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Abstract Visual materials are a widely used tool for
stimulating creativity. This paper explores the poten-
tial for visual stimuli to support novices’ creative en-
gagement with multimodal digital musical interfaces.
An empirical study of 24 participants was conducted
to compare the e↵ect of abstract and literal forms of
graphical scores on novices’ creative engagement, and
whether being informed or uninformed about meanings
of symbols in the score had any impact on creative en-
gagement. The results suggest that abstract visual stim-
uli can provide an e↵ective sca↵old for creative engage-
ment when participants are not informed about their
design. It was found that providing information about
visual stimuli has both advantages and disadvantages,
depending largely on the stimuli’s visual style. Being
informed about the meaning of a literal visual stim-
uli helped participants in making interpretations and
gaining inspiration, whereas having information about
abstract stimuli led to frustration. Qualitative data in-
dicates that both forms of visual stimuli support cre-
ative engagement but at di↵erent stages of a creative
process, and a descriptive model is presented to explain
this. The findings highlight the benefits of visual stim-
uli in supporting creative engagement in the process of
music making – a multimodal interaction domain typi-
cally involving few or no visual activities.

Keywords creative engagement · musical interface ·
visual stimuli · novices · graphical score

1 Introduction

Creative engagement emerges from creative activities
when a user is engaged in an active, reflective, and con-

Address(es) of author(s) should be given

structive cognitive process in pursuing a creative out-
come with an interactive system [18,3,17]. It transforms
a user’s role from consumer or spectator to contribu-
tor [19,50], and encourages ‘autotelic’ creative activities
and ‘meaningful’ actions [26,23], consequently making
the experience a ‘memorable’, ‘sustainable’, and ‘intrin-
sically rewarding’ one, rather than simply a ‘pretty’ one
[13,18,3,7]. Music making is a key form of creativity
[6] and is a rich domain in which to explore the de-
sign of interactive support for creative engagement, es-
pecially when designing digital musical instruments in
which support for creative engagement could be built
into the instrument itself.

Whilst creative engagement empowers users with
creative skills and confidence by providing them with
new experience, propelling them in a direction they
would previously never think of, encouraging them to
integrate these strategies into future work and daily life,
and contributing to users’ mood and life positively [13,
54,15,1,31,14], it can be rather challenging for novices
to achieve creative engagement.

Amateurs of an interactive activity, which we con-
sider to be those who take part in the interaction for
pleasure and with no intention to become profession-
als, may quickly run out of ideas and typically have
insu�cient experience and skills to find new ideas, and
so are easily discouraged after the first few endeavors
[37]. Creative prompts, stimuli, and other suggestions
can help support novices in extending and deepening
their creative engagement. For example, targeted infor-
mation [15], expert patterns [32], or unexpected and
valuable content that they might not have otherwise
considered or even come across in the digital environ-
ment [39,41]. Indeed, studies have shown that novices
demonstrated more creative engagement when given
support to kick-start their creative activities in digital
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2 Anonymised for review

painting [1], and showed better performance when be-
ing provided information about rule violations in digital
film making [15]. Recent studies have revealed that vi-
sual stimuli can positively prompt creative performance
since they provide ‘potential cues, analogy-sources or
other similes’ for inspiration [29,51], which can divert
one’s attention [22], increase the rarity and non-obviousness
of ideas [4] and prompt problem reinterpretation and
reconstruction [25]. To further explore the design of vi-
sual stimuli which supports creative engagement this
paper examines the e↵ect of providing visual stimuli to
support creative engagement with digital musical inter-
faces.

1.1 The Multimodality of Digital Musical Interfaces

Musical instruments are inherently multimodal, tradi-
tionally combining physical input modalities with au-
ditory output of music along with haptic feedback to
the musician. With the advent of real-time computer
generated audio, digital musical interfaces have taken
advantage of the multitude of input and output modali-
ties o↵ered by modern multimodal computing and often
o↵er a far wider range of combinations of input and out-
put modalities than traditional instruments. Interested
readers are referred to the field of New Interfaces for
Musical Expression for a glimpse of the dazzling array
of combinations of modalities in contemporary multi-
modal digital musical interfaces [28]. For example, a
digital musical instrument might map some physical
input such as button or sensor activation to auditory
output [55] and additionally o↵er visual output and in-
put modalities. Output visuals are additional outputs
which often act as a synchronized display that enhances
physical interaction and the understanding of the mu-
sic [8]. A typical example are audiovisual interfaces that
generate concurrent audio and visuals in real-time, cre-
ating a rich audio-visual experience [12,16]. Visuals can
also form part of the input control interface, acting as
an input to determine the content of the music, e.g. an
interactive bio-inspired sonification tool to convert im-
ages into music [44] or a sketch-based musical interface
to synthesize sound based on parameters of the sketches
[52].

Expanding the range of modalities of digital mu-
sical interfaces to include visual modalities has been
shown to reinforce the players’ physical interactions,
supplement auditory cues, increase the dynamics, rich-
ness, robustness and reliability of an interface, elicit joy,
surprise and delight, enhance performance and engage-
ment levels, allow new perspectives on performance to
be found, and lead ideas to move in di↵erent musical
directions [53,42,57,27].

In addition to being potential input and output modal-
ities of digital musical interfaces, visual stimuli have a
third role as they can be used to inspire musical creativ-
ity. As with other fields where visuals have been shown
to stimulate creativity, studies of the music-making pro-
cess of professional and novice musicians have shown
that visual materials are an essential tool for facilitat-
ing creativity [20,2]. That is, the visual modality may
influence the musical output by stimulating the user’s
inspiration and essentially act as an indirect input to
the music. This paper explores this third role of visuals
in digital musical interfaces by examining the forms of
visual stimuli that are e↵ective for supporting creative
engagement and so hopes to inform the future design of
digital musical interfaces whose multimodal interaction
includes visual representations which support creative
engagement.

2 Research Question

Research on the e↵ects of the form of visual stimili on
creative performance and creative experience are incon-
clusive. For example, exposure to familiar or literal so-
lutions as stimuli have been found to block the gen-
eration of unusual and original solutions [9,21]. This
happens mainly because a person consciously or un-
consciously becomes attached to existing solutions and
starts to repeat key attributes or features of the exam-
ples. In contrast, more obscure analogies and abstract,
remote, partial, incomplete or between-domain stimuli
have been found to be inspirational stimuli due to their
abstract nature [29,11,34]. However, Goucher pointed
out that, based on neuroimaging analyses of the cre-
ative process, inspirational stimuli of any kind, both
near and far from the problem space, can activate tem-
poral brain regions in association with semantic word
processing, word concept recognition, and memory, and
enhance the fluency of idea generation [25]. These in-
consistent findings on the e↵ect of the level of abstrac-
tion of visual stimuli on creativity motivates the first
research question of this paper: whether visual stim-

uli in di↵erent forms (abstract or literal) have di↵erent

impact on creative engagement in the process of music

creation.

