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Reflection is underexplored in Creativity Support Tool (CST) research, partly due to its ambiguous nature. We suggest that researchers
could benefit from a measure of a CST’s capacity to support reflection. To this end, we detail the first stages of development of
the Reflection in Creative Experience Questionnaire (RiCE) — a lightweight questionnaire for differentiating between creative user
experiences which exhibit more or less moments of reflection. We develop RiCE through i) an expert review of questionnaire items
(n=10) and ii) an exploratory factor analysis (n=300) of the reviewed items. We also present a user study testing RiCE (n=58) across
two time points (one week apart) with novel interfaces designed for creative writing and music making. Although we do not confirm
validity, we identify four factors for RiCE which we suggest are interpretable in a conceptually meaningful way. Our formative studies

contribute towards supporting future explorations on reflection with CSTs.
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1 INTRODUCTION
“Art is not a reflection of reality, it is the reality of a reflection.” — Jean-Luc Godard, Filmmaker [91, pg. 29]

Designing interfaces to support creativity is an ongoing challenge in Human-Computer Interaction (HCI) research,
informing system design across many domains — from supporting children drawing on an iPad to supporting professional
artists and designers [31]. Since Fisher [27] and Shneiderman [77] highlighted that there is a need to investigate how
computers can support creativity, the HCI sub-field of Creativity Support Tools (CSTs) continues to explore how to
design tools supporting aspects of creative user experiences, such as ideation [40, 46]. CST research often overlaps
with user experience research, approaching evaluation based on people’s subjective experiences. This contrasts more
conventional HCI measures of a system’s usability which can be inappropriate for creative tasks [45]. For example,
conventional HCI measures might consider fast task completion to be a measure of success whereas more time spent on
a creative task might be a positive indicator of immersion. For brevity we refer to creative user experiences as creative
experiences and distinguish these from non-creative user experiences as tools that support open-ended tasks with no

concrete metric of success.
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Despite its importance in the creative process [14, 34, 69, 85, 88], reflection is an underexplored aspect of creative
experiences. This might be because reflection is ill-defined [6, 28, 61], making it difficult to compare moments of
reflection across study conditions or interface prototypes. HCI research has more frequently explored reflection as
a desirable aspect in personal informatics [87], slow technology [37] and design processes [76]. We suggest that a
measure of reflection in creative experience might be helpful for CST researchers, driving forward investigations in this
underexplored area.

In this paper, we detail the first stages of development for the Reflection in Creative Experience questionnaire (RiCE).
We aim to design a lightweight self-report tool which can differentiate between creative experiences which exhibit more
or less moments of reflection. To this end, we developed an initial item set and reduced this via an expert review (Section
4). We then collected data from 300 people who recently used a creative technology and performed an exploratory
factor analysis to reduce the items further, grouping them into factors (Section 5). Next, we conduct a user study to
test RiCE with two novel technologies for creative writing and music making (Section 6). To summarise, we offer the

following contributions:

o The documentation of the first steps towards a lightweight self-report questionnaire for differentiating between
creative experiences which exhibit more or less moments of reflection. We identify four factors for RiCE which
we suggest can be interpreted in a conceptually meaningful way [89].

e An exploration of which aspects of reflection might occur in creative tasks, including tasks with interfaces
containing aspects of both writing and music making.

o A user study testing RiCE in two HCI contexts related to creative writing and music making, indicating directions

for its future development.

2 BACKGROUND

In this section, we discuss literature on reflection and how it could relate to creative contexts (Section 2.1), including
discussion on existing measures for reflection (Section 2.1.1). We then introduce Creativity Support Tools (CSTs) (Section

2.2) and techniques for measuring creativity (Section 2.2.1).

2.1 Reflection

There is no consensus on the definition of reflection, partly due to its subjective nature [6, 28, 61]. There is a common
understanding of reflection as a thought or consideration [61]. Some interdisciplinary literature suggests reflection has
an outcome [3, 11, 12, 81] or is a process applied to clarify uncertain situations [24, 49, 75]. One pragmatic definition
is that reflection is “a basic mental process with either a purpose or an outcome or both, that is applied in situations
where material is ill-structured or uncertain and where there is no obvious solution” [61, pg. 10]. Norman [64] takes
a cognitive perspective, suggesting a generalisation that people experience both moments of experiential cognition
(expert reactions “without any apparent effort or delay” [64, pg. 23]) and reflective cognition (a slower “comparison and
contrast, of thought” [64, pg. 26]). Researchers across disciplines have different “conceptuall...] tools for thinking about
and analysing reflection” [5, pg. 587]. We suggest below key theories which might be useful in understanding reflection
in creative experiences.

Schon [75] developed arguably the most influential theory of reflection used in HCI research [2, 6], introducing
reflection-in-action (when a person’s behaviour does not result in the expected outcome, so they experiment and reflect to
solve the issue) and reflection-on-action (reflecting after or away from an activity). Slovak, Frauenberger and Fitzpatrick

2
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[79] suggest that Schon’s approach might not best support some HCI work as it emphasises the practitioner rather than
how to foster a (technology-supported) environment conducive to reflection. Based on case studies in socio-emotional
learning, they suggest removing risks from environments (through technology) to facilitate people’s reflection processes.
Researchers in fields such as education and nursing have developed models of such reflection processes in terms of both
how it develops over time [47, 55] and the process of reflecting [3, 11, 12, 24, 49, 81]. An example of the latter is Dewey’s
[24] model, which views reflection as an inquiry where ideas are formulated, considered, and either accepted or rejected.
We suggest these models are helpful as they might indicate how reflection unfolds during creative experiences. For
instance, Cho et al. [19] drew upon similar ideas to summarise seven steps for reflection in craft-making - to document,
search, observe, organise, compare, connect and iterate.

Designing for reflection became more prominent in HCI around the early 2000s [6], with interest accelerating near
2010, as catalysed by a CHI workshop in 2009 [73] and two review papers [6, 28]. Baumer [5] synthesised interdisciplinary
literature on reflection, identifying three dimensions (breakdown, inquiry and transformation) to support discussions
on designing for reflection. Fleck and Fitzpatrick [28] also synthesised interdisciplinary literature on reflection to design
a pragmatic framework for interaction designers, suggesting how technology could support increasingly sophisticated
levels of reflection. Bentvelzen et al. [9] extended Baumer’s [6] review in 2022, identifying 98 interactive systems
designed to enhance reflection from the ACM digital library (n=52) and the Apple App store (n=46). They identified
common design features tied to aspects of reflection such as allowing users to revist their data (to prompt introspection),

or to share data to social media (to encourage comparison and conversation).

2.1.1 Measuring Reflection. Measuring reflection is difficult given the lack of a consensus definition [6, 28, 61].
Education and healthcare researchers have developed self-report questionnaires operationalising reflection from
different perspectives. A systematic review of 700+ papers [65] recommended the Reflection Questionnaire [44] and
Self-Reflection and Insight Scale (SRIS) [32] as most rigorous. The SRIS has informed HCI design considerations for
supporting everyday reflection [60], but is not technology focused, instead quantifying people’s tendency to self-reflect
through three factors: insight (people’s ability to understand themselves), engagement in self-reflection (frequency at
which people self-reflect) and need for reflection (people’s motivation to reflect). It was tested with a confirmatory factor
analysis, test-retest study, and a comparison between Psychology students who did and did not keep a diary.
Questionnaires for measuring reflection in HCI contexts are sparse. Although some have been used to examine
technology [52, 67, 71], they are not validated nor widely used. Bentvelzen et al. [8] developed the Technology-Supported
Reflection Index (TSRI) to quantify levels of reflection afforded by personal informatics systems. Their scale likely
provides the measurement closest to our goals in this paper. However, the TSRI is designed for personal informatics,
whereas we are interested in assessing people’s moments of reflection during a recent creative experience - its questions
on (long-term) personal data do not fit our domain of creativity support. Indeed, the TSRI is optimised for interfaces
with a functional goal to support people in changing their behaviours given logs of their personal data — at odds with
creative interfaces where interaction is open-ended and unpredictable [38]. Items for the TSRI were devised inductively
and subjected to an expert review (discussions amongst people knowledgeable in reflection-related HCI). Its factors were
then determined through an exploratory factor analysis and examined using two prototypes of a personal informatics

dashboard — one designed to prompt more reflection than the other.

