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This paper presents a simple framework for computational design creativity evaluation, presenting its components with rationale. Components are
linked to recent computational creativity research in both art and design.
The framework assumes that the product, not the process, is being evaluated, and that evaluation is done by comparison with descriptions of existing
products using a set of aspects that each suggest creativity. Not every evaluation will use all of the components of the framework. It can be used to
guide or assess design creativity research.

Introduction
This paper is concerned with the Computational Design Creativity (CDC)
of engineered products and, specifically, the evaluation of creativity. That
is, how does a computer system know when it “sees” a product that people
will tend to label it as creative? A key issue is what the appropriate evaluation methods and measures are. Another is to identify the possible evaluators. Yet another is to describe what their knowledge might be.
In general, the issue is to determine all the types of ingredients involved
in such an evaluation: hence the development of the ideas in this paper.
The design creativity evaluation framework presented here consists of
components, but not every evaluation will use all of the components.
There is no such thing a priori as a “creative computational design system”, only one that produces artifacts that are evaluated as creative. This
suggests that any CDC system must ‘design with evaluation’ and ‘design
for evaluation’. That is why this topic is so important.
Products, design descriptions, and design processes, are labeled as creative based on evaluation [1] [2] [3]. This framework is not concerned with
processes, but it is possible that it might apply to them.
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The main assumptions are that evaluation is done by comparison with
descriptions of past or existing designs/products, using a set of evaluative
aspects, such as ‘novelty’, where each aspect may suggest creativity.
At this point it is still safe to say that humans are better creativity evaluators than machines [3] [4], and that (as with much of AI) the best initial
approach to full computational evaluation of designs is to firmly base it on
whatever we can determine about the way that humans do evaluation.
Figure 1 outlines the participants and their roles in the evaluation process. The design is assumed to be a description, while the product is a
thing. The design might also be rendered virtually, and then evaluated. Despite being drawn with faces, some of these evaluations can be carried out
by a CDC system: for partial designs and complete designs especially. An
important issue is what each evaluator knows about the designer and vice
versa.

Fig 1. The participants in evaluation
There are many different factors that play a part in evaluation. For example, the time at which the evaluation is done is important for a CDC
system. What varies then is how much of a design description is available.
During designing it may be partial. After designing it should be complete.
However, when presented with just the complete design description (or the
actual product), the requirements may not be available, causing it to be
much harder to evaluate relative to original intentions.
Evaluation of partial designs or of design decisions made during designing will need to be in terms of their likely contribution to the eventual
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perceived creativity of the final product. As this is difficult to predict, and
such evaluation requires accurate expectations [5], partial designs are hard
to evaluate. This may be made harder by the “new term” problem [6]
where some previously unknown thing, property, or relationship is introduced during designing and must be recognized in order to make an effective evaluation.
Evaluation for creativity after the product has been designed is the
norm. However, creativity evaluation of sub-parts and sub-systems during
designing seems necessary in order to help drive the process towards a
creative conclusion. Consequently, evaluations both during and after designing are needed for CDC systems.
The framework for evaluation that is proposed here is simple in that it
provides a framework tuned to designing that has relatively few components, but it is challenging because to do computationally all that it suggests is currently very difficult. Galanter [7] states that “evaluation victories have been few and far between”. We expect it to remain difficult for
quite a while. However, the framework should encourage researchers to try
to implement all of its parts, rather than just a few. By specifying how each
component of the framework is realized, it should allow researchers to
classify how evaluation is done in existing and planned CDC systems. The
framework addresses level 8, CC processes, in Sosa & Gero’s [8] Multilevel Computational Creativity model, with a nod towards levels 4 and 6,
Product, and Cognition.
The references provided in this paper are a resource that should allow
easy access to the current literature on design creativity evaluation, focusing primarily on the product, hardly at all on the process [2], and not at all
on the designer’s personality [9] [10].
The field of Computational Creativity has probably advanced most in
the area of the arts, with computer systems that paint, draw, write poetry,
and interact with visitors/viewers. There appears to be very little reference
by the design researchers to artistic creativity research, and vice versa.
That provides additional motivation to do so here.
