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ABSTRACT

Composing is a neglected area of music education. To increase participation, many
technologies provide open-ended interfaces to motivate child autodidactic use,
drawing influence from Papert’s LOGO philosophy to support children’s learning
through play. This paper presents a case study examining which interactions with
Codetta, a LOGO-inspired, block-based music platform, supports children’s creativity
in music composition. Interaction logs were collected from 20 children and correlated
against socially-validated creativity scores. To conclude, we recommend that the
transition between low-level edits and high-level processes should be carefully
scaffolded.
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CCS Concepts
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Introduction

Composition is recognised by educators and the government as crucial to a successful
primary-level music curriculum [1][2][3]. Despite this, composition has been neglected
in education, as there are many barriers to overcome. For example, generalist
educators have low levels of confidence in teaching music, deterred by their lack of
‘specialist ability’ [4][5][3].

Successful solutions have incorporated the use of digital technology to aid in teaching
[6][7]1[8]. Many of these solutions capitalise on the parallels between music and
programming [9][10][11], presenting open-ended platforms that facilitate experiential

learning approaches, based on intrinsic motivation and tinkering. This approach is
sometimes referred to as the LOGO philosophy [12], based on Papert’s [13] LOGO
coding environment, which was designed to support the learning of mathematical

concepts passively through play. Another notable example of a LOGO-inspired
platform, that found widespread success, is Scratch, which allows children to create
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their own interactive computer programs by connecting together coloured puzzle-
shaped pieces [14].

Although there is some consensus that a LOGO-inspired approach is conducive to
creativity, little research has investigated this empirically [12]. This paper aims to
better the current understanding on how children make music with LOGO-inspired
technologies. This builds on previous work surrounding the development of Codetta: a
block-based music composition tool, inspired by Scratch, which was introduced to the
NIME community in 2020 [11]. As it can be difficult to understand this analysis
without knowing how Codetta works, the reader is invited to first view the original
video demo presentation [11]. The research question guiding this work is: Which

interactions with Codetta best support children’s ability to be creative in
composition?.

The paper is organised as follows. The Background section provides a brief overview
of relevant digital music composition and psychology-related creativity research. The
empirical Method employed is then described, followed by Results. Discussion &
Future Work concludes the paper.

Background

To understand which interactions with Codetta support children’s creativity, we first
outline how children compose using digital technology in the following subsection. We
then discuss a method for assessing creativity that is suitable in this study’s context.

Digital Support For Music Composition

Many researchers have investigated how children compose with digital tools (e.g. [6][7]

[8][10]), particularly focusing on synthesiser and digital audio workstation (DAW) use.
Nilsson and Folkestad [6] conducted a two-year investigation, observing nine children
aged six to eight, who composed multiple compositions based on picture prompts.
Through their ethnographic-based methodology, they suggested that there were five
different variations in how children practiced music making, where different objects
(such as the technology, personal fantasies and music itself) were at the foreground of
the activity. Similarly, Younker [15] qualitatively analysed a series of children’s one-
hour composition sessions, discovering how children’s thought processes and
composing strategies changed with age (eight to fourteen).

With regard to analysing musical content, Swanwick and Tillman [16] examined
several hundred compositions from 48 children, across four years, developing a stage-
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based model named the ‘Spiral of Musical Development’. In relation to the age of
children investigated in this study (see the Method section), it is expected that
compositions will be characteristic of the vernacular and speculative stages (ibid),
meaning that they will likely be short with some conventional melody.

A number of educational music interfaces present non-notation based approaches to
composition by combining music creation with programming. Sonic Pi and Manhattan
are two notable examples and were original inspirations in the design of Codetta [11].
Sonic Pi [10] uses the novelty of music to engage students in programming. With a
ruby-based textual syntax, Sonic Pi has successfully been used in education to develop
a creative programming curriculum, informed by a participatory design process. The
project mostly focuses on supporting STEM education, not purely composition.
Manhattan [9] follows the spreadsheet paradigm, combining end-user programming
with a tracker-sequencer interface, and has successfully supported university student’s
learning of music and coding. Formulas can be implemented within each cell of the
tracker that reference or alter other cells, and thus, musical works can be
encapsulated as a series of short patterns plus a generative process.

Assessing Creativity

In the 1950’s, Guildford [17] seminally suggested that creativity can be quantified as
the number of divergent thoughts a participant elicits in a controlled environment.
However, Guildford’s [17] ideas were not adopted without critique. Many psychologists
argued that Guildford ignored the socio-cultural aspects of creativity [18].
Consequently, in the 1980s, Amabile [19] developed a measurement technique,
accounting for the effect of social determinants and the ill-defined nature of creativity.
Named the Consensual Assessment Technique (CAT), the method suggests:

“A product or response is creative to the extent that appropriate observers
independently agree it is creative. Appropriate observers are those familiar with
the domain in which the product was created ... Thus, creativity can be regarded
as the quality of products or responses judged to be creative by appropriate
observers...” [19](see page 1001).

Often, rating scales are given to the expert judges, in order to support reproducibility.
Amabile also outlines a number of conditions that should be met (see Table 1).

Table 1: Study Conditions for Amabile’s [19] CAT .
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1  Judges should have some experience in the domain of study.
2 Judges should make their assessments independently.

3  Judges should also rate technical and aesthetic aspects of work, to

examine the degree of inter-relatedness.
4  Products should be rated in relation to one another.

