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ABSTRACT

Creativity Support Tools (CSTs) play a fundamental role in
the study of creativity in Human-Computer Interaction (HCI).
Even so, there is no consensus definition of the term ‘CST’ in
HCI, and in most studies, CSTs have been construed as one-
off exploratory prototypes, typically built by the researchers
themselves. This makes it difficult to clearly demarcate CST
research, but also to compare findings across studies, which
impedes advancement in digital creativity as a growing field
of research. Based on a literature review of 143 papers from
the ACM Digital Library (1999-2018), we contribute a first
overview of the key characteristics of CSTs developed by the
HCI community. Moreover, we propose a tentative definition
of a CST to help strengthen knowledge sharing across CST
studies. We end by discussing our study’s implications for
future HCI research on CSTs and digital creativity.
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1 INTRODUCTION

Digital tools play an increasingly important role in almost
all aspects of everyday life, not least in creative activities.
From young children expressing themselves creatively by
using an iPad app to make fanciful drawings, to professional
record producers, photographers, architects, and designers;
all rely on digital technologies to accomplish their creative
tasks. This dependence on digital resources for creativity is
reflected on Human-Computer Interaction (HCI), which has
mainly explored themes pertaining to creativity by focusing
on the potential of introducing various digital aids [152],
more specifically Creativity Support Tools (CSTs) [154, 155].
As a subfield of HCI research, studies of CSTs were kick-
started twenty-five years ago, when Fischer [50] and Shnei-
derman [154] pointed out that computers had the potential
to become tools for enhancing human creativity. HCI now
features a sprawling range of research contributions centered
around CSTs. Examples include Kim’s [100] video tool for
supporting novice videographers’ creativity through expert
heuristics, Wang et al’s [173] automatically generated cre-
ativity stimuli for group brainstorming, and, recently, Ngoon
et al’s [126] work on improving creative feedback through
an iterative system and Sullivan et al’s [164] tarot-based nar-
rative generation system for making short movie-like story
synopses, to name but a few.

As these examples illustrate, the diversity of CSTs in HCI
is wide. Although CSTs in this way have become integral to
the CHI community’s obvious interest in creativity, being
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centerpiece comes at a price. Creativity-oriented HCI re-
search tends to favor the design and development of all-new
CSTs [52]. This approach may entail the risk of ‘reinventing
the wheel, since closely related, or similar, CSTs might al-
ready have been developed either in an HCI research lab or
as one among the increasing number of off-the-shelf prod-
ucts that are not always given so much research attention
despite many creative professionals’ daily reliance on such
existing brand-name CSTs. As shown in a recent survey
[52], creativity-oriented research in HCI prioritizes develop-
ment of new digital-interactive aids like CSTs that are clearly
novel, but whose relevance and perceived affordances may
not always be easy and simple to transfer to actual, con-
temporary forms of professional creative practice [51]. In
practice, the majority of creative professionals—be it archi-
tects, digital designers, musicians, or visual artists—in many
cases opt for tried-and-true CSTs as opposed to refashioning
their workflows by testing new aids in an attempt to opti-
mize or improve their day-to-day creative processes. This
suggests the existence of a chasm between, on one side, the
many (and diverse) CSTs that the CHI community develops
in research labs and, on the other, what professional creative
practitioners actually use.

This seeming discrepancy makes it thus more important to
explore more comprehensively the array of CSTs emerging
from various HCI research labs in order to bridge the gap be-
tween research labs prototypes and real-world professional
needs. Additionally, the term ‘CST’ itself remains ill-defined,
and few HCI studies of CSTs state explicitly how creativ-
ity is conceptualized in a particular context [52]. In sum,
this makes it difficult to clearly demarcate this subfield of
HClI research, let alone compare findings across CST-oriented
studies. With more and more creative practices relying partly
or even fully on CSTs, this current state of research in HCI
is inexpedient in that it impedes scientific advancement and
makes it significantly harder to get an overview of how this
field of research looks, where it is, and where it is going. In
other words, it is necessary to map the landscape of CSTs in
HCI. We acknowledge the outcomes of the development of
novel prototype CSTs that is integral to HCI as a research
discipline. However, we wish to point toward an untapped
potential in the CHI community’s understanding of CSTs.
In order to help accelerate further studies on CSTs as spe-
cialized contributions to the overarching category of digital
creativity research, we argue that it is helpful—and indeed
necessary—to take stock of the current body of CST research
in HCI in order discern trends and future directions, and to
build on insights from other fields, most prominently psy-
chological creativity research, that can inform this research.

This paper’s contribution to the CHI community is thus an
overview of the key characteristics of CST-oriented research
in HCI during roughly the past two decades. Based on a

literature review of 143 publications from the ACM Digital
Library (1999-2018), we highlight some of the main research
interests and focal points in these studies. Informed by these
findings, we propose a tentative definition of a CST to help
scaffold future CST-oriented studies in HCI with the aim of
improving knowledge sharing across studies. We end the
paper by discussing implications of this literature review for
the CHI community, and we suggest auspicious avenues for
future research endeavors in this field.

2 BACKGROUND AND RELATED WORK IN
CREATIVITY RESEARCH

Nearly twenty years ago, Shneiderman [153] proposed a
framework to support the development of digital-interactive
tools for creative problem solving, which is an established
field in creativity research (e.g., [84, 85, 122]). In addressing
the potential of advancing an individual’s creative abilities
through new tools, Shneiderman [153] considered commonly
used, general-purpose tools like text editors and spread-
sheets as well as more particular cases of architecture, graph-
ics design, and engineering. The enhancement of creativity
through technological support, as well as the development
of a new discipline of creativity research and IT [19], should
be attained by combining (at least) five research trajectories—
refined theories, discussions of research methods, new soft-
ware architecture, database management strategies and net-
working strategies, and improved user interfaces. These
propositions were soon embraced by the CHI community.
Reflecting upon the 1993 inaugural Creativity & Cognition
symposium, Candy and Hori [19] underlined the necessity to
devote more attention to the examination and development
of CSTs in order to benefit: “all people in any domain® [19, p.
54]. To accomplish this, however, the CHI community would:
“need to understand much more about the creative processes
that we are trying to support” [ibid.].

In the following years, research interest in CSTs grew;
a development accelerated by a 2006 U.S. National Science
Foundation workshop, which focused on CSTs and an immi-
nent need to not only make creative processes more efficient,
but, more importantly, users more innovative [157]. Here,
Shneiderman advocated more audacity in the research on
and development of CSTs, arguing that while the risks are
high, “so are the payoffs for innovative developers, ambi-
tious product managers, and bold researchers” [155, p. 22].
He even declared the development of new CSTs: “a grand
challenge for HCI researchers” [156, p. 1].

As a synthesis of several pioneering, collaborative ini-
tiatives in the CHI community from the early 1990s—with
critical contributions from related disciplines such as fine art,
Artificial Intelligence, cognitive modeling, and design, etc.
[19]—Shneiderman’s programmatic proposal may be seen as



reminiscent of another agenda-setting event. In 1950, Guil-
ford [68] gave a presidential address to the APA (American
Psychological Association) in which he accentuated the need
for his peers to engage more profoundly and methodically in
the study of creativity. Although seminal work had been pub-
lished before, e.g., Wallas’s [172] creativity process model
with four phases—preparation, incubation, illumination, and
verification—Guilford’s address is now generally considered
the beginning of modern-day creativity research [147, p. 16].
In the heyday of American behaviorism and its reluctance
to study anything that could not actually be seen, Guilford
boldly argued that creativity could be studied objectively
by examining (internal) cognitive processes [144, p. 8] and
that the: “neglect of this subject [creativity] by psychologists
is appalling. The evidences of neglect are so obvious that I
need not give proof” [68, p. 445]. What could have been an
awkward moment became the catalyst for a novel research
agenda that, while carried by psychology, soon branched out
to several kindred disciplines.

Retrospectively, the ensuing upsurge of research has come
to be considered the first wave of creativity research [147].
Methodologically, psychometrics, often devised as tests of
divergent thinking, gained much attention. This was to some
extent propelled by Guilford’s studies of aspects of the hu-
man intellect (e.g., [69]), which he eventually synthesized in
his Structure of the Intellect (SI) model [70]. Shared research
interests were studies of the individual’s cognitive abilities
and the personality of the creative genius. Although later
criticized for ignoring that “the validity of the SI model is
in the eye of the beholder” [23], Guilford’s studies proved
influential and instrumental in the lead-up to a new era of
creativity research [144]. In the early 1980s, a new genera-
tion of creativity researchers began to challenge the previous
body of research, arguing for a lack of appreciation of the
socio-cultural aspect of creativity, i.e., that creativity be seen
as situated and thus context-dependent. Here, Amabile’s
[5] work on socio-psychological aspects of creativity was
prominent. This led to the so-called second wave of creativity
research [147], which dominated the late 1980s and early
1990s and foregrounded themes of groups and collaboration
and the underlying cognitive processes as creativity unfolds
in socio-cultural settings. Among the influential contribu-
tions was Finke, Ward, and Smith’s [48] research on creative
cognition, which helped pave the way for more openness
toward new, interdisciplinary approaches to creativity in
admittance of the fact that, as Gardner [56] put it, “creativity
is precisely the kind of problem which eludes explanation
within one discipline” [56, p. 22].

Compared to nearly seven decades of pathbreaking con-
tributions from psychological creativity research, it is evi-
dent that HCI-oriented creativity research does not have an
equally strong research tradition. Even so, there is now a

conference dedicated to this special research interest (the
Creativity & Cognition symposia were established as an
ACM SIGCHI conference in 1999), the number of creativity-
directed publications by the CHI community has increased
dramatically since the late 1990s [52], and even HCI-specific
methods for measuring the impact of new CSTs have been
offered [27]. This evolution of HCI research has sparked
the idea of a potential third wave of creativity research [52],
which may still be at an early stage compared to the bigger
and more distinct first and second waves, respectively. It has
been argued that this potential third wave is characterized by
a focus on collaborative work and digitization, particularly
the increasing dependency on CSTs in creative processes,
and predominantly empirical research methodologies [ibid.].

We position the work presented here within this argued
third wave of creativity research. In acknowledgment of the
need to further strengthen collaboration between (psycho-
logical) creativity research and HCI research [51], we deem
it important to unfurl our understanding of creativity. Our
work is based on a broad definition of creativity according to
which: “creativity is the interaction among aptitude, process,
and environment by which an individual or group produces
a perceptible product that is both novel and useful as defined
within a social context” [135, p. 90]. Similarly, we wish to
clarify our choice of terminology on an analytical level. Since
Wallas’ [172] four-stage model close to a century ago (1926)
and, equally influential, Rhodes’ [140] 4P framework of per-
son, product, process, and press (from the milieu), the latter
theme in particular has become increasingly important in
the study of creativity. Among numerous creative process
models (for an overview, see [147, p. 89]), Amabile’s [4-6]
‘componential theory of creativity’ has had a strong impact
on the creativity research community. This model includes
four steps in the creative process—problem or task identifica-
tion, preparation, response generation, and response valida-
tion and communication. Additionally, the creative process is
nurtured by domain-relevant skills, creativity-relevant pro-
cesses, and intrinsic task motivation. Runco and Chand [145]
offered an even simpler model of the creative process with
only three stages—problem finding, ideation, and evaluation—
with knowledge and motivation being mutual influences.
Here, we draw upon these established conceptualizations of
creativity and the creative process when we examine the key
characteristics of CSTs in what we believe may be an emer-
gent third wave of creativity research, where specialized and
established creativity research interests from the APA and
CHI community, respectively, come together in attempt to
further advance understanding of digital creativity.

3 METHODOLOGY

In this section, we provide a detailed description of the sam-
pling method we used to gather literature about creativity



support tools, as well as how we developed the categories
for analyzing the surveyed literature. Our approach was in-
spired by previous survey papers such as Liu et al. [105] and
Frich et al. [52], who have respectively provided overviews
of 1) the field of HCI in general, and 2) creativity research
within HCL

Sampling

As the purpose of this paper is to map the landscape of CSTs
in HCI research as it currently looks as well as point toward
an updated definition of CSTs, we focused on sampling CSTs
created by researchers rather than commercially available
tools. We chose this focus on the following grounds:

Firstly, a recent survey has demonstrated that the major-
ity of creativity-related research in HCI over the past two
decades have focused on CSTs developed by researchers [52].

Secondly, such contributions generally offer thorough de-
scriptions of the tools, their intended use, and their intended
user groups.

Thirdly, the presentation of a new CST developed by HCI
researchers is usually accompanied by an evaluation, pro-
viding some us with an assessment of its potential use in
context.

The recent literature review of creativity research in HCI
by Frich et al. [52] starts with a comprehensive and inclu-
sive framing, as their initial sampling includes all publica-
tions that have either any occurrence of the word ‘creativity
support tool’ or the author keyword ‘creativity. The latter
ensures to capture papers, which did create CSTs, but with-
out using the specific term, making this inclusion useful for
our approach. In our survey in this paper, we reduced the
sample from 998 to 221 papers by using average number of
citations per year (0.669) as a cut-off point, thereby focusing
on the most influential and widely acknowledged publica-
tions. Since we are mostly interested in HCI’s opportunities
to explore and create novel ways to support creativity, we
have selected the subset labeled “New Tool” [52, p. 1244].

Author keyword: Creativity
OR any field: “Creativity Support Tool”
AND year: > 2015
286 Publications

v
Above average download count
93 Publications
v

Presents a tool
47 Publications

Frichetal. *
Categorized as “New Tool”

96 Publications
*until 2015

v
93 Publications Included

Figure 1: Selection criteria and number of papers included.

Category Codes

- Analogue

- Phone/Smartphone/PDA
- Tabletop display

- Large wall display
Device - Tablet

- Laptop/Computer

- Tangibles

- Method/no device

- Miscellaneous

- Low: One or two features
Complexity | - Medium: Multiple feat., semi-complex system
- High: Entire system or suite of tools

- Not available

- Readily available online but needs hardware
Availability | - Online but requires user overhead to set up

- Readily available/usable online with no setup

Current

- Vision Description/Design Fiction/Scenario

- Lo-fi prototype or Mockup (Paper/WoOz)

- Hi-fidelity working prototype

- Public Release

- Longstanding Public Release/widely adopted

Maturity

- Pre-ideation/background research
- Idea generation or ideation

- Evaluation or critique

- Implementation

- Iteration

- Meta or project management

Part of
Creativity
Process

- Novice

- Casual user

- Expert

- Unspecified

- Intended audience

- Application domain/activity

User Group

- No evaluation

- Hypothesis-driven

- Exploratory

- Number of participants

- Student evaluators

- Qualitative

- Quantitative

- Mixed methods

- Method

- Criterion (what was evaluated for)

Evaluation

- Individual use

- Collaborative use (with people)

- Collaborate with software/algorithm

Table 1: Categories and codes for the analysis. Codes in ital-
ics are open-ended codes for text input.