Computational artistic creativity researchers refer to “Aesthetic Evaluation”, as the arts are more concerned with beauty, and with taste [7]. The
design area focuses on use and function, in addition to novelty. In the arts,
novelty is a ‘given’ and function is usually secondary: however, that’s not
to say that an artistic work has no function.
Romero et al. [11] argue that aesthetic judgment should apply to ‘form’
not ‘content’. So, for example, an artwork with the intended effect (function) of providing propaganda (content) should be judged aesthetically
solely by the way it looks. However, this position needs to be softened for
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interactive digital art (see below). In contrast, for engineering design, usefulness and functionality are usually included in any evaluation.
We continue by sampling work on the evaluation of artistic creativity, in
order to augment existing concepts from computational design creativity
research. We then present the simple framework for design creativity evaluation, followed by an explanation of its components.

The Evaluation of Artistic Creativity
We proceed by reviewing some of the work in computational artistic creativity that relates to evaluation, evaluation knowledge, types of participants
in the creative process, and creativity models. The hope is that we will find
ideas to inform a framework for evaluation in design. Note that this is not
intended to be a comprehensive review.
Evaluation Knowledge
Cohen et al. [6] presents a discussion of many aspects of evaluation in creativity. They introduce the idea of the evaluator’s perspective or role, and
the notion that what gets evaluated, and how, may change because of that
role. They propose that a role may be “creator or designer, viewer, experiencer, or interactive participant”.
They point out that much evaluation is concerned with “prediction”: i.e.,
what impact a decision made during designing might make on the reaction
to the final artwork, or how the whole artwork might be evaluated by others. Evaluation during designing is “directed to how to proceed”.
Cohen et al. point out that prediction of an emotional response might be
needed, not just an evaluation based on some “aesthetic principles” (what
we call “aspects” in the framework below).
They also indicate the importance of the knowledge needed for evaluation: the artist’s knowledge, knowledge about the artist, about cultural
norms, the factors driving the creative act (which would include Requirements for designing), and the observer’s knowledge. Note that the
knowledge of the various evaluators may overlap but it is not likely to be
the same. Some knowledge might be required to turn quantities (e.g.,
product dimensions) into qualities that can form part of an evaluation (e.g.,
stylish shape).They conclude that “Knowledge and experience emerge as
decisive factors in producing artifacts of high creative value” (p. 98).
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Evaluating Creativity
In Candy’s “Evaluating Creativity” [12] she briefly discusses “Creativity
in Design” but with almost no mention of the Engineering Design issues or
the references introduced in this paper. Candy contrasts “digital arts” with
Engineering Design with the former having the “designer and implementer” being the same person.
She uses the matrix for evaluating creativity proposed in Candy & Bilda
[13] that is tuned to Art, and Interactive Digital Art in particular. Their
model uses the well-known People, Process, Context (also known as
“Press”), and Product divisions [14], with evaluation criteria added for
each.
For Product evaluation she proposes Novel, Original, Appropriate, Useful, Surprising, Flexible, Fluent, and Engaging as the evaluation aspects.
Interestingly, she also proposes measuring the interaction with the product
with additional aspects: Immediate, Engaging, Purposeful, Enhancing, Exciting and Disturbing. Note the use of both functional and emotional terms.
With less emphasis on interactive artwork, Candy & Bilda [13] also propose evaluating based on Composition, Aesthetic, Affect, Content and
Technique. Note that here too the suggestion that an attempt be made to
evaluate the emotional impact being made on the viewer/user. This is not
just important for art, but for design too [15].
Candy also lists the people involved as artist/designer, participant/performer, and sometime “jury”. For engineering design this reduces
to designer and user, but rarely a jury.
Interaction with Art
Interactive art is often seen as providing “creative engagement” [13] by the
viewers, or participants. In engineering design, there is much less concern
about the creative nature of the ‘use’ of a product (i.e., whether it can be
used or interacted with creatively).
However, the user or some other external evaluator will interact with a
product in order to evaluate it, either by viewing it, touching it, lifting it,
manipulating it, or using it for some task [16]. These interaction-based aspects are already well represented in most published sets of evaluation criteria (e.g., [17]): in fact without such interaction there can be limited evaluation of an implemented product. This is true even if the interactions are
visualized or mentally simulated based on design descriptions or CAD
models.