5 Eachjudge should view products in a random order.

Notably, the CAT has been successfully applied to assess music compositions created
by children. Webster and Hickey [8] used the CAT to judge children’s compositions
(aged 10-12), created using a MIDI synthesiser and DAW. They concluded that rating
scales relying on open-ended responses were actually more reliable than specific
criteria.

Amabile’s CAT is particularly effective with regard to measuring, what Boden [20]
refers to as, H-creativity: creativity as perceived by others, either in a social or
historical context. This is in contrast to P-creativity: which is perceived by the
individual, in a psychological context (ibid). In this work, we are most interested in
exploring H-creativity, in a social context, focusing on how teachers/musical expert’s
rate children’s work.

Method

This section describes the methodology developed to uncover patterns of creativity
within children’s first-time experience of Codetta. It is split into two subsections. First,
the procedure is outlined, followed by descriptions of the sources of data collected,
along with accompanying rationale.

Procedure

Recruitment was co-ordinated with the host primary school’s music leader and
followed standard university ethics procedures. All children were told their actions
would be logged, and that their compositions would be judged. 20 children’s
compositions were analysed; a further four were also collected but were removed due
to technical difficulties.
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Originally, the goal was to enlist children aged 9-10 and run a workshop in the
classroom. On account of the Coronavirus pandemic, the study was adapted for online
delivery; thus, the music lead posted a call for participants to the year six class website
(ages 10-11). This was because these students no longer had commitments towards
exams and were more likely to engage with the study independently. Moreover, a wider
age range (aged 6-11) was reached unexpectedly due to some parents, unprompted,
sharing the study on Facebook. If consent forms were completed by both the parent
and child, access was given to Codetta.

Tempo Incrementor End-Repeat Block

Increments the current Loops back to the the
tempo by X (in this case piano block X times (in
50) beats per minute. this case 7).

Execution runs left to right (looping at the repeat block — as visualized by the arc).

Figure 1: The Final Result from Codetta’s Tutorial

Once launched, Codetta asks the child to enter their (later anonymised) name,
matching the logged file and post-task questionnaire. They then see the interface
containing built-in, age-appropriate, instructions. The instructions guide the children
through how to playback one note of music, up to creating a crescendo effect (see
Figure 1). Lastly, the children are asked to compose a short piece of music and
encouraged to explore other blocks. No other motivation was given to keep the task
open-ended. Once finished composing, the children completed a short post-task

questionnaire online.

Data Collection

Three data sources were collected: a log of each child’s interactions using Codetta
(and consequently their final compositions), questionnaire responses, and expert
ratings of each composition. These are discussed in turn.
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Interaction Data

Interaction logging has been used to effectively gather data describing user’s
behaviour in creative disciplines. With regard to block-based programming, Weintrop
and Wilensky [21] used data-logging to discover how different modalities influenced
students’ programming practices. In music, Wu [22] used interaction data to evaluate
the capacity of different paradigms in supporting non-musicians’ creative engagement.
Similarly, to support creative mutual engagement, Bryan-Kinns [23] used logs of
participants’ mouse interaction with a collaborative music interface called Daisyfield.

Nash [24] analysed more than 1,000 interaction logs. Unlike the previous examples,
Nash collected data ‘in-the-wild’ instead of in a contrived lab setting, meaning the data
reflected real-world use. This advantageously ensured that participants were not
affected in ways that might influence their creativity.

Informed by these studies, Codetta was programmed to log a description of each
mouse interaction to a CSV file, alongside a timestamp and the X and Y screen
coordinates. This process was invisible to the end-user so as not to interrupt their

experience.

To prepare each log, interactions were categorised using the coding scheme, shown in
Figure 2, representing interactions common across digital-musical interfaces or block-
based systems.

building - Adding, deleting, moving and connecting blocks.
help Loading tutorials.
navigate . Scrolling the workspace or selecting toolbox tabs.
note-edit Adding, deleting or editing music notation.

param-change . Changing procedural block parameter values.

playback Pressing play or stop.
saving Clicking the file save dialogs.
clipboard Using copy/paste.

Figure 2: Coding Scheme for Interaction Logs

The coding scheme was devised using a card sorting technique — all 29 possible
interactions were written onto separate cards and sorted into related piles by the first
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author (see Appendix). Discussions with the third author also helped consolidate these
categories. The author’s backgrounds and related reading [22][24] likely influenced
the sorting process passively; although, no pre-conceived groupings were used.

Codetta returned logs to the researcher remotely, which were mined and visualised
using Python and Anaconda. Preparatory explorations were also conducted throughout
the project using dummy datasets. Once the data was prepared, statistical analysis
was conducted using SPSS (version 25 for Mac OS) unless stated otherwise.

Questionnaire

Data-logging is useful when investigating creativity, although, it “can’t replace
research that listens to users [and] asks why” ([25], p.g. 17). In this study, the ‘why’ is
addressed through an accompanying subjective post-task questionnaire.

The post-task questionnaire consisted of 13 5-point Likert-scale statements (see
Appendix). After capturing the children’s age, five questions captured children’s
confidence in the following areas: music lessons, writing music notation, using block-
based programs and using computers. Although these should have, perhaps, been
administered pre-task, including them in the post-task questionnaire shortened the
total time burden. The next seven statements were adapted from the Cognitive
Dimensions framework [26], which is an established broad-brush framework for

evaluating user’s psychological perceptions of any notation. Using this to gauge
children’s perceptions of Codetta as a whole, and based on the musical adaption by
Nash [24], the phrasing for each statement was tweaked in collaboration with the host
school’s music lead to be more child-friