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ABSTRACT

The design and development of Creativity Support Tools
(CSTs) is of growing interest in research at the intersection
of creativity and Human-Computer Interaction, and has been
identified as a ’grand challenge for HCI’. While creativity
research and HCI each have had long-standing discussions
about—and rich toolboxes of—evaluation methodologies, the
nascent field of CST evaluation has so far received little attention. We contribute a survey of 113 research papers that
present and evaluate CSTs, and we offer recommendations
for future CST evaluation. We center our discussion around
six major points that researchers might consider: 1) Clearly
define the goal of the CST; 2) link to theory to further understanding of usage of CSTs; 3) recruit domain experts, if
applicable and feasible; 4) consider longitudinal, in-situ studies; 5) distinguish and decide whether to evaluate usability or
creativity; and 6) as a community, help develop a toolbox for
CST evaluation.
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INTRODUCTION

The design, development and use of Creativity Support Tools
(CSTs) has grown rapidly since Shneiderman [137] and Fischer [47] called attention to the potential for digital systems
in Human-Computer Interaction to better support and augment human creativity. As documented by a recent large-scale
survey [49], research into CSTs is characterized by a high
degree of diversity in terms of use domains and development
approaches, ranging from real-time crowd-sourced ideation
support systems employing wall-size displays [5] to desktopbased interfaces that support the exploration and development
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of joinery in laser-cutting [164]. The survey also highlights,
however, that HCI is characterized by remarkably few shared
theories and analytical frameworks for examining and understanding the role of CSTs in creative processes, as well as a
lack of shared basic methodologies for designing, developing,
and, not least, evaluating CSTs. While this might be expected
for a nascent field, it is problematic for HCI researchers who
need sturdy, common ground to share, compare, and discuss
findings, and, by extension, for HCI practitioners who lack
approaches for designing and evaluating CSTs in a way that
integrates key research findings and insights from examples of
best practice. In order to increase current understanding of the
role, nature, and further potential of CSTs, we focus in this
paper on how HCI researchers evaluate CSTs. This is motivated by the fact that evaluation is a critical component in HCI
research, in the sense that it is the process whereby researchers
determine the potentials and limitations of interactive systems,
which, in turn, sets the course for the development of future
systems. By exploring the criteria by which HCI researchers
evaluate the appropriateness and success of CSTs, we can
gain a richer understanding of how this research community
perceives creative practice in general, the role that CSTs can
(come to) play in it, and the theoretical foundation on which
the CSTs are built.
To explore in depth how HCI researchers evaluate CSTs, we
present a comprehensive survey of CST contributions to the
ACM Digital Library (1999–2018). We systematically sample
and analyze 113 publications that present and evaluate CSTs.
We examine the evaluation methodologies and criteria, as well
as the underlying frameworks and theories in these sampled
papers. The intended audience is HCI researchers and practitioners who design, develop, and study CSTs. As shown by
[48, 50], this constitutes a growing part of the HCI community
that engages with creativity practices.
The paper is structured as follows. We first frame the survey
and analysis based on related work from HCI and creativity
research, underlining how the two well-established research
communities approach evaluation of CSTs. We then present
our methodology and main findings from the survey before
discussing some of the salient strengths and shortcomings of
the current state of CST evaluation in HCI. Central insights
from the survey are that there is a variety of different goals,
theories, and methods used in evaluating CSTs, with no outstanding trends or dominance, highlighting both the diversity
of research in this field and the challenges faced. We con-
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tribute a set of recommendations for how to establish coherent
CST evaluation strategies, and we outline avenues for future
research to develop better means of evaluating CSTs in HCI.

All these historical developments and recent publications can
be summarized to draw three insights: First, evaluation strategies emerge and evolve over time, often with engaged debates within the community, before any methodology becomes
established—and even then, discussion does not subside, but
rather shifts onto how to improve evaluation. Second, a successful strategy for discovering appropriate evaluation strategies is to look into other disciplines in an effort to adapt
existing methods. Third, there is hardly a one-size-fits-all
evaluation method; rather, a discipline should build a toolbox
comprising a variety of methods that can be adapted, appropriated, or combined to fit the research that is to be evaluated.

BACKGROUND AND RELATED WORK

Evaluation of research is an important, long-standing topic in
many different research fields, including HCI and creativity
research. As a basic overview, we revisit the history and most
relevant recent development of both fields. We highlight the
need for, and difficulty in, finding solutions to the problem of
how to consider the validity of CST-focused HCI research in
terms of assessing the actual appropriateness and success of a
given CST. This serves to frame the third and final part of this
related work section where we discuss the intersection of the
two—evaluation methods for CSTs in HCI research.

