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Abstract Computational creativity is a flourishing research
area, with a variety of creative systems being produced and
developed. Creativity evaluation has not kept pace with sys-
tem development with an evident lack of systematic evalua-
tion of the creativity of these systems in the literature. This
is partially due to difficulties in defining what it means for a
computer to be creative; indeed, there is no consensus on this
for human creativity, let alone its computational equivalent.
This paper proposes a Standardised Procedure for Evaluat-
ing Creative Systems (SPECS). SPECS is a three-step pro-
cess: stating what it means for a particular computational
system to be creative, deriving and performing tests based
on these statements. To assist this process, the paper of-
fers a collection of key components of creativity, identified
empirically from discussions of human and computational
creativity. Using this approach, the SPECS methodology is
demonstrated through a comparative case study evaluating
computational creativity systems that improvise music.

Keywords Computational creativity - Creativity Evalu-
ation - Cognitively-inspired evaluation - Methodology -
Creativity

1 Introduction

How should we evaluate the creativity of computational cre-
ativity systems?

A comparative, scientific evaluation of creativity is es-
sential for progress in computational creativity, not least to
justify how creative a computational creativity system actu-
ally is. The question of computational creativity evaluation
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itself is non-trivial and can be considered one of the ‘Grand
Challenges’ of computational creativity research [1].

The research in this paper is offered as a practical method-
ological contribution towards addressing this Grand Chal-
lenge. As will be described during the paper, the method-
ological approach taken is influenced by key findings in a
wide range of creativity research, both computational and
human.

Section 2 reviews previous work done in the area of eval-
uating computational creativity, considering how the devel-
opment of computational creativity as a research field has
developed the current culture of creativity evaluation and
examining three existing frameworks for creativity evalua-
tion [2—4]. Evaluative practice in computational creativity
is shown to be in danger of falling into a ‘methodologi-
cal malaise’ similar to that which had been identified as a
potential hazard for artificial intelligence [5] and music in-
formatics [6] research. This malaise occurs through lack of
rigour, standardisation and systematic approach, and often
through lack of any evaluation whatsoever to justify claims
of systems being creative. In the context of creativity eval-
uation, this is probably at least in part due to problems in
defining creativity. Clarification of the meaning of creativity
is needed but several issues exist that hinder such clarifica-
tion. In Section 3 existing definitions of creativity are ex-
amined, including dictionary, research and legal definitions,
and different perspectives on creativity are explored. Section
4 derives an empirical definition of creativity from key con-
tributions to the academic literature on creativity (both hu-
man and computational varieties), using computational lin-
guistics and machine learning techniques. This work is con-
ducted on the premise that if a word is used significantly
more often than expected in discussing a particular topic,
then it is linked to the meaning of that topic; this is a funda-
mental assumption in the usage-based approach used in cog-
nitive linguistics. The log likelihood ratio statistic is used to
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detect 694 such creativity words. Clustering techniques and
inspection of the data results in the identification of 14 key
aspects orcomponents of creativity. These components are
presented as building blocks that collectively construct the
meaning of creativity.

Motivated and guided by the above considerations, and
incorporating the components derived in Section 4, the three-
step SPECS methodology for evaluation of computational
creativity is presented in Section 5. This methodology is de-
rived from observations on current evaluative practice and is
based on directly tackling issues in creativity evaluation that
currently hamper evaluation from being carried out. SPECS
requires that the computational creativity researcher adopt
and clearly state a definition of creativity to evaluate their
system’s creativity by,' then employs this definition as a set
of standards for evaluation, each of which are to be tested
by appropriate tests. Each step of the SPECS methodology
is discussed and practical concerns relevant to each step are
considered within those discussions.

A case study is presented demonstrating a practical ap-
plication of the SPECS methodology. SPECS is used to eval-
uate in detail the creativity of four musical improvisation
systems: GAmprovising [7], GenJam [8], Impro-Visor [9]
and Voyager [10]. The results show that GenJam is per-
ceived as most creative overall. Perhaps more importantly,
though, formative feedback is gathered for each system to
highlight their strengths and weaknesses in exhibiting cre-
ativity.

The findings of the SPECS evaluation in the case study
are compared and contrasted with findings from various other
methods of evaluation: surveys of human evaluation of the
systems’ creativity and the application of two existing eval-
uation methodologies [2,3]. Comparative results were fairly
consistent across different methodologies in terms of sum-
mative evaluation, but the amount of formative feedback ob-
tained from SPECS exceeded that of the other methods. Ad-
ditionally, the task of using SPECS for creativity evaluation
was perceived as easier than consulting human opinion di-
rectly on the systems’ creativity, as people found it difficult
to evaluate the creativity of systems without a definition of
creativity being supplied.

Some points with SPECS arose during its implementa-
tion and evaluation, where further development work could
prove fruitful in a few areas outlined below. The SPECS
methodology has however been shown to offer many ben-
efits, as an evaluative tool which is offered to the computa-
tional creativity research community. Some reflections are
made on the future use, longevity and contributions of the
SPECS methodology.

! The components of creativity are strongly recommended as a basis
for this definition.

2 Background
2.1 The role of evaluation and why it is needed

Evaluation highlights where progress is being made and how
the evaluated item can be improved upon. Research progress
can be demonstrated and tracked and we can learn from
achievements and weak points of a system.

The evaluation process should be clearly stated, to be
transparent and repeatable [11,5,6]. Evaluations can then
be applied to related systems for more comparable and con-
sistent evaluation results, and evaluation decisions can be
critiqued and/or learned from. In artificial intelligence, to
which computational creativity is closely related, Bundy de-
scribes how confused research aims, unclear evaluation cri-
teria and poor continuity between projects reveal an under-
lying ‘methodological malaise’ [5, pp. 215-216]. Pearce et
al. echo this,? noting that poorly-evaluated research ‘has lit-
tle practical or theoretical significance ... it becomes difficult
for the reader to judge the value of the research, in terms of
what it demonstrates and why this is important’ [6, p. 3].>
In both these cases, poorly-stated and poorly-evaluated re-
search aims and objectives has been considered to hold back
research progress, in two fields highly related to computa-
tional creativity.

Evaluation takes different forms. In a creativity eval-
uation context, summative evaluation provides a summary
judgement of a system’s creativity [2, for example]. Forma-
tive evaluation provides constructive feedback on the sys-
tem’s strengths and weaknesses, applying the results ‘in the
design of creative programs rather than in the assessment
of established programs’ [12, p.1]. The current work pri-
oritises formative evaluation to learn from existing systems
and inform future system development, whilst acknowledg-
ing the value in summative feedback for recognising creative
achievements and contributions to creativity knowledge.

2.2 Computational Creativity research

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

2 In the context of music generation systems, which often contribute
to computational creativity literature.

3 Both Bundy [5] and Pearce et al. [6] stress that specific goals and
value may vary across types of systems; this assertion is upheld in this

paper.
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Computational creativity is, according to the definition
supplied by the steering committee for computational cre-
ativity research:*

“Computational Creativity is the study and simula-
tion, by computational means, of behaviour, natural
and artificial, which would, if observed in humans,
be deemed creative.”

This definition has been developed over the past decade
by general discussion, with the wording being refined over
time by members of the steering committee and organisers
of computational creativity research events. [13,3,1].

Computational creativity research follows both theoreti-
cal and practical directions and crosses several disciplinary
boundaries across the arts, sciences and engineering. This
has led to the emergence of a community with varying and
occasionally disparate aims and motivations, from mainly
artistic aims to scientific exploration of creativity, or the pur-
suit of software/hardware engineering achievements. Research
within the field is influenced heavily by artificial intelligence,
computer science, psychology and specific creative domains
which have received attention from computational creativity
researchers to date, such as art, music, reasoning and narra-
tive/story telling [3, 14-16, provide examples].

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 activ-
ity, as well as a number of journal special issues on compu-
tational creativity research (featuring selected papers from
prior research events).> Computational creativity research
events have been taking place regularly since 1999, devel-
oping from satellite workshops at artificial intelligence con-
ferences® 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 development has been accompanied by

4 Definition taken from the http://www.computationalcreativity.net
website, which hosts relevant information about the field, including de-
tails of research events and of the steering committee who act to shape
the general directions that computational creativity research takes.

5 Knowledge-Based Systems 2006: 19(7), New Generation Com-
puting 2006: 24(3), Al Magazine 2009: 30(3), Minds and Machines
2010: 20(4).

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

7" Autonomous workshops grew out of the International Joint Work-
shop on Computational Creativity series (2004-2008), which started
through the coming together of communities from Al and from Cog-
nitive Science, to hold joint research events on computational creativ-
ity. Separate symposiums have also been held, in Stanford, California
(twice).

a substantial and increasing growth in the number of papers
presented to such research events and in program committee
sizes;® it can be said that computational creativity research
is ‘coming of age’ [17].

In discussion at the most recent 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 inves-
tigation.!® Some members of the steering committee have
gone as far as to say that the tackling of creativity evalua-
tion ‘probably needs to be deferred until we are substantially
more capable in general automated reasoning and knowl-
edge representation’ [1, p. 19].1!

This view has not been echoed in the calls for papers
for research events. Creativity evaluation metrics and strate-
gies have frequently appeared on the list of topics of interest
for workshops and symposiums in the form of phrases such
as “Evaluation of Creativity” (2002-04), “the assessment of
creativity in Al programs” (2003), “how we assess creativ-
ity in computers” (2007), “the assessment of creativity in
Al programs” (2003), “Metrics, frameworks and formaliza-
tions for the evaluation of novelty and originality”!? (2005)
and the rephrasing “Metrics, frameworks and formalizations
for the evaluation of creativity in computational systems”
(2006, 2008). This last wording has appeared in the call for
papers for all ICCC conferences to date (2010-2012).'3

As will be discussed later in this paper, in the past there
has been only limited evidence of computational creativity
researchers evaluating their systems’ creativity and demon-
strating to what extent their computational systems can ac-
tually 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.
Additionally, this culture may have developed as a side-effect

8 The pre-2004 workshops typically contained 10-15 papers, with
program committee sizes around 5-15 depending on the event. This
has grown to an average of 33 accepted papers and an average of 42
program committee members over the 2010-2012 conferences.

9 Existing evaluation methodologies for computational creativity are
examined later in this section of the paper.

10 This paper will return later to these discussions at ICCC’11.

1" This view was also expressed in [18].

12 The combination of novelty and originality is often used as a re-
ductionist definition of creativity [19-21,2,22-24]. Definitional issues
shall be returned to later in this paper.

13 For 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 interest-
ing implications for computational creativity”. This was probably in
response to just such a evaluation framework offered by Colton [3],
which quickly became adopted more often than more formally stated
predecessors such as [2, 19], as shall be shown later in this paper.
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of the inclusive efforts to build up a community of compu-
tational creativity researchers; decisions on whether a paper
should be accepted to a conference were often based around
whether the paper would trigger interesting debate, rather
than how academically rigorous its presentation was [25].
This was enhanced by the acceptance of position/short pa-
pers (reports of work in progress or comments on research
directions) alongside technical/long papers (detailed tech-
nical 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 [25], position papers often re-
port work in process rather than completed work, so have
less requirements imposed for academic rigour in reporting.
Position papers allow current work and new methods to be
reported even if the work is not yet fully completed. Unfor-
tunately, as that proceedings often do not clearly distinguish
technical papers from position papers,'# this distinction in
quality can often be missed, making a lack of evaluative
(and other academic) rigour seemingly more acceptable in
this community.

In general, the issue of 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.” [11, p. 3]. As the field moves from
its formative years of community development, into a posi-
tion where it attracts enough research to support an annual
international conference audience and journal special issues,
evaluation has become more important for full research re-
ports [25]. In conference, 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) reviewer’s 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.’

14 See for example the proceedings for ICCC’'11 (
http:// icccll.cua.uam.mx / proceedings/ ), ICCC’10 (

What is needed at this stage of development is a method-
ology for evaluation that is accepted as standard practice for
tracking and evaluating progress in computational creativity.
This issue of how best to evaluate computational creativity
systems has generated many more questions than answers.
The past ten years have seen discussion of how to evaluate
the level of creativity demonstrated by computational cre-
ativity systems. In practice, the most significant results from
these discussions have been Ritchie’s empirical criteria ap-
proach [2,11], Colton’s ‘creative tripod’ framework [3] and
Colton and Pease’s FACE/IDEA model [4], supplemented
by a number of additional contributions to discussion [19,
12,26].

2.3 Ritchie’s empirical criteria

Graeme Ritchie has proposed a set of formal empirical crite-
ria for creativity [11,2]. The criteria are situated in an overall
framework describing the design and implementation of a
creative computational system in set-theoretic form. Ritchie
advocates post-hoc analysis of artefacts generated by the
system, disregarding the process by which they were cre-
ated.!

The criteria collectively describe aspects of the typical-
ity and quality of the output of the creative system (and indi-
rectly, the novelty of the system output). Two key mappings
are used in the criteria:

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?’ [2, p. 73]
val - a rating of how valuable the output is
“To what extent is the produced item a high qual-
ity example of its genre?’ [2, p. 73]

Originally a set of 14 criteria in [11], four new crite-
ria were added and two existing criteria revised in [2]. 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 criteria is pa-
rameterised, allowing further customisation of the criteria to
individual definitions of creativity for different domains or
systems.

The formal definitions of the 18 criteria can be found in
[2]. Here, the criteria are deliberately presented informally,
with descriptors such as ‘suitable’ and ‘high’ substituted for

15 Whether creativity is contained in the creative process, or in the
output generated by a system, or in both (and other aspects besides), is
a debate which shall be returned to in greater depth later in this paper,

http:// eden.dei.uc.pt/ &milcar / ftp / e-Proceedings_ICC@rSeqtddn 5.1.2. At this stage of the paper, Ritchie’s product-focussed
)or IWCC’07 (http:// doc.gold.ac.uk / isms / CCO7 / CCO7Ppersediing®npthfs debate is highlighted; it will be argued in Section

) where a position paper is distinguishable from a full technical paper
only by its number of pages.

5.1.2 that this can lead to disregarding of crucial evidence of creativity,
and is a somewhat misunderstood interpretation of creativity.
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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.
6. A decent proportion of the output is suitably atypical and highly
valued.
7. A decent proportion of the atypical output is highly valued.
8. A decent proportion of the valuable output is suitably atypical.
9. 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.
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.

SNk w =

In general, Ritchie’s proposals acknowledge a number
of theoretical issues, but are relatively impractical to apply
for creativity evaluation. Several implementation decisions
are left to the choice of the evaluator, which could possibly
be taken advantage of for a more favourable evaluation of a
particular system’s creativity (for example one could weight
highly the criteria which the system performs well against,
or tweak parameters to best fit the system’s interpretation of
creativity). Ritchie’s criteria have been reported as trouble-
some to implement [7,27], with some discussion in [28,29]
being needed to state and justify implementation decisions.

2.4 Colton’s creativity tripod framework

The creative tripod framework [3] emphasises the impor-
tance of considering the creative process when evaluating
the creativity of a computer system. The creative tripod rep-
resents three qualities that a creative system must demon-
strate to some degree, in order to be considered creative:
skill, imagination and appreciation. If a creative system does
not demonstrate these three behaviours, then Colton argues
that the system should not be perceived as creative. '

16 Here Colton makes an important distinction; rather than positing
the creative tripod qualities as necessary components of a creative sys-

The creative tripod provides three standard descriptors
for creative behaviour, both for post-hoc assessment and dur-
ing system development. Unlike Ritchie, Colton demonstrates
how he envisages his framework being used for creativity
evaluation, by evaluating the creativity of two of his own
systems: the Painting Fool, an art-generation program [3]
and HR, a mathematical reasoning system [30]. Colton jus-
tifies both these systems as creative by describing how each
system is skilful, imaginative and appreciative. The issue of
who decides if a system demonstrates the tripod qualities is
not raised. In his examples, Colton chooses to evaluate his
own systems, rather than using external judges.

Though not stated, it is assumed from the given exam-
ples that each tripod is considered equal, though it would
be interesting to extend the tripod analogy to consider how
‘balanced’ the supporting tripod is and to consider whether
or not each of the three qualities is equally important for
creativity across all possible creative domains.

2.5 Computational Creativity Theory: the FACE/IDEA
models

The FACE and IDEA models are offered as part of a wider
research project to formally develop Computational Creativ-
ity Theory [4,31,32]. The FACE model is designed to rep-
resent creative acts and the IDEA model is designed to eval-
uate these acts. Collectively the models aim to distinguishes
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 [4] partly motivate their models in re-
sponse to a consideration of how versions of the Turing test
have been applied in discrimination tests [33] and as a di-
rect test of the prevalent definition of computational cre-
ativity as tasks which if performed 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 (“pas-
tiche’) at the expense of genuine creativity; and the fact that
the Turing test has not yet been passed by intelligent sys-
tems, setting evaluation benchmarks extremely high for the
computational system if systems are to be judged at the same
level of creativity as expected for humans.

Pease and Colton suggest as an alternative the FACE and
IDEA model. The FACE model (Frame, Aesthetic, Concept,

tem, 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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Expression of concept) represents measures and measure-
ment methods on context, 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 Iterative
Development Execution Appreciation cycle, which assumes
an ideal audience i and measures the effects that one cre-
ative 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, indifference, pop-
ularity, provocation, acquired taste, instant appeal, opinion
splitting, opinion forming, shock and subversion. Some as-
sumptions are made (but not yet fully justified) by the au-
thors 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 a ‘be-
ginning in our efforts to avoid some of the pitfalls of the TT’
[4, p. 7]. There are plans to develop sub-models of aspects of
creativity, with several suggestions listed, including: affect,
analogy, appreciation, audience, autonomy, blending, com-
munity, context, and curiosity. The end goal for this 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 defini-
tions and concrete calculations using those defini-
tions which can be used for the assessment of cre-
ativity in software. In doing so, we hope to contribute
a Computational Creativity Theory which will pro-
vide a strong foundation for objectively measured
progress in our field.’

With these ambitious aims, it will be interesting to see
how this work develops on its promising potential.

2.6 Survey of current evaluative practice for computational
creativity

As described in the previous section, there are options avail-
able to the computational creativity researcher to use to per-
form creativity evaluation in their research. To examine how
computational creativity evaluation is currently treated in
practice, and identify trends, a survey of recent creative sys-
tems was conducted, examining how each system is evalu-
ated. This survey was conducted to measure the frequency

with which creativity evaluation is carried out in computa-
tional creativity research, to objectively quantify how com-
monplace creativity evaluation is as a research activity in
computational creativity.

2.6.1 Survey methodology

A literature search was carried out to find all journal pa-
pers that present details of a computational creativity sys-
tem. Using the Web of Knowledge and Scopus databases,
various combinations of words and phrases such as ‘com-
putational creativity’, ‘creative system’, ‘creative computa-
tion’, ‘system’ and ‘creativity’ were used as search terms.
The search explicitly focused on finding all reports of com-
putational creativity systems where the system was intended
to be creative.

The resulting collection of papers was supplemented with
papers from journal special issues on computational creativ-
ity (if these papers had not already been retrieved in the lit-
erature searches). Reflecting the current balance of confer-
ence/workshop publications to journal publications in com-
putational creativity, papers from recent Computational Cre-
ativity research events were also added to the survey.!” Dis-
carding papers that did not report details of a creative sys-
tem, a total of 75 papers were identified for review.

Details of any method of evaluation that was reported in
the paper (either evaluation of creativity or of other factors)
was recorded in the survey, formal or informal, objective
or subjective. There was no discrimination between artistic
methods or scientific methods; if any reflection was carried
out on the system’s achievements, strengths and/or weak-
nesses, through formal academic evaluation or through other
means, then this was noted in the survey and recorded as an
example of where evaluation took place.

2.6.2 Survey results: current evaluative practice

The key conclusions of the survey were that evaluation of
computational creativity is not being performed in a system-
atic, rigorous manner, but instead current practice is variable
and somewhat ad-hoc across the field:

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

— Half the papers surveyed did not contain a section on
evaluation (evaluation of creativity or of other factors of
the system, such as quality of output).

17 Proceedings from annual events in 2007-2010 were included in
the survey, which was conducted in late 2010-early 2011. 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 com-
parison with attendances of such events in more recent years).
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— Only a third of systems presented as creative were actu-
ally evaluated on how creative they are.

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

— Less than a quarter of systems made any mention of
existing creativity evaluation methodologies. The most
represented methodologies were Colton’s creative tripod
[3] (used in 5 papers) and Ritchie’s empirical criteria [2]
(used in 4 papers). Other papers proposed new metrics
which were not taken up by other papers, or mentioned
creativity evaluation without actually assessing their sys-
tem’s creativity.

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

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

This survey shows that no evaluation methodology has
been accepted as standard for evaluating and comparing the
creativity of computational creativity systems. This is in no
small part due to the number of practical and theoretical is-
sues surrounding such an evaluation, which largely remain
unresolved. Existing creativity evaluation methodologies have
their critics and there is no consensus within the compu-
tational creativity community about which methodology to
adopt, to allow the research community to measure progress
using a common methodology.

Often the aim of evaluation has been to see if the sys-
tems contribute high quality results to a creative domain, for
example if the results are aesthetically pleasing, highly valu-
able, accurate or if they compare favourably to a test set of
typical results, or if the processes used by the system are of
particular interest. This is related to but distinct from the aim
of whether the systems can demonstrate behaviour that can
be seen as creative, which is required by the above-stated
definition of computational creativity as prescribed by the
computational creativity research steering committee. These
evaluative aims of quality and creativity can be confused,
especially in the absence of a standard evaluation methodol-
ogy for creativity, though these aims should not be treated as
being mutually exclusive.'® The survey results show, how-
ever, that currently the balance between evaluation of qual-
ity and evaluation of creativity is skewed towards evaluat-
ing quality. Whilst recognising the existence of and need for
evaluation of other aspects of the system, this paper con-
centrates on the goal of creativity evaluation, the practice of
which has been shown in this survey to be ad hoc and often
ignored.

The results of this survey clearly demonstrate a critical
point: computational systems are being presented as ’cre-

18 The case study reported below demonstrates the incorporation of
value judgements and considerations of domain competence into cre-
ativity evaluation.

ative systems’ without their creativity being justified; hence
"creative’ becomes a descriptor of a system. This becomes
a problem in that a fundamental aim of computational cre-
ativity research (according to the steering committee’s own
definition) is for systems to demonstrate behaviour which
would be seen as creative if demonstrated by humans. Us-
ing this key objective as a descriptor of the outcome, with-
out appropriate justification, is not a suitable way of demon-
strating that the objective has been met. This is a relevant
concern for all systems presented as computational creativ-
ity systems, regardless of whether the objectives are largely
artistic, scientific, engineering-based or motivated by other
concerns, e.g. accuracy of cognitive simulation.

2.7 Reasons behind the lack of creativity evaluation

The survey findings reported above show confusion and a
lack of universal direction within the computational creativ-
ity research community, as to how to evaluate the creativity
of their systems. This is not to say that the research com-
munity is not interested in how to evaluate the creativity
of their systems. On the contrary, personal communications
with various researchers have revealed positive interest in
such matters. However there are a number of points of con-
tention and practical issues that arise when considering how
to evaluate computational creativity.

Notwithstanding the negative preconceptions about com-
putational 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 (as discussed earlier in this
paper). Questions arise about what exactly to test for, what
interpretations of creativity should be used, who should per-
form the evaluation, when evaluation should be performed
and what types of tests should be used. There is also a dis-
tinction to be drawn between the aim of evaluating creativity
or evaluating quality; as the above-described survey of eval-
uative practice showed, these aims have become blurred to
some extent.

In a discussion session at the ICCC’ 11 conference which
partly focused on the current evaluative culture in compu-
tational creativity, several points were raised as to why re-
searchers did not include (or did not report) creativity eval-
uation in their papers. For example, evaluation of creativ-
ity could include evaluations done in alternative environ-
ments to the traditional idea of formal evaluations. Follow-
ing on from the above definition of computational creativ-
ity as computers demonstrating behaviour which would be
deemed as creative in humans, a researcher might choose to
define creativity in art (in whole or in part) as a positive au-
dience reaction at an exhibition. If this definition could be
justified as an appropriate interpretation of creativity in art
(as opposed to quality) then audience reaction would be a
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standard to test the system by. A test for this standard would
therefore be to exhibit the artwork produced by a system
and gauge audience response. Differing views arose during
discussion as to whether this type of evaluation would be
irrelevant content for a technical paper, or (as this paper ad-
vocates) if papers should always include evaluative feedback
that is used to verify claims made that would otherwise be
left unverified. It is hoped that the recent emphasis on in-
cluding evaluation details in computational creativity publi-
cations will ensure that this content is seen as relevant for
such papers.

There are scenarios where a formal evaluation procedure
may not be appropriate, as for example in the case men-
tioned in the previous paragraph. One discussant at [ICCC’11
mentioned different types of evaluation appropriate in com-
putational creativity: experiments to evaluate the system, eval-
uation by peers in the domain in which the system is cre-
ative, expert evaluation and audience/target user evaluation. '’
If one of these types of evaluation is prioritised over others,
this does not mean that the system is left unevaluated. The
evaluation survey above highlights situations where systems
were developed and presented without feedback of any kind
having been elicited.

In terms of performing comparative comparisons with
similar systems and evaluating systems with contextual ref-
erence to research progress in that area as a whole, one re-
searcher noted the difficulty of finding ‘even one other sys-
tem thats doing exactly what you’re doing’,?” hence causing
practical difficulties in comparing systems like for like.?! As
a research field, though, activity in computational creativ-
ity research has increased greatly over the last decade or so
(as described above) and many creative systems have now
been developed.?? If similar systems do 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 collec-
tively and how an individual system contributes to this re-
search. This benefit has been demonstrated in research into
narrative/story-generation systems [35], a long-standing and
thriving research area within computational creativity re-
search [36-39,20,40,27, as example].

There are situations where a creative system operates in
a niche where no other system exists; one comment was
made about how a central aim of a creative system could
be to generate products that no other systems generate, or

19 A similar variety of points of views was acknowledged during dis-
cussions on evaluation at the 2009 computational creativity seminar at
Dagstuhl, including the perspectives of ‘viewer/experiencer’, ‘creator’
and ‘interactive participant [34, p. 1].

20 All comments in this section are anonymised.

21 Another issue mentioned during this part of the discussion was
that it was often difficult to obtain up-to-date, maintained and fully-
working materials to use for evaluation, such as the system’s source
code or products.

22 The evaluation survey looks at 75 papers describing such systems.

to generate behaviour distinct from all other systems. For
example, the ERI-Designer is believed to be the sole ex-
emplar system of creativity in furniture arrangement [41,
42]. In these cases, direct comparisons between two equiva-
lent systems cannot be made, however comparisons could be
made between the system and humans performing the same
task [41], or with a considered comparison of the appropri-
ate crossovers with systems operating in a reasonably sim-
ilar domain.”? Another point made during discussion was
that different versions of the same system could be com-
pared, to see what improvements have been made and to
measure progress. Some of the papers reviewed did extend
and develop existing systems [43,44] [45-47, for the “MEX-
ICA”system and its variants] [42,41, for the “ERI-designer”
system]. Generally comparison between different versions
of the system was limited but present in some cases.

A related issue here is whether it is appropriate to com-
pare systems in different domains with different require-
ments. A point made during discussion was that a broad
evaluation from a wide perspective can be performed on sys-
tems which are fundamentally different; we can learn both
from the evaluation results and by understanding the ways
that the systems are different. Distinctions were drawn be-
tween evaluation of one system as a single research project
and the evaluation of progress of a particular strand of re-
search. There are some types of systems that are so funda-
mentally different that there is no area of crossover to com-
pare; however as recent debates in creativity research have
concluded [48-51], some aspects of creativity are universal
across different systems. Whilst the amount of crossover be-
tween 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, for meaningful
comparisons to emerge.

Other points were raised around the difficulties of evalu-
ating the concept of creativity itself: identifying reasonable
evaluative criteria; the possibility of standardising such cri-
teria over the diverse computational creativity community
(and whether a community effort would be appropriate for
determining such criteria); the scope of creativity itself and
what a creative act entails; the multi-dimensionality of cre-
ativity and the degree to which human creativity should be
used as a base model for our efforts. Issues were also raised
as to the appropriateness of a single score as evaluation of a
creative system, which was seen as a reason for not pursu-
ing quantitative summative evaluation metrics: ‘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 viewpoint 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

23 ERI-designer, mentioned above, could perhaps be compared to ar-
chitectural design systems or game design systems.
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on evaluation at the Dagstuhl seminar in computational cre-
ativity [34] that ‘[e]valuation can feed back into the system
to affect (hopefully improve) future performance’ [34, p. 1].

Clearly more investigation is needed into a suitable cre-
ativity evaluation approach, learning from what has been
done so far. In order to evaluate computational creativity, a
clearer understanding of creativity itself would be beneficial
as a basis to inform such investigation. Section 3 examines
how the word ‘creativity’ has been defined in human and
computational creativity.

3 Definitions of creativity

For transparent and repeatable evaluative practice, it is nec-
essary to state clearly what standards are used for evalua-
tion, 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
straightforward; there is a lack of consensus on the exact
definition of the word creativity which hinders creativity re-
search progress.

The difficulty of capturing in words an adequate defi-
nition of creativity should not discourage us from such an
attempt [52,53,3], even though other researchers have been
swayed away from this task, as has been reported elsewhere
[54,55].

Although some progress has been made in defining cre-
ativity in a computational context, this is often by redefining
creativity as something closely related, for example: search-
ing for solutions to problems [56,57,36,37,58—60], combin-
ing novelty and value [19-21,2,22-24], combining explo-
ration, transformation and association of concepts in a con-
ceptual space [61,62], or defining a ‘creativity-like’ concept
[19,63]. 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.

Increasingly, definitions of computational creativity are
starting to refer to interpretations of human creativity in a
computational manifestation [13,3,1] without further clar-
ifying what human creativity is - showing the need for a
working definition of creativity itself. Consequently it is im-
portant to examine how creativity is defined in human-focused
research areas. There are complications in constraining this
seemingly mysterious term [64,65,61,66] to definition. As
Table 1 shows, dictionary-style definitions are inadequate
and impractical for creativity evaluation, being restricted by
their format to provide only cursory, shallow insights into
what creativity truly is.

In creativity research, many have helped ‘demystify’ cre-
ativity. Models of the creative process [67-70] and psycho-

metric tests of creativity based on the creative person gen-
erating products [71-73] are useful in a certain sphere, but
the complexity of creativity requires a broader, more multi-
dimensional treatment. The confluence approach to creativ-
ity [54,74,75] takes a reductionist approach, understanding
creativity as a whole by breaking it down into smaller con-
stituent parts.?* In such research, the Four Ps construct [52,
76-78] ensures we pay attention to four key aspects of cre-
ativity: the creative Person, the generated Products, the cre-
ative Process and the Press/Environment hosting and influ-
encing the creativity. This framework helps to see creativity
in a wider context.

In the search for a more precise and accurate definition
of creativity, we can explore how creativity has been defined
and used in the law, via some relevant examples (US and
UK law). Here too, though, there is no standard definition of
creativity to be found [79,80], despite the need to detect the
presence of creativity for legal reasons [81-83].%

In general, several competing views of creativity exist.
Sometimes differences of opinion do not need to be directly
resolved but can co-exist, such as whether creativity is cen-
tred around cognitive function [61] or whether it is embod-
ied and situated in an interactive environment [69,87], or
whether creativity is domain-independent [48] or domain-
specific [49,69]. Other conflicts arise where a previously
narrow view of creativity has been widened in perspective.
An inclusive view of creativity should adopt the wider per-
spective. For example rather than focus just on creative ge-
niuses [67,88], one should focus on human everyday cre-
ativity, of which genius is a special case [52,89,61,90]. Sim-
ilarly, P-creativity, or creativity that is novel at a personal
level but not necessarily at a wider social level, encompasses
H-creativity [61], creativity that is historically novel and has
never been seen before on a global scale.

To satisfy the need for clear and defined benchmarks by
which to evaluate progress in creativity research, particu-
larly computational creativity research, there is indeed much
useful contributory material towards a satisfactory defini-
tion. Despite the several offerings, however, no universally
accepted definition is available. What does emerge from this
research are varying and occasionally contradictory opin-
ions on what is, and is not, creativity. Several different per-
spectives on creativity exist, which should be considered
when conducting research to decide the standpoint taken.
What remains to be done is to draw this assortment of mate-
rial together and unify the perspectives where possible to re-
move disciplinary separation and boundaries. Section 4 de-

24 The work in Section 4 will adopt a confluence-style approach,
seeking to capture a wider disciplinary spectrum of perspectives on
creativity that has previously been attempted [54,74,75].

25 What does appear when reviewing legal research are interesting
discussions of whether or not computational creativity can be legally
recognised [84,79,85,86].
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Table 1 Dictionary definitions of ‘creativity’. ‘Creativity’ often has no separate dictionary entry, but is included in definitions of ‘creative’ or
‘create’. Definitions of ‘creativity’ that do exist may be defined using the words ‘creative’ or ‘create’. Hence definitions are given for ‘creative’
(where available) and ‘create’ to supplement definitions of ‘creativity’. For readability, some definitions are edited slightly to standardise formats

and remove etymological/grammatical annotations.

Dictionary creat- Definition

Oxford English creativity Creative power or faculty; ability to create.

Dictionary 2nd creative Having the quality of creating, able to create; of or relating to creation; originative. b. Inventive, imaginative; of, relating to, display-

ed. (1989) ing, using, or involving imagination or original ideas as well as routine skill or intellect, esp. in literature or art. c. Esp. of a financial

pp.1134-5 or other strategy: ingenious, esp. in a misleading way. 2. Providing the cause or occasion of, productive of.

create 1.a. Said of the divine agent: To bring into being, cause to exist; esp. to produce where nothing was before, "to form out of nothing’.

b. with complemental extension. 2. To make, form, constitute, or bring into legal existence (an institution, condition, action, mental
product, or form, not existing before). Sometimes of material works. 3. To constitute (a personage of rank or dignity); to invest with
rank, title, etc. 4. To cause, occasion, produce, give rise to (a condition or set of circumstances).

Collins English creative 1. having or showing the ability to create. 2. inventive or imaginative. 3. characterized by imaginative and usually dubious bending

Dictionary of the rules.

(1998) p.371 create 1. to cause to come into existence. 2. to invest with a new honour, office, or title; appoint. 3. to be the cause of. 4. to act (a role) in the
first production of a play. 5. to be engaged in creative work. 6. to make a fuss or uproar

Chambers 21st create 1. To form or produce from nothing. 2. to bring into existence; to introduce. 3. to cause. 4. to produce or contrive. 5. said of an artist

Century etc: to use one’s imagination to make something. 6. To make a fuss. 7. said of an actor: to be the first to play (a certain role). 8. to

Dictionary raise to an honourable rank.

ROPEpetlf creativity creative power or faculty; ability to create

English creative having power to create; related to process of creation; constructive, original, producing an essentially new product; produced by

Dictionary 2nd original intellectual or artistic effort

ed. (1969) p.174 create make out of nothing, bestow existence on; cause, bring about; produce or make something new or original; confer new rank etc on;
(theat.) be the first to act (a certain part); make a fuss

‘Webster’s 3rd creativity the quality of being creative; ability to create

New creative 1. having the power or quality of creating; given to creation 2: PRODUCTIVE - used with 3: having the quality of something created

International rather than imitated or assembled; expressive of the maker; IMAGINATIVE

Dictionary create 1: to bring into existence; make out of nothing and for the first time 2: to cause to be or to produce by fiat or by mental, moral, or

(1961) p.532 legal action 3: to cause or occasion - used of natural or physical causes and esp. of social and evolutionary or emergent forces 4a: to
produce (as a work of art or of dramatic interpretation) along new or unconventional lines) b: to design (as a costume or dress)

The American creative 1. having the quality or power of creating. 2. originative; productive.

College create 1. to bring into being; cause to exist; produce. 2. to evolve from one’s own thought or imagination. 3. to be the first to represent (a

Bi;g;))nargm part or role). 4. to make by investing with new character or functions; constitute; appoint; 5. to be the cause or occasion of; give rise

5) P to.

scribes how this task has been tackled, reports the results of
this work and reflects on the implications for the study of
computational creativity.

4 Key components of creativity

This part of the paper aims to extract the common themes
of creativity across disciplinary or domain specifics, rather
than adding another to the mass of existing definitions. Com-
bining several viewpoints across various perspectives in cre-
ativity research leads to a more inclusive summary of how
we define creativity.

4.1 Creativity is what we say it is: Motivation and aims for
this work

An accurate and encompassing definition assists our under-
standing of creativity and further research. It also smooths
out individual variances in interpretations of creativity, to
highlight the agreed-upon universal components of creativ-
ity as a concept, transcending any disciplinary or domain-
specific biases [50]. As discussed above, we assume an in-
tuitive understanding of the concept of creativity but lack
a universally accepted and comprehensive definition of the
concept. There have been many efforts to capture and talk

about creativity in words but the above discussion demon-
strates that no definitive consensus has yet been reached on
exactly what creativity is. Multiple viewpoints exist, many
of which prioritise different aspects of creativity.

In the academic literature on creativity, many repeated
themes have emerged in the literature as important compo-
nents of creativity. Differing opinions can be found, though,
in what are considered primary contributory factors of cre-
ativity. For example psychometric tests for creativity [71,
72,91-94] focus on divergent thinking and problem solving
as key attributes of a creative person. In contrast, compu-
tational creativity research [58,20,19, for example] 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.

Identifying what contributes to our intuitive understand-
ing of creativity can guide us towards a more formal defini-
tion of what creativity is. The work presented here adopts an
approach of 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 sev-
eral components converging [95,54,74,75] and investigates
what these components are. Similar approaches have been
applied to better understand other concepts that are difficult
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to define in words, for example: consciousness [96], person-
ality [97], flow [98] and musical perceptual preferences [99].

Some of the issues surrounding creativity definition have
been debated for decades; clearly these cannot all be re-
solved satisfactorily in the scope of this paper. Hence the
current requirement becomes a working understanding of
creativity in computational systems which is practical, ac-
curate and complete enough to be used as current evaluative
standards.

This work aims to include a broader spectrum of per-
spectives on creativity than has previously been considered.
The intention is to avoid being restricted by previously learned
disciplinary boundaries or constraints by employing empiri-
cal methods where possible over a wide and cross-disciplinary
range of sources. This empirical approach draws together
several academic opinions across disciplinary divides, for a
more universally acceptable definition of creativity.

Cognitive linguistics advocates that the meaning of a
word is dependent on the context it is used in [100]. 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 [101-103]. Using
this premise, techniques from the field of computational lin-
guistics have been used to empirically identify a collection
of components of creativity.

4.2 Methodology for identifying components of creativity

A corpus of academic papers was collated, representing sixty
years of research into the nature of creativity, from research
perspectives such as psychology, education, computational
creativity and others. This corpus (the creativity corpus) was
analysed against a corpus of matched papers on subjects un-
related to creativity (the non-creativity corpus) using the log
likelihood ratio (LLR) statistic on word frequencies in the
two corpora.

694 words were identified which appeared significantly
more often in the creativity papers corpus than expected.
Lin’s semantic similarity measure [104] and the Chinese
Whispers clustering algorithm [105] were used to cluster
these words into groups of words with similar meanings.

Through these clusters and similarity data, 14 themes emerged,

representing different components of creativity that collec-
tively contribute to the overall meaning of the word ‘creativ-
ity’. Individually these components make creativity more
tractable and easier to understand, by breaking down this
seemingly impenetrable concept into constituent parts. To-
gether these components act as building blocks for creativity,
each contributing to the overall presence of creativity.

4.3 Results: components of creativity

The 14 components of creativity identified in this linguistic
analysis are presented in Figure 1. To summarise the mean-
ing of each component:

1. Active Involvement and Persistence

— Being actively involved; reacting to and having a de-
liberate effect on a process.

— The tenacity to persist with a process throughout,
even at problematic points.

2. Dealing with Uncertainty

— Coping with incomplete, missing, inconsistent, un-
certain and/or ambiguous information. Element of
risk and chance, with no guarantee that problems can
or will be resolved.

— Not relying on every step of the process to be spec-
ified in detail; perhaps even avoiding routine or pre-
existing methods and solutions.

3. Domain Competence

— Domain-specific intelligence, knowledge, talent, skills,
experience and expertise.

— 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.

4. General Intellect
— General intelligence and intellectual ability.
— Flexible and adaptable mental capacity.

5. Generation of Results

— Working towards some end target, or goal, or result.

— Producing something (tangible or intangible) that pre-
viously did not exist.

6. Independence and Freedom

— Working independently with autonomy over actions
and decisions.

— Freedom to work without being bound to pre-existing
solutions, processes or biases; perhaps challenging
cultural or domain norms.

7. Intention and Emotional Involvement

— Personal and emotional investment, immersion, self-
expression, involvement in a process.

— Intention and desire to perform a task, a positive pro-
cess giving fulfilment and enjoyment.

8. Originality

— Novelty and originality - a new product, or doing
something in a new way, or seeing new links and re-
lations between previously unassociated concepts.

— Results that are unpredictable, unexpected, surpris-
ing, unusual, out of the ordinary.

9. Progression and Development

— Movement, advancement, evolution and development

during a process.
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10.

— 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 devel-
opmental progression in a particular domain or task.

Social Interaction and Communication

— Communicating and promoting work to others in a
persuasive, positive manner.

— Mutual influence, feedback, sharing and collabora-
tion between society and individual.

several perspectives and to experiment with different
options without bias.
— Multi-tasking during a process.

The components collectively provide a clearer ‘working’ un-
derstanding of creativity, in the form of components that col-
lectively contribute to our understanding of what creativity
is. Together these components act as building blocks for cre-
ativity, each contributing to the overall presence of creativ-
ity; individually they make creativity more tractable and eas-

In response to the findings of the 2011 evaluation sur-

11. Spontaneity / Subconscious Processing
— No need to be in control of the whole process - thoughts ier to understand by breaking down this seemingly impen-
and activities may inform a process subconsciously etrable concept into constituent parts. Section 5 takes these
without being fully accessible for conscious analy- components to be used as evaluation standards for computa-
sis. tional creativity.
— Being able to react quickly and spontaneously dur-
ing a process when appropriate, without needing to
spend time thinking about options too much. 5 Towards a Standardised Procedure for Evaluating
12. Thinking and Evaluation Creative Systems
— Consciously evaluating several options to recognise . . .
potential value in each and identify the best option, To assist the r§searcl'wr with th1§ process, WC'IlOW have .se.v-
using reasoning and good judgment, eral aspe(fts with which to examine cqmputatlonal cre'atlv.lty
— Proactively selecting a decided choice from possible systems, L.e. the comp(?nents of creativity pre.se.nted in Fig-
options, without allowing the process to stagnate un- ure 1..Thls componentla.ll breakdonn of creativity e.lffords a
der indecision. more informed and detailed evaluation of how creative these
13. Value systems are. Crucially, this level of detail can help us iden-
— Making a useful contribution that is valued by others tify “{hat aspec.ts.a System i.s creative and how the system’s
and recognised as an influential achievement; per- perceived creativity can be improved.
ceived as special; ‘not just something anybody would ) - .
have done’. vey, Evaluation Guidelines have been proposed as heuris-
— End product is relevant and appropriate to the do- tics to folloW in cgmp}ltatlonal'creatlwty evaluatloFl [106].
main being worked in. The Evaluatlon Guidelines require evalua}t(?rs to clarify what
14. Variety, Divergence and Experimentation is being evaluated under the term ‘creativity’ then perform

— Generating a variety of different ideas to compare
and choose from, with the flexibility to be open to

tests strictly relating to that definition, rather than impose a
single definition of creativity across all domains. The justi-
fication is that creativity is multi-faceted and complex, with
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decades of creativity research so far failing to identify a uni-
versal definition. The Evaluation Guidelines are intended to
be customisable to specific requirements for creativity in a
wide range of domains, where the evaluator states and jus-
tifies the most appropriate existing evaluation suggestions.
Existing evaluation methods can be incorporated if justified
as relevant.

Practically, the Evaluation Guidelines make the evalua-
tion process more relevant to creativity. By making the eval-
uation criteria transparent and available to other researchers,
this helps avoid unnecessary duplication of effort. In their
current state, the heuristical nature of the Evaluation Guide-
lines makes them less practical to apply than the other eval-
uation methodologies mentioned above.

This paper expands the Evaluation Guidelines into method-
ological steps to follow in evaluation, with guidance on re-
lated issues and the practicalities of each step in more detail
and taking into account reflections from existing evaluation
methodologies. These methodological steps are presented
in Table 2 and are collectively referred to as the SPECS
methodology: the Standardised Procedure for Evaluating
Creative Systems. Here, each step is presented and discussed.

5.1 STEP 1: DEFINING CREATIVITY

Identify a definition of creativity that your system should
satisfy to be considered creative:

(a) What does it mean to be creative in a general context,
independent of any domain specifics?

(b) What aspects of creativity are particularly important in
the domain your system works in (and what aspects of
creativity are less important in that domain)?

As Ritchie [11] says, ‘[i]t is important to be explicit ...
about the criteria that are being applied in making judge-
ments of creativity’ (p.3). Following from Jordanous [106],
the customisation of a general definition of creativity to a
specific type of creativity is preferred to defining creativity
directly from the specific perspective of a given domain [19,
2]. Taking a domain-specific perspective on creativity risks
over-specialising to that domain [51]. This has been evident
in the tendency to move evaluative focus away from creativ-
ity to domain value [106]. Knowledge of a domain is impor-
tant, however, when modelling creativeness in that domain.
Whilst not going as far as Boden’s belief that ‘only an expert
in a given domain can write interesting programs modeling
that domain’[107, p. 115], it is expected that those building a
system appreciate requirements for creativity in that domain
and should evaluate their systems accordingly.

Depending on how creativity is defined by the researcher(s),
existing evaluation frameworks [2,3,19, for example] may
be accommodated if appropriate for the standards by which

Table 2 STANDARDISED PROCEDURE FOR EVALUATING CRE-
ATIVE SYSTEMS

1. Identify a definition of creativity that your system should sat-
isfy to be considered creative:

(a) What does it mean to be creative in a general context, inde-
pendent of any domain specifics?

— Research and identify a definition of creativity that you
feel is the most suitable.

— The 14 components of creativity in Figure I are strongly
suggested as a base definition.

(b) What aspects of creativity are particularly important in the do-
main your system works in (and what aspects of creativity are
less important in that domain)?

— Adapt the general definition of creativity from Step la
so that it accurately reflects how creativity is manifested
in the domain your system works in.

2. Using Step 1, clearly state what standards you use to evaluate
the creativity of your system.

— Identify the criteria for creativity included in the definition
from Step 1 (a and b) and extract them from the definition,
expressing each criterion as a separate standard to be tested.

— If using the Figure 1 components of creativity, as is strongly
recommended, then each component becomes one standard to
be tested on the system.

3. Test your creative system against the standards stated in Step

2 and report the results.

— For each standard stated in Step 2, devise test(s) to evaluate
the system’s performance against that standard.

— The choice of tests to be used is left up to the choice of the
individual researcher or research team.

— Consider the test results by how important the associated as-
pect of creativity is in that domain, with more important as-
pects of creativity being given greater consideration than less
important aspects. It is not necessary, however, to combine all
the test results into one aggregate score of creativity.

the system is being evaluated. For example if skill, apprecia-
tion and imagination are identified as the key components of
creativity for a particular creative domain, the creative tripod
[3] would be appropriate.

As the Figure 1 components were derived from general
discussions about creativity, they should be used for Step
la of SPECS (what does it mean to be creative in general)
and can be customised according to importance during Step
1b (what is more/less contributory to creativity in a specific
creative domain of interest). If one chooses a different in-
terpretation of creativity, this choice should be clearly stated
and justified as to why it forms a base definition of creativity.

5.1.1 Identifying domain-specific requirements

While some aspects of creativity are common to all types of
creativity, other aspects will vary in importance according
to domain [107,19,2,51]. For Step 1b, the researcher needs
to be aware of how creativity is demonstrated in the creative
domain they focus on, adjusting the definition from Step la
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accordingly. The importance of each component can be in-
vestigated in many ways, such as consulting the opinion of
experts and/or the general public, analysing prior research
or consulting general knowledge about that field.

If the components of creativity in Figure 1 are used for
Step 1a, the researcher should investigate the relative impor-
tant of each component in their particular domain to weight
the contribution of each component accordingly.

The two-step nature of Step 1 of SPECS, from a general
definition to a specific characterisation of creativity in the
given domain, is deliberate. This ensures that both domain-
independent and domain-specific aspects of creativity [51]
are taken into account when identifying what is necessary
for creativity in a particular system. Taking this two-step
approach prevents the adopted definition of creativity from
being too tailored to the specific domain being tackled, to
lessen the risk of creativity being defined for evaluation as
something related to creativity in that particular domain but
distinct to creativity itself.

5.1.2 The product/process debate

One important debate in computational creativity evaluation
is about whether evaluation of a creative system should fo-
cus exclusively on the output produced by the system, or
whether the processes built into the system should also be
taken into account.

Ritchie argues that humans normally judge the creativ-
ity of others by what they produce, because one cannot eas-
ily observe the underlying process of human creativity [11].
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. In re-
sponse, Colton [3] cites examples from art to demonstrate
the importance of the creative process when evaluating cre-
ativity, at least for art forms such as conceptual art. Ritchie
[62] concedes that when testing theoretical models, ‘the mech-
anisms are the whole point’ [62, p. 147].

While we can only use the material we have available
to form an evaluation, previous evaluation experiments [33,
26] show that people often make assumptions about pro-
cess in their judgements on product. The adage that a ma-
gician never reveals their secrets is analogous, as systems
can appear less creative when you know how they work [11,
3,26].%7 Our interpretation of how something was produced
is also important - even if the processes are unknown, specu-
lations may be made if people are repeatedly exposed to the
systems (human or computational) they are evaluating [33].

26 Conceptual art is where the concepts and motivations behind the
artistic process form a significant contribution of the artwork.

27 Colton’s solution is to report systems in high-level terms only,
rather than giving details of the program [3, p.8].

In human creativity research, creativity has been defined
through the Four Ps [52]: process, product, person and press
(or environment). Current 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 [3] who considers how an audience perceives the
creativity of a system. Observations of a creative person in
a press/environment may also be useful.

5.1.3 Distinguishing between P-creativity and H-creativity

Boden [61] distinguishes between P-creativity (psycholog-
ical creativity), where a produced artefact is novel to the
creator but has been discovered elsewhere, and H-creativity
(historical creativity), where the produced artefact is unknown
both to the creator and to society in general. Researchers
should clarify which type of creativity is being addressed
[33,2, Edmonds (personal communications), 2009]. The com-
putational creativity community has focused on P-creativity,
mainly for practical reasons; it is far simpler to compare out-
put against knowledge accessed by the system than to com-
pare system output against the sum total of all knowledge in
the world.

Pearce et al. [33] justify a focus on P-creativity through
noting that H-creativity is a subset of P-creativity, where set
membership is determined by historical and social factors.
A focus on P-creative achievements would by definition in-
clude H-creative achievements as well. As Boden [107] points
out, ‘Our concern ... must be with P-creativity in general, of
which H-creativity is a special case’ [107, p. 112].

5.2 STEP 2: IDENTIFYING STANDARDS TO TEST FOR

Using step 1, clearly state what standards you use to eval-
uate the creativity of your system.

For Step 2 of SPECS, the definition of creativity from
Step 1 is transformed into an equivalent (or as close as pos-
sible) set of standards for testing the system. For example,
Ritchie [2] defines creativity as a combination of novelty
and quality [2, pp. 72-73]. tested via his criteria. Colton [3]
sees creativity as the combination of skill, imagination and
appreciation, so these become standards. If using the com-
ponents of creativity pictured in Figure 1, each component
becomes a standard to be tested.

In prose definitions, the conversion from definition to
standards is not so direct. Take for instance ‘Creativity is
the ability to come up with ideas or artefacts that are new,
surprising and valuable’ [61, p.1]: does Boden require a sys-
tem to actually produce these ideas/artefacts before it can be
deemed creative, or merely have the ability to do so? Careful
analysis of the specific definition is needed.
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5.3 STEP 3: TESTING SYSTEMS USING STANDARDS

Test your creative system against the standards stated in
step 2 and report the results.

The choice of evaluation tests depends on the standards
chosen to be tested, the preferences, capabilities and equip-
ment/facilities of the researcher(s) involved, and previous
testing of those standards or related standards.

As the purpose of SPECS is to provide detailed feedback
on the system rather than an overall ‘creativity score’, a sin-
gle aggregated measure of the system is not necessary (and
may be misleading). It is important, though, to give feed-
back on more important aspects for the domain in question,
giving these more emphasis than less important aspects.

5.3.1 Preconceptions about computational creativity

Computational creativity researchers have stressed that cre-
ativity is ‘in the eye of the beholder’ [1,14]. As emphasised
in the Four Ps approach to creativity mentioned above [52],
the opinions of the audience are crucial in making, distribut-
ing and maintaining creativity judgements. People’s evalu-
ation of computational creativity can be influenced by pre-
conceived notions and beliefs [33,61,3]. People may be re-
luctant to accept the concept of computers being creative, ei-
ther through conscious reticence or subconscious bias [108].
On the other hand, researchers keen to embrace computa-
tional creativity may be biased towards give 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; this should
be accounted for during evaluation.

5.3.2 Using quantitative and qualitative methods

Can creativity evaluation be conducted through purely quan-
titative measurements? Quantitative measurements can be
‘an attractive approach to assessing creativity’ [109, p.3] due
to their objective nature, but this would require the subjec-
tive concept of creativity to be captured in quantitative mea-
surements. If wishing to evaluate to human standards, the
use of (at least some) human input seems necessary, either
prior to evaluation in capturing those standards or during
evaluation itself through the use of human judges (capturing
changes in opinion over time) [19,33,2,3,62].

Despite the quantitative form of Ritchie’s criteria [2], the
criteria depend heavily on the two rating schemes of typical-
ity and value, usually obtained in practice through subjective
assessment by human judges [28,29,109,7]. Ritchie [11] ac-
knowledges that subjective ratings and appraisals depend on
the particular judge’s opinions, background knowledge and
even perhaps on their current mood, though he does not dis-
cuss practical solutions such as using a number of different

judges. Excess qualitative data given by judges is discarded.
All but one of Pease et al.’s tests [19] are presented as formal
quantitative tests similar to Ritchie’s criteria, with one test
using human judgements. The creative tripod framework [3]
uses qualitative evaluation only: a system is creative if it is
perceived to be skilful, imaginative and appreciative of its
work.

It is recommended here to employ both quantitative and
qualitative evaluation methods, to allow for quantitative com-
parison of systems whilst incorporating human judgement.
Where possible, results for individual tests, representing the
‘multidimensional structures’ in creativity [107, p.113], should
be viewed in combination.

5.3.3 Practical issues in using human judges

Soliciting human opinion in creativity evaluation is one 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
[107], but raises various practical issues to resolve. Human
evaluators can say whether they think something is creative
but may only be able to give limited explanation of their
opinions. Human opinion is variable; what one person finds
creative, another may not [1, 14]. This may be influenced by
the expertise of the judges, previous experience of the sys-
tems and/or similar systems, or preconceived notions about
computational creativity. Large numbers of participants may
be needed for a general consensus of opinion and there is no
guarantee consensus can be reached. Time and resources are
needed to devise and run suitable studies, as well as the need
to obtain ethics approval, attract enough suitable participants
and fund the paying of participants (or rely on goodwill).

5.3.4 The expertise and independence of the evaluators

Boden 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 [107]. Hence, she ar-
gues, their [expressed] opinions will generally be more in-
formative and more grounded in fact.

In the survey on current evaluation practice [106], a mi-
nority of systems (25 out of 75) were evaluated by peo-
ple other than the implementors of that system. 8 of these
25 systems 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 eval-
uating the system was left unstated).

The issue of who should evaluate a system has been
overlooked in previous discussions of creativity evaluation.
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Two key contribution so far to computational creativity eval-
uation [2,3] do not make any recommendations on this mat-
ter, except for an underlying implication that the methodolo-
gies are tools for researchers to evaluate their own systems.
Questions of impartiality arise when self-evaluating work;
both Ritchie’s criteria and Colton’s creative tripod can be
adapted (intentionally or unintentionally) to portray an eval-
uation as desired [26].

Transparent methods are vital for holding the researcher
to account on their evaluative decisions. Using external eval-
uators helps avoid accidental or intentional bias [110, 19],
but availability, time constraints and willingness to partici-
pate can dictate who evaluates a system, often making in-
ternal evaluators (people involved in system development) a
more attractive option, even with concerns of bias.

6 Application of the SPECS methodology to an
evaluative case study

To exemplify the application of SPECS, the SPECS method-
ology has been used to evaluate the creativity of various
computational creativity systems, generate feedback on the
systems’ performance and creativity and compare the sys-
tems against each other.

6.1 Musical improvisation as a creative domain

In his keynote talk at ICCC’11, George Lewis referred to
improvisation as ‘the ubiquitous practice of everyday life’,
communicating meaning and emotion such that while im-
provising, ‘one hears something of oneself” [111]. Lewis
reported how Evan Parker, an accomplished improviser on
saxophone, describes mistakes in improvisation as the miss-
ing of chances. Parker himself says of improvisation: ‘The
activity is its own reward’ [112]. Issues of choice and liberty
were raised by Lewis, to do with having a choice of what
expressive actions to perform and when to perform them.
Neural evidence [113—-115] shows that brain activity during
improvisation relates to brain activity when making choices.
Lewis believes that this neural evidence demonstrates that
one is never fully in control during improvisation.

Berliner describes how musical improvisers need to bal-
ance the known and unknown, working simultaneously with
planned conscious thought processes and subconscious emer-
gence of ideas [116]. Berliner examines how musical impro-
visers learn from studying those who precede them, then de-
velop that knowledge to develop a unique style. The recent
work of Louise Gibbs in musical improvisation education
equates ‘creative’ with ‘improvisational’ musicianship. She
highlights invention and originality as two key components
for creative improvisation [117].