2.1.2  Aspects of Reflection. Informed by the literature discussed above, we speculate that the following aspects of
reflection might be identified in creative experiences with more or less moments of reflection. We do not claim that we

have captured reflection in its entirety, only that our suggestions might help us in exploring reflection in creative contexts.
3
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Indeed, we focus here on research in HCI [5, 9, 28, 64] and on how the process of reflection unfolds [3, 11, 24, 49, 75, 81],

and less on the role of reflection in design (e.g. [76]) or knowledge generation (e.g. [35]).

e Breakdown — Baumer [5] suggested that reflection occurs in moments of breakdown. Some theories on
reflection [24, 49, 75] describe this as where a person’s actions map to outcomes against their intuitions.

e Comparison — When reflecting, people think back on previous experiences [11, 24, 49, 75, 81] or, as Norman
[64] suggests, compare actions to apply in new, uncertain contexts. They might also compare themselves to
others [9].

e Impact - At the highest level of reflection, Fleck and Fitzpatrick [28] suggest that people consider the broader
implications of their actions, including how they influence different people and cultures.

e Inquiry — Baumer [5] and Dewey [24] suggest people intentionally generate, test and revise hypothesises
iteratively whilst reflecting.

e Motivation — For reflection to occur, being given the tools is sometimes not enough. People must also decide
to engage in reflection [28, 32, 79].

e Openness - People remain open to new experiences [49] and paths of inquiry [11, 12] in moments of reflection,
acknowledging that variables can change whilst or after reflecting.

e Transformation - Many models of the reflection process suggest that people change their understandings
[3, 11, 12] and question assumptions when reflecting [5, 49].

o Trustworthiness - Norman [64] suggests people sometimes contemplate different information when reflecting.
Fleck and Fitzpatrick [28] and Dewey [24] suggest it is the information that is most pragmatic or corroborates

with most perspectives that is selected.

2.2 Support for Creativity

Creativity Support Tools (CSTs) - a digital system with features positively influencing people in various stages of the
creative process [31] — have been explored in HCI since the early 2000s [31]. Many aspects identified as conducive to
creative experiences have been examined to inform CST design [78]. Reflection, although a useful part of the creative
process [14, 34, 69, 85, 88], is underexplored in CST research. Some recent examples where CST researchers have
discussed how qualities of their tools might support reflection [16, 19, 41, 92] suggest an emerging discourse where a
measurement of reflection in creative contexts could be useful. For example, Jonsson and Tholander [41] suggested that
the “inconsistent and erroneous” [41, pg. 5] qualities of their code generation tool could be framed as helpful frictions
because they encouraged reflection in university students. Emerging sub-genres of CSTs, such as casual creators [20]
and its sub-field reflective creators [51], could also be further examples of growing state-of-the-art research areas where
reflection is an interesting phenomena [30] and might benefit from ways to measure people’s reflection across studies

or prototypes.

2.2.1 Measuring Creativity. Attempts to operationalise creativity have roots in Guildford’s [33] 1950 address to the
American Psychological Association. He suggested that creativity could be measured as the number of divergent uses a
participant invents for an “ordinary” object. Critiques of Guildford’s approach highlight the context dependent nature of
creativity [1, 82]. Such approaches from Psychology also do not always map to CST studies [82]. CST researchers have
thus developed their own objective metrics to measure aspects of creativity such as ideation [46] or mutual engagement
[13]. Others adopted self-report scales to assess people’s feelings of creativity. For example, Wu and Bryan-Kinns
[90] used the User Engagement Scale [68] to evaluate their CST’s capacity to support non-musicians’ engagement in
4
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music making. Recognising the need for a metric of a CST’s capacity to support creativity, Cherry and Latulipe [18]
developed the Creativity Support Index (CSI). The CSI consists of two parts: i) six eleven-point ordinal item pairs are
answered for the creativity-related factors of collaboration, enjoyment, exploration, expressiveness, immersion and
results-worth-effort; and ii) fifteen paired comparisons are made across these factors. The total count of factors chosen
in the paired comparisons weight the final scores, accounting for which factors are most important in the creative
context being assessed. Factors were tested using people’s rankings of words related to creativity [17], and further
studies supported the CSI’s reliability such as a study on people’s collaborative use of Google Docs [18] or with artists

using drawing software [18].

3 METHOD OVERVIEW

ITEM DEVELOPMENT (§4) SCALE DEVELOPMENT (§5) RICE USER TEST (§6)

Generated items based on background Exploratory factor analysis reduced scale 58 participants test RiCE with i) a creative-

reading and existing measures (115 items). |—| to 4 factors, 8 items. —»| writing tool and ii) a music making tool, for
2 minutes each.

Author’s reviewed items, reducing to 37 We recruited 300 people that had used a

items. Then reduced by experts (16 items). creative technology in the last 2 weeks. Findings inform future work.

Fig. 1. Overview of the process used to develop and test the first iteration of RiCE.

To develop the first iteration of RiCE, we took inspiration from literature on measuring reflection (Section 2.1.1)
and measuring creativity (Section 2.2.1). Figure 1 visualises the process for developing RiCE: i) we generated items
(statements to be rated by people on an ordinal scale) based on our background reading and reduced these items via
reviews by this paper’s authors and experts in creativity, ii) we perform an exploratory factor analysis to reduce our
items into factors based on 300 people’s recent experiences with a creative technology, and iii) we present a user study
testing RiCE with two novel interfaces for creative writing and music making to inform future work. Broadly speaking,
we follow the approach used to develop the TSRI [8] but apply our analysis to creative tasks inspired by the studies
conducted for the CSI [18] because i) as there is no consensus on which aspects of reflection are most valuable in
creative contexts we develop our own items and determine factors statistically (as in the TSRI [8]) instead of matching
items to factors beforehand (as in the CSI [18]), and ii) we expect RiCE to be used alongside measures such as the CSI
[18] which is frequently used to evaluate technologies in creative tasks, and so we explore RiCE in similar contexts. All
study phases were approved by the Queen Mary University of London ethics committee for Electronic Engineering and
Computer Science. Participants were fully briefed and gave consent. See Appendix for consent forms, questionnaires,

data collected and code written in the R! programming language for its analysis.

4 ITEM DEVELOPMENT

The first stage of developing RiCE was to determine items that likely indicate moments of reflection in creative
experiences. The following subsections detail how we developed our items. We follow a quantitative approach where
expert raters (defined in Section 4.2) score items independently. This is relatively quick as multiple experts do not meet
to debate nuances as with a qualitative approach, respecting experts’ limited time. Section 4.1 details preliminary work

used to develop RiCE’s initial items, assessed by experts in Section 4.2.

Uhttps://www.r-project.org
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Table 1. Three examples of items initially generated in the scale development phase. Full list is in the Appendix.

Item Aspect Citation Comment

The system worked in ways which were often puz- Breakdown [32] Modified from SRIS to be system

zling. oriented.

Iidentified connections between contrasting ideasand Comparison [92] Novel item.

explored this in my creation.

I was able to easily explore other people’s ideas. Openness (8] Modified from TSRI to not focus
on “data”.