Evaluation Methodologies in Creativity Research

Evaluation in Human-Computer Interaction

In the early years of HCI, such as the mid-1960s, most evaluation strategies focused on assessing the performance by
measuring the computer’s capabilities of a developed system
[20]. Although the most influential research already concerned
improving the user experience, such as most notably Engelbart’s vision to augment human intellect [44], there was limited
knowledge on how to measure said user experience besides
measuring command line input or programming knowledge
[10]. As research progressed and the field evolved, the combination of more advanced interfaces and methods borrowed
from related disciplines such as psychology, sociology, and
anthropology led to the appropriation and discovery of new
evaluation techniques for HCI [10]. Those efforts culminated
in two evaluation strategies for assessing HCI research: usability heuristics [116] and cognitive walkthroughs [153].
Nearly three decades later, those two methodologies are wellestablished and industry standard, but as Barkhuus and Rode
observe in their survey, those methods seem not sufficient for
research [10]. In fact, those evaluation strategies were discussed vigorously from the start [60], as the "discount usability" [116] title evoked debate whether it would oversimplify
the complex issue of assessing how well systems met the user’s
needs and requirements. The debate continued and shifted
over the years into territory that saw HCI researchers even
questioning the usefulness of usability evaluation, as it could
potentially cause harm to the innovative aspect of HCI [61].
While the suggestion was not to abandon evaluation altogether,
but rather discuss new means of validating research output, it
led to some more technology-focused sub-disciplines, suggesting focusing more on technical contribution rather than the
proven validity based on user evaluation [129].
Most recent efforts picked up this thread to highlight that usability evaluation is just one aspect of evaluation, and while
it might be critical when conducting HCI research, additional
validation might be necessary. Special interest groups discussed how to shift from task-focused to experience-focused
assessment [88] and the problem of evaluation beyond usability [128]. Several disciplines within or related to HCI research
have discussed the challenges and complexities of evaluation,
e.g., information visualization [15], prototyping toolkits [101],
or sustainability [127].
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In general creativity research, evaluation is often construed as
various types of assessment; i.e., specifically designed methodologies for measuring if and to what extent someone or something can be considered creative. One premise for these approaches is an understanding of creativity informed by the
’standard definition’ of creativity. This definition states that
creativity requires both originality (sometimes referred to as
novelty, surprise, or uniqueness) and effectiveness (or value,
relevance, or appropriateness) [134]. Measuring creativity—
how novel and useful someone or something is—has been the
centrepiece of one of the most passionate discussions among
creativity researchers since Guilford’s [63] presidential address to the American Psychological Association (APA) in
1950, the starting point of modern creativity research. In the
dawning age of this discipline psychometrics attracted much
attention. Specifically, divergent thinking exemplified as number of ideas produced per time unit was considered a proxy of
a person’s creative potential. Based on cognitive psychology,
Guilford [64] developed a number of such divergent thinking
tests, including the Alternative Uses Tests (AUT), colloquially
known as the ’brick test.’ Around the same time, Torrance introduced his influential, eponymous tests of creative thinking
(TTCT) with additional assessment parameters such as fluency,
originality, flexibility, and elaboration of the creative ideas being generated [133]. Both the AUT and the TTCT, therefore,
originate from cognitive psychology and the emergence of
creativity research as a modern, specialist discipline.
Given that creativity is generally seen as "precisely the kind
of problem which eludes explanation within one discipline,"
[53, p. 22], many conceptual models have been proposed in
order to grasp even more of the complexity of creativity than
cognitive psychological aspects. Chief among these models is
Rhodes’ [130] seminal four p model of creativity, which offers
a simple, but useful distinction between person, product, process, and press. Differentiating in this way makes it possible to
focus more clearly on which aspect of creativity that is being
evaluated. As shown by Kaufman, Plucker, and Baer [87] in
their comprehensive overview of creativity assessment, such
conceptual scaffolding helps to convey a more operationable
outline of evaluation techniques in creativity research. More
detailed categorizations, on the other hand, remain controversial [133], e.g., Hocevar’s [75] proposed quartered typology
of creativity tests, which includes divergent thinking tests,
attitude and interest inventories, personality inventories, and
biographical inventories.
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As Kaufman [86] has underlined, creativity measurement is
the Achilles heel of the field. To some degree, this stems
from the field’s long-lived reliance on divergent thinking as
the (cognitive) unit of measure. In response to this complexity, other types of evaluation have emerged, notably among
them Amabile’s [3, 72] influential Consensual Assessment
Technique (CAT), which is based on combined assessments of
experts within a specific creative domain. As opposed to said
creativity assessment tests based on divergent thinking, the
CAT does not rely on a theory of creativity, and this ensures its
methodological validity as proven by several empirical studies [7]. Other evaluation methods that share some features
with the CAT are peer assessment, expert assessment, and
self-assessment. The latter can occasionally be the only viable
option, however, its validity remains more contested [87].
Although many types of measurement and assessment have
emerged in creativity research since the 1950s, it is important
to stress a key difference between these types of creativity
evaluation methodologies and the ones observed in HCI. The
vast majority of the types of evaluation studies include the
researchers themselves designing a specific (digital) tool to
support creativity, after which the tool is evaluated in a concrete creative process involving specifically recruited users.
Although a few, specialized types of creativity training studies
may bear a little resemblance to this methodological approach
[147], it is very rare to see creativity researchers evaluating the
effect of CSTs that have been developed in their own research
labs. This approach to evaluation of creativity, on the other
hand, is quite customary in HCI.