In design research we usually consider “a design” to be a description,
and not the actual product. Descriptions do not usually exist as a deliverable in most artistic endeavors. For designing then we might evaluate at ei-
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ther the partial or full description stage, at the virtual implemented (e.g.,
CAD model) or the real implemented product stage. Hence we may need
to be quite precise when talking about interaction enabling evaluation.
Candy & Bilda [13] have very distinct meanings for “interaction”. They
refer to “static”, “dynamic-passive”, “dynamic-interactive” and “dynamicinteractive varying” types of interaction with art. These correspond roughly to the “viewing” to “using” interactions mentioned above for designs.
They offer some guidelines for supporting/enhancing creative engagement with an interactive system. For example, “set expectations of the audience before they start to interact”, suggests the possibility of improving
eventual evaluation by invoking knowledge of familiar, existing products
with the chosen structure, function or behavior of the new product. It also
suggests taking advantage of perceived affordances or providing “signifiers” [18].
Computational Creativity Theory
Colton et al. [2] present a framework that is the basis of their Computational Creativity Theory, intended to “describe the processing and output
of software designed to exhibit creative behaviour.” Clearly this work is
relevant for CDC systems even though there is some bias towards artistic
creativity, as well as bias towards process and not just product. Note that
their framework is not a framework about evaluation, and evaluation of the
kind needed for product design is not stressed.
Colton et al. divide generative/creative “acts” into types g=“ground”
(producing new artifacts) and p=“process” (producing new processes).
These are coupled with what type of thing is being manipulated: expressions of concepts (E), concepts (C), aesthetic measures (A), and framing
information (F): referred to as “FACE” tuples. This allows a rich set of
creative actions to be described: in particular, and most original, actions
that produce methods for generating concepts, or that produce methods for
generating aesthetic measures. Actual things, such as concept descriptions,
“expressions” (i.e., instances) of concepts, or measures, are seen as the input and output of these acts. Tuples of acts, such as <Ag, Cg, Eg>, together
indicate a more complex creative act consisting of generative acts with information flowing between them.
From the examples provided it appears that evaluations apply to the
whole new expressions of concepts (i.e., “designs” in our terms). If so, this
misses the possibility that intermediate designs or design decisions might
be evaluated.
With regard to evaluation, this paper suggests that there might be a minimal acceptable aesthetic (evaluation) level below which a result can be
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considered as “too low quality”. This seems very context-dependent: certainly in terms of the experience/knowledge of the evaluator. However, it
does permit meta-level measures such as “average”, “best ever” and “precision”, which are an important way to evaluate a CDC system over time.
Colton et al. provide little evidence for which aesthetic measures may be
appropriate (apart from novelty); nor how they might be combined. They
instead propose that an “audience” judge both how much they “like” a creative act, and how much “cognitive effort” they were prepared to spend
understanding that act.
This proposal is supposed to prevent an audience from having to “evaluate creativity directly”. However, by using a ‘profile’ or ‘fingerprint’ of
evaluation aspects a CDC system could judge (“directly”) when a partial or
complete design would be likely to be evaluated as creative. If necessary,
it might even be able to calculate a creativity score based on the intended
use of the design or the characteristics of the intended users. Note that use
of evaluation aspects in our framework does not presuppose such a calculation by human or computer.
Colton et al. also propose the existence of a distance measure that can
be applied to creative acts (including output), and a similarity threshold for
distance, below which one act is deemed too similar to another, and therefore of less worth. An upper threshold can be used to determine whether
two creative acts are similar enough to even be sensibly compared. These
are useful concepts, but are probably aspect-specific, as different aspects
will focus on different features and attribute of the design.
These thresholds do allow for some interesting hypotheses about the
stages of development of a creative software system, as well as some general metrics that apply to groups of evaluators, such as judging whether a
system’s creative act has an impact that provokes “shock”, provides “instant appeal”, or is prone to “triviality”.
Their paper argues for not using measures of the “value of solutions”
(how well it solves a problem) in favor of using the “impact of creations”.