4.1 Preliminary Work

To initially develop items, the first author searched through items from existing measures used to evaluate CSTs
[18, 39, 68] and measure people’s reflection [8, 32, 44, 52, 67, 71] as identified in the literature review. We define an item
as a statement to be rated by people against a row of ordinal points. The first author is a male PhD student, exploring
how AI might support reflection in music composition. Candidate items were sorted into the aspects of reflection listed
in Section 2.1.2, acting as a guide for whether items might indicate moments of reflection. 62 items were rephrased to
relate more directly to creativity and reflection, and 49 novel items were written drawing upon the literature above,
including recent CST studies discussing reflection (see Section 2.2). In total, 115 items were created. Three examples are
shown in Table 1 - a full list is in the Appendix.

To reduce the item set, the first and second author of this paper independently scored each item as “Disagree” (1),
“Neutral” (2), or “Agree” (3) against the criterion: “The item appropriately contributes towards assessing if a moment
of reflection occurred during a person’s creative experience” The second author is a male Professor of Interaction
Design in the UK, researching interactive technologies for media and arts. As some items can be interpreted to fit
multiple aspects of reflection, the items were shuffled and presented without categorisation - the statistical analysis in
Section 5 drives item groupings. A Cronbach’s [21] alpha — which is a suitable metric for assessing agreeably between
raters when using ordinal data — of .76 was calculated. Following general guidelines [74], we suggest the authors had
acceptable agreement.

The authors discussed items where their scoring contrasted. The set was then shortened by removing 60 items where
at least 1 author scored “Disagree”, excluding 4 items where wording was tweaked. This resulted in 59 items being
shuffled and scored again by the authors independently, against a re-worked criterion statement (to be more concrete)
of: “The item indicates that a moment of reflection occurred whilst a person was undertaking a creative activity with
technology.” A Cronbach’s [21] alpha of .71 was calculated — we suggest there is acceptable agreement between raters

[74]. Of the 59 items, 37 where both authors fully agreed were assessed by 10 experts, as described below.

4.2 Expert Review

We recruited 10 experts through our professional networks. We define experts as people with knowledge of the creative
process, where some experience with creativity-related HCI or designing for reflection is desirable. We chose 10 as our
sample size because Boateng et al. [10] suggest that typically 5 to 7 expert evaluators are used to develop questionnaires;
we round upwards for simplicity. We also tried to represent many creative disciplines to identify items that might be
useful to many CST researchers. Table 2 shows the experts’ gender (4 Male, 6 Female), age (Mean = 28.2, Med = 28, SD
= 4.29), country and summaries of their self-written biographies.
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Table 2. Experts’ backgrounds who assessed possible RiCE items (see Section 4.2). Biographies are summarised from verbatim
biographies found in the Appendix. All participants were instructed to write their biographies to only include information that they
consent to be published, as approved by the Queen Mary University of London ethics committee for Electronic Engineering and
Computer Science.

ID Age Gender Country Biography Summarised

P1 29  Female China Final year PhD; Musical Interaction; Digital Musical Instrument design; MArch
Urban Design; BEng School of Architecture; Teaching experience related to
creativity, design and applying technology in these fields.

P2 23 Female Italy End of 1st year PhD in Al and Music; Attended conservatoire for piano perfor-
mance and composition; A-Level Music Technology; Creative Music Technology
degree.

P3 34 Female England 2nd year PhD in Computational Creativity; Examining text-to-image generative
Al and Twitter bots; MSc Computer Science; BA(Hons) Fine Art; self-employed
(tattoo) artist for several years; ProCreate; Photoshop; Produced paintings for
exhibitions.

P4 27 TFemale Germany First year PhD in the Art and Design faculty; Research Assistant in the Computer
Science faculty; background in Industrial and Interaction Design; Mentor for
first year university students, guiding reflective practices.

P5 33 Female England Fourth year PhD; Exploring mindfulness in Interaction Design with Al and
Audio.

P6 34 Male Chile Third year PhD in Media and Arts Technology; Researching error and music
improvisation; experience in web development; Multi-instrumentalist: piano,
voice, guitar, venezuelan cuatro; performer & composer.

P7 25 Male England  Associate Lecturer in Music Technology; BSc(Hons) Music Technology; MSc
Creative Technology; Composer of punk and hard rock/metal through to alt-
jazz; experience with p5.js and openFrameworks, Unity, Unreal, MaxMSP and
Ableton.

P8 29  Female USA Fifth year PhD in HCI; Investigating Human-AI Co-Creativity, Ethical Al and
Interaction Design; BSc Computer Science and Engineering; Teaching experience
in HCI and rapid prototyping.

P9 24 Male England  Award winning filmmaker; Short films, animation and live action, telling stories
on South Asian experiences; Storyboarder; Celtx; Fade-In; Adobe CC Suite (After
Effects, Premiere Pro); Davinci Resolve Studio; Final Cut; Clip Studio and TV
Paint.

P10 24 Male  Norway  Assistant Film and TV Colourist in a post-production house; VFX turnovers;
Grade-matching; Experience working on music videos, short films and TV Series;
Baselight; DaVinci Resolve; Premiere Pro.

4.2.1 Procedure. Experts were sent a spreadsheet with the 37 items devised in Section 4.1 and instructions for scoring.
Experts were asked to score items “Disagree” (1), “Neutral” (2), or “Agree” (3) against the criterion refined in our
preliminary work: “The item indicates that a moment of reflection occurred whilst a person was undertaking a creative
activity with technology.” A notes column was also provided where experts were encouraged to give further feedback.
Items were shuffled for each expert. Experts were reimbursed with a £20 Amazon voucher for their time; we estimate

the procedure lasted 30-45 minutes.
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» &«

365 4.2.2  Analysis Method. For each item, “Disagree”, “Neutral” and “Agree” responses were counted. We list these sorted

366 by the number of “Agree” responses to compare and contrast the highest and lowest scoring items. We also interpret

367

s the scoring in the context of the experts’ comments. Items for the next phase were retained where more than 7 out of 10

360 experts selected “Agree”. We calculate and interpret inter-rater reliability using Cronbach’s [21] alpha as in Section 4.1.

370

a1 4.2.3 Results. Cronbach’s [21] alpha equals .72 — we suggest acceptable agreement between raters [74]. Table 3 lists the

372 highest and lowest scoring items sorted by the number of “Agree” responses — the horizontal line indicates where items

373 are omitted for brevity. Some items with high “Agree” scores relate to iterating (Q23, Q7), self-assessing and selecting

o actions (Q14, Q11, Q13, Q29). P7 noted that “you can reflect on each interaction to understand why each may not have
375

w76 worked”. P10 noted they are “constantly learning and refining techniques”. Possibly, a cyclical process of improvement

377 might be important to reflection in creative work. Items regarding worrying about how others perceive your creative

378 work (Q24, Q27, Q33) scored low. P1 suggested that “if the creative activity is about self-expression”, worrying about

o others’ perceptions might not indicate reflection. Indeed, P10 did not “mind what others [thought]”. Perhaps, moments
380

481 of reflection in creative activities are personal to creators — some high scoring items relate to personal improvement

382 (Q1, Q19, Q21). Furthermore, experts scored low items on their beliefs being challenged (Q9, Q26). P3 wrote “being

383 challenged != reflecting”, whereas P4 suggested such items “better suit reflexivity”.
384
385 Table 3. The number of experts scoring “Agree”, “Netural” or “Disagree” for select items, sorted by the number of “Agree” scores.
386 Items where 7 out of 10 or more experts rated “Agree” were taken forward to the scale development phase. (R) denotes that the item’s
387 answer given by a participant in a user study would be reversed.
388
389 Q Item Total Count
:ZT “Agree”  “Netural” “Disagree”
392 Q23 I often generated, tested and revised ideas. 10 0 0
393 Q25 Whilst creating, I thought back on some of my past experiences. 10 0 0
394 Q30 I often reflected on my actions to see whether I could have improved on what I did. 10 0 0
395 Q7  Ifound myself iteratively refining and assessing my creative process. 9 1 0
396 Q14 Ipondered over the meaning of what I was doing in relation to my personal experiences. 9 1 0
397 Q1  Iconstructively self-assessed my own actions. 9 0 1
398 Q12 Whilst being creative, it was very interesting to examine different aspect of my creation. 9 0 1
399 Q5  Isometimes felt doubtful whilst creating my project. 8 2 0
400 Q11 Imade comparisons within the system to consider alternative ways of doing things. 8 2 0
401 Q13  Whilst being creative, I liked to think about my actions to find alternative ways of doing them. 8 2 0
402 Q22 Iexplored my past experiences as a way of understanding new ideas. 8 2 0
403 Q29 I considered different ways of doing things. 8 1 1
404 Q2  Iconsidered how my outputs from the system might be interpreted differently in the future 8 1 1
405 Q35 I often re-examined things I'd already learnt. 7 3 0
406 Q19 Ilearned many new things about myself during the experience. 7 2 1
407 Q21 I often reappraised my experiences with the system so I could learn from them. 7 2 1
122 Q24 I was not worried about what others may have been thinking about me (R). 3 5 2
o Q32 The results of my actions often violated my expectations. 3 3 4
0l Q27 i d)idn’t really think about how others would perceive my creative process and final product. 3 1 6
R

1: Q33 Iwas not concerned with how others might evaluate my performance (R). 2 5 3
» Q26 The system challenged some of my firmly held beliefs. 4

Q9  Some of my firmly held beliefs were challenged. 1 5 4

415

416 8
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5 SCALE DEVELOPMENT

In the previous phase, we shortened a set of 115 items, identifying 16 which might indicate a moment of reflection
during a creative experience. Here, we describe an online survey including these 16 items, subjected to an exploratory

factor analysis to group these items into factors.

5.1 Participants

Participants were recruited using Prolific?, an online survey platform. We use Prolific instead of alternatives because it
is academic-focused and its participants might show more interest in creativity-related work [66]. We used Prolific’s
pre-screening features to distribute the survey to participants worldwide who reported to be fluent in English, have a
Prolific approval rating above 98%, and use a device with a screen at least weekly. We also required that participants
had used a creative technology within the last 2 weeks in our study description. In the study, we offered the creative
technologies from Table 1 in Cherry and Latulipe [18, pg. 3] as examples to participants — although, participants could
self-report their own creative technology to consider whilst completing our survey also. We continuously recruited
until we reached 300 participants after data cleaning (see Section 5.3), recruiting 320 participants in total and rejecting
20. Indeed, Boateng et al. [10] outlined that multiple authors suggest n = 300 as “good” for factor analysis. Participant
genders collected in response to the open question “What is your gender?” were: 56.3% Male, 41.3% Female, 1.6%
Non-Binary, 0.3% Trans Man and 0.3% None (which we take to mean ‘prefer not to say’). Mean age was 29.1 (Med =
26, SD = 9.19). Figure 2 shows the participants’ countries — most participants are from Portugal (21.3%), South Africa
(18.0%), the UK (12.3%) and Poland (12.3%). Participants were reimbursed an average award of £9.52/hr; it took a mean
of 10m 55s to complete the survey (Med = 09m 41s, SD = 5m 24s).

20%

M Portugal
15% ® South Africa
United Kingdom
B Poland
M tal
10% v
Spain
W Mexico
W Hungary
5%
W Greece
W Other
0%
Country

Fig. 2. Participants’ countries recruited in the scale development phase.

5.2 Measures & Procedure
To collect measures, we asked the following, in the order listed:

https://www.prolific.co
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(1) Demographics. As reported above.

(2) SRIS. Participants completed the Self-Reflection and Insight Scale (SRIS) scale [32] to evaluate if our sample has
a natural tendency to self-reflect (see Section 2.1.1). We calculate 4 means from its factors: insight, engagement
in self-reflection, need for reflection, and a total SRIS score.

(3) Creative Technology. Participants were asked to select “a creative technology which [they] have used in
the last 2 weeks”. A drop-down list was provided in the survey based on Table 1 in Cherry and Latulipe [18,
pg. 3] but participants could also respond with a free-text description of their own technology. They were then
asked to “briefly describe the creative technology... [they selected], how [they] use it, how it supports [their]
creativity, and how it supports creativity in general”. We used this to clean the data and check the participant’s
understanding of their chosen technology (see Section 5.3).

(4) RiCE. Participants were shown the 16 items identified in our expert review and instructed to rate them
“considering their recent experience with their selected creative technology”. Each item was placed alongside
an 11-point scale with the anchors “Highly Disagree” (0) and “Highly Agree” (10) on either end. We use these
anchors to directly mirror the Creativity Support Index (CSI) [18] as it is popular for CST evaluations and
thus we might expect RiCE to be used alongside it often. We choose 11-points as multi-point items have been

described as easier to use [53] and more points could support test-retest reliability [70].

Finally, participants could offer further comments via an open-ended text box.

5.3 Data Cleaning

We cleaned our data following the advice in [62]. First, we checked participants’ understandings of their chosen
technology via an opened-ended question (see Section 5.2) — we removed 6 participants who said they had not used a
creative technology or did not describe their chosen technology in sufficient detail. Second, we checked for duplicate
responses — no responses were identical. Third, we examined a histogram of the survey completion times to identify
outliers, removing 6 participants who spent longer than 30 minutes. Fourth, we rejected 8 “flat-liners” [62] who had
selected the same option for all items in at least one question block. Respondents were required to complete each
question before submission — we had no missing data. This led to our 300 participants (20 out of 320 completed surveys

were removed).

5.4 Analysis Method

We report the choice of creative technology and SRIS as descriptive statistics. For the Exploratory Factor Analysis (EFA),
we follow Taherdoost, Sahibuddin and Jalaliyoon [83]. Firstly, we assess the sample adequacy by determining whether
the Kaiser-Meyer-Olkin (KMO) value is > .7 [43]. We then assess that Bartlett’s [4] test of sphericity is significant (p
< .05) to indicate that correlations between items are large enough for factor analysis. If these tests are passed, we
conduct our EFA with the minimum residual method [54] and oblique rotation because, as with the CSI, we have no
reason to believe our items are not correlated [18]. Next, we identify the number of factors where Eigenvalues are > 1.0
as this indicates each factor has a higher variance compared to a single item; we also support this with a scree plot
inspection [83]. Then, for each valid factor, we follow Kaiser’s [42] rule to select items uniquely correlating with (or
loading onto) said factor > .4. We also calculate Cronbach’s [21] alpha to assess inter-item reliability (if items in each
factor measure similar constructs), following the guideline that alpha values > .7 are acceptable, whilst being lenient as
scales with few items per construct will naturally yield lower alphas [74] and we aim for RiCE to be lightweight.

10
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5.5 Results

Table 4 shows the creative technologies participants chose when answering our questionnaire. This included software
for writing, presentations, photo editing and programming. The SRIS scores are shown in Figure 3 — we interpret these

to indicate that participants might be motivated to engage in reflection but do not always understand their insights.

Table 4. Number of participants selecting or suggesting certain creative technologies in the scale development phase.