Evaluation of Creativity Support Tools (CSTs)

Since the HCI research community has emphasized the importance of research concerning CSTs [137], the evaluation
thereof becomes an urgent matter as well, as it is needed to
determine and distinguish advancements in the field. In a call
to action for researchers pointing out avenues for future development of CSTs, Shneiderman [138] also emphasized the
shifting nature of evaluating tools in general and its critical
nature for establishing knowledge of the usefulness of tools.
The community of researchers engaged at the intersection of
creativity and interaction design have repeatedly alluded to
evaluation challenges as well (e.g., [1, 91, 93, 34]).
One contribution that stands out is the Creativity Support Index (CSI) [23, 22]. Conceptually based on the NASA Task
Load Index [70], it allows for quick adaptation by researchers
to evaluate CSTs, as it features an easy-to-implement generalpurpose survey investigating the effectiveness of a newly developed tool. Its survey questions are based on creativity
research theories and allow for quantifiable and comparable
results. A follow-up publication explained the CSI in more detail, including an elaborate case study [27]. While we consider
the CSI to be an established, useful tool, similar to what has
been observed in HCI and creativity research there is need for
developing multiple evaluation strategies of which there is an
apparent lack. Such candidates could be based on the metrics
of evaluation put forth by Kerne et al. [94], or a proposed tool
for evaluating CSTs as informed by Warr and O’Neill [151].
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Year

Publications

2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002

[105, 142, 150, 30, 57, 29, 85, 115, 146, 66]
[90, 5, 2, 152, 45, 164, 58, 79, 123, 120, 136, 99, 109, 36, 95, 139]
[119, 59, 160, 78, 82, 107, 143, 76, 39, 98, 6, 108, 25, 35, 121]
[51, 38, 159, 126, 140, 144, 97, 84, 112]
[37, 156, 111, 96, 113, 163, 155, 52, 80, 94, 13, 83]
[158, 81, 104, 14, 157, 162, 9, 114, 16, 62, 40]
[118, 65, 55, 24, 135]
[161, 103, 149, 141, 41, 89, 69, 56, 28]
[12, 21, 154, 148, 132, 8, 11, 26, 77, 110, 106]
[131, 42, 102, 145, 32]
[92]
[67, 18, 74, 46, 91]
[68]
[no publications]
[17]
[no publications]
[125]

Table 1. List of surveyed papers, sorted by year.

We hope that the insights from our survey and the recommendations based on our discussion will inspire the community to
strengthen their efforts in addressing this challenge and thus
identify new and established ways to evaluate CSTs.
METHODOLOGY

To gain an understanding of current evaluation practices in
CST research, we conducted a literature survey and an iterative coding exercise. In the following, we elaborate on our
approach, first by describing our sampling methodology, as
well as how we derived and iterated on our coding scheme.
Sampling

As starting point for our paper, we used the recent work of
Frich et al. [50], who conducted an in-depth literature review
of CSTs in HCI research. They conducted a keyword search
for "creativity" or any occurrence of the word "creativity support tool" in the ACM Digital Library, and then reduced the
sample size by selecting the papers with above average citations per year (0.669). For papers after 2016, the citation count
was found too low and too volatile to be a reliable metric. This
is why the average download count (per year) in the ACM Digital Library was used as cut-off measurement for 2016-2018,
resulting in a final corpus of 143 papers [50]. We took their
corpus and selected all papers in this sample that contained
an evaluation of a CST, leading to a final count of 113 papers
for our analysis. The same sampling was used to survey 2019
publications, but no papers above the average download count
provided an evaluation of a CST.
Since our survey’s goal is to advance the evaluation strategies
for new CST development in HCI research, this sample is an
optimal starting point for our inquiry. We consciously decided
against adding keywords such as "assessment" or "evaluation"
to the sampling method, as this might have skewed the sample
towards papers focusing on the discussion of evaluation within
HCI. This would defeat the purpose of a survey aiming to summarize the existing de-facto standard practices in evaluating
CSTs in HCI research. We are aware of past and ongoing
discussions of evaluating HCI research and will address this
topic in the Discussion. Similarly, we did not manually include papers or CSTs from other sources that did not make the
cut, as that would bias the sample. Our survey aims to provide
an objective description of how the most prominent CSTs in
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HCI research have been evaluated, as those publications are
set up to shape the future of CST research. In doing so, we
hope that the analysis of this sample will provide new insights
that can inform the future of evaluating such tools. A list of
all sampled papers by year can be found in Table 1.
Analysis

The development of the coding scheme for our survey took
multiple iterations and highlighted the complexity and challenges of the evaluation question in CST research. As a
first, naïve approach we added two open-ended code fields,
"method" and "criterion", and three researchers independently
started coding the publications. We quickly realized that the
variety of different evaluation strategies employed in CST research led to an equally varying degree of descriptions for the
methods and criteria, forming no basis for any comparative
means required in a comprehensive literature survey. We also
noticed that even seemingly straightforward codes such as
"number of participants" caused issues, as some evaluations
comprised multiple steps with largely varying evaluator numbers, several iterations of one CST with different evaluation
techniques, or even multiple CSTs in one publication.
To resolve the problem of varying iterations in CST evaluations, we added a code listing the "number of iterations", as
well as a checkbox for whether or not the paper included a
preliminary or formative study that gained in-depth insights
into the target audience prior to developing the CST, eliciting
requirements. We also added binary codes for the evaluation
using "teams", "facilitators", and whether or not they recruited
"experts" (whereas we define "experts" here as evaluators who
match their described target audience). The numeric code
for number of participants was then streamlined into an integer, listing one number for the main evaluation (if there were
several) and the total number of participants (e.g., number of
groups times number of participants). Similarly, we added
a code for the duration of the study, which ranged from a
few minutes to several years listed as total number of hours,
rounded up to the nearest integer or approximated to an even
number (e.g., 1,000 hours for a six-week study).
Addressing the issue of the open code fields, with which we
aimed to investigate details about the methodology, proved
to be more difficult. We turned our attention to recent publications discussing the evaluation question in HCI research at
large to gain further insights [122, 101, 127]. We sought to
arrive at an overview of the different prevalent categories in
CST evaluation similar to Ledo et al. [101] or Pettersson et al.
[122], but upon re-iterating on our coding scheme it became
apparent we needed a more suitable starting point. Inspired
by the "evaluation recipe" recommended for sustainability research, we derived new coding categories based on the five
"ingredients" presented in the paper [127]: goal, mechanisms,
metrics, methods, and scope. In several iterations of independent coding and comparison by three researchers, we adjusted
those five points until they proved to be a fit for our analysis.
Goal was kept as a category with the restriction of it being
as concise as possible, and close to the author’s description,
i.e., derived from a line in the title or abstract rather than
our interpretation of what the authors wanted to achieve. We
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initially aimed to survey the goal of the evaluation; however,
many papers did not state a specific goal of the evaluation but
rather the goal of the CST, which is why the goal code refers
to the former. Identifying the relevant mechanisms proved to
be difficult, which is why we went back to the original concept
as proposed by Dix [43]: "If you understand the mechanism,
the steps and phases of the interaction, you can choose finer
measurements and use these". To this end, we substituted this
code with listing the "theory or background" that the paper
in our survey listed. For the metrics category we observed
a similar varying degree as in our initial "criterion" code; to
solve the confusion and arrive at a more streamlined code, we
decided to limit this category to "creativity metrics", and only
those explicitly mentioned by researchers in the paper.
To analyze the coding results of the "goal" category in our
survey, we started by conducting an inductive card sorting
activity, discussing potential themes, groups, or dimensions
emerging from the goals. All 113 goals were written on sticky
notes and put on a whiteboard, and over time after several
rounds of reorganization, discussion, and reflection, two dimensions emerged: domain specificity and level of intrusion.
Domain specificity refers to whether the goal seems to be
oriented towards rather generic processes (e.g., "multi-idea
design support" [67]), or describes a narrow target audience
or application context (e.g., "automatic assessment of song
mashability" [37]). Level of intrusion describes how much the
CST potentially changes the creative process itself, from tools
that only add or offer technical support (e.g., "social media
content summarization" [98]) to those that directly influence
and alter the activity (e.g., "manipulate video conference facial
expression" [113]). For an initial calibration of the various
degrees of intrusion, we compiled a list of 30 verbs used in the
goals (from "support" and "assist" to "edit" and "enhance").
The fourth category, methods, was already in our initial exercise, but needed further specification to be applicable in our
coding exercise. We split the code into three smaller codes:
"generic methods", which are well-established evaluation techniques that do not require a reference (i.e., interview, workshop, or questionnaire). Contrary to that, "specific methods"
describes evaluation techniques that either require a link to a
publication presenting an explanation of the methodology or
even a newly invented evaluation technique by the researchers
themselves. Lastly, we added a code for "analysis", with the
restriction of only coding for explicit mentions in the paper.
Once the coding was finished for all 113 papers, one researcher
went over all the codes to sanitize the input from five researchers from varying backgrounds. The "methods" field saw
several repetitions, which allowed it to further split into nine
binary codes (for methods that were mentioned at least eight
times) and an open-ended field for "other methods". A final
overview of all the codes can be found in Table 2.
RESULTS AND OBSERVATIONS

In this section, we describe the results from our coding exercise
as well as outline prescriptive findings. For our interpretation
of the insights considering the bigger picture of CST research
and recommendation for future evaluation strategies, see the
Discussion section following thereafter. An overview of the
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Codes (O = open-ended, N = numeric, B = binary)

O

Goal

O

Creativity metrics

O

Theory/background

B

Formative pre-CST study

N

Design cycles

N

Duration (in hours)

N

Number of participants

B
B
B

Teams
Facilitator
Expert evaluators

B
B
B
B
B
B
B
B
B
O

Method:
Method:
Method:
Method:
Method:
Method:
Method:
Method:
Method:
Method:

O

Analysis

Figure 1. Breakdown of the card sorting results for the "goal" code.

We want to reiterate that the goal phrase that was noted on
the sticky notes in our card sorting exercise is an abbreviated
form of the goal stated by the authors in the title or abstract
of the paper as it was understood by the researchers. As
such, there is a considerable level of subjectivity and room
for interpretation in this activity. Also, our survey is based
on a sample of papers—above the cut-off point for average
citations or downloads. Our results should thus not be taken
as a quantitative measure. Nevertheless, we found that the
outcome aligned with our subjective perceptions during the
coding as well as with our experience from working in the
field of CST development.

interview
survey/questionnaire
observation
logs/measurement
video recordings
Mechanical Turk
field study
usability study
workshop
other

Theory/Background Sections and Creativity Metrics

Table 2. Final codes used in our analysis.

results for binary codes can be found in the Appendix on page
10 of this paper.