The authors appear to be using a very specific meaning for “value” so this
use is consistent with their proposals. However, for design solutions, how
well the problem is solved can be determined relative to requirements and
to actual usage scenarios. Not only can a design solve a problem (satisfy a
need) it may also have perceived or real “value”. With regard to “impact”
they also have a specific meaning in mind, referring more to the impact of
creative acts, rather than products.
Colton et al. do not separate out the knowledge needed by a system for
an artifact that will be evaluated by different types of evaluators. Having a
model of the evaluator can change the action of a designer or design system. Similarly, an evaluator’s judgments will change depending on
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his/her/its model of the designer. Thus any framework of design evaluation
needs to include these knowledge possibilities.
There is a rich history of considering types of knowledge and their roles
during designing, such as the roles for knowledge in design reasoning [19],
knowledge level descriptions of designing [20] [21], and types of
knowledge during learning while designing [22].
Colton et al.’s work provides an excellent beginning to a theory of computational creativity, with strong bias towards creative processes, and some
bias towards art. Even though it may provide a framework in which evaluation can occur, it is not a framework for evaluation itself. Their “creative
acts” should provide a way to evaluate the development of creativity in a
complete software system, which is their goal. For designs it seems selfevident that people can evaluate the creativity of a product without knowing anything about the design or manufacturing process. This is the normal situation for products, hence this paper’s focus on the product.
Work on aesthetic evaluation in computational artistic creativity provides ideas about who might be evaluating, some particular views about
how a user might interact with a “product”, and suggestions about methods
for evaluation. These inform the framework proposed in the next section.

A Creativity Evaluation Framework for CDC Systems
In this section we present a set of components involved in design evaluation, focusing on the actions, the knowledge needed, and the context for
evaluation. In this framework we refer to “evaluator”, considering it mainly to refer to a single evaluator that is not the designer, but in some circumstances they will be the same agent.
Note that it is assumed that evaluation is done by comparison with descriptions of past or existing designs/products: hence this does not appear
as a component of the framework. We assume that appropriate design descriptions can be searched for, found, organized, selected, or recreated
when needed. Apart from suggesting that the components given below influence this activity, no claims are being made about how this basis for
comparison is actually produced. We assume that the description languages for the items in the basis are appropriate and comparable.
The Framework
The proposed framework for creativity evaluation for CDC systems has
the following components:

Computational Design Creativity Evaluation
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

9

a description of the complete or partial artifact being judged,
and/or the actual artifact;
the agent judging (i.e., person, computer program, or group);
the temporal basis for comparison (e.g., the point in time or the
period);
the source of the design basis for comparison (e.g., personal,
group, industry, global);
the set of “aspects” to include in the evaluation (e.g., novelty, surprise, style, utility, etc.);
the method of evaluation for each aspect;
the method used to combine the evaluations of the aspects (if one
exists);
domain knowledge used by the evaluator (i.e., their amount of domain expertise);
the evaluator’s knowledge about the designer (e.g., performance
norms for the designer’s level of expertise);
knowledge about the audience at whom the evaluation is aimed;
knowledge of the design requirements;
knowledge of resource constraints (e.g., materials, or available
design time);
the evaluator’s knowledge of the artifact due to the type and duration of experience with it;
the evaluator’s knowledge of the design process;
the emotional impact of the design on the evaluator;
other contextual factors that may have an impact (e.g., culture).

An Explanation of the Framework
Creativity evaluation depends on the components listed above. We will
add some explanation about each one in turn. No detailed consideration
will be given here as to how easily each might be adopted, adapted and
implemented for CDC system use. The author is fairly convinced that they
all could be implemented, with varying degrees of ease and precision.
Clearly, not every component of the model needs to be included in every CDC evaluation, and not every attribute of an artifact needs to be included in an evaluation.
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A description of the complete or partial artifact being judged, and/or
the actual artifact:
The evaluator will judge a design or a partial design. A CDC system
deals with descriptions, although it is possible that, in the future, CDC systems might be ‘grounded’ by visual and tactile ability that could be applied
to (perhaps computer generated) prototype artifacts. Humans are more
likely to deal with artifacts, but can also judge descriptions. For complete
evaluation it is necessary to have multi-level descriptions (e.g., showing
subsystems), and descriptions in terms of Function, Behavior and Structure
(see Erden et al. [23] for a review).
