supplying the evaluators with details of how a program works, though, could have a detrimental
impact on the subsequent evaluations (Cope, 2005; Colton, 2008b).
Ritchie (2008) concedes that it can be important to consider the system’s processes:
‘If a humour-generating program is needed for some practical purpose, then how it is constructed
may be of little theoretical interest. However, in the case of more theoretical research, where the

program is there to test an abstract model, the mechanisms are the whole point.” (Ritchie, 2008,
p. 147)

One issue with creativity can be thought of as analogous to the adage that a magician never reveals
their secrets. This adage is based on the fact that tricks do not appear so impressive once you have
found out how the magician performed the trick. Similarly things can appear to be less creative when

you know how they were produced:’

‘it is not unknown for critics of Al to refuse to accept programs as creative (or intelligent) once
the mundane mechanistic nature of the inner workings are revealed’ (Ritchie, 2001, p. 4)

As mentioned above, Colton (2008b) intentionally avoids this by reporting on his artistic system
in high-level terms only, rather than giving details of the program (Colton, 2008b, p. 8).

A final point to consider in this debate comes from a definition of creativity as consisting of the
Four Ps: process, product, person and press (or environment) (Chapter 3 Section 3.4.2). Current
computational creativity evaluation methodologies either look solely at a system’s products or at a

combination of the products and the process, with the possible exception of Colton (2008b) whose

7If the inner workings of a program are very impressive, complex or novel, then we may still be impressed by the
program, but this is a different perspective to whether or not we think the program is creative.
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Figure 5.2: Tracey Emin’s My Bed (1999).  The intended significance of this piece was not the
end result of displaying a unmade bed in a cluttered bedroom, but to document Emin’s troubled
state of mind and lifestyle at the time of creating this work. Image retrieved (28th July 2010) from
http://www.saatchi-gallery.co.uk/artists/artpages/tracey_emin my_bed.htm.

evaluative framework is influenced by how an audience perceives the creativity of a system. Chapter
3 considers observations about the creative person operating in a press/environment, seeing how such

observations are relevant for evaluation purposes.

5.1.3 Boden’s distinction between P-creativity and H-creativity

Boden (1990) distinguishes between P-creativity (psychological creativity) and H-creativity (histor-
ical creativity). This distinction is to do with the context in which creative products are considered
novel. If a creator produces an artefact which is unknown to the creator but had already been discov-
ered elsewhere, then this would be deemed P-creative. If the creative artefact is unknown not only
to the creator, but has never been discovered before by anyone, then this is H-creative. A number of
researchers have commented on the need to clarify which type of creativity is being addressed (e.g.
Pearce & Wiggins, 2001; Ritchie, 2007, also Edmonds, 2009, personal communications).

The computational creativity community has focused on P-creativity, mainly for practical reasons;
it is far less problematic to compare output against knowledge accessed by the system than to compare
system output against the sum total of all knowledge in the world.

As mentioned in Chapter 3 Section 3.6.3, Pearce and Wiggins justify a focus on P-creativity
through noting that H-creativity can be thought of as a subset of P-creativity, where set member-

ship is determined by historical and social factors. In concentrating on P-creative achievements, by
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definition this would include H-creative achievements as well. As Boden expresses:

‘the point at issue here is not “Who thought of X first?” but “Is X a creative idea, and if so, how
creative is it?” Our concern ... must be with P-creativity in general, of which H-creativity is a
special case.” (Boden, 1994a, p. 112)

5.1.4 Practical issues in using human judges

Figure 5.3: Duchamp’s Fountain (1917). Duchamp submitted the Fountain to an art exhibition for the Soci-
ety of Independent Artists, where every submission would be accepted and exhibited. The Fountain sparked de-
bate with the judging panel (of which Duchamp was himself a member) as to whether it should be exhibited; as
a result the Fountain was included in the exhibition but hidden from sight (and Duchamp resigned from the So-
ciety). Since then, the Fountain has been judged the most influential modern art work of all time, according to
a poll of 500 art experts commissioned as part of the Turner Prize 2004. Image retrieved (28th July 2010) from
http://arthistory.about.com/od/dada/ig/DadaatMoMANewYork/dada newyork 07 .htm.

To cope with subjectivity and changes over time in definitions (Chapter 3), human standards should
be incorporated in evaluation. Incorporating human opinion in evaluation raises various practical
issues to resolve. A seemingly simple method of evaluating creativity is to ask people to say how
creative the system is. Generally these evaluations do not provide judges with a definition of creativity
but rely on the judges’ own intuitive interpretation of what creativity is.

There are practical concerns which hinder us from using human judges as the sole source of
evaluation of a system. Human evaluators can say whether they think something is creative but may
only be able to give limited explanation of their opinions. As described in Chapter 3, it is hard to
define why something is creative; this is a tacit judgement rather than one we can easily voice.® A
more informed idea of what makes a system creative helps understand both why a system is creative
and what needs to be worked on to make the system more creative.

There is a place for soliciting human opinion in creativity evaluation, not least as a simple way to
consider the system’s creativity in terms of those creative aspects which are overly complex to define

empirically, or which are most sensitive to time and current societal context. The process of running

8This was a major finding in research reported in Chapter 8 Section 8.1.1.
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adequate evaluation experiments with human participants, though, takes time and effort.”