Goals of the Developed CSTs

Upon organizing all goals along the two dimensions of domain specificity and level of intrusion, we observed that the
spectrum is only seemingly continuous, but we noticed the
formation of groups along discrete levels. Therefore, we decided to split the dimensions up into three levels each: low,
medium, and high domain specificity and level of intrusion,
respectively. The final distribution can be seen in Figure 1.
One observation that matched our expectation is that there
is a variety of generic tools that support general design processes such as ideation, but also CSTs that are built for very
specific purposes such as knitting [132]. This also aligns with
the findings of Frich et al. [50], who observe that there are
special-purpose CSTs as well as tools that can be appropriated
to more generic tasks, such as general idea generation sessions.
For the intrusiveness of the CSTs, we noted the opposite result.
While in the beginning clusters of notes in the corners seemed
to form, towards the end of the card sorting and after several
rounds of discussion and double-checking, we noticed that our
assessment shifted towards seeing most goals being rather in
the medium section of the spectrum (see Figure 1). This might
be due to the subjectivity and interpretability of the verbs we
analyzed, but it also matches our observation that most goals
were vague and generic. For the purpose of evaluation, this is
an interesting finding that we discuss later in this paper.
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For this category, we only coded papers that had an explicit
section on non-trivial theory or elaborating in depth about
background literature that strongly influenced the design of
the CST—and outside the related work section. We ended up
with 52 codes, such as the "socio-cognitive model of group
brainstorming" [149] or the "paths model" [163]. Unlike for
the goal category, a card sorting exercise is unlikely to yield
surprising insights, and the particular choice of how we selected the code (by considering explicit mentions of a theory)
explains why more than half of our sample draws a blank.
It is worth noting that of the 52 codes, most of them can be
attributed to creativity research in some way; either by being
creativity models themselves (e.g., "little-c creativity" [82,
105]), or closely related (e.g., "storytelling patterns" [97]).
This is particularly interesting when compared to the results of
our "creativity metrics" code, for which we saw only 26 papers
directly quoting creativity metrics (e.g., fluency, originality,
novelty, flexibility). Of those 26 papers, 17 were also coded
as having a dedicated theory or background section, although
those do not necessarily match, but might build on different
theoretical foundations. One noteworthy observation is that
out of our reviewed 113 papers, 61 have either some theoretical
backing and/or a clear link to creativity metrics, but 52 engage
with neither. Since most, but not all, theories can be attributed
to some level of creativity research or related insights, we can
conclude that about half of our sample engages with creativity
at least for inspirational intents and purposes, and roughly a
quarter relies on explicit creativity research metrics to assess
the creative impact of the CST on the creative process.
Formative Studies and Iterations

Looking at the number of publications that were coded for
having a formative study, we observe that 36 papers (approx.
32 %) employed research methodology to derive guidelines
for the design before developing the CST, with no historic
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trend apparent when plotted over the years of our sample.
There were outliers in 2009 and 2011 that saw 60 % and 67 %,
respectively, of the papers conducting a formative study prior
to the tool development. However, in 2009 there is a notable
drop in sample size (five papers), and 2011 is braced by two
years of rather low figures (18 % and 20 %, respectively).

Figure 3. Percentage of evaluations using teams as evaluators.

from 80 % in papers before 2009 to 20 % in papers published
in 2018 (see Figure 3).

Figure 2. Number of design iterations of the CST.

We excluded the formative study aspect from the coding for
number of iterations, i.e., we only counted iterations of the prototype and not iterations of the study design as such (though
those might correlate). Keeping that in mind, it is interesting to see that while the formative study code did not yield
any historical trend, the number of iterations does. As can
be observed in Figure 2, in the early years of CST research
papers seemed to have more iterations, as there was no paper
since 2011 in our sample that saw three or more iterations
(and a total of six in 2011 and before). In 2018 we saw the
highest number of papers (five out of ten) having more than
one iteration in almost a decade, raising the question whether
this will be an outlier or a historical shift.
Evaluation Details: Duration and Participants

The duration of the evaluation sessions varied considerably,
between a few minutes for short brainstorm sessions up to
several years for long-term deployments, with the majority of
evaluations being short-term (46 papers or 41 % saw an evaluation lasting less than or up to one hour); only 21 evaluations
(18 %) lasted for more than a day. We saw no signs of any
correlation between a certain study type and long-term studies,
as the studies that lasted for more than a week had a similar
distribution than the overall corpus. This may seem surprising,
but looking at the data reveals that the prevalent evaluation
methodology (interviewing or observing participants as well as
measuring tool usage) remains the same, whether the exposure
to the tool was limited to a few minutes in an ideation session,
or lasted over several weeks in a long-term deployment.
The codes for evaluation methods that use facilitators (16
in total, 14 %) and specifically recruit domain experts (27,
24 %) experience several spikes suggesting a high standard
deviation. Overall, however, there is no evidence to make any
statistical claim for a trend in CST evaluation noticeable, and
is, especially for the facilitators, subject to a low sample size.
This is different for the number of evaluations that uses teams
(45, 40 %), which indicates a historical trend that is declining,
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Figure 4. Number of participants in the evaluation.