Not all people accept creativity in musical improvisation
can be defined. Bailey proposes that the creative process ex-
ists at a level beyond which can be expressed in words:

‘a fundamental belief for some people ... [is that]
musical creativity (all creativity?) is indivisible; it
doesn’t matter what you call it, it doesn’t matter how
you do it. The creation of music transcends method’
[118, p. 140]

Pressing however advocates making more explicit con-
nections between improvisation and creativity. For evalua-
tive purposes and a clearer understanding overall, it is most
productive to follow the lead of those such as Berliner and
Gibbs, who make the study of improvisational creativity more
tangible by describing it in terms of subprocesses [116] or
components [117].

6.2 Musical improvisation systems being evaluated

The SPECS methodology was applied to compare and con-
trast the creativity of four musical improvisation systems:

— The improvisation system in [7], named GAmprovising
for this study. GAmprovising [7] is a genetic algorithm-
based system consisting of populations of several Impro-
visers which evolve over time towards becoming more
creative. Each Improviser in the GAmprovising system
improvises several different solos, by putting together
randomly chosen notes into a MIDI melody. These ran-
dom choices are directed through parameters on note,
rhythm and voice restrictions, with different Improvisers
having different parameter settings. The generated im-
provisations generally tend to have a stylistically ‘free’
and avant-garde feel.

— GenJam [8]. GenJam [8] (short for Genetic Jammer) is a
real-time interactive improvisation agent. It improvises
in a jazz style by constructing melodies composed of
several different small tunes (licks) from a database, dur-
ing live performance. In the original version of GenJam
[119], a human mentor listens while GenJam is impro-
vising. The mentor provides feedback by typing ‘g’ for
good and ‘b’ for bad. GenJam learns from this feed-
back; the best licks are kept and used to create new licks
the next time GenJam plays. A more recent version of
GenJam [8] is autonomous, learning from pre-existing
melodies that have been judged as sounding good rather
than using user feedback and amending those phrases in
real-time to produce new improvisations.

— Impro-Visor [9] looks for patterns and rules in existing
improvisations, constructing grammar representations of
these. To analyse existing improvisations, Impro-Visor
breaks each solo up into short fragments, typically one
bar long, and translates each fragment into more abstract
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representations of individual notes, chordal structure and
melodic contours (the musical shapes that the melodies
make through raising or lowering pitch). Recurring or
similar patterns are used to create a grammar (a set of
rules that summarises all the abstract patterns). To gener-
ate melodies from the grammar rules it has learnt, Impro-
Visor chooses notes to fit the patterns as closely as possi-
ble, using probability calculations. When generating an
improvised solo, Impro-Visor randomly chooses one ab-
stract pattern for each section of the tune, and chains
them together to make a longer solo.

— Voyager [10] consists of 64 individual MIDI players, all
of which automatically improvise live music in real time
in an avant-garde musical style. Several different players
may be active and improvising at the same time. Every
5 to 7 seconds, some of the MIDI players are grouped
together to form a new ensemble. Voyager may make
this new ensemble the only group that is playing, or add
this group to those groups already playing, or replace
one existing group with this new ensemble. Variable set-
tings within Voyager determine how the new ensemble
should sound, how it should improvise melodies (from a
choice of 15 different methods), what notes it should use
at what volume, and various other musical decisions.

6.3 Applying SPECS

Resources and data on all four systems were collated to as-
sist the application of the SPECS methodology to evaluate
and compare the four systems’ creativity.

6.3.1 Step la: Domain-independent aspects of creativity

Common components of creativity have been identified that
we prioritise as important for creativity in general, across all
domains.?® The components will be used for Step 1a, as per
the recommendations given above.

6.3.2 Step 1b: Aspects of creativity in musical
improvisation

To identify the relative importance of the 14 components
in musical improvisational creativity, 34 participants with a
range of musical experience were questioned. Each partic-
ipant was emailed a questionnaire document to fill in and
return. The questionnaire asked participants to think about
eleven words or sets of words in the context of musical im-
provisation, and summarise what these words meant to them
in this context. These words were taken from the top results
of a precursor study to the work deriving the components in
Figure 1 [120], investigating how language use in writings

28 This set of components is pictured in Figure 1.

about creativity differed from standard British English lan-
guage usage as represented in the British National Corpus
[121]. Each word listed above was found to be used signifi-
cantly more often in the creativity writings. The words were
clustered manually into ten different concepts and presented
to the participants in randomised order. The eleventh word
given to the participants was always ‘creativity’.

thinking / thought / cognitive.

process / processes.

innovation / originality / new / novel.
divergence / divergent.

openness.

ideas / discovery.

accomplishments / contributions / production.
intelligence / skills / ability / knowledge / talent.
problem / problem-solving.

personality / motivation.

[the above ten were presented in random order]

11 creativity [always presented last]

R Al

,_.
e

The motivation was to get the participants used to the
process of thinking about words related to creativity in the
context of musical improvisation. Having ‘creativity’ as the
last word to consider meant that participants had ten short
practice trials before tackling the word this study was most
interested in. Originally it was also hoped that some useful
data may be given in the answers for these questions, as the
words were all closely related to creativity [120]. In general,
though, the answers given focused quite specifically on the
relevant word or group of words, meaning that the data from
the first ten questions mainly acted as practice trials for the
eleventh question.

After finishing the questionnaire, participants were asked
to read a debrief document, which briefly outlined the pur-
poses of the questionnaire and introduced this research project.
Having read this information, participants were asked if there
were any words which they felt were important for describ-
ing creativity in musical improvisation that have not been
mentioned so far, and if so, what these words are and why
they are important. 29 out of 34 participants added extra re-
sponses at this point, detailing words they identified as asso-
ciated with musical improvisation creativity in this way. Par-
ticipants were asked to return both the completed question-
naire document and the debrief document to be analysed.
They were encouraged to pass on any further comments or
questions if they had any; this prompted further discussions
with 6 participants, providing more data for analysis.

Participants were asked about their musical experience
and training and, if they were musicians,?? what instruments

2% Some non-musicians were included in the questionnaire as they
had experience of listening to musical improvisation and were there-
fore able to give a slightly different perspective. The questionnaire dis-
tribution was however weighted towards professional musicians and
improvisers.
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Table 3 Questionnaire participants: experience as musicians and as
music improvisers. Musical experience: mean 20.2 years, s.d. 14.5. Im-
provising experience: 15.1 years, s.d. 14.3.

Level of experience | Musicians | Improvisers
Professional 15 10
Semi-professional 8 10
Amateur 8 9
None (Listeners) 3 5

Social ion and C

Domain Competence

Intention and

Active and
Variety, Divergence and Experimentation
Dealing with Uncertainty

Originality

ity / : =

Independence and Freedom

Component

Progression and Development  Num +ve occurrences

Thinking and Evaluation ®Num -ve occurrences
Value

i)

Creation of Results
General Intellect

)

5 10 15 20 25 30 35 40 45 50
Number of occurrences in answers

Fig. 2 Importance and relevance of creativity components to improvi-
sation.

and genres they played. Participants came from different im-
provisatory backgrounds and with different levels of exper-
tise and experience of a variety of musical styles.>* The par-
ticipants were asked about what types of improvisation they
did (including but not restricted to musical improvisation).
All but three participants gave at least one example of their
experience of improvising.

Analysis of questionnaire results Their responses to the ques-
tion about creativity, the debrief question and any follow-on
correspondence post-questionnaire were analysed using the
14 components from Figure 1. This was done using response
tagging; each point made by the participants was tagged
according to which component it most closely illustrated.
Negative as well as positive mentions were recorded. After
these responses were all tagged, each component was given
a score that quantified the perceived importance of that com-
ponent in the questionnaire data: the count of all positive
mentions of that component minus the count of all negative
mentions of that component.

Figure 2 summarises the participants’ responses. All com-
ponents were mentioned by participants to some degree. Two
components were occasionally identified as having a nega-
tive as well as positive influence. For example, over-reliance
on domain competence was seen as detrimental to creativ-
ity, though domain competence was generally considered
important. Of the 14 components from Figure 1, those con-
sidered most relevant for improvisation were: Social Inter-

action and Communication, Domain Competence and In-
tention and Emotional Involvement. The importance counts
were converted to weights by calculating the percentage of
comments for each component in the sum total of all com-
ments for all components (see Table 4).

Table 4 Converting the /. values into weights representing the impor-
tance of each component.

Component I weight%
Social Interaction and Communication 44-0=44 14.9%
Domain Competence 43-6=37 12.5%
Intention and Emotional Involvement 41-0=41 13.9%
Active Involvement and Persistence 23-0=23 7.8%
Variety, Divergence and Experimentation | 21 -0=21 7.1%
Dealing with Uncertainty 19-0=19 6.4%
Originality 17-0=17 5.8%
Spontaneity / Subconscious Processing 16-0=16 5.4%
Independence and Freedom 16-0=16 5.4%
Progression and Development 16-0=16 5.4%
Thinking and Evaluation 16-1=15 5.1%
Value 15-0=15 5.1%
Generation of Results 11-0=11 3.7%
General Intellect 4-0=4 1.4%
295 100.0%

6.3.3 Step 2: Standards for evaluating the creativity of
musical improvisation systems

Drawing upon the results from the above steps, the musical
improvisation systems were evaluated along 14 standards,
one for each of the 14 aspects in Figure 1. Again this follows
the recommendations given above for SPECS.

6.3.4 Step 3: Evaluative tests for creativity in musical
improvisation systems

There were six judges in total for Case Study 1.3! The judges
involved were experts in musical improvisation. Each judge
was a musical improviser with knowledge and familiarity of
this domain. The judges’ improvisation experience collec-
tively covered playing trumpet, saxophone, piano, bass, gui-
tar, drums and laptop, in various genres including jazz, pop,
electronica and contemporary music. Each judge had also
studied computer programming up to degree level or worked
as a programmer, and had studied (at least one degree level
course or equivalent) computer music or computational cre-
ativity. None of the six judges were involved in the previous
questionnaire in Step 1b. Their data was therefore obtained
independently of the data collected in that questionnaire.

30 This was partly due to to the demographics of the participants,
whose nationalities ranged from British to Brazilian, though the ma-
jority of participants were recruited from UK-based contacts.

31" An additional two judges were used in pilot studies, but the data
provided in these pilot studies is excluded from the evaluation results
presented in this paper.
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Each judge evaluated two systems each.3? For each sys-
tem, judges had 30 minutes to research and learn about the
system. They were given audio (and where available, video)
demos of the system in action, a representative paper de-
scribing the system and how it works, any available reviews
of the system and/or interviews with the system program-
mers about the system. Judges could also conduct online
searches if they wanted to and were given links to relevant
websites.

After 30 minutes of research, the judge was interviewed
by myself for 15-30 minutes (total time was dependent on
how long it took to obtain the evaluation data). During in-
terview, the 14 components were presented to the judge one
at a time, in order of descending importance as identified
through the questionnaire in Step 1b. The judge gave the
systems a rating from 0 (lowest) to 10 (highest) for each
component.’® After evaluating both systems, a final ques-
tion asked the judge which system overall they found most
creative and why.

Judges were trained on the different components before
beginning evaluations and were given an on-screen diagram,
a print-out of the diagram and an information sheet with
details of each component’s meaning to refer to during the
study. They were also given example comments which col-
lectively represented each component. These comments were
taken from quotes in the annotated questionnaire data for
Step 1b. These statements were used to help analyse the four
musical improvisation systems, for example:

— How is the system perceived by an audience? (Social
Communication and Interaction).

— What musical knowledge does the system have? (Do-
main Competence).

— Does the system get some reward from improvisation?
(Intention and Emotional Involvement).

Each system was evaluated in a dedicated 50-60 minute
session. Judges would evaluate one system, take a break of
at least 5-10 minutes, then evaluate their second system.
Each judge conducted the study individually rather than with
other judges. Systems were presented to judges in different
orders, to ensure that each system was evaluated by the same
number of judges and also that each system was considered
first by at least one judge and second by at least one judge.

6.4 Results and discussion

Both quantitative and qualitative data was collected on each
system during SPECS evaluation. The quantitative data was

32 Judges were restricted to evaluating two of the four systems rather
than all four due to practical restrictions on time.

33 Judges were allowed to use ratings of x.5 out of 10 if they specif-
ically asked to. Hence the rating scale was effectively a 21-point nu-
meric scale, with 5 as the mid-point between the two extremes of 0 and
10.

the judges’ ratings for each component, and the qualitative
data gathered was from comments made by judges during
interview.

6.4.1 Judges’ evaluation ratings

The evaluation data obtained from the judges (weighted and
unweighted) is presented in Figures 3(a) to 3(d). Some ob-
servations can be drawn from the raw data from the judges’
ratings. It should be borne in mind, though, that some com-
ponents make a more relevant contribution to musical im-
provisation than others. The ratings will therefore be weighted
according to component importance, as per Step 1b of SPECS.

Unweighted ratings of components Overall in the unweighted
ratings, GenJam performs best in 12 out 14 components when
taking mean ratings per component across judges, and in all
14 when taking medians. For mean ratings of Spontaneity
and Subconscious Processing and Value, GenJam is rated
slightly lower on average than one other system; Voyager
is rated 0.2 higher on average than GenJam for Spontaneity
and Subconscious Processing and Impro-Visor is rated 0.3
higher on average than GenJam for Value. These differences
are minimal though and GenJam still attracts ratings which
average above the midpoint of 5 out of 10.

It is difficult to distinguish visually between the other
three systems, with much crossover and no system emerg-
ing as consistently better or worse than the other two. Sta-
tistical tests are in general not applicable due to the limited
amount of data. Some individual feedback on performance
can be obtained from looking at the unweighted ratings. It
should be remembered, though, that comments on individ-
ual components become more or less relevant to creativity
in musical improvisation after the components have been
weighted. Observations made about the unweighted ratings
can be considered post-weighting to see their relevance to
creativity in musical improvisation. Other observations also
become more apparent post-weighting, for components of
high importance in this domain.

Weighted ratings of components After weighting, the mag-
nitude of ratings is now closely linked to how important that
particular component is for creativity. For example, in Social
Interaction and Communication, Interaction and Emotional
Involvement and Domain Competence we see ratings of dou-
ble figures, particularly for GenJam. On the other hand, the
ratings for General Intellect is weighted to be out of a maxi-
mum of only 1.4, rather than 10. Again GenJam is generally
rated higher overall. A rough estimate score of the systems’
relative creativity performance can be taken as the mean of
the weighted ratings from all judges. GenJam scores a mean
of 5.0. The next highest rated system is Voyager (3.3), which
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Fig. 3 Mean and median averages for all judges’ evaluation ratings (before and after weighting by component importance) for the four systems.

is then followed by Impro-Visor (2.5) and GAmprovising  on these three components could drastically increase GAm-
(2.4). provising’s creativity as perceived by the judges.
As has been emphasised throughout this paper, though,
summative feedback such as these scores are not so helpful  GenJam GenJam’s weighted ratings were highest on aver-
for system development and learning from what other sys-  age for all but two components: Spontaneity and Subcon-
tems have done. For these purposes, formative feedback is  scious Processing and Value, two relatively unimportant com-
more useful at giving detailed comparative critiques of how  ponents in this domain. It scored particularly well for Social
the systems are creative, and how they are not. To this end,  Jnteraction and Communication (12.4). The areas where it
the following feedback makes recommendations for improve-  could make most gain in terms of mean ratings are Intention
ments which could see significant gains in evaluative rat-  gnd Emotional Involvement (potential gain of 5.6), Domain
ings, de-prioritising less highly-weighted components. Sug-  Competence (potential gain of 3.3) and to some extent, So-
gestions for how to improve performance can be inspired in - ¢igl Interaction and Communication (potential gain of 2.5).
some cases by the judges’ comments on the systems, which  As for GAmprovising, devoting attention to improving the
are reported per component in Section 6.4.2. top three components would be most effective, though it
would not see the drastic improvement that GAmprovising

GAmprovising GAmprovising’s highest mean rating was orig- Would (a total potential gain of 11.4 as opposed to 29.9 for
inally for Originality; however after weighting, the largest GAmprovising).

contributor to its musical improvisation creativity is its Do-

main Competence. None of its ratings are particularly high  Impro-Visor The components where Impro-Visor had been
and it is notably weak on the most important components,  rated relatively highly, such as Value and Generation of Re-
with a mean rating of between 3.5 - 4.2 for each of the  sults, were quite unimportant components for musical im-
top three components rather than the double figure ratings  provisational creativity. Once the ratings had been weighted,
seen in some of the other systems. Improving performance  the highest mean rating that Impro-Visor received was for
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Domain Competence (6.9). As for the previous two systems,
work on improving the three most important components
would bring a large potential points gain (a total of 28).
Additionally, given Impro-Visor’s similar style of improvi-
sation to GenJam, with both systems improvising solo jazz
melodies over standard chord progressions, much could po-

tentially be learned from GenJam in improving the autonomous

improvisational capabilities of Impro-Visor.

Voyager Voyager’s highest mean rating after weighting was
for Social Interaction and Communication (10.9). Although
previously Voyager achieved the highest rating of the four
systems for Spontaneity and Subconscious Processing, the
difference between Voyager and GenJam on this component
after weighting was reduced to only 0.1. An emphasis on
the three most important components would give Voyager
a potential points gain of 19, particularly through improve-
ments in Intention and Emotional Involvement (for a gain
of up to 8.8 points) and Domain Competence (6.2 points
maximum to be gained). Given Lewis’s attention to emo-
tion within Voyager [10], further development on Voyager’s
emotional involvement and intention could take an interest-
ing direction, though it is unlikely Voyager will undergo any
significant future work [111].

Observations across all systems One recommendation for
improvement was common to all systems: improvements in
Social Interaction and Communication, Intention and Emo-
tional Involvement and Domain Competence will reap great-
est rewards in improving creativity. Similarly, work in im-
proving aspects such as General Intellect of the system and
the ability of the system for Generation of Results is less im-
portant for creativity in musical improvisation, as has been
discussed above. Improvements in such areas are likely to
be minimal compared to in the more important components.

GenJam generally stood out from the other systems. This
is partly due to its high mean ratings for Social Interaction
and Communication and Domain Competence, although it
should be remembered that it was rated higher on average
than the other three systems for 12 of the 14 components.
Of the other three systems, GAmprovising seems to follow
different patterns of ratings to the other two systems, which
are quite similar. It also seems to have less peaks and troughs
in the mean ratings trend shown in Figure 3(c), instead fol-
lowing a general descent in mean rating as the components
become less important (with one or two exceptions, such as
Originality, a peak, and Thinking and Evaluation, a trough.

Median ratings of components Weighting the components
according to importance has meant that analysis becomes
focused on general trends in the data as components change
in importance. As a consequence, individual variances in

components become less notable except for the most im-
portant components. Taking median rather than mean aver-
ages of the data therefore reveals less observations of note.
One thing that can be noted, from comparing Figures 3(b)
and 3(b) (median ratings before and after weighting) is that
the significant gap between median ratings of GenJam and
those of other systems is reduced somewhat in significance
after weighting. GenJam is still clearly the highest perform-
ing system on all 14 components when using medians to av-
erage ratings, however the margin between it and the other
three systems becomes less noticeable after weighting.

6.4.2 Qualitative feedback on the systems

The judges were encouraged to voice their tho