No. Participants Creative Technology

20+ MS Word (43); Photoshop (42); Google
Docs (29); MS Powerpoint (24)

10+ Visual Studio (15); Adobe Lightroom (15);
Blender (13); Adobe Premier Pro (11); Au-
toCAD (10)

5+ WordPress (8); Google Slides (8); MatLab
(7); Nlustrator (6); iMovie (6); Paper & Pen
()

3+ Unity (4) Post-It Notes (3); R Studio (3);
Cubase (3)

2 Tableau; Whiteboards; WolframAlpha;

Scratch; Final Cut Pro; Adobe After
Effects; GarageBand; Prezi; Mendeley; MS
Publisher; Cinema 4D; Canva

1 XCode; InkScape; CorelDraw; Logic Pro X;
Wikis; MediaWiki; DreamWeaver; Celtx;
Obsidian; Clip Studio Paint; Figma; Able-
ton Live; Arduino; Bear; Kdenlive; Power
BI; GIMP; FL Studio; Procreate; TV Paint

< X
4.50
o
2 4.00
@
9 3.50
by
g
2 300
o o ©
2550 o o
° °
° o
2.00 o o
o
1.50
o
1.00
Engagement Need Insight SRIS
(Mean=4.7) — (Mean=4.8) — (Mean=4.0) — (Mean=4.5)
(Med =4.8) (Med =5.0) (Med =4.0) (Med =4.5)
(sD=0.85) (sD=0.87) (D =0.86) (sD=0.61)

Fig. 3. Overview of the SRIS [32] metrics in the scale development phase.
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573 Table 5. Loadings for the items in the scale development phase. Values > 0.4 are in bold.

574

575 Question Single Factor 1 Factor2 Factor3 Factor4
576 Factor

7 Eigenvalue 6.00 2.68 2.05 1.69 2.02
579 Q11) I made comparisons within the system to consider alter- 0.54 0.00 0.07 0.02 0.66
580 native ways of doing things.

581 Q23) I often generated, tested and revised ideas. 0.51 0.05 -0.16 0.20 0.57
582 Q30) I often reflected on my actions to see whether I could 0.68 0.38 0.00 0.00 0.49
583 have improved on what I did.

584 Q12) Whilst being creative, it was very interesting to examine 0.76 0.33 0.16 0.12 0.37
585 different aspect of my creation.

586 0Q29) I considered different ways of doing things. 0.67 0.50 -0.05 0.09 0.28
587 Q35) I often re-examined things I'd already learnt. 0.66 0.65 0.08 0.09 -0.02
588 Q13) Whilst being creative, I liked to think about my actions 0.76 0.88 0.02 0.03 -0.02
589 to find alternative ways of doing them.

590 Q7) I found myself iteratively refining and assessing my cre- 0.72 0.42 0.12 0.10 0.26
591 ative process.

592 Q1) I constructively self-assessed my own actions. 0.72 0.36 0.23 0.08 0.25
593 Q22) I explored my past experiences as a way of understanding 0.68 0.12 -0.01 0.81 -0.05
594 new ideas.

595 Q25) Whilst creating, I thought back on some of my past expe- 0.57 -0.10 0.08 0.73 0.06
596 riences.

597 Q5) I sometimes felt doubtful whilst creating my project. 0.30 0.06 0.20 -0.13 0.29
598 Q2) I considered how my outputs from the system might be 0.47 -0.06 0.54 -0.02 0.26
599 interpreted differently in the future

600 Q14) I pondered over the meaning of what I was doing in 0.49 -0.14 0.61 0.20 0.09
601 relation to my personal experiences.

602 Q19) I learned many new things about myself during the expe- 0.46 0.08 0.79 0.00 -0.13
603 rience.

604 Q21) I often reappraised my experiences with the system so I 0.62 0.20 0.57 0.08 0.03
605 could learn from them.

606

607

608 The sampling adequacy was acceptable (KMO = .90) and Bartlett’s test of sphericity was significant (y?(120) = 2110.18,

609

p < .000) — we continue with factor analysis. Table 5 shows the loadings for 4 factors with Eigenvalues > 1 (as supported

10
le by our scree plot inspection) explaining 54% of variance. Table 5 also shows our items loading onto a single factor.

Factors 1 through 4 explain 17%, 13%, 11% and 13% of variance respectively. As only 2 items loaded onto factor 3 > .4,

612
613 we selected the top 2 highest loading items from each factor. We also decided to select four factors with two items each
o14 because: i) this follows the CSI’s [18] format, ii) we aim for RiCE to be as short as possible to minimise participants’
:: fatigue, iii) inspecting the EFA with only 3 factors to increase the number of items per factor identified groupings which
617 we suggest were not easily interpretable [89], and iv) 5 factors did not achieve the necessary Eigenvalues.

618 Given this, we present the first iteration of RiCE in Table 6, where factors were named based on discussions between

619 this paper’s authors. Table 6 also shows the Cronbach’s [21] alpha values, suggesting acceptable to moderate inter-item

620
o reliability between all factors. We were motivated to retain moderate factors as we only calculated alpha for 2 items

622 making a low value probable [74], the items scored highly in the expert review (see Table 3), and we suggest the factors

623 might be interpreted in a conceptually meaningful way [89].
624 12
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Table 6. Items and instructions for administering and scoring the first iteration of RiCE. Cronbach’s [21] alpha values are also
reported giving the inter-item reliability of each factor.

RICE VERSION 1
::: INSTRUCTIONS FOR ADMINISTERING :::

When administering RiCE, each item should be placed along an 11-point scale from “Highly Disagree”
(left) to “Highly Agree” (right). Values for each item are zero indexed, i.e., integers from 0 to 10. Please follow the
question wording exactly, replacing only the name of your system where indicated. Dimension identifiers (e.g. Cp1),
descriptions, and headings should not be visible to participants. Item order should be randomised.

Considering your recent experience of [SYSTEM], please indicate the extent to which you agree with the
following statements:

Factor 1 (RiCE-Cp): Reflection on Current Process (@ = 0.79)
Cp1 (Q13): Whilst being creative, I liked to think about my actions to find alternative ways of doing them.
Cp2 (Q35): I often re-examined things I'd already learnt.

Factor 2 (RiCE-Se): Reflection on Self (¢=0.68)
Sel (Q19): I learned many new things about myself during the experience.
Se2 (Q14): I pondered over the meaning of what I was doing in relation to my personal experiences.

Factor 3 (RiCE-Pa): Reflection on Past Experiences (¢=0.77)
Pal (Q22): I explored my past experiences as a way of understanding new ideas.
Pa2 (Q25): Whilst creating, I thought back on some of my past experiences.

Factor 4 (RiCE-Ex): Reflection through Experimentation (¢=0.65)
Ex1 (Q11): I made comparisons within the system to consider alternative ways of doing things.
Ex2 (Q23): I often generated, tested and revised ideas.

All items «a = 0.79.
::: INSTRUCTIONS FOR SCORING:::

Following the design of related questionnaires [18, 32, 68], the total RiCE score (out of 10) is calculated as
(Cp1+Cp2+Sel+Se2+Pal+Pa2+Ex1+Ex2) + 8. Each of the 4 factors are calculated as the sum of its items divided by 2
e.g. Reflection on Current Process is (Cp1+Cp2) + 2.

6 RICE USER STUDY

The previous sections detailed the development of the first iteration of RiCE, shown in Table 6. To develop Table 6,
items were selected from an Exploratory Factor Analysis (EFA), with factor names derived through discussions between
this paper’s authors. Here, we conduct a user study to test RiCE in two HCI contexts related to creative writing and

music making.

6.1 Participants

We recruited 58 participants through Prolific, with 54 returning to repeat the study procedure 1 week later. We screened
for participants who reported to be fluent in English and with an approval rating above 98%. Participants were not

required to have previous experience with creative technology as we provide them with novel interfaces (see Section
13
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6.2). Our sample size was based on an apriori calculation in the software G*Power for the Wilcoxon signed-rank test as
we collect ordinal data within-subjects (effect size = .5, alpha = .05, power = .95, two-tailed), plus 1 more participant to
balance groups. Descriptive statistics for participants’ age, gender, compensation and time spent are in Table 7. Figure 4
shows the percentage of participants from each country for both the initial answering of the study and its repetition 1

week later.