Collab-
oration

One of those was excluded [188] because although it pre-
sented a new tool, the majority of the paper focused on the
method rather than the presentation and explanation of the
tool. This yielded a total of 96 publications.



Year | Publications

2018 29, 30, 62, 73, 90, 111, 126, 162, 165, 171, 175, 184]

2017 3,7, 36, 43, 64, 82, 94, 98, 102, 118, 130, 134, 150, 158, 176, 183, 192]
2016 9, 5 35,39, 57, 63, 66, 79, 81, 87, 101, 114, 117, 127, 129, 159, 167, 187]
2015 38, 54, 89, 100, 123, 137, 160, 166, 168, 186]

2014 14, 37, 55, 71, 83, 88, 97, 99, 107, 121, 124, 133, 180, 181, 191]

2013 2,11, 15, 16, 40, 67, 86, 110, 125, 169, 182, 185, 190]

2012 24, 53,59, 72, 109, 128, 149]

2011 , 41, 61, 76, 93, 108, 161, 174, 189]

2010 0, 12, 13, 20, 26, 60, 65, 80, 112, 116, 119, 141, 143, 173, 178, 179, 193]

[
[
[
[
[
[
[
i
2009 | [33,42, 106, 115, 142, 170]
[31
[18
[32
[4
[1
[
[
[
[

2008 , 96,103, 113, 151]
2007 , 47,74, 78, 95, 120]
2006 . 75]

2005 | [46]

2004 | [17]

2003 no publications]

2002 1, 136]

2001 | [no publications]

2000 | [no publications]

1999 | [49, 163]
Table 2: List of surveyed papers, sorted by year.

In the survey from Frich et al., papers after 2015 are ex-
cluded. Due to the increase in creativity research in recent
years, and in order to capture recent trends and develop-
ments in a rapidly evolving field of HCI, we sought to fill
the gap from 2015 to 2018. As the average citation is not a
suitable metric for very recent papers due to a certain ‘incu-
bation time, to accrue citations, we opted for the only other
publicly available as well as least subjective metric—number
of downloads from the ACM Digital Library. This allowed
us to include papers published in the past three years.

For the sake of continuity and transparency, we applied a
similar query and sampling as Frich et al. [52], but considered
the average download count for each year individually in
order to compute the cut-off for our sample. In total, we
included 47 additional papers. The detailed numbers and
selection criteria can be found in Figure 1. In summary, we
examined an additional 286 publications, 93 of which were
above the average download count and surveyed in more
detail. Of those 93, 47 presented a tool rather than focusing
on a method only. This left us with a total sample size of 143
publications from 1999 to 2018. An overview of the sampled
papers for each year can be seen in Table 2 (note that due to
sparse numbers of papers on CSTs in the early years of our
sample, there are no papers from the years 2000, 2001, and
2003).

Analysis

For the analysis of our sampled papers, we developed a cod-
ing scheme to discover and study specific characteristics
of the CSTs presented. Three researchers were in charge
of reading and analyzing the corpus of all of the sampled
papers, and the scheme was derived and refined through
multiple iterations.

As a preliminary step, we started with a card-sorting ac-
tivity with each card comprising a representative image and
a summary of the paper’s content. A set of rough codes
emerged from this activity, which we tested by coding a ran-
dom sample of five papers chosen from the chronological
middle of the corpus by all three researchers independently.
The resulting analysis was cross-checked and discussed to
refine and expand the coding scheme, but also to ensure that
all codes were interpreted similarly by all three researchers.
This step was repeated, this time with a sample of five papers
spread over a wider array of years in the corpus. Disagree-
ments, although comparatively minor, were addressed by
adding a dynamic, but concise description to the specific
codes in the scheme.

The entire list of resulting codes is presented in Table
2. All 143 publications were randomly distributed between
the three researchers, who read and analyzed each individ-
ual publication. Six codes were open-ended fields for text
input (highlighted in italics in Table 1): ‘Miscellaneous’ in
the device category was used to indicate special-purpose
hardware being used in the CST, e.g., wearables, a pen, or a
prototyping toolkit. ‘Intended target audience’ and ‘domain/
activity’ in the user group category were introduced to arrive
at a uniform description of the application area. While tar-
get audiences sometimes were quite vague (e.g., children or
designers), the domain field allowed us to be more specific.