The analysis of the participant numbers reveals a trend of
growing average number of participants for the evaluation
of CSTs, as shown in Figure 4. The trendline is only added
(programmatically) for visual aid and matches our subjective
perception from look at the data. Two important points to
mention are that it appears less strong than it is due to the
logarithmic scale of the vertical axis, but that its coefficient
of determination is extremely low at R2 = 0.005 due to the
clearly visible spread of the data points. Even discounting
Mechanical Turk studies that have a higher number of participants (average of 285 in our sample), this does not change
the picture; especially since one of the outliers with over 1000
participants is from 2011 [161]. We also excluded two data
points, which made the chart unreadable, even with its logarithmic scaling, namely two studies from 2016 that analyzed
data from 173,053 [35] and 23,092 [108] participants, respectively. These studies would have caused a drastic shift in the
trend from 2016 onwards.
Methods and Analysis

The three most commonly used methods were observations (38
occurrences), surveys/questionnaire (37), and interviews (33).
Since many papers were coded for multiple methods, there
was some overlap. Nonetheless, there were only 32 papers
that used neither of those three methods as per our analysis.
With considerable distance, the next categories to follow are
workshop (18), logs/measurement (18), usability study (15),
and video recordings (14). Last but not least, we coded eight
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papers for the use of Mechanical Turk as well as eight papers
conducting a field study. To our surprise, only three of the
total number of surveyed papers made use of the Creativity
Support Index (CSI) [100]. While the number of field studies
might be considered low to some readers familiar to the realm
of HCI, a field with a long-standing tradition to value field
research, we reiterate that we used a deductive open coding
technique from which we extracted the nine code fields. Other
papers in our sample might be considered field studies as well,
but during the coding activity other evaluation methods might
have been appeared to be more important to the coder.

and the extensive discussions surrounding our literature analysis, derive recommendations for the research community.
Many Studies are Unclear about the Goal of CSTs and the
Goal of Evaluations

Figure 5. Breakdown of evaluations that were coded as usability study.

We additionally looked into the chronological trend of different methods to see if there were any tendencies in which
methodologies have been applied historically. The full set of
graphs representing this data take up too much space in this
paper and provide limited insight, but will be made publicly
available on an interactive website. The only trend that was
significant enough to be worth mentioning is the apparent increase of usability evaluations for CSTs in recent years (see
Figure 5). Of the papers in our sample published in 2018,
60 % employed a usability study in their evaluation, while
only one paper prior to 2013 focused on usability evaluation
methodology [12].
Our results for coding the mentioned "analysis"
mostly comprised statistical means of analysis, such as
ANOVA/MANOVA (mentioned twelve times) or t-test (eight
times). Overall, we counted 53 occurrences of explicit means
of analysis; however, as a significant portion of our sample
employs qualitative methodology (62 papers), this does not
come as a surprise to us. Qualitative data is often analyzed by
theme elicitation through coding or close reading to identify
patterns in the data, and is applied without explicit mention,
hence its lack of appearance in our coding.
DISCUSSION

We surveyed 113 papers that presented the evaluation of CSTs
and described the results of our coding in the previous section.
While the historical account of evaluation is interesting to us
as researchers to gain insight of the big picture, we are equally
eager to identify avenues for future research on how CSTs can
be evaluated. In the following, we connect the descriptive observations from our survey to insights from scientific literature
and, also in light of our own observations from our research
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One of the difficulties in analyzing the goals of CSTs is that
they are vaguely defined in many of the surveyed papers. In
particular, this made it hard to assess the level of intrusion,
i.e., the extent to which the CST influences or changes the
creative process. While we kept the goal description in our
coding intentionally short, all researchers were familiar with
the entire corpus and during the card sorting discussed the
goals of the paper—only to discover levels of disagreement
about what the paper’s goal, and therefore the goal of the
CST itself. This can contribute to the difficulty of evaluating
a CST; similar to how Remy et al. [127] argued that the
goal of an evaluation needs to be more narrowly defined than
just "sustainability", "creativity" is an equivalently broad term
that can obfuscate the view upon the real (and realistic) goal
of what the CST seeks to achieve. This is critical for the
evaluation of CSTs, as it is not just about clearly defining the
goal of what the tool wants to achieve, but it can also help to
distinguish the difference between the research purpose of the
CST and the potential real-world use case, and which of those
we want to evaluate. Here we draw on Ledo et al. [101], who
in their analysis of the evaluation of tool kits point out that
"researchers often have quite different goals from commercial
toolkit developers," which is analogous to CST research.
Moreover, the goal of the CST and the goal of the evaluation of
the CST can be confused and conflated. For example, if a tool
developed by researchers is intended to improve the creative
output for a specific task in a certain domain, the goal of the
evaluation might vary significantly: one could evaluate the
productivity of the process affected by the CST, the creativity
of the outcome, or the usability of the tool itself. In fact, we
found all those three different aspects to be present in our
survey, though often not clearly spelled out and distinguished.
Based on our discussions around the difficulty of coding the
corpus surveyed in this paper, we hypothesize that being more
specific about the goal of your CST can help sharpen the goal
of the evaluation of the CST as well.
As we tried to formulate the goal for each paper ourselves
preceding the card sorting activity, we realized that this is
not always a simple task. Especially, if the goal truly is to
support a wide range of creative processes and being as nonintrusive as possible, the goal may be vague. In that case, it
can help to investigate the mechanisms affected by the tool, as
suggested for the second ingredient of the evaluation recipe
[127]. Mechanisms in HCI research evaluation describe the
"details of what goes on, whether in terms of user actions,
perception, cognition, or social interactions" [43], and have
been discussed in various other disciplines such as philosophy
of science [124] or social science [71]. When evaluating CSTs,
a useful starting point to investigate the mechanisms that concern the tool use and how it affects creative practice can be to
consider creativity research or other theoretical foundations
that describe the interaction between the tool and its appropriation in the creativity process, e.g., as part of the background
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theory or creativity metrics that we coded for in our survey
and found in roughly half the papers (61 out of 113). We
believe that thinking about mechanisms of a CST in projected
use cases can help to sharpen and clarify the goal, thus further
strengthening the focus of the evaluation.

with high levels of intrusion. We also want to point out that
this discussion only pertains to tools that are aimed at specific
target audiences and/or expert practitioners. If, for example,
the goal is to increase creativity among novices, or if the tool
is aimed at the general public, there might not be a need for
expert evaluation.