Some work on creativity evaluation considers a set of designs from a
single designer (e.g., in response to the same requirements). However,
even though the judgment is about the set, the essence of this approach is
still comparing a single design against others.
The agent judging:
A ‘judge’ of some sort evaluates a design for creativity: that could be a
person, a group, or a computer program. A CDC system might have
knowledge and reasoning based on any of these. In a multi-agent design
system, for example, both the designer and the judge might be computer
programs.
The temporal basis for comparison:
The temporal basis is a point in time, or a period, on which to base the
samples of related objects, prototypes, or standards [24] that are used for
comparison with the design being judged [25].
The judgment of creativity is a moving target, as any new artifact could
be added to the basis for comparison, which changes any subsequent
judgment of the same (or similar) artifact. Of course, that depends on the
judging agent having access to the modified basis [26]. Note that any
changes to the basis (e.g., its organization) due to the addition of a new design may have meaning, such as indicating novelty [27].
Creativity evaluation is always a judgment at a time. It can be, and usually is, set to “now”, but it could be set in the past, yielding a hypothetical
evaluation about whether an artifact might have been seen as creative at
some past time. For a CDC system we’re considering “now” to be at the
time of designing. By setting both the temporal and the source bases appropriately, evaluations of “rediscoveries” can be made [28].
The basis is often sourced from a time period. The normal period tends
to be the maximal one of all history: at least back to the point where the
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technology makes comparisons irrelevant (e.g., laser cutters compared to
flint knives) (cf. Colton et al.’s “upper threshold”). The temporal basis can
be especially important for evaluating novelty [29].
The source of the design basis for comparison:
This component refers to from where the design basis is gathered. It
might be strictly personal; in which case the basis is only designs produced
by the designer (see [30]). This corresponds to evaluating for Boden’s PCreative designs, where P stands for Psychological [1]. By widening it to a
group, industry, or global, and by using “all history” as the temporal basis,
we are evaluating for H-Creative designs, where H stands for Historical.
This makes it clear that P- and H-creativity are labels for very particular
areas of the time-and-source space of possible bases for comparison: i.e.,
just referring to P-Creative and H-Creative is much too simple.
As already mentioned, the actual basis for comparison is not considered
to be part of this framework as it is considered to be ‘generated by selection’ depending on the time-and-source space specified.
In contrast to the evaluation of a single design against past designs,
which might be called “absolute” creativity, some researchers evaluate a
design, or a set of designs, against designs produced (often at the same
point in time, and from the same requirements) from other designers in the
same cohort [31] [32] [33]. This is often associated with the evaluation aspects of quantity and variety of the ideas generated. This limited comparison might be called “relative” creativity. However, both types can be accounted for by using the time and source components in this framework.
The set of “aspects” to include in the evaluation:
There are a very wide variety of different aspects mentioned in the literature that might be included for creativity evaluation, such as novelty, surprise, style, functionality, and value [29] [32] [33] [34] [35] [36] [37] [38]
[39] [40] [41]. The field of artistic creativity evaluation has alternative (but
overlapping) sets of aspects.
Besemer [17] has one of the most long-lived (from 1981) and well tested lists of aspects organized into categories. She includes Novelty (Surprising, Original), Resolution (Logical, Useful, Valuable, Understandable),
and Style (Organic, Well-crafted, and Elegant).
Cropley & Kaufman [42] go even further, proposing 30 indicators of
creativity that they experimentally reduced to 24. Their categories of aspects include Relevance & Effectiveness (Performance, Appropriateness,
Correctness), Problematization (Prescription, Prognosis, Diagnosis), Propulsion (Redefinition, Reinitiation, Generation, Redirection, Combina-
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tion), Elegance (Pleasingness, Completeness, Sustainability, Gracefulness,
Convincingness, Harmoniousness, Safety), and Genesis (Vision, Transferability, Seminality, Pathfinding, Germinality, Foundationality).
The method of evaluation for each aspect:
Whichever aspects are included in a CDC system, an actual evaluation
needs to be made using those aspects [43]. For example, an artifact needs
to be judged for its novelty/originality [29] [38] [40] [44] [45] or for
whether it is surprising [46] [47]. Different evaluation methods are possible for both of these aspects.