Research on visual stimuli has mostly been under-
taken domains that work predominantly with visual
language, such as graphic design, product design, and
sketching. A secondary objective of the research re-
ported in this paper is to explore whether abstract vi-
suals are useful inspirational stimuli in creative process
which involve less visual activities – music creation in
our case.
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In music making, graphical scores (GS), have been
proposed as an open tool in visual form for both trained
and inexperienced musicians to create music [49]. In this
way GSs are an additional visual modality in a multi-
modal music system, o↵ering an influence on the musi-
cal production. A GS is series of idiosyncratic or per-
sonal visual representations that convey various dimen-
sions of sound information required to perform a piece
of music [47]. Unlike conventional sta↵ based musical
notations, which stipulate the symbols and their con-
tent, GSs are non-instructional, open-ended, and am-
biguous. GSs encourage performers to interpret and de-
cide what to play in their own way, which allow per-
formers to consider themselves as improvisers [47,40].
The dynamic nature of GSs means that they are widely
utilized in live music performances as a complementary
creativity support tool for improvisational music mak-
ing [36,38,46]. Prior knowledge of a GS may help to
guide a performer’s interpretation, but the risk is that
the performers may be restricted to the specified mean-
ing of symbols, limiting the degree of creative freedom
and resulting in derivative outcomes. Indeed, the id-
iosyncratic nature of GSs versus traditional notation
and their freedom of interpretation suggest that these
may be key to their use as prompts for inspiration, rais-
ing the question of whether being informed about the
meaning of a creative stimuli reduces it value in creative
engagement.

Finally, it is worth noting that existing studies of
GS have mostly examined the music making process
of professionals and valued the resultant artistic out-
come above the creative experience. Open questions re-
main about the impact of GSs and their explanation
on novices’ creative processes. In contrast to profes-
sional musicians’ processes, novice’s creative processes
are typically valued primarily for their experience rather
than the quality of the final artistic output. These points
motivate the second research question of this paper:
whether or not providing information about a GS will

support a novice’s creative engagement.

The research discussed above suggests a positive re-
lationship between abstract visual stimuli and creativ-
ity, and that the freedom of interpretation of GS can ef-
fectively support creativity [39,40]. Following these ar-
guments this paper hypothesizes that creative engage-
ment will be greater when novices play with an abstract
GS and without information about the GS as captured
in the following hypotheses:

H1: GS with abstract symbols will better support
novices’ creative engagement than those with literal
symbols.

H2: Playing without information about GS will bet-
ter support novices’ creative engagement than playing
with information.

3 Study Design

To explore the hypotheses presented in the previous
section an interactive prototype referred to as MTBox

was designed, built, and used in a controlled experiment
with novices as described in this section.

3.1 Prototype: MTBox

MTBox (Figure 1) is a multi-modal interface, with phys-
ical input modality of press-buttons and a rotary dial,
and output modalities of audio display and visual dis-
play on the top of the box (as seen in Figure 2). As a
user interacts with the physical interface, real-time au-
dio output is played and a representation of the music
being made is displayed on the visual timeline display
on the top of MTBox (see two versions of the timeline
in Figures 5 and 6). In this way there is a tight connec-
tion between the physical input modality and the audio
and visual output modalities. The timeline display also
displays creative stimuli drawn in the form of graphical
scores shown at the top of Figures 5 and 6. These are
used as a prompt for user creativity, or even as an in-
put to human creativity. These creative stimuli are not
connected to the input modality or output modalities.

Following the paradigm of tangible music interfaces
[58], the physical interface of MTBox was intention-
ally designed to be di↵erent to conventional musical in-
put devices and metaphors such as piano keys or DMI
grid controllers. This is in order to remove any pre-
conceptions about the instruments and to reduce non-
musicians typical nervousness about playing with con-
ventional instruments.

MTBox is a cube with each side of length 20 cm. Fig-
ure 2 shows a participant using the box. The hardware
was built for a previous study to explore the influence of
task motivation and user interface mode on novices’ cre-
ative engagement[57]. For the study reported in this pa-
per the mode of interaction and the graphical interface
were modified to create a more playful and interactive
music making interface and to include a graphical score.
Pressing a button on the vertical side of MTBox trig-
gers a pre-recorded audio sample. The front and back
buttons trigger long samples to play in a loop. To in-
crease autonomy and expressiveness, the left and right
buttons trigger eight short samples. The short samples
are one beat long and will be played only once when
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triggered. Two sets of short samples consisting of per-
cussion and piano notes were provided - pressing button
B2 on top of MTBox switches between the two sets of
short samples allows participants to produce rhythmic
patterns.

On the timeline display, there are 24 tracks to record
in real-time the interactions for each sample individu-
ally. Short samples are represented by dots, long sam-
ples by lines. The length of the lines increases with time
when triggered. The buttons on the top of MTBox pro-
vide control over the timeline interface. Knob R4 scrolls
the timeline forward or backward. Button B3 controls
the playback point of the timeline. When pressed, the
timeline jumps to the specified point and starts play-
back. Button B5 resets the scrolling timeline to the
current playback point. Button B1 erases all records
forward from the current point on the timeline.

Fig. 1 MTBox - prototype used in the study.

Fig. 2 Participant interacting with MTBox.

Table 1 Musical Ideas in Graphical Score

GS Musical Ideas
1 Start and stop di↵erent long samples one by one.
2 Start and stop di↵erent long samples altogether.
3 Start and stop a long sample; start and stop a dif-

ferent one; start and stop the previous one.
4 Trigger three short samples altogether.
5 Trigger three short samples one by one rhythmically.
6 Trigger a single short sample rhythmically.
7 Trigger short samples to make a linear pattern.
8 Trigger short samples to make a vertical pattern.
9 Trigger short samples to make an M pattern.
10 Trigger short samples to make a V pattern.
11 Start and stop a long sample with short samples

triggered in between.
12 Start and stop a long sample with short samples

triggered simultaneously.
13 Start long samples one by one and stop them all at

once.
14 Start long samples all at once and stop them one by

one.

3.2 Graphical Scores

To develop a set of musical ideas that could provide mu-
sical inspiration to non-musicians, three musicians were
asked to create a piece of music with MTBox. Musi-
cal ideas and patterns of short samples, e.g., triggering
three samples together or one by one and shifting be-
tween two samples, were extracted from their playing
records. Table 1 displays these musical ideas. Two sets
of graphical symbols were designed to convey musical
ideas, following mapping and coding strategies [47]. The
literal Graphical Score (GS) was designed based on the
visual records of samples drawn on the timeline inter-
face. As shown in Figure 3, the lines and dots on the
literal GS represent looping samples and short samples
respectively. The abstract GS was designed with shapes
that are not directly related to those shown in the time-
line. The rectangles denote looping samples. Circles and
lines indicate short samples, as presented in Figure 4.
A list of symbols with predetermined orders were dis-
played at the top of the timeline interface, producing
two versions of timeline interfaces: Gliteral (Figure 5),
and Gabstract (Figure 6). In MTBox the GS moves grad-
ually from right to left with the same speed as the time-
line.

3.3 Independent Variables

Two independent variables were manipulated:

– Abstract and literal GS, within-subjects factor (re-
peated). Participants interacted with two GSs in
turn. To eliminate the influence of the sequence of
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Fig. 3 Graphical score with literal symbols (Gliteral).

Fig. 4 Graphical score with abstract symbols (Gabstract).

Fig. 5 Timeline with literal graphical scores (Gliteral).

Fig. 6 Timeline with abstract graphical scores (Gabstract).

exposure to prototypes, the orders of GSs were coun-
terbalanced.

– The presence or absence of GS information, between-
subjects factor (non-repeated). There were two groups
of participants. Participants in group 2 were informed
of the meanings of the symbols while those in group
1 were not.

3.4 Participants and Procedure

Twenty-four participants who perceived themselves as
novice music makers were recruited via poster and email

(12 men, 12 women). These were a mix of undergradu-
ates, postgraduate students, and non-students. Specifi-
cally, 16 participants majored in computer science, four
majored in design, and four undertook research related
to interaction. None of them had experience in the per-
forming arts. Thirteen participants were aged 18-25 years,
ten aged 26-35, and one aged 36-45. No participants re-
ported being color-blind. Participants signed a consent
form and were informed that they could leave at any
time. Each participant completed four sessions of the
experiment and received 10 pound sterling (GBP) as
compensation.

Session 1: Guided learning with Gno. In a pilot study
not preported here, two novices reported that they were
easily disoriented without fully learning the box. To
enable a fuller understanding of MTBox, a prototype
without GS (Gno) was presented. Participants were guided
through the interactions of MTBox, including the but-
ton functions, long and short loops, and timeline inter-
face. The researcher demonstrated the interactions in
response to questions until there were no more ques-
tions, at which point it was assumed that participants
understood how to interact with the prototype.

Session 2: Exploration task with Gno. Participants
were encouraged to explore Gno in their own ways. No
specific outcome was required. From this session on-
ward, the researcher sat at the corner of the room in
case participants needed any help, but unlike session 1

did not proactively assist the participants. Participants
were reminded of the time after 10 minutes and were in-
formed that they could now move on to the next session
or continue with the current session if they wished.

Session 3: Creation task with one prototype. One of
the two prototypes was presented. For participants in
Group 1, GS was introduced as a tool to provide in-
spiration during playing. Only participants in group 2
were informed of the meaning of each symbol in the
GS. Participants were encouraged to create a piece of
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music, the length and genre of which were not specified.
They were also told that no judgment would be made
about the quality of the final output and were specifi-
cally reminded that they were not asked to follow the
GS, but rather to use it as supplementary material for
creation. Participants were reminded of the time after
10 minutes and could continue to the next session if
they wished. Afterwards, they were asked to fill out the
questionnaire.

Session 4: Creation task with the other prototype.
The other prototype was introduced. The procedures
were the same as those presented in session 3. After-
wards, participants were asked to fill out the question-
naire. A short interview was then conducted with par-
ticipants to understand their creative process.

3.5 Data Collection

Five forms of data were collected in the study as de-
scribed in this section.

3.5.1 Agreement Questionnaire

To better understand the participants’ perceptions of
the creative process, an agreement questionnaire was
designed based on the evaluation on creativity support
tools [10,48] and user engagement [43,57], focusing on
the facets such as perceived aesthetics and interpreta-

tion of GS, satisfaction with the results as well as per-

ceived creativity. The questionnaire consists of 11 state-
ments addressing these facets which can be found in Ta-
ble 2. Participants were asked to rate their agreement
on each statement with a 7-point Likert scale from 1
(strongly disagree) to 7 (strongly agree). This question-
naire was presented to participants after playing with
both Gliteral and Gabstract in session 3 and session 4

respectively.
In order to compare the subjects’ perceived creativ-

ity with di↵erent versions of GS, in session 2 after ex-
ploration with Gno, participants were asked to rate their
perceived creativity in the creation of a piece of music
(Q0: I was creative in the exploration with the music).

3.5.2 Choice Questionnaire

The choice questionnaire was presented at the end of
the experiment. There are three questions including 1)
how important is the GS? (single choice): very impor-

tant, moderately important, neutral, slightly important,
or not at all important ; 2) when is the GS more help-
ful? (multiple-choice): all the time, once I got the brief,

during learning process, during music idea generation,
or when I do not know what to do and 3) how did the

GS help your creative process? (multiple-choice): acti-
vated related musical ideas in memory, gave examples

to follow, provided ideas on sample combinations, and
provided inspiration on music structure and others.

3.5.3 Comparative Questionnaire

A comparative questionnaire was presented at the end
of the experiment, asking participants to choose which
of two GSs that best fit the statements. Each statement
represents one of the seven factors of creative engage-
ment [57], as shown in Table 4.

3.5.4 Creative Results

While participants were interacting with Gno, Gliteral

and Gabstract, the dynamic changes on the timeline in-
terface were screen recorded using QuickTime Player.
Screenshots of the timeline interface were stitched to-
gether to form a record of the creative result, which
contains all the music fragments the participant made
during the creation process.

3.5.5 Interview

A semi-structured interview collected subjective feed-
back from each participant after playing with Gliteral

and Gabstract. Participants were asked to describe their
creative process, how they interpreted the graphical
scores, how the graphical scores a↵ected their playing,
and how they utilized the graphical scores. After they
finished playing with the prototypes, the participants
were asked to describe the di↵erences in the playing ex-
perience between the two versions (if any), which one
they preferred, which was more inspiring as well as the
reasons for their choices. The questions were not asked
in the same sequence, but rather were used to direct
the flow of conversation in the interview whilst ensur-
ing that all questions were addresses in the interview.