In the evaluation category, three open-ended fields were
‘number of participants, ‘method, and ‘criterion.” Contrary
to our expectations, the number of participants was not a
purely numeric field, since the reporting was not consistent
among all papers. Some CSTs were evaluated in multiple
steps in the true spirit of the iterative design cycle, in which
case conflating or averaging the individual numbers would
have been questionable. Another observation was that some
evaluations only reported on number of teams. The vari-
ety in sample size (from small-scale, preliminary usability
tests with n=1 to large-scale MTurk tasks with n=173,053)
also makes reporting on an average or mean less insightful.
Similarly, the variety in methodology made it infeasible to
arrive at uniform descriptions for the method and criteria
used in evaluation. An in-depth analysis of the evaluation
of CSTs merits a paper on its own, which is why we only
touch briefly upon the evaluation category in the results
section. We reflect on the issue of evaluating CSTs in the
discussion of this paper and posit it with regard to other
ongoing discussions of the intricate problem of evaluation,
both in HCI research and more established (psychological)
creativity research.

4 RESULTS AND SYNTHESIS

We report our findings from the review in three tiers—focusing
on the tools themselves, the research on the tools, and the



trends and tendencies of this research. The results are visu-
ally represented in the following stacked bar charts (Figures
2-8). We discuss the results first as total numbers across all
years sampled, then move on to discuss particular trends in
the data over time.

Devices Supported

The various types of devices represented in our sample is
shown in Figure 2. The vast majority of the publications
reviewed describe CSTs intended for use on digital devices.
(92%, 131 publications), with most intended for use on a
laptop or personal computer (52%, 75 publications). These
include both web-based and standalone applications, e.g.,
IdeaHound [159], aimed at supporting creativity through se-
mantic modelling of the spatial structure of a solution space.
CSTs intended for miscellaneous or specialized devices that
do not fit into our main device categories account for ~25%
of our sample (36 publications). These include specialized
music hardware devices (e.g., [55, 83]) and customized in-
teractive environments built for dance (e.g., [151]). CSTs for
tangible computing devices represent ~17% of our sample
(25 publications). Tangible tools come in many forms, with
one example being Naruhodo Button by Yoshida et al. [187],
who provide a study of a positive feedback button for brain-
storming sessions using audio. Tablet-based CSTs comprise
~14% (20 publications). An example of this is Co-3Deator
[134], a highly collaborative 3D design ideation tool intended
for tablet and stylus/pen. Wall-sized display CSTs make up
~13% of our sample (18 publications) and smartphones 6%
(8 publications).

Few of the papers reviewed present a purely analog CST;
that is, a CSTS that does not require the use of digital or
electronic hardware to function (6%, 9 publications). Often,

Type of Device
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Figure 2: Devices intended to support CST use.

these analog tools came in the form of card decks, e.g., work
by Hornecker et al. [80], Envisioning Cards [53], or Exertion
Cards [121].

Complexity

We analyzed the complexity of the CSTs in our sample, the
results of which are shown in Figure 3. We found that 48%
(68 publications) are low complexity, i.e., contain one or two
features or accomplish one or two types of specific tasks.
Aquamarine [123] is an example of a CST with low com-
plexity, as it provides one single feature—the ability to selec-
tively undo single actions in creative applications, e.g., brush
strokes, rather than sequentially stepping backwards as in
the current linear undo model.

CSTs with medium complexity, i.e., have multiple features
and a semi-complex system, account for 43% (61 publications).
A recent example of a medium complexity CST is IdeaMaché
[94], which aids information-based ideation through the cu-
ration of various types of media, including sketching, writing,
and perspective-shifting features.

Only 4% of our sample contained highly complex CSTs
that provide an entire system or a whole suite of tools (6
publications). High-complexity tools like the Tele-immersive
Dance Environment [151] that provides real-time, distributed
collaboration via 3-D virtual rooms from multiple viewpoints,
are more rare.

Maturity of Tools

Most of the CSTs in our sample are high fidelity prototypes
(65%, 93 publications), meaning that the tool exists as func-
tioning implementation, but not yet available as a stable
release. An example of this is Motif [100], a CST for mobile

Tool Maturity
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Figure 3: Level of Complexity of CSTs sampled.
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Figure 4: Level of Maturity of CSTs sampled.

Part of Creative Process Supported
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Figure 5: Parts of creative process supported by sampled
CSTs.

devices that helps tourists create and edit videos of their holi-
days. Many CSTs are developed to the point of being publicly
released (23%, 33 publications). Low fidelity prototypes, e.g.,
paper or wizard-of-oz mock-ups, represent a smaller section
of our sample (8%, 12 publications). Fewer CSTs are presented
as design fiction or a description of a possible tool and its use
and impact, accounting for 4% (6 publications). Only 2 CSTs
in our sample exist as long-standing, stable public releases
(1%): Sensecam [106] and StoryKit [16].