Human opinion is variable; what one person finds creative, another may not (Leén & Gervés, 2010;
Jennings, 2010a).'” This may also be affected by the relative level of expertise of the judges (Section
5.1.5), previous experience of the systems or acquaintance with similar systems'! or preconceived
notions about computational creativity.!?> Therefore large numbers of participants may be needed to
capture a general consensus of opinion, and large numbers do not necessarily guarantee conclusive
results, as Chapter 8 Section 8.1.1 demonstrates.

In addition to the time and resources needed to devise and run suitable evaluation experiments
with large numbers of people, other issues are introduced such as obtaining ethics approval, attracting
enough suitable participants, costs associated with paying participants or a reliance on goodwill.
Many of these issues may adversely affect the research process but are out of our direct control to
resolve. Although these issues are often accepted as a natural part of the research process, that has to

be dealt with, it would be useful if this outlay of research time and effort could be reduced.

5.1.5 The expertise and bias of the evaluators

In the Chapter 2 Section 2.3 survey on contemporary evaluation practice, a minority of systems (25
out of 75) were evaluated by people other than the implementors of that system. 8 of these 25 sys-
tems were evaluated by domain experts or the target users, 4 papers used evaluators with a range of
expertise in that domain and 4 papers used novice evaluators only (for the remaining 9 systems, the
level of expertise of those evaluating the system was left unstated).'

The issue of who should evaluate a system tends to be overlooked when discussing creativity
evaluation methodologies. The two key contributions thus far to computational creativity evaluation
(Ritchie, 2007; Colton, 2008b) do not make any recommendations on this matter, except for the un-
derlying implication that their methodologies are tools for researchers to evaluate their own systems.
Questions of impartiality arise when self-evaluating work; as mentioned earlier, both Ritchie’s criteria
and Colton’s creative tripod can be adapted (intentionally or unintentionally) to portray an evaluation
in a desired way, as shown in Ventura (2008). In cases like this, transparent methods are crucial for
holding the researcher to account on their evaluative decisions.

Boden (1994a) argues that both experts and novices can make an intuitive assessment of creativity,
but that experts are better placed to explain their judgement, especially if they are used to discussing

or analysing that domain. Hence, she argues, their [expressed] opinions will generally be more infor-

9This was found to some extent in the human evaluation studies for Case Study 1, reported in Chapter 8.

108ee also Chapter 8 Section 8.1.1.

1See Chapter 7 for the DARCI system.

12This is discussed in Chapter 1 Section 1.4. See also Chapter 8 Section 8.1.1, which investigates how people perceive
computational creativity, specifically after they had evaluated the creativity of some computational systems (Section 8.1.1).

I3Expert evaluator(s) have extensive knowledge and competence in the given creative domain. Novice evaluator(s) have
only a shallow knowledge with the given domain, lacking in depth.
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mative and more grounded in fact.

Auvailability and willingness to participate can often dictate who becomes involved in evaluating a
system. Aside from issues of bias, if evaluation is done by those who implement the system, then it
could be assumed that the systems are being evaluated by people with domain knowledge.'*

Using external evaluators helps to avoid accidental or intentional bias, such as in Pearce and Wig-
gins (2007) or as recommended in Pease et al. (2001). Pearce and Wiggins (2007) use a version
of the Consensual Assessment Technique (Amabile, 1996)' to obtain expert judges’ evaluation of
their musical system. Pease et al. (2001) advocates using external judges as part of their Emotional

Response measure but makes no comment on the level of expertise of these judges.

5.1.6 Distinguishing between post-hoc system evaluation and system self-evaluation

In her keynote address to the AISB’99 convention on Creativity, Boden argued that work in compu-
tational creativity should be judged by the authors’ consideration of how their systems evaluate their
own products, referring to the problem of automatic evaluation as ‘the Achilles’ heel of Al research
on creativity’ (Boden, 1999, p. 11).
“To enable Al-models to evaluate their own ideas, especially those produced as a result of trans-
formational creativity - which, by definition, breaks some of the accepted rules, is a tall order.
Not because computers can’t “really” value anything (that may be so, but it is a philosophical
rather than a scientific point), but because we find it even more difficult to articulate our aesthetic
values clearly than to define the rich conceptual spaces concerned. ... One of the dimensions on

which these [AISB99] papers should be judged is the extent to which they are aware of these sorts
of problem.” (Boden, 1999, p. 11)

Boden stops short of requiring that creative systems should incorporate some implementation of
self-evaluation, but calls for authors to reflect upon the issues involved as part of their papers. As the
Chapter 2 Section 2.3 survey shows, this call has generally not been responded to in much depth.!®

Wiggins (2000) distinguishes between two different ‘senses’ of computational evaluation:

‘The question of evaluation, highlighted in one sense by Margaret Boden at her AISB’99 confer-

ence keynote, actually has two senses: how can a computer program evaluate its output; and, how
can we evaluate strategies for modelling creativity. (Wiggins, 2000, p. iii)

A number of creative systems do include some self-evaluation as part of the creative process,
particularly those using an engagement-reflection process or evolutionary computing approaches (see
Chapter 3 for examples). A creativity evaluation methodology such as in Ritchie (2007), Colton
(2008b), Pease et al. (2001), takes the second interpretation raised by Wiggins (2000): how to evaluate

14Boden makes the somewhat controversial statement that ‘only an expert in a given domain can write interesting pro-
grams modeling that domain’ (Boden, 1994a, p. 115). As pointed out by Collins (2011, personal communications) though,
perhaps developing a program to model a domain helps the programmer develop expert domain knowledge.

15 As mentioned in Chapter 3 Sectio