Evaluations of CSTs Lack Theoretical Grounding

If expert participants offer insight and feedback on the usefulness or effectiveness of a CST during evaluation, i.e., through
interviews or workshops, the data collected can be used to
improve the CST in further iterations. A complication to this,
however, is that expert participants may be accustomed to
working within a particular ecosystem of tools, particularly in
the case of evaluations of domain-specific CSTs that intrude
in or disrupt existing workflows. This means that the expert
is less flexible or receptive towards the idea of changing their
workflow with the incorporation of a new CST.

In line with the discussion on the scarcity of creativity metrics
in the surveyed papers, we also see that less than half of
the papers build on identifiable theoretical foundations for
addressing creativity (52 out of 113). This is in line with
the wider field of creativity research within HCI [49], but
nonetheless unfortunate for several reasons. For the individual
study, it makes it harder for readers to position the work within
the field, and to assess which aspects of creativity the CST
addresses. Seen in a wider perspective, it makes it difficult
to compare research insights and outcomes across cases and
studies, and by extension it limits the collective efforts to build
up a body of knowledge about CSTs.

Short-Term Controlled Evaluations of CSTs Are Priori-

To be clear, we are not proposing that authors should be constrained to fixed definitions or sets of theories for studying and
developing CSTs, especially given the multi-faceted nature
of creativity and the plethora of domains and use practices in
which CSTs occur. Rather, we argue for the need for greater
clarity in terms of which theories underpin specific studies,
and how they address certain aspects of creativity. This is, in
our view, especially pertinent exactly because creativity is a
concept that can be understood and approached from a range
of perspectives. Moreover, a clearer theoretical foundation
for a CST study makes it easier to establish criteria by which
to evaluate the CST. For example, if a study is theoretically
grounded in theories on combinatorial creativity, this can inform criteria for assessing the ways in which the CST supports
users in exploring, combining, and synthesizing ideas.
Evaluations of CSTs Lack Expert Participants

We found that only 24 % (27) of papers in our sample recruit
domain expert participants to evaluate their CST intended for
that particular area or task, as mentioned in the Results section.
This is in our view a surprisingly low number, and we find
good reason to argue that evaluations of tools intended for
experts or with a specific user group in mind ought to include
experts or users from these specific groups as participants.
Otherwise, the evaluation results can be questionable, since
novices and experts may have very different perspectives and
frames of reference for assessing a tool. It may require more
effort to find and recruit experts and participants from a specific user group than e.g. recruiting students with little or no
experience in the intended use domain. However, the results
from these evaluations will be more likely to offer ecologically
valid evaluations of the CST, which in turn may not only enrich our research community’s understanding of CSTs but also
help developers create better tools for these communities. As
a community of researchers interested in supporting creative
practice, we find this to be a serious concern.
This being said, there can be good reasons for not recruiting
domain experts as participants in some phases of CST evaluations, particularly in when it comes to domain specific CSTs
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tised over Longitudinal In-Situ Studies

A clear and noteworthy finding from the survey is that there
are few long-term studies that evaluate the use and impact of
CSTs over the course of time. Most of the studies focus on
the immediate use of one system, often developed by the researchers themselves. On the one hand, this is unsurprising in
that the majority of studies in the wider field of HCI also focus
on immediate or short-term studies, and in that it is, in most
cases, more time-consuming to carry out longitudinal studies.
On the other hand, it is clearly problematic if we wish to get
an understanding of the role and nature of CSTs in real-life
creative practices. It can take time for creative professionals
to master tools, determine in which situations they are beneficial, and integrate them into their workflows. Longitudinal
studies are required to gain insight into these processes, but
such studies are to a large extent lacking from current CST
research. As a result, there is a prominent and problematic gap
in our collective body of knowledge. This is compounded by
the prior issue of the relative lack of evaluations that include
expert practitioners, meaning that we in many cases only see
short-term evaluations with novice users, often in controlled
setups, rather than long-term evaluations of tools used by experts in real-life use situations. We must stress that there are
exceptions to this trend. One such example, which might inspire other CST researchers, is the INJECT project, a CST to
augment journalists’ creativity when researching and developing news angles. The INJECT services has been presented to
the research community throughout its development and has
been deployed and studied in real-life use with journalists at
three newspapers over the course of two months [105]. This
echoes developments in other HCI research communities such
as persuasive technology [19], calling for longitudinal studies
as well, to better understand the long-term impact of research
deployments.
We consider this problematic, but if we are to frame it in a positive light, this is a highly promising avenue for future research,
and we hope that this survey can spark discussions in the CST
research community about undertaking longitudinal studies.
We acknowledge that longitudinal studies can be at odds with
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the nature of research projects that often have shorter timespans, and in which there can be pressure to publish results
within the project’s funding period. Therefore, in addition to a
call to action for researchers to consider longitudinal projects,
it is also upon our research community to reconsider publication strategies and venues. A starting point could be to
take inspiration from the recently emerging discussion about
preregistration [31]—for instance, an early submission can
present the CST itself and the preregistered strategy for evaluation, while a subsequent submission can report on the results
of the study. Preregistration is still rare in HCI and interaction
design research, but could offer a complimentary step towards
increasing the validity of evaluations.
Many CST Evaluations Focus on Usability, not Creativity