Table 7. Descriptive statistics for the participants in the RiCE user study.

Test (n=58)
Gender Male: 43.1% Female: 56.9%
Compensation £9.89/hr
Mean Med SD
Age 27.57 25 8.92
Time Spent 18m 49s 15m 65 9m 33s

Re-test (n=54)

Gender Male: 44.1% Female: 55.9%
Compensation £10.80/hr
Mean Med SD
Age 27.89 25.5 9.13
Time Spent 16m 55s 15m 5s 7m 35s
40%
35%
30%
25%
20% Test
15% (n=58)
10% M Re-Test
0
(n=54)
5% I
0% I ' 'R 'R 'm I | I
@ T >3 £ © O >0 T
S5cEscisgsoe
2L SP33s558 5%
=T < E T e £
5 =}
g " 3
c
>
Countries

Fig. 4. Participants’ countries in the RiCE user study.
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6.2 Interfaces

We aspire for RiCE to be used in many creative domains. For this study, we focus on two interfaces we developed to
test RiCE in creative experiences containing aspects of writing, music and drawing, representing typical CST activities
[18, 31]. We aimed for the interfaces to be simplistic, including the minimal number of features required for people to
have a short creative experience. We do not use existing tools as they might require lengthier learning processes and
we wanted all participants to have no prior experience with the interfaces. Furthermore, many CST studies focus on
evaluating novel high-fidelity prototypes instead of interfaces with a longstanding release [31], making novel interfaces
an appropriate subject of formative investigation. Developed with the p5js JavaScript library [59], the interfaces were

embedded into the questionnaire alongside descriptions of how to use them, requiring no installation.

6.2.1 Story Sentiment Visualiser. In story-sentiment-visualiser?, shown in Figure 5a, people are given real-time feedback
whilst writing. As text is typed into the interface, each word is allocated a valance score (positive or negative) based on
the AFINN-111 data-set [63]. This score is visualised by moving the arrow on the smiley scale at the top of the interface
and changing the background colour from red (for negative values) through to green (for positive values). Its design is
inspired by principles related to designing for reflection. For example, the visual feedback provides more information
than people are usually able to see whilst writing cf. Fleck and Fitzpatrick’s [28] design suggestions. Participants using
this interface were tasked with writing a positive story (so that their intent is visualised cf. reflective creator design
patterns [51]) for two minutes. We explore creative writing as it was used to test the CSI [18] and is an area where
reflection is discussed [16, 51]. The task also requires little prior knowledge, making it suitable for novices and likely

achievable in a short amount of time.

6.2.2  Sound-sketcher. Sound-sketcher®, shown in Figure 5b, allows people to draw points which are sonified into a
melody, where x-coordinates equal time and y-coordinates equal pitch. People can play and stop the sonification using
the play button in the top left corner - their composition is not played in real-time but only when the play button
is clicked. They can also switch between a pen and eraser tool, the latter allowing them to remove points. We were
inspired by tools used to support novices’ music making which similarly turn drawings into sound [22, 25, 56, 84]. As
we wanted to validate RiCE for user experiences which include some elements of music and sketching, we thought this
style of tool intersected both domains, whilst acknowledging that this is an oversimplification — music and sketching
are distinct and broad areas of which sound-sketcher only captures some characteristics. The tool also allows people to

create music relatively quickly. Participants were tasked with composing a piece of music for two minutes.

6.3 Measures & Procedure
We asked the following to collect our measures, in the order listed:

(1) Demographics. As reported in Section 6.1.

(2) SRIS. Participants completed the SRIS [32] - we calculate a total average score.

(3) Task. Participants initially use one of our interfaces to complete its associated task. Later the participants
use the other interface to complete its associated task. The order is randomised but balanced (50% started
with sound-sketcher, 50% with story-sentiment-visualiser). After participants interacted with an interface for

2 minutes they were shown a keyword. Participants had to correctly submit this keyword for payment to be

3https://codetta.codes/story-sentiment-visualiser/
“https://codetta.codes/sound-sketcher/
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(a) A screenshot of Story-Sentiment- (b) A screenshot of Sound-Sketcher.
Visualiser. Participants were tasked Participants were tasked with writing
with writing a positive story for two a music composition for two minutes.

minutes.

Fig. 5. Screenshots of the novel interfaces used in the RiCE user study.

honoured. This checked that i) participants tested the interface for the required time and ii) that it loaded
correctly. No participants were rejected. We do not include training time for the interfaces because i) the
tools were designed to be intuitive, and ii) we want to test RiCE with open-ended CSTs where discovery and
self-learning is often key [38, 77, 78].

(4) RiCE. Participants answered the RiCE items as described in Table 6, considering the interface they had just
used. Taking direction from related questionnaires [18, 32, 68], we derive 5 mean averages for Reflection on
Current Process (RiCE-Cp), Reflection on Self (RiCE-Se), Reflection through Experimentation (RiCE-Ex), Reflection
on Past Experiences (RiCE-Pa), and a total RiCE score.

(5) CSLI. Participants completed the CSI [18] for the interface they had just used to explore how RiCE correlates
with the CSI. This included completing both the CSI’s item scoring and factor comparison sections (see Section
2.2.1) - we calculate the weighted sum of the means for a total CSI score.

(6) Repeat. We repeat steps 3, 4 and 5 for the other interface.

(7) Comparison. Participants are asked “When exploring the 2 interfaces [pictured], with which did you experience
the most moments of reflection?”. This is to test if RiCE or its factors are higher for the interface most participants

agree they experienced the most moments of reflection with.

Finally, participants were given an opportunity to offer further comment via an open-ended text box. A week later,

we re-invited participants to complete the study procedure again to assess RiCE’s test-retest reliability.

6.4 Analysis Method

We describe below the statistical techniques used to test RiCE. Throughout, we assume significance where p < 0.05.

6.4.1 Confirmatory Factor Analysis. To test RiCE’s factor structure, we ran a Confirmatory Factor Analysis (CFA) on
the data collected in the test and re-test conditions for both sound-sketcher and story-sentiment-visualiser. We use the
lavaan package for the R programming language [72] (see Appendix) to support reproducibility. Each pair of statements
from RiCE were modelled as loading onto their respective factor as identified from our EFA (see Table 6). We used the
maximum likelihood estimator with Satorra-Bentler scaling (robust maximum likelihood) as Finney and DiStefano [26]
suggested this is appropriate for ordinal data with more than six points.
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We examine metrics of our CFA model’s fit suggested by Kline [48] which are commonly used and understood across
HCI studies such as [15, 23, 57, 86]. These metrics are [10, 48, 58]: a Chi-squared test (to assess the difference between
our sample’s covariance and the model’s covariance), the Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) (to
assess the ratio between the deviation of our model from the worst fitting model and the deviation of our model from
the best fitting model), the Root Mean Squared Error of Approximation (RMSEA) (to measure the degree of our model’s
misspecification), and the Standardised Root Mean Square Residual (SRMR) (to assess the error between our model’s
covariance and the sample’s covariance). We determine the acceptability of each metric based on suggested criteria:
Chi-squared test is not significant (p > 0.05) [58]; CFI and TLI > .90 is acceptable [7, 36] and > .95 is excellent [10, 48];
RMSEA < 0.08 and not significant (p > 0.05) is acceptable [58]; and SRMR < 0.08 is acceptable [10, 36, 58].

6.4.2 Test-Retest Reliability. Test-retest reliability is the extent to which people’s questionnaire responses do not change
between points in time. We follow Boateng et al. [10] and the TSRI [8], calculating the Intra-cClass Correlation (ICC)
coefficient for RiCE’s factors. Points are taken from the first survey responses and 1 week later for both interfaces. We
interpret the results following the guidelines in Koo and Mae [50] of poor (ICC < .5), moderate (.5 < ICC > .75), good
(.75 < ICC > .9) and excellent (ICC < .9).