Part of Creative Process Supported

Idea generation or ideation is the most commonly supported
creative process in our sample, comprising 45% of the publica-
tions, as shown in Figure 5. A tool that exemplifies ideation

support is IdeaExpander, which, in a collaborative brain-
storming setting, introduces sources of cultural and concep-
tual diversity in order to trigger additional ideas [173, 174].
The second most common process supported is implementa-
tion or realization of the creative outcome (41%, 58 publica-
tions). Examples include Drawing Apprentice [38], which fa-
cilitates collaborative digital sketching with the intention of
improving artistic skills. Evaluating or critiquing either ideas
or concepts is the third most commonly supported process at
18% of our sample (26 publications), e.g., the Choreographer’s
Notebook [161]. Tools that support problem identification
accounted for a smaller portion of the publications (10%, 15
publications), e.g., MOB [72], followed by those that support
iteration (6%, 8 publications) e.g., MetaMorphe [168], or the
management of the project or process (4%, 8 publications),
e.g., Pipeline [110].

Target Audience

Level of Expertise of Target Audience. When the audience
or user group of the CST is specified, many of the tools
presented are geared towards experts (33%, 47 publications),
followed by novices (17%, 24 publications). These specific
domains are most often children or designers (both vague
categories).

Target Audience of CSTs. A thorough count of each target
audience in the publications is difficult to accomplish, as the
terminology varies from paper to paper. Therefore, we iden-
tify the most common occurring disciplines in our sample.
Most CSTs in our sample are intended for designers, which
includes designers, graphic designers, game designers, mak-
ers/designers, and user interface designers (28 publications).

Target Audience Expertise Level
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Figure 6: Level of expertise of target audience.
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Figure 7: Availability of CSTs sampled.

This is followed by CSTs for children or teenagers (18 publi-
cations), musicians or composers (10 publications), artists,
including painters, filmmakers, and illustrators (7 publica-
tions), researchers (6 publications), writers or journalists (4
publications), and choreographers (3 publications). Although
several other groups were identified in our sample, they are
not mentioned here, as each is only represented by one pub-
lication. These details are available in our supplementary
material.

Current Availability of Tools

Most of the CSTs reviewed here are currently unavailable or
inaccessible to the public (76%, 109 publications), meaning
that the URL for the tool provided in the paper returned a
404 error and/or a simple Google search returned no results.
A small percentage of our sample is currently available to the
public (13%, 19 publications). Fewer of the sampled CSTs (4%,
6 publications) are available, but require setting up special
hardware, and 3% (4 publications) can be accessed with some
overhead, for example, by forking on GitHub, e.g., Bridge,
combInformation, and Pipeline [47, 96, 110].

5 DEVELOPMENTS IN THE FIELD OF CSTS

In light of our results, we point towards possible trends and
developments in CST research over the past twenty years.
Although it is difficult to see concrete trends in much of
our data, three trends do stand out. We first discuss the
developments in areas with unclear trends.

Maturity. In the earlier years of our sampled publications,
high-fidelity prototype CSTs account for a large portion of
published work between 1999 and 2008 (between 80-100%),
although there is an unstable trend in their numbers over

time (41.7% in 2018). Low-fidelity prototype CSTs began ap-
pearing in 2009 and remain consistent at around 17% of pub-
lications per year, with the exception or 2012 and 2015. There
is a limited presence of tools presented as design fiction over
time (5-10%), which began appearing in 2011. Very few CSTs
are long-standing public releases, with no distinguishable
trend (17% in 2009 and 7% in 2013).

Part of process supported. From 1999 until 2005, only pre-
ideation, idea generation and evaluation/critique tools are
present in our sample, with only idea generation tools present
in 2004 and 2005.

The number of pre-ideation tools shows no clear trend
over time. Idea generation has stable representation as it oc-
curs in every year of our sample, and from 2006 onwards
accounts for between 20-40% of publications each year. Eval-
uation and critique CSTs have an unstable trend and are
well-represented in some years, but completely absent in
2002, 2004, 2005, 2007, 2008 and 2016. No implementation
tools published before 2007 occurred in our sample. They oth-
erwise have consistent representation at around 40%, with
the exception of 2007, 2012 and 2013. Tools for iteration only
appear after 2011, and following this, have consistent, but
small representation (between 7-15%), with the exception of
2016 and 2018 when they are completely absent. Meta-level
tools, such as those meant for creative project management,
occur only sporadically in our sample, and in the years that
they are represented, they account for 20% or less.

Devices. Tools intended for use on personal computers or
laptops remain consistent, which is likely due to many of
them existing as web or browser-based applications. Trends
in other types of devices are difficult to pinpoint in our sam-
ple, however, we can speculate that the low representation
of CSTs intended for use on smartphones and tablets is due
to constant updates and new releases of hardware.

Complexity. Our results show a trend of decrease in high-
complexity CSTs over time, being present in the literature in
1999 (100%), 2002 (50%), 2008 (20%), 2009 (17%) and 2014 (7%).
However, low-complexity CSTs have shown an increase in
representation since 2007. Medium-complexity tools main-
tain consistent representation in our sampling over time.

Availability. Many of the CSTs published are no longer
available, meaning that the URL specified in the paper is cur-
rently, at the time of writing, returning a 404-error message.
We found that the likelihood of this occurring increased pro-
portionally to the age of the tool. Conversely, newer tools
are more likely to be readily available online. We postulate
that these findings can be explained by the known fact that
for research labs, maintaining an online project repository
can be difficult, especially if a CST was developed by a PhD
student who has since graduated. Additionally, software dep-
recates over time, and it is possible that older CSTs are no
longer compatible with current technology.