For example, novelty can be evaluated using a frequency-based approach that detects how many other designers have produced a similar design: the fewer the better. Novelty can also be estimated by accumulating
the distance between the new design and the most similar design(s). If past
designs are clustered, with some stereotypical design representing each
cluster, the distance between the new design and the closest stereotype
might also be used to evaluate novelty. Alternatively, if the new design
causes re-clustering then this might indicate novelty. Finally, novelty
might be measured by the amount of variation from the path of changes to
features that designs with this functionality have exhibited over time: large
variation suggests novelty. We conjecture that different methods will also
exist for other aspects besides novelty.
In addition, depending on the design description used, it may be possible to apply the evaluation of aspects to different levels of abstraction in
the description [32] [48] [49], and to descriptions that include Function,
Behavior and Structure [40].
The method used to combine the evaluations of the aspects:
Overall evaluations have strengths; therefore artifacts may be seen as
more, or less, creative – i.e., it isn’t a Boolean decision. However, if many
aspects are evaluated this will produce a ‘profile’ of the amount of creativity demonstrated across all those aspects, not a single result [17]. Evaluation in a single, combined dimension results from the evaluator’s biases
about how to combine different aspect evaluations [31] [32] [37] [40].
Even if a particular evaluating agent is being modeled (e.g., an actual
user or group of users), this combination method may not exist explicitly.
Evolutionary methods have been used to produce combinations of aspects
with some success [7] but often the methods of combination they produce
“seem alien”. Learning systems exist that extract and use features to do
“aesthetics-based evaluation” [11] [50]. Fuge et al. [51] describe a method
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that is able to learn to mimic expert creativity ratings, such as “variety”
scores.
A complex issue regarding combining evaluations that needs addressing
is how the separate evaluations of creativity in the Function, Behavior and
Structure levels affect each other and the evaluation of the whole artifact.
For example, a candle that produces sparks on the hour to indicate time
provides a standard function by behaving in a novel way, with only a
slightly new structure: how creative is that?
The domain knowledge used by the evaluator:
It is well established in the literature (see [43]) that the amount of domain expertise that the designer has makes a big difference to their potential for creativity. However, to fully appreciate a design the evaluator needs
to (at least) match their level of sophistication. For example, expert evaluators may know about complex electromechanical devices: less expert designers may only know about Legos. Hence the nature and amount of the
evaluator’s domain knowledge will make a big difference to the evaluation
[42]. Note that this need not be put explicitly into a CDC system – in fact it
may not be able to be – but it might be accumulated using machine learning.
The knowledge about the designer:
Knowledge of the capabilities of the designer may play a role in creativity evaluation: for example, the evaluator might be able to recognize
Transformational creativity [1] [52]. Also, knowing the performance
norms for the designer’s level of expertise is important. Consider a design
description of a building from a 10 year old child versus a design description from an excellent Architect. An excellent child might be very creative
relative to what they’ve already done (P-Creative), while an excellent architect is more likely to be judged as very creative relative to what everyone else has already done (H-Creative).
The knowledge about the audience at whom the evaluation is aimed:
The evaluation must be understandable by the recipient of the evaluation. What you’d tell a child would be different from what you’d tell an
expert. The conjecture is that this is not just a matter of the type of language used for the evaluation report, but that the actual evaluation might
vary. For example, if a simple Yes/No or numeric position on a scale answer is desired then a powerful general technique such as CSPs, Neural
Nets, or Evolutionary Computing might be used for the evaluation, as ra-
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tionale for either the design or the evaluation is not needed, nor available.
If the evaluation is for an expert, then it might be provided in technical
terms, and mention product features, for example: whereas an evaluation
of a process for an expert might mention ingredients such as selection,
planning, evaluation, constraint testing, patching, failure handling, etc.
The knowledge of the design requirements:
Do the ‘requirements’ for the product, possibly including the intended
function, need to be known to evaluate creativity? We argue that it is not
necessary, but it should be helpful, as it allows the basis for comparison to
be more precisely selected.
The knowledge of resource constraints:
If an evaluator understands how a designer dealt with resources constraints, such as limits on material availability or limited design time, it can
affect their creativity evaluation.