4 DATA ANALYSIS & RESULTS

4.1 Agreement Questionnaire

A Principal Component Analysis (PCA) on participant
feedback indicates that three independent facets were
measured by the agreement questionnaire: inspirational
support, result satisfaction, and e↵ort of interpretation.
In the analysis the cuto↵ value of 0.71 was selected as
0.71 or greater value indicates 50% overlapping vari-
ance between variable and factor according to Comrey
and Lee’s criteria (1992, as cited in [43]). The internal
consistency of the three components identified by the
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Table 2 Facets of Creative Engagement Measured with the Agreement Questionnaire according to PCA

Questions Inspirational Results E↵ort of
Support Satisfaction Interpretation

Q2. The graphical score inspired me when I was creating the music. .896 . 076 .006
Q5. The graphical score helped me to find many di↵erent musical ideas,
possibilities, or outcomes.

.869 .120 -.225

Q6. I looked at the graphical score frequently for inspiration. .847 .039 -.094
Q8. The graphical score supported me to be expressive in music. .886 .120 .121
Q9. I think I produced a piece of music with good quality. .060 .886 .038
Q10. I am satisfied with what I have gotten out of the musical box. .161 .890 -.041
Q11. I was very creative with the piece of music. .099 .907 .053
Q3. I found it was di�cult to interpret the graphical score. -.428 -.166 .723
Q4. I developed my own understanding of the graphical score. .201 .296 .781
Q1. The graphical score was visually pleasing. .427 .146 -.310
Q7. When I was playing with the prototype, I lost track of the world
around me.

.453 .359 .079

Amount of variance explained 4.328 2.238 1.166
Percentage of variance explained 39% 20% 11%

Table 3 Significant Results of Questionnaires

Source Measurement (Condition) p-value Group Comparison (Mean)
Agreement questionnaire E↵ort of interpretation p <.001 No info (5.208) >Informed (3.917)

E↵ort of interpretation p = .014 Gliteral (4.146) <Gabstract (4.979)
Perceived creativity with music p = .006 Gno (3.000) <Gliteral (4.542)

p <.001 Gno (3.000) <Gabstract (4.583)
GS aesthetics (No info) p = .032 Gliteral (4.250) <Gabstract (5.567)

Choice questionnaire GS o↵ered examples to follow p = .041 No info (4) <Informed (9)

PCA is low (Cronbach’s Alpha <0.001), demonstrating
that each component was distinct, with no significant
overlap. Table 2 lists the resulting number of items,
item loadings, the amount and percentage of variance
explained by each component, grouped in terms of the
three independent facets, as outlined below.

Inspirational Support accounted for 39% of the vari-
ance and consisted of four items. Item loadings on this
component ranged from 0.847 to 0.896. These items are
related to participants’ perceptions of how inspiring the
GS is, the ease of exploring new ideas, usage frequency
and the ability to perform various outcomes. The in-
ternal consistency of items was excellent (Cronbach’s
Alpha = 0.914).

Results Satisfaction occupied 20% of the variance
and consisted of three items. Item loadings on this com-
ponent ranged from 0.886 to 0.907. These items are as-
sociated with participants’ satisfaction with the result,
perceived quality of the results and creativity. The in-
ternal consistency of items was excellent (Cronbach’s
Alpha = 0.895).

E↵ort of Interpretation accounted for 11% of the
variance and consisted of two items. Item loadings on
this component ranged from -0.723 to 0.781. These items
were related to participants’ perceptions of ease of inter-
pretation and development of own interpretation. The
internal consistency of items was good (Cronbach’s Al-
pha = 0.614)

A scale value of each component was calculated by
averaging the items that make up the component. This
value can be understood as the degree of agreement
with each component. The higher the value, the more
the component was agreed on by the participants. To
analyse these data further, nonparametric tests were
adopted as the data does not obey normal distribution.
A Mann-Whitney test suggested that there was a signif-
icant di↵erence for the component e↵ort of interpreta-
tion (Z = -3.524, p<0.001) between groups. The agree-
ment for e↵ort of interpretation in the group playing
without information (M = 5.208) was bigger than that
of the group playing with information (M = 3.917).
Wilcoxon signed ranks test suggested that there was a
significant di↵erence in e↵ort of interpretation for dif-
ferent versions of GS (Z = -2.458, p = 0.014). Partici-
pants found Gliteral (M = 4.146) easier to interpret, as
compared to Gabstract (M = 4.979).

Further analysis was conducted to compare how par-
ticipant agreement di↵ered for questionnaire questions
Q1, Q7 and Q0/Q11. Wilcoxon signed ranks test sug-
gested that participants’ agreement on perceived cre-
ativity with music (Q0/Q11) was significantly di↵erent
between Gliteral and Gno(Z = -2.749, p = 0.006), as well
as between Gabstract and Gno(Z = -3.252, p = 0.001).
The perceived creativity with Gliteral (M = 4.542) and
with Gabstract (M = 4.583) were higher than that with
Gno (M = 3.000). In the group which was not informed
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8 Anonymised for review

of GS details, there was a significant di↵erence for GS
aesthetics (Q1) (Z = -2.146, p = 0.032). Participants
agreed more on the aesthetics of Gabstract (M = 5.567)
than that of Gliteral (M = 4.250). All significant results
are listed in Table 3.

4.2 Choices Questionnaire

In terms of analysis of the choices questionnaire, a Chi
Square test for cross-tabulation was applied. Between
two groups of participants, there existed a significant
di↵erence on the choice ‘Give examples to follow’ in the
question ”How did the graphical score help you?” (df
= 1, p = 0.041). In the group playing without GS infor-
mation, four participants ticked this statement, whereas
nine participants in the group playing with GS informa-
tion ticked it. However, no statistical significance was
found for either Q1 or Q2 between groups of partici-
pants, indicating that playing with or without GS in-
formation did not have any influence on participants’
choice of how much and when the graphical score was
important.

4.3 Comparative Questionnaire

Table 4 presents the results of the comparative ques-
tionnaire, with significant di↵erences of a Chi Square
test in bold. In the group playing without information
about the GS, significantly more participants rated that
they enjoyed it more with Gabstract than with Gliteral

(X2 = 10.667, p = 0.001). In the group playing with
information about the GS, significantly more partici-
pants rated that they felt more frustrated with Gabstract

than Gliteral (X2 = 10.667, p = 0.001). Meanwhile, sig-
nificantly more participants rated that they felt Gliteral

helped them to get more inspiration (X2 = 6.000, p =
0.014).