6.4.3 Differentiation by Known-Groups. Towards understanding how well RiCE captures our intended measure, we
examine the difference between RiCE and its factors for the two interfaces. Using the Wilcoxon signed-rank test (as we
have ordinal data), we compare the medians for significantly different factors against the count of users who selected
the interface they found they had the most moments of reflection with, to determine if the factors move in the same

direction.

6.4.4 Comparison with Existing Scales. We identify correlations between RiCE’s total score and the total scores of the
SRIS [32] and CSI [18] to assess if i) RiCE captures our intended measure and ii) is not simply derivative of these related
scales. We assume that higher SRIS scores will occur alongside higher RiCE scores and that higher CSI scores will occur
alongside higher RiCE scores. Yet, we expect weak (> .3 and < .5) to moderate (> .5 and < .7) correlations, supporting
the notion that, although RiCE is conceptually different, it is still influenced by related factors. Given this, we devised
the following hypothesises:

e H1: For story-sentiment-visualiser, there will be a weak to moderate positive correlation between RiCE’s total
score and the SRIS’s total score.

e H2: For story-sentiment-visualiser, there will be a weak to moderate positive correlation between RiCE'’s total
score and the CSI’s total score.

e H3: For sound-sketcher, there will be a weak to moderate positive correlation between RiCE’s total score and
the SRIS’s total score.

o H4: For sound-sketcher, there will be a weak to moderate positive correlation between RiCE’s total score and
the CSI’s total score.

We only inspect correlations between total scores as opposed to individual factors to i) focus on testing RiCE as a
whole and ii) to avoid family-wise type 1 errors on account of multiple tests. We use Spearman’s [80] Rho correlation

co-efficient as it is suited to ordinal data.

6.5 Results

In this section, we report the results of the statistical tests outlined above.
17
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6.5.1 Confirmatory Factor Analysis. Table 8 shows the fit metrics for the CFA of RiCE. CFI is acceptable in both re-test
conditions. SRMR is also acceptable in both re-test conditions and in the test condition for sound-sketcher. There are
also some acceptable metrics for the re-test condition of story-sentiment-visualiser for the Chi-squared test and RMSEA.

Other metrics do not achieve acceptance.

Table 8. Fit metrics for RiCE’s confirmatory factor analysis across conditions and interfaces. Acceptable metrics are in bold.

Timing Interface Chi-squared CFI  TLI RMSEA SRMR
Criterion: p = 0.05 >09 >09 RMSEA<0.08;p=>0.05 <0.08
Test Sound  y2(14)=380, 088 075 RMESA =0.17 0.07
p = 0.00 90% CI [0.11, 0.24]
p =0.00
Re-test Sound ¥?(14) =310, 0.91 082 RMESA=0.16 0.08
p = 0.00 90% CI [0.08, 0.23]
p =001
Test Story  x%(14)=333, 089 079 RMESA=0.17 0.09
p = 0.00 90% CI [0.10, 0.25]
p =001
Re-test Story )(2(14) =20.8, 0.94 0.88 RMESA =0.12, 0.07
p=0.11 90% CI [0.00, 0.21],
p=0.15

6.5.2 Test-Retest Reliability. Table 9 shows the ICCs between the test and re-test measures for RiCE and its factors. For
story-sentiment-visualiser, we infer moderate test-retest reliability for all factors, with confidence intervals ranging from
poor to moderate, excluding for RiCE-Ex which suggests poor test-retest reliability. Correlations for sound-sketcher

also range from poor to moderate. Notably, total RiCE ICCs suggest moderate test-retest reliability for both interfaces.

Table 9. Intra-class correlations between the test and re-test measures for RiCE and its factors. Significant measures in bold.

Interface RiCE ICC2 p CILower CIUpper

Story RiCE-Ex .22 .055 13 .30
Story RiCE-Se .52 .000 45 .59
Story RiCE-Cp .51 .000 44 .58
Story RiCE-Pa .51 .000 43 .57
Story RiCE .61 .000 .55 .67
Sound RiCE-Ex .45 .000 .37 .52
Sound RiCE-Se .64  .000 .58 .69
Sound RiCE-Cp 43 .000 .35 .50
Sound RiCE-Pa 47  .000 .39 .54
Sound RiCE .58  .000 .52 .64
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6.5.3 Differentiation by Known-Groups. For participants completing the study for the first time, 60.3% selected that
they experienced the most moments of reflection with story-sentiment-visualiser, instead of sound-sketcher (39.7%).
This trend continued when participants’ completed the study 1 week later (64.8% story-sentiment-visualiser, 35.2%

sound-sketcher).

Table 10. Wilcoxon signed-rank tests showing differences across the interfaces, applied for RiCE on both test and re-test. Significant
results are in bold.

Timing RICE A% P Median Median
for Story  for Sound
Test RiCE-Ex 501.0 .038 6.0 7.0
Test RiCE-Se 974.0 .046 6.0 5.3
Test RiCE-Cp 6735 .891 6.8 7.0
Test RiCE-Pa 960.5 .111 7.5 6.0
Test RiCE 828.0 .810 5.9 6.4
Re-test RiCE-Ex 166.0 .000 5.8 7.5
Re-test RiCE-Se 788.5 .002 6.0 4.5
Re-test  RiCE-Cp  476.0 .483 7.0 6.5
Re-test RiCE-Pa 685.5 .058 8.0 7.0
Re-test RiCE 627.0 .693 6.2 6.2

Wilcoxon signed-rank tests were conducted for RiCE and its factors, reported in Table 10. For both the test and re-test
responses, RiCE-Ex scores were significantly lower for story-sentiment-visualiser than sound-sketcher. Conversely,

RiCE-Se scores were significantly higher for story-sentiment-visualiser than sound-sketcher.

6.5.4 Comparison with Existing Scales. Here we revisit the hypothesises in Section 6.4.4. For story-sentiment visualiser
there is a weak positive correlation between RiCE and the SRIS on test (r(58) = .36, p = .006) and re-test (r(54) = .40, p =
.003) — we accept H1. There is also a moderate positive correlation between RiCE and the CSI on test (r(58) = .52, p <
.000) and re-test (r(54) = .66, p < 0.000) — we accept H2. For sound-sketcher, there is a weak positive correlation between
the RiCE and SRIS scores on test (r(58) = .31, p = .018) and re-test (r(54) = .37, p = 0.006) — we accept H3. Between RiCE
and the CSI there is also a moderate positive correlation on test (r(58) = .54, p < 0.000) and re-test (r(54) = .67, p < 0.000)
- we accept H4.

7 DISCUSSION

To recap, this paper details the initial design of a lightweight questionnaire (RiCE) to differentiate between creative user
experiences where people subjectively had more or less moments of reflection. Table 6 shows the first iteration of RiCE
designed based on prior literature, an expert review of items and an Exploratory Factor Analysis (EFA). Although we
cannot claim validity, the factors found we suggest can be interpreted in a conceptually meaningful way [89]. We also
conducted a user study with RiCE, guiding suggestions for future work. Below we discuss our findings, unpacking
RiCE’s factors in Section 7.1. We also discuss limitations in Section 7.2. Throughout, we consider our work in relation
to the literature review (Section 2), and RiCE’s factors are referred to using the dimension identifiers in Table 6.
There is some indication that RiCE measures moments of reflection and not a different construct. For instance, RiCE

correlated with the Self-Reflection and Insight Scale (SRIS) [32], suggesting that higher RiCE scores occur alongside
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more naturally reflective people. In the scale development phase, seven or more experts also fully agreed that the items
in RiCE capture reflection. However, our experts’ descriptions of their professional background suggest that RiCE’s
factors might be biased towards music - six out of ten experts worked with music or audio in some form (see Table 2).
Nonetheless, the correlation between RiCE and the CSI [18] suggests that reflection occurs more so alongside interfaces
which better foster creativity, supporting our assumptions.