The evaluator’s knowledge of the artifact due to the type and duration
of experience with it:
An evaluator might read the design description, see the artifact, touch
the artifact, manipulate the artifact, or actually use the artifact [16]. This
affects the completeness of their understanding of the artifact, and therefore their evaluation. Ludden’s example involves ‘surprise’, but other aspects could also be affected.
Cohen et al. [6] conjecture about the computer ‘experiencing’ a design,
and whether perception is required in order to do evaluation that matches
what humans do. A CDC will need to have the equivalent of the ability to
‘imagine’ a design when given a design description, in order to evaluate its
look or feel, its organic qualities, or its use.
The evaluator’s knowledge of the design process:
Colton [53] argues that, especially for artistic products, knowledge of
the process is extremely important for the evaluation of creativity. However, it is clear that a very novel and interesting process might result in a not
very creative design. We include this component of the framework for
completeness. For many of the researchers referenced in this paper, this
component is not essential for the evaluation of designed artifacts.
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The emotional impact of the design on the evaluator:
There is an increasing amount of interest in the emotional impact of designs [54]. But what is the role of emotion in the evaluation of creativity?
The “impact” on the evaluator does play a role [34] but how do fun, cuteness, cleverness, memories, or jokes play a role in evaluation? Horn &
Salvendy [36] claim that arousal and pleasure influence the evaluation of
product creativity. Cropley [55] points out that “departure from the usual
arouses discomfort” and perhaps “departure from the usual arouses excitement”. Datta et al. [50] relate emotional impact to aesthetics evaluation.
Norman [15] proposes that initial design evaluation takes place at a sensory/visceral level, where ‘appearance’ can evoke an emotional response.
The behavioral level of evaluation is concerned with usability: a very good
or very bad experience can evoke corresponding emotions (e.g., frustration). The reflective level of evaluation is about prestige and desirability:
i.e., how having the product makes one feel, and the degree of good taste
that it might convey. It’s clear that some of the aspects introduced above
(e.g., Besemer’s “Style” dimension) might act as a proxy for some of the
emotional response, while the prestige associated with a particular product
or designer could be estimated.
In general, emotional impact is clearly a difficult component to include
in a CDC system. However, it might be detected or estimated in a variety
of ways: direct methods such as eye movement/dilation, galvanic skin response, and brain wave changes; indirect methods such as measures of
similarity to products that have known emotional impact, or classifiers
trained using machine learning from user reporting.
Other contextual factors that may have an impact:
This, we must admit, is a catch-all category. However, there are factors,
such as culture, that may play a role in evaluation that could go here, as it
isn’t clear that they always apply or are a main influence for CDC systems.
One such factor is whether a past artifact has been acknowledged as creative: perhaps to the point of it being a disruptive product, changing the direction of future artifacts in the same category. Sternberg et al. [28] describe this as “propelling” a field. This knowledge might be used to
suggest that a new artifact might be creative by analogy: if the new artifact
(X) has ‘similar’ characteristics to an existing artifact (Y), and Y was seen
as creative and influential in the past, then perhaps X will be seen as a creative influence. Such an evaluation would be helped by having similarity
information [56] available, and knowledge about the design time. Of
course, too much similarity decreases novelty.
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Some evaluation schemes include “usefulness” and the “importance” of
the use as evaluation aspects (e.g., [40]). This might be measured in terms
of actual use, or potential use. As the artifact has just been, or is still being,
designed, evaluating “actual” use will not be possible. There needs to be
enough knowledge included during the design creativity evaluation process to estimate how much it might be used, and weight it by “importance”
or potential “impact”.

Summary & Conclusion
The framework presented here differs from other work by focusing on artifact design, the different types of participants in the evaluation process,
and the types of knowledge needed by the designer and the evaluator: in
particular what each needs to know about the other.
This framework is intended to be used to guide or assess design creativity research, with the hope that it will eventually apply to CDC systems.
The references should allow easy access to the current literature on design
creativity evaluation. Given the number and difficulty of the components
in the framework it is obvious that CDC systems still need a lot of work.
The framework also makes it clear that how creative an artifact is may only be properly stated if the full context of the evaluation is included.
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