Expertise. Although clear trends are difficult to distinguish
in our sample of expertise level of the intended audience of
the CSTs, we see a marked increase in the number of CSTs
intended for novice users since 2011.

6 DISCUSSION

In addition to examining the trends and developments for
each of the categories over time, a number of salient points
stood out in the process of coding and analysing the corpus.
These concern the ways in which CSTs were evaluated, the
ways in which insights from creativity research to enrich
the study and understanding of CSTs to a large extent are
lacking from the surveyed contributions, the potentials and
limitations of the focus on simple CSTs for novice users, and
the lack of a consensus definition of CSTs.

The Evaluation of CSTs

One of the categories that sparked most discussion during
and after the coding and analysis of our corpus was the eval-
uation of CSTs. Despite receiving more revisions, iterations,
and discussions than any other part of the coding scheme,
we felt that within the scope of this paper a thorough treat-
ment of the evaluation of CSTs is not feasible. While HCI
researchers have made inroads towards a standardized evalu-
ation method for CSTs, most notably the Creativity Support
Index [21, 22], we observed a wide range of efforts to vali-
date the tools developed by researchers, reflecting the whole
breadth of HCI evaluation techniques. Similarly, the criteria
ranged from traditional creativity traits such as flexibility
and fluency to classic usability principles.

We argue that those observations, in particular the tension
between evaluating for the application domain (creativity)
as well as the domain the research is being published in
(HCI), is a side effect of the interdisciplinary nature of our
field. This is not a novel observation, but rather a frequently
discussed topic in the CHI community, as Special Interest
Groups have attempted to engage with the intricate problem
of evaluating research that goes beyond usability [92, 139].
One potential avenue for future research is to seek inspi-
ration in those efforts from other areas in the field of HCL
Three of the most recent examples are a survey of evalu-
ation strategies for prototyping toolkits [104], a recipe for
evaluating sustainability in HCI [138], and a triangulation
of different evaluation methods [132]. Considering this on-
going discussion in the CHI community and following our
analysis of the evaluation codes, we find a more meticulous
approach is needed, and we issue a call to action for the
CHI community to contribute to this topic. As a preliminary
takeaway from our initial analysis we emphasize that the
diversity of CSTs calls for a toolbox of various methods to
evaluate CSTs rather than a one-size-fits-all approach.

Reflection on CSTs in the Light of Creativity
Research

Since Guilford’s pathbreaking psychometrics studies several
decades ago, divergent thinking has enjoyed special atten-
tion in modern-day creativity research to an extent that there
has been a tendency to equate creativity to divergent think-
ing [144, 148]. As opposed to convergent thinking, which
involves narrowing down possibilities and selecting the (pre-
sumed best) answer to a creative problem, divergent thinking
is essentially about coming up with new ideas and unex-
pected solutions in a creative process. Rather than seeing
divergent and convergent thinking as two compartmental-
ized types of thinking, it may be more expedient to see them
as two ends of a cognitive continuum [45]. On this basis, it
is interesting to see (Figure 5) how the diversity of CSTs has
increased in the selected time span. In 2002, 2004, and 2005,
all sampled publications focus specifically on the ideation
part of the creative process, while, from 2006 onward, the
publications gradually encompass more and more phases,
whose relative distributions in the sample vary across the
years. In this way, the development of CSTs contributed by
the CHI community shows, in very condensed form, the
same development that more established creativity research
has undergone over several decades; that is, from a heavily
pronounced focus on divergent thinking to a more holistic
understanding of the creative process per se and the aware-
ness that it is relevant to underpin (much) more than ideation
through research and technological advancements.

Insofar as creativity is often construed as ‘novel and use-
ful’ or ‘original and appropriate’ [146], the implementation
part of the creative process is not always prioritized highly
in creativity research. The most important criterion is to
establish the social context in which the creative process and
the creative product are situated [135]. Looking at Figure
5, it is evident that the implementation phase is generally
well-represented in the sampled publications. We speculate
that this may be explained by the strong ties between HCI
and the practice of design in which implementation is vital
(see e.g., [8]); a point that seems further plausible given that
most of the CSTs in the sample are intended for designers.

Furthermore, it is notable that, as depicted by Figure 6,
many of the sampled publications (~38%) do not in their
research methodology take into account the level of creative
experience or expertise of the target audience of the CST
being presented. This runs counter to creativity research in
which much critical attention is given to the specific level of
expertise among the relevant users or participants featured
in a given study. One example is the so-called ‘10,000 hours
rule’ study by Ericsson et al. [44] (which has since been crit-
icized, see e.g. [77]) and Weisberg’s work on experts and
geniuses [177]. The lack of attention to creative experience



and/or expertise in the sampled publications further differs
from much design research, e.g., Cross’ [34] studies of expert
designers, and, more recently, studies of analogical reasoning
among novice and expert designers [131]. This underlines
that while design research—and to a large extent creativity
research—focuses on practical use of tools for supporting
creativity, the same cannot be said about the sampled pub-
lications and their availability for practitioners. Often, the
CSTs never leave the HCI labs in which they were created.