4.4 Results Assessment

The quantity and diversity of creative results can be
employed to evaluate the success of a creation process
and the e↵ect of a creative stimuli [25,51]. As it is dif-
ficult for novices to control the overall structure of a
musical composition [6], and given that creative output
can be regarded as a temporary position within a cre-
ative experience [23], the analysis of participants’ cre-
ative results did not evaluate the broad musical struc-
ture. Instead the analysis of the final musical structure
concentrated on the smallest unit of creative content
– musical patterns – which are regarded as a string of

Fig. 7 Interaction between GS style and information

beats with similar track combinations which appear fre-
quently within the musical structure [6].

Two assessors were invited to look for music pat-
terns in the participants’ creative results. Both asses-
sors followed the same procedure and selection criteria:

1. Look for similar combinations of track records on
the timeline.

2. Attempt to incorporate compositions on di↵erent
tracks into the same pattern.

3. When a combination of the same shape appears
twice or more, it is considered as a pattern.

4. When there are subtle changes in the combination,
such as adding a beat but not influencing the overall
structure, it should still be classified as the same
pattern.

5. When there exist subtle changes in the combination,
but the change repeated twice or more, it is classified
as a new pattern.

Each assessor conducted three rounds of pattern explo-
ration independently. After each round of exploration,
the evaluators discussed with the author about the pat-
tern criteria and the controversial patterns. Finally, the
two assessors exchanged the patterns for cross-reference
and discussed them together with the author in order to
reach an agreement of the final patterns in each creative
process. The number of patterns types and the total
number of patterns were recorded. Internal consistency
of the number of pattern types identified by the two as-
sessors was satisfactory (Cronbach Alpha coe�cient =
.892), as was the total number of patterns (Cronbach
Alpha coe�cient = .923), suggesting the raters were
following the same criteria to look for patterns and the
data was reliable. Figure 7 presents an example of pat-
terns extracted from one participant.

Nonparametric tests were adopted to analyse the
number of pattern types as the data does not obey
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Table 4 Results of Comparative Questionnaire (Significant results are shown in bold)

No info Informed
Factor Question Gliteral Gabstract Gliteral Gabstract

Enjoyment I enjoyed myself more with 2 10 7 5
Exploration I explored more musical ideas with 6 6 6 6

Expressiveness I felt I was more expressive with 4 8 5 7
Frustration I felt more frustrated with 8 4 2 10

Perceived creativity I felt more creative with 4 8 4 8
Result satisfaction I am more satisfied with the results produced with 4 8 6 6

Inspirational support I got more inspirations with 5 7 9 3

normal distribution. Wilcoxon signed ranks test sug-
gested that GS style caused significant di↵erences in
the number of pattern types and the number of pat-
terns produced by the participants, as presented in Ta-
ble 5. Participant generated more types of patterns and
made more patterns with Gabstract (M = 6.456) and
with Gliteral(M = 4.917) than with Gno(M = 3.318).
When playing with Gabstract, participants made more
types of patterns and more total patterns than with
Gliteral. Mann-Whitney Test suggests that the number
of pattern types in the two information groups were sig-
nificantly di↵erent when playing with Gliteral. Partici-
pants who were informed of the GS details generated
more types of patterns (M = 5.196) than those who
were not informed (M = 4.525).

4.5 Interview Analysis

A bottom-up deductive thematic analysis was conducted
on the interview transcripts [30]. Two researchers ex-
perienced in thematic analysis went through the tran-
scripts independently three times and iteratively coded
the sentences with preliminary themes. Then, the re-
searchers discussed the themes together and combined
similar preliminary themes to create categories of themes.
Below are themes identified in the interview transcripts
along with representative quotes from participants.

4.5.1 Interest Trigger

The interview feedback suggested that both GSs implic-
itly triggered participants’ interest to respond, either by
trying to make sense of its meaning, testing the results,
or setting a creative goal. Four participants from both
groups asked questions such as ‘what does this mean,
how could I interpret that?’ or ‘can I actually do that?’
and started to make sense of the symbols. Two partic-
ipants reported that their motivation to explore more
of the box was triggered, e.g., ‘I tried to do more things
that I probably wouldn’t have done instinctively’.

Despite the abstractness of the symbols in Gabstract,
two participants mentioned that Gabstract triggered their

interests. In the presence of Gabstract, one participant
was willing to accept the challenge of creating more
complex music. Although no participants reported that
clues concerning the composition of the music were ob-
tained from the symbols, one participant took them as
a reminder of ‘being creative’ and ‘taking care of the
structure of the piece.’

4.5.2 Intuitive Aid

Generally, the GS was regarded as an ‘intuitive aid’
and an ‘interesting tool’ as it provided examples for
participants to learn ‘how to play chunk’. In addition,
participants reported that they became less lost in the
presence of the GSs. Participants tended to look for
solutions or better sound ideas from GSs when they
‘don’t know what to do next’, ‘get stuck’, ‘get repe-
tition’, ‘messed up’ with sound, or were not satisfied
with what they were creating. The ideas included ‘com-
bination of di↵erent samples’, rhythmic patterns that
can ‘be translated to sound sequence’, musical struc-
ture that included ‘where to plug in the drums’, as well
as musical ideas such as how to ‘mix’, ‘what to use’,
‘when to start or stop’, and ‘how to finish’. Two partic-
ipants reported that they had di�culty remembering
a sound and its corresponding button, but that GSs
helped them to recall the sound based on the color and
shape.

4.5.3 Idea Catalyst

The GSs also played a vital role in helping participants
to develop their own ideas and to come up with more
ideas on their own. Participants reported that they be-
gan by following the score until they ‘got into it a lit-
tle bit’ and started concentrating on their own explo-
rations. Participant also reported that they started by
reproducing the ideas suggested by the symbols, and
then ‘from that idea I developed something else’. In
this way it seems that is when they started modifying
the ideas interpreted from the GSs that they started to
create their own ideas e.g., ‘maybe I can blend some-
thing like this’. They also asked themselves questions
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Table 5 Significant Results of Results Assessment

Analysis Measurement Group Comparison (Mean) p-value
Wilcoxon signed Number of pattern types Gno(3.318) <Gliteral (4.917) Z = -2.016, p = .044
ranks test Number of pattern types Gno(3.318) <Gabstract (6.623) Z = -3.422, p = .001

Number of pattern types Gliteral(4.917) <Gabstract (6.623) Z = -2.054, p = .040
Number of patterns Gno(10.466) <Gliteral(16.177) Z = -2.172, p = .030
Number of patterns Gno(10.466) <Gabstract (25.868) Z = -3.422, p = .001
Number of patterns Gliteral(16.177) <Gabstract (25.868) Z = -2.403, p = .016

Mann-Whitney Number of pattern types No Info (4.525) <Informed (5.196) Z = -2.200, p = .028
test (Gliteral)

such as ‘what can I fill in when seeing the symbol?’,
and then tried to create musical ideas following that.

4.5.4 Loose Impression

With Gabstract, eight participants reported that they
did not develop a ‘one-to-one mapping’ on sound and
graphic elements, or a specific interpretation of each
symbol. Two even reported that they ‘didn’t really un-
derstand what it meant’. Instead, they developed a ‘loose
impression’ or a ‘feeling’ from Gabstract when they occa-
sionally caught a glimpse of it. While most participants
recognized that Gliteral was designed based on the time-
line, participants reported a variety of interpretations
of Gabstract. Symbols were taken as ‘a reminder of tak-
ing care of general structure and of being creative’, as
an indication of timing and ‘key points’. Additionally,
symbol size was also mapped to sample length e.g., ‘I
added a loop sample when seeing a big shape’.

As for participants in the group informed of GS de-
tails, four of these participants mentioned they put in
more e↵ort to ‘remember’ the meaning of the symbols.
However, it was di�cult and confusing for them to ‘re-
member’ what the symbols represent according to the
information given.

4.5.5 Graphic style

Gliteral and Gabstract created di↵erent impressions on
participants. Gliteral was described as clear, linear, logi-
cal, specific, straight forward, simple, systematic, orga-
nized, oppressive, softer and not providing useful infor-
mation, while Gabstract was described as abstract, rep-
resentative, relaxed, open, no right or wrong, visually
pleasant, with more things to find, be more interesting,
complex, aggressive, confusing, and make no sense.

Whether the symbols created a positive impression
is vital as it triggered participants’ willingness to try
something di↵erent, and influenced their attitudes and
approaches towards the creative activity. Four partici-
pants expressed their appreciation of the visual style of
Gabstract, and even those who thought Gabstract was too
abstract to interpret found it ‘visually pleasant’.

5 Discussion

Participants reported higher perceived creativity with
both abstract and literal Graphical Scores than when
playing without GS. With both Gabstract and Gliteral,
participants generated and played with more types and
numbers of patterns than with Gno. The obtained re-
sults support the claim that visual stimuli of any kind
are useful in supporting creativity [25]. Additionally, re-
sults of the thematic analysis suggested that both forms
of visual stimuli worked as an interest trigger, an intu-
itive aid, and idea catalyst. The results suggest that
the additional visual stimuli triggered participants’ in-
terest to play in the beginning of the creative process,
provided inspiration when they encountered barriers,
and facilitated the development of musical ideas dur-
ing the creative process. We suggest that visual stimuli
contribute to the evolution of engagement, supporting
novices’ music making in di↵erent stages from immedi-
ate engagement to sustained engagement and eventu-
ally to creative engagement [7].

Hypothesis H1 (graphical score with abstract sym-

bols will better support creative engagement) is sup-
ported by the results that show that participants per-
formed more types and numbers of patterns when play-
ing with Gabstract than with Gliteral. Despite the fact
that more e↵ort needed to be invested in developing
an interpretation of Gabstract, the satisfaction with the
results was not a↵ected. Moreover, the interview feed-
back related to loose impression suggested that abstract

allowed greater space for interpretation, which encour-
aged more explorations. However, the advantages of
Gabstract depended largely on whether participants were
informed of the design. The enjoyment with Gabstract

was superior to Gliteral, and the graphics of Gabstract

were aesthetically more appealing than Gliteral to the
participants who played without any information. For
the group of participants who were informed of the sym-
bol meanings, Gabstract was regarded as more frustrat-
ing and less useful to the group playing with informa-
tion. This is possibly because the giving information
concerning Gabstract confused participants and impeded
them in developing a loose impression of the symbols,
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resulting in blocking access to associative thinking and
leading to an unfavorable impact on participants’ cre-
ative experience. Although the participants may have
put more e↵ort into interpreting Gabstract when given
no information, the loose impression increased their en-
joyment of the creative process and encouraged them to
explore more, consequently allowing the music created
to be more individual.

Hypothesis H2 (playing without information about

graphical score will better support creative engagement)
is not supported by the findings. According to the re-
sults, playing without GS information had both disad-
vantages and advantages, depending largely on the GS
style. In the case of Gabstract, not giving information
can be beneficial as participants discovered the GS with
abstract symbols to be more enjoyable and more aes-
thetically pleasing. In contrast, being informed about
the design of abstract stimuli could seriously frustrate
participants during the creative process. In contrast,
in terms of Gliteral, more participants agreed that they
got more inspiration from Gliteral in the group who were
informed about GS details. In addition, these partici-
pants performed more types of patterns than those who
were not informed of GS details. Generally, giving the
information about GS required less e↵ort to interpret
for both literal and abstract visual stimuli. More par-
ticipants in the group playing with information agreed
that the GS helped the creative process by o↵ering ex-
amples to follow. Combining participants’ comments on
the literal GS, we suggest that providing information
about the GS made it more straightforward for par-
ticipants to understand the musical ideas which were
suggested by the GS. It provided examples for partic-
ipants to follow and learn from, becoming an intuitive
aid to catalyze the development of ideas in situations
where participants don’t know what to do. In terms
of the visual stimuli that are more open and less di-
rect, providing information about the score seemed to
increase its complexity and limit participants’ auton-
omy to develop their own understandings, which led to
negative impact on the creative engagement.

In terms of the creative outcomes, it is worth noting
that there is a discrepancy between the participants’
subjective satisfaction and the objective analysis. No
evidence was found in the questionnaires to suggest that
the GS had any e↵ect on reported satisfaction with cre-
ative outcomes. However, the results assessment found
more patterns were generated with Gabstract, implying
an advantage of Gabstract in improving creative perfor-
mance. This inconsistency suggests that there does not
necessarily exist a direct correlation between subjec-
tive feelings of satisfaction with results and objective
measures of creative outcome. This is similar to the

Fig. 8 Creative Engagement with Visual Stimuli

conclusion that subjective ratings of creativity may di-
verge significantly from more objective measures [35].
Therefore, qualitative and quantitative assessments are
likely to be complementary measures of the complex
multi-dimensional constructs of creative engagement.

5.1 How Visual Stimuli Support Creative Engagement

We propose a descriptive model shown in Figure 8 to
explain how di↵erent forms of visual stimuli (abstract
or literal) and information about the stimuli support
creative engagement based on the framework of cre-
ative engagement proposed by [7]. We suggest that both
forms of visual stimuli helped to draw the novices’ at-
tention, trigger their interests and guide them into a
sense-making process, thus engaging them at the very
first stage of interaction (immediate engagement). How-
ever, in our view, the graphic style and information
given about the visual stimuli a↵ected the development
of interpretation. Literal visual stimuli with informa-
tion about the visuals appeared to guide individuals to
learn what is specified, leading to a prescribed interpre-

tation of the visuals being established. In contrast, with
its variation of symbolic shapes, the abstract graphic
representations may be associated by individuals with
di↵erent dynamics of the music, such as tempo, vol-
ume, timing, etc. This associative thinking, more of an
unfocused process that activates di↵erent memory loca-
tions in the brain and helps enlarge the source context,
results in an open interpretation.
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Once the interpretation is developed, novices inter-
act further and respond to more visual stimuli (sus-
tained engagement). Working with the prescribed in-
terpretation, we suggest that novices tend to follow the
examples of musical ideas (e.g. combinations of samples
and rhythmic patterns) suggested in the visual stimuli
and reproduce them. This helps novices achieve a cre-
ative breakthrough from nothing to something, which
is especially important for individuals who do not have
any ideas about what to do. As the diverse interpreta-
tions may elicit various potential music ideas, we sug-
gest that these encourage participants to make more
explorations and implementations. We see this as an it-
erative process during which new potential ideas may
be discovered and implemented, with more explorations
to follow. As a result, the tones and phrases generated
tend to be more individual and have more musical dy-
namics.

As the interaction progresses further, novices may
start to evaluate and improve the previous ideas or
even create new ideas gradually (creative engagement).
They evaluate and filtrate ideas, sifting out unsatisfied
ones and then started modify them into new ones. By
this point, the modified ideas become the user’s cre-
ative output. This is similar to the process of transfer
and transformation, during which people engage reflec-
tively and creatively trying to conceive novel and orig-
inal ideas [24]. In this way, visual stimuli provide ‘per-
formative agency’ that can initiate people’s e↵orts to
pursue a creative outcome [5].

The two paths by which visual stimuli and its in-
formation influence creative engagement complement
each other. We see prescribed interpretation (literal vi-
sual stimuli with information about the stimuli) as be-
ing helpful for novices to achieve a breakthrough from
nothing, but the disadvantage is that the inspirational
sources are limiting and can easily become rigid and de-
pleted after a period of time, even leading to fixation.
The advantage of the open interpretation (abstract vi-
sual stimuli with no information) is that they may pro-
voke more individual associations, thus eliciting more
diverse creative inspirations and more variety in the
creative output. Therefore, in practical applications, a
balance of the two forms of visual stimuli and its infor-
mation should be considered.

5.2 Implications for Designing Visual Stimuli

The results of our study suggest that the creative ben-
efits of visual stimuli do apply in the context music.
To extend the results beyond the current study, more
general implications for the design of visual stimuli to

support novices in creative engagement are discussed
below.

1. Providing autonomy for interpretation on the visual

stimuli. Visual stimuli should be designed to encour-
age users to take the stimuli as a supplementary
source of inspiration rather than an instruction. We
suggest avoiding the disclosure of design intent of
the visual stimuli. Without the pressure of following
visual stimuli or interpreting them in a certain way,
visual stimuli can evoke more associative thinking.
This also helps to avoid distracting users from their
main creative task.

2. Providing abstract but not too abstract visual stim-

uli. Abstract visual stimuli are visual representa-
tions that less associated with current tasks. These
encourage users to develop a variety of interpreta-
tion, which triggers indirect associations in memory
and provokes inspiration.
It is necessary to avoid overly abstract visual stim-
uli that take e↵ort to interpret, as they may distract
users from the main task. However, it is also neces-
sary to avoid overly simple visual stimuli that users
feel too oppressive, or that cause them to feel di-
rected.

3. Adaptively integrating both literal and abstract forms

of visual stimuli. Literal visual stimuli is helpful to
kick-start in the initial stage of the creative process.
It trigger users’ interest to respond and provide ex-
amples to follow. By imitating examples novices can
quickly learn from examples and start to develop
their own ideas.
In order to continuously engage the user creatively,
visual stimuli needs to be adaptively changed into
more abstract forms over time and in response to
user behaviour. This is because visual stimuli that
are too literal tend to limit the imagination and lead
to constrained creative results.

5.3 Limitations and Future Works

To avoid the empirical grouping a↵ecting the objectiv-
ity of the thematic analysis, the interview transcripts
were analysed anonymously and ungrouped. As a re-
sult, the thematic analysis provided little useful evi-
dence of di↵erences between information groups. Future
work should seek to explore more qualitative feedback
from participants on the provision of information about
the scores.

For the purpose of this study, within-subject com-
parisons were conducted with the aim to obtain in-
depth understanding of the di↵erences between forms
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of visual representations. To balance the time and par-
ticipants’ patience and willingness to be creative, no
baseline condition was included in the present study.
The analysis compared the perceived creativity between
Gabstract and Gno and between Gliteral and Gno. Al-
though the results of di↵erent analysis are consistent,
the di↵erent tasks in the three sessions may lower the
credibility of the comparison results. In future studies,
formal baseline condition should be included and di↵er-
ent experimental sessions should be conducted at longer
intervals.

It is possible that both versions of visual stimuli
were at the abstract end of the abstract-literal contin-
uum, or that specific variations in shape or size were re-
sponsible for the results. Attempts were made to avoid
subtle variations of GS design: 1) The symbols in Gliteral

were designed based on the timeline; 2) The guided
learning and exploration sessions aimed to help partici-
pants become familiar with the timeline interface. How-
ever, potential pitfalls related to the GS design might
have a↵ected the results. In future studies, the level of
abstraction of design should be more carefully consid-
ered.