There is a clear trend among the most recent papers in the survey to include usability testing as a means for evaluating CSTs.
For example, this goes for 60 % of the papers from 2018. In
comparison, only three of the total number of surveyed papers
made use of the Creativity Support Index (CSI) [100], the
most well-established standardized means of evaluating the
creativity-supporting aspects of digital tools. This indicates
the potential, or even need, for more standardized forms of
CST evaluation, such as those developed in usability engineering. Moreover, it raises the question of the relationship
between evaluating usability and creativity. The development
of usability principles and evaluation methods has been highly
influential in HCI and has furthered the development of tools
to automate and support routine work. However, we do not
know whether usability principles and evaluation criteria can
help us assess how well a tool supports creative work. For instance, traditional usability methods emphasize aspects such as
efficiency, precision, error prevention, and adherence to standards [117, 54], but do not address core dynamics of creative
work, such as exploration, experimentation, and deliberate
transgression of standards [33, 109]. We support the growing endeavors to ensure that CSTs are usable, but we raise
this point to emphasize that the usability of a system does
not necessarily correlate with its creativity—supporting or—
augmenting properties. Based on the seemingly contradictory
principles, e.g., adherence to standards vs. transgression of
standards, it is possible that they may even run counter to them
in some cases; however, we are not in a position to determine
if and how this is the case based on the survey at hand.
CST Research Lacks a Toolbox for Evaluation

We started this paper by a historical overview of early usability
and HCI methods in the 80s and how they were referred to as
"discount usability" [116]. While discount denotes something
of a lesser quality, it also highlights widespread access and
low "cost". Considering the current state of evaluations of
CSTs, the field could perhaps use a discount CST evaluation
to really advance the development of new tools for digital
support. A bid for this might be the already available and
thoroughly tested CSI [27], as some of the creativity metrics
surveyed in this paper [139, 82, 45, 123] could be at least
partly covered using the CSI. As indicated by this review, the
CSI is rarely used at the at the expense of other evaluations.
One reason might be that similar to the quest for evaluation
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methods in HCI in general, the use of conceptual models and
psychometric surveys have fallen out of vogue, in favor of
mixed-methods evaluations and qualitative methods as highlighted in our study.
Maybe a suitable question is whether evaluations of CSTs
necessarily require some sort of creativity metric? In the case
of Davis et al. [40], the system clearly supports the user
in adhering to the domain-specific requirements of machinima. Consequently, the tool supports creativity by enhancing
creativity-relevant skills, which is on out of three essential
foundations for creativity in Amabile’s Componential Theory
of Creativity [4]. Furthermore, if we consider the work by
Ngoon et al. on improving critique [115], the improvements
to creativity might eventually be realized in the long-term, as
the authors hint at themselves. In this case, evaluating the critique delivered might serve as a proxy for potential long-term
improvements. On the other hand, if we consider evaluations
of CSTs for more generic domains such as brainstorming, it
might be easier to spot or identify possible avenues for the
evaluations of those CSTs, as they naturally come closer to the
canonical ways of evaluating creativity, e.g., by using fluency
and elaboration as metrics. The development of a "one-sizefits-all" evaluation of CSTs might not be appropriate; something that was already pointed out in 2005 in the NSF report’s
[73] chapter on evaluating CSTs. Even so, we believe the best
way to solve the challenge of evaluating CSTs is following
in the footsteps of usability evaluation. That is, develop a
toolbox (i.e., multiple options) of evaluation techniques and
tools that are accessible and feasible (i.e., "discount"), and
establish community consensus on their usefulness through a
proven track record of CST evaluations.
CONCLUSION

We have reported on the results of a survey of 113 papers from
HCI research that design and evaluate CSTs. We have presented the results of our extensive coding analysis and, based
on these findings, discussed our insights for future evaluation
of CSTs. We have centered our discussion around six major
points that researchers developing CSTs should consider in
their evaluation: 1) Clearly define the goal of the CST; 2) link
to theory to further the understanding of the CST’s use and
how to evaluate it; 3) recruit domain experts, if applicable and
feasible; 4) consider longitudinal, in-situ studies; 5) distinguish and decide whether to evaluate usability or creativity;
and 6) as a community, help develop a toolbox for CST evaluation. Our survey aims to provide researchers looking for an
appropriate evaluation method for their own CST with inspiration and guidance from past examples of research. First and
foremost, however, we see this work as a starting point for the
community to arrive at an established toolbox for evaluation
methods; be that by creating and establishing new techniques,
or by reaffirming and consolidating existing ones.
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performance. International Journal of
Human-Computer Interaction 8, 2 (Apr 1996),

Creativity and Design Support Tools

DIS ’20, July 6–10, 2020, Eindhoven, Netherlands
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