Potentials and Limitations of HCI Research on
Simple CSTs for Novice Users

Our survey points to both potentials and limitations in the
current state of HCI research on CSTs in relation to the use
of digital tools in creative practice outside of research labs. If
we combine the findings in terms of types of target audience
and the complexity of the CSTs, we find a strong tendency to-
wards developing simple tools for novice or casual users. This
may well be the best fitting approach in each individual case.
It may in some cases also match the wider uptake of simple
CSTs in the wider public, such as basic photo-editing apps.
However, considered in a wider perspective, it indicates that
there are forms of creative practice that HCI research at this
point only sparsely addresses. A particularly salient point
concerns skillful creative practitioners’ use of tools. From e.g.
Kaufman and Beghetto’s [91] influential work in creativity
research on different forms of creative activities, we know
that creative professionals typically develop so-called ‘Pro-c
skills, “the developmental and effortful progression that rep-
resents professional-level expertise in any creative area” (p.
1), which distinguish them from novices and entail a great
investment in time and effort to develop. This is supported
by studies in design research, showing that designers’ de-
velopment of competence lies in a mastery of tools and an
understanding of their potentials and limitations in a variety
of situations that they may encounter in different design
situations [58]. Also, many creative professionals use rather
complex CSTs as core components in their work practice.
Consider for instance software such as Adobe Photoshop for
graphic designers, Final Cut for video producers, or Ableton
Live for musicians; all are highly complex tools that require
a significant investment in time to master, but also offer
possibilities that simpler tools lack. We therefore see an obvi-
ous, untapped potential for HCI research on CSTs to extend
into studies of more complex systems employed by expert
users. We speculate that the large number of publications
that present us with simple CSTs rather than complex ones
may in part be a result of the general state of research in
HCI, in which there is a) a marked interest in technological
novelty, and b) the requirements for in-depth analysis and
evaluation prompt a focus on detailed studies of particular
features or components of a system. Likewise, it is in many

cases much more difficult to recruit expert practitioners than
novices.

Towards a Definition of Creativity Support Tools

While it seems clear that “The goal of designing creativity
support tools is to make more people more creative more
often (...)” [154], it is less obvious what constitutes a CST,
even on the basis of this thorough review of HCI research
contributions that specifically present and discuss them. This
lack of a consensus definition may be beneficial, for instance
by keeping the scope of research open as new technologies
emerge, and as digital technologies are employed in more and
more forms of creative practice. On the other hand, a more
precise account of what constitutes a CST may contribute
to a higher level of conceptual clarity in the discussions of
the role and nature of CSTs, and acts as a stepping stone
towards building a more concise and mature vocabulary
in the subfield. Based on our survey, a tentative synthesis
definition could be as follows:

A Creativity Support Tool runs on one or more digital sys-
tems, encompasses one or more creativity-focused features, and
is employed to positively influence users of varying expertise
in one or more distinct phases of the creative process.

In our view, however, this definition may be so broad that
it bears little meaning. It indicates to us that rather than
develop a one-size-fits-all definition, a more productive way
forward might be to develop more specific, contextualized
definitions that address particular subsets of CSTs. These
subsets could address, for instance, particular types of user
groups, forms of interfaces, complexity, or phases of a cre-
ative process. We will not attempt to further define and
delimit these proposed subsets of CSTs here. Firstly, because
the data, in our view, is not be extensive enough to warrant
it. As mentioned, there is a strong emphasis in the surveyed
publications on simple CSTs for novice users, whereas there
are potential uses of CSTs that are entirely lacking or only
sparsely covered. Secondly, because we propose that this
work also consider insights and definitions of creative pro-
cesses and dynamics from state-of-the-art creativity research,
which is a research trajectory that lies beyond the scope of
this paper. This being said, we find this an avenue for fu-
ture research that could greatly add to the development of
HClI-based research into CSTs, and, moreover, help bridge
the divide between HCI and creativity research.

7 CONCLUSION

The CHI community has seen a growing interest in develop-
ing Creativity Support Tools (CSTs) in the past twenty-five
years, and this research venture has been identified as a so-
called “grand challenge” for Human-Computer Interaction
[156]. As would be expected by such an increase of CSTs
available, the diversity of tools available has also grown. We



now see tools intended for a wide variety of uses, varying in
complexity from a simple tool with one useful function to an
entire suite of tools. For a newcomer to this area of research,
it could be a daunting task to get a sense of its history and
trajectory. Through identifying a corpus of 143 novel CST
contributions from the CHI community and examining them
through the lens of creativity research, we have provided a
preliminary overview of the growing landscape of creativity
support tools in HCL
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