The differentiation by known-groups test suggests that RiCE can differentiate between which types of reflection
people self-report occur more or less frequently when story writing or music making with our novel interfaces - future
work is needed to understand if this generalises to other interfaces and tasks. The differences between RiCE-Se’s and
RiCE-Ex’s medians might suggest that moments of self-reflection (RiCE-Se) occurred more so with story-sentiment-
visualiser, whilst moments of reflecting through experimentation (RiCE-Ex) occur more with sound-sketcher. We
speculate that participants scored RiCE-Ex higher for sound-sketcher due to its open-ended interaction — people had
to continually evaluate their creations against their own criteria. In contrast, story-sentiment-visualiser offered an
evaluation metric through its smiley face slider. This supports Bentvelzen et al’s [9] suggestion that comparisons to an
absolute reference encourage reflection, such as by visualising feedback on people’s performance. However, in many
creative experiences measures of success are subjective [45]. Perhaps encouraging social comparisons (for example, by
sharing work to social media) are thus more useful in creative contexts, supporting reflection through conversations
[9]. This said, participants only marginally showed a preference for story-sentiment-visualiser. A study comparing
interfaces or interface designs with a stronger split of opinion might show more prominent differences between RiCE
and its factors. More work is needed to explore what features distinctly influence reflection in Creativity Support Tools
(CST).

RiCE and its factors show moderate to poor test-retest reliability. Given the significant differences between RiCE-Ex
and RiCE-Se for story-sentiment-visualiser and sound-sketcher, perhaps test-retest reliability varies between creative
disciplines. The Confirmatory Factor Analysis (CFA) fit is better for story-sentiment-visualiser than sound-sketcher,
also perhaps indicating that RiCE is task dependent. To improve RiCE across many creative tasks, a similar approach to
the Creativity Support Index (CSI) [18] could be tested as discussed in Section 7.2. Furthermore, test-retest reliability
might improve if participants investigated our interfaces for longer, or if longer than one week was left between data
collection points (to mitigate for learning effects). The stronger fit of our CFA in re-test conditions suggests that RiCE
in its current form might more reliably measure reflection when participants are more familiar with a creative interface
or task. Indeed, we could speculate that story-sentiment-visualiser and its associated task (writing a story) is possibly

more familiar than sound-sketcher’s (making music from drawings), hence participants choosing it as most reflective.

7.1 RiCE’s Factors

The expert review suggests that moments where people iterate and continually assess their ideas might indicate
moments of reflection in creative experiences. This is supported by Dewey [24] and Baumer [5]’s inquiry processes,
and many CST researchers [19, 29, 34, 92] who describe how people refine their creative work. Perhaps, Norman [64]
and Bentvelzen et al’s [9] notions that people make comparisons when reflecting is also supported as experts’ highly
rated items on making comparisons to past experiences (see Table 3, Q25, Q14, and Q22). The EFA suggests people
might make comparisons between their personal experiences (RiCE-Se), past experience (RiCE-Pa), and as part of
(RiCE-Ex) and looking back on their current process (RiCE-Cp). The distinction between RiCE-Ex and RiCE-Cp could
be interpreted as similar to Schon’s [75] reflection-in-action (making comparisons between ideas during the creative

process, i.e., RiCE-Ex) and reflection-on-action (looking back on one’s creative process more broadly, i.e., RiCE-Cp). The
20
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inclusion of the RiCE-Cp factor might also imply that people adapt their creative processes upon reflection, as supported
by the transformation stages in some models of reflection [3, 11, 12]. From Slovak, Frauenberger and Fitzpatrick’s [79]
perspective, RiCE’s factors might be too practitioner centred as they do not directly indicate whether aspects of a
technology-supported environment encouraged reflection. By design, RiCE instead focuses on one’s phenomenological
experience but might be applied to compare the effect of different technology-supported environments in future work.

The experts’ suggestions from the item development stage and RiCE’s self-reflection factor (RiCE-Se) might suggest
that creative work is linked to “self expression” (P1). Perhaps, contemplating others’ perceptions of one’s creative work
occurs infrequently, and what Fleck and Fitzpatrick [28] characterised as the highest level of reflection (considering
wider impacts), or selecting ideas corroborating with a consensus [24, 28], is less important in creative practices than
intuition. This is not to suggest that broader impacts or considering many perspectives is not desirable to encourage in
some creative processes, but that they did not seem to occur often during our participants’ creative activities. This
contrasts the TSRI’s [8] finding for personal informatics systems that comparing one’s data with an other’s data prompts
reflection. Maybe, the unimportance of considering others’ perspectives can be explained as, when scoring or answering
RiCE’s items, participants worked alone. It also contrasts the notion to share creative work and encourage social

comparisons, discussed above cf. [9].

7.2 Limitations & Future Work

RiCE’s reliability is limited to the assessments in our formative user study — we do not claim validity. In particular, the
extent to which RiCE’s factors are appropriate is limited by our CFA. Our CFA is only indicative of RiCE’s fit because i)
our scale has the minimum two items per factor [48, pg. 201] whereas three or more items is typically recommended
for CFA to avoid specification issues [48], and ii) “the sample size [is relatively speaking] not large” [48, pg. 259]. We
tentatively suggest that our current results show potential for future work, tending towards good fit. We also note that
our EFA identified factors which, considered with the discussion between RiCE’s factors and related work above as
well as our expert review, we suggest can be interpreted in a conceptually meaningful way [89]. Given this, further
work will explore refining and extending RiCE’s current design. We suggest extending RiCE with reversed versions of
its current items, increasing the number of items per factor. Indeed, our lower reliability scores may well have been
a result of selecting only two items per factor. More items per factor would also allow for refined designs of RiCE to
be explored via CFA. For example, correlations between the residual errors of items [48] could guide the design of
alternative models for RiCE, later cross-validated. The inclusion of extra-items should be balanced against questionnaire
length, however, as RiCE is intended to be used quickly alongside other measures and not increase participants’ burden
— scales with comparable goals include between 9 and 12 items [8, 18, 39, 68].

Although Prolific supported collecting data across countries, we acknowledge that there are biases in our participants’
demographics. RiCE might also be skewed given our participants’ biases in technology, and we suggest that the
appropriateness of RiCE’s items vary across domains. Cherry and Latulipe [18] note how the CSI’s comparison questions
helped factors generalise across multiple creative domains. Perhaps, designing a comparison section for a future iteration
of RiCE would help RiCE’s robustness across domains. Extensive studies exploring different demographics and creative
domains will also help to support our understandings of reflection within creative experiences. Experiments in specific
contexts would enhance RiCE’s rigor in these areas and could be paired with qualitative investigations to suggest why
RiCE produces certain results. Furthermore, we suggest RiCE might be too focused on individual creative activities —

further exploration is needed to test RiCE in collaborative work.
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8 CONCLUSION

This paper documented the initial development of a lightweight self-report questionnaire for differentiating between
creative user experiences which exhibit more or less moments of reflection, named the Reflection in Creative Experience
Questionnaire (RiCE). Through an expert review of items and an exploratory factor analysis, we developed the first
iteration of RiCE (see Table 6). We identified four factors (reflection on current process, reflection on self, reflection
through experimentation, and reflection on past experience) which we suggest can be interpreted in a conceptually
meaningful way. We then tested RiCE for tasks with novel interfaces related to creative writing and music making,
exploring which aspects of reflection might be useful in these areas. As we cannot claim validity yet, future work will

continue developing RiCE and further investigate its properties across creative contexts.
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All Appendix material can downloaded from the ACM Digital Library or found at: https://github.com/thecoreyford/
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