Whilst the Gliteral symbols were designed based on
the timeline, the Gabstract symbols were designed intu-
itively by a graphic designer with the primary design
criteria being that they should not be directly related
to the shapes on the timeline. No consideration was ex-
plicitly given to the evocative nature of the Gabstract

symbol design. Future work should explore how the
shape, colour, and visual complexity of the Gabstract

symbols evoke certain associations in people. For exam-
ple, exploring the cross-modal correspondence of visual
brightness to expectations of auditory pitch [33], or the
expectation of the kind of sound based on shape such
as the bouba/kiki e↵ect in which visual features shapes
have been shown to consistently map to certain kinds of
sounds [45]. Such future research would also be closely
related to the idea of graphic-evoked mental imagery
[56] in which incorporating what is imagined from the
graphics into the composition can positively enhance
young children’s music compositional creativity (ibid).
Given the temporal nature of music there may also be
implicit associations between the abstract shapes and
the musical gestures captured in the music they repre-
sent. Whilst the abstract-literal design distinction was
made purely in terms of the visual form of the shapes
designed, future work should explore possible associa-
tions between visual form and musical gesture.

Finally, according to one participant, the potential
disadvantage of visual stimuli is that it can lead to dis-
traction. Although it was reported as being useful in
stages such as exploration and ideation by to most par-

ticipants, GS could be distracting in stages that require
focused thinking. Further studies still need to be per-
formed to understand how to adapt visual stimuli to
di↵erent creative stages.

6 CONCLUSION

To conclude, the study presented in this paper exam-
ined the e↵ects of visual stimuli in supporting novices to
achieve creative engagement while interacting with mul-
timodal digital music systems. It took graphical scores
as a form of creative stimuli, exploring whether the
graphical style and the presence or absence of expla-
nation had di↵erent impact on creative engagement.
The results suggest that abstract visuals were e↵ec-
tive external stimuli to guide novices to find inspiration
and to support creative engagement. However, provid-
ing information about the visual stimuli had both ad-
vantages and disadvantages, depending largely on the
forms of visual stimuli. In contrast to previous works
which mainly focused on the creative process of profes-
sionals, this work shows that novices’ creative processes
can also benefit from visual stimuli. Moreover, the study
findings also contribute to practices in the field of New
Interfaces for Musical Expression, suggesting that visu-
als can be designed to be creative stimuli within digital
musical interfaces themselves. Finally, by undertaking
our study in the multimodal domain of music making
our results demonstrate the broad applicability of vi-
sual stimuli as creativity support tools.
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1. Benedetti, L., Winnemöller, H., Corsini, M., Scopigno,
R.: Painting with bob: Assisted creativity for novices.
In: Proceedings of the 27th annual ACM symposium
on User interface software and technology, pp. 419–428.
ACM (2014)

2. Besada, J.L., Cánovas, C.P.: Timelines in spectral com-
position: a cognitive approach to musical creativity. Or-
ganised Sound 25(2), 142–155 (2020)

3. Bilda, Z., Edmonds, E., Candy, L.: Designing for creative
engagement. Design Studies 29(6), 525–540 (2008)

4. Borgianni, Y., Maccioni, L., Fiorineschi, L., Rotini, F.:
Forms of stimuli and their e↵ects on idea generation in
terms of creativity metrics and non-obviousness. Interna-
tional Journal of Design Creativity and Innovation 8(3),
147–164 (2020)

5. Bown, O., Eldridge, A., McCormack, J.: Understanding
interaction in contemporary digital music: from instru-
ments to behavioural objects. Organised Sound 14(2),
188–196 (2009)

6. Bryan-Kinns, N.: Mutual engagement and collocation
with shared representations. International Journal of
Human-Computer Studies 71(1), 76–90 (2013)

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



14 Anonymised for review

7. Candy, L., Bilda, Z.: Understanding and evaluating cre-
ativity. In: Proceedings of the Seventh ACM Confer-
ence on Creativity and Cognition, C&C’09, pp. 497–498.
ACM, New York, NY, USA (2009)

8. Capra, O., Berthaut, F., Grisoni, L.: Levels of detail in vi-
sual augmentation for novice and expert audiences. Com-
puter Music Journal 44(2-3), 92–107 (2020)

9. Cardoso, C., Badke-Schaub, P.: The influence of di↵er-
ent pictorial representations during idea generation. The
Journal of Creative Behavior 45(2), 130–146 (2011)

10. Carroll, E.A.: Quantifying the personal creative experi-
ence: evaluation of digital creativity support tools using
self-report and physiological responses. Ph.D. thesis, The
University of North Carolina at Charlotte (2013)

11. Cheng, P., Mugge, R., Schoormans, J.P.: A new strategy
to reduce design fixation: Presenting partial photographs
to designers. Design Studies 35(4), 374–391 (2014)

12. Correia, N.N., Tanaka, A.: Avui: Designing a toolkit for
audiovisual interfaces. In: Proceedings of the 2017 CHI
Conference on Human Factors in Computing Systems,
pp. 1093–1104 (2017)

13. Csikszentmihalyi, M.: Flow and the psychology of discov-
ery and invention. New York: Harper Collins (1996)

14. Csikszentmihalyi, M., Sawyer, K.: Creative insight: The
social dimension of a solitary moment. In: The systems
model of creativity, pp. 73–98. Springer (2014)

15. Davis, N., Zook, A., O’Neill, B., Headrick, B., Riedl, M.,
Grosz, A., Nitsche, M.: Creativity support for novice dig-
ital filmmaking. In: Proceedings of the SIGCHI Confer-
ence on Human Factors in Computing Systems, pp. 651–
660. ACM (2013)

16. Do Nascimento Correia, N., Tanaka, A.: From gui to
avui: situating audiovisual user interfaces within human-
computer interaction and related fields. EAI Endorsed
Transactions on Creative Technologies 8(27) (2021)

17. Edmonds, E.: Art, interaction and engagement. In: Infor-
mation Visualisation (IV), 2011 15th International Con-
ference on, pp. 451–456. IEEE (2011)

18. Edmonds, E., Muller, L., Connell, M.: On creative en-
gagement. Visual communication 5(3), 307–322 (2006)

19. Fischer, G.: Beyond ”couch potatoes”: From consumers
to designers and active. In: Contributors, in FirstMonday
(Peer-Reviewed Journal on the Internet), Available at
http://firstmonday. org/issues/issue7 12/fischer (2002)

20. Franceschini, A., Laney, R., Dobbyn, C.: Sketching mu-
sic: exploring melodic similarity and contrast using a dig-
ital tabletop. Journal of Music, Technology & Education
13(1), 5–31 (2020)

21. Fu, K., Chan, J., Cagan, J., Kotovsky, K., Schunn, C.,
Wood, K.: The meaning of ”near” and ”far”: the impact
of structuring design databases and the e↵ect of distance
of analogy on design output. Journal of Mechanical De-
sign 135(2) (2013)

22. Gabora, L., Kaufman, S.B.: Evolutionary approaches to
creativity. The Cambridge handbook of creativity pp.
279–300 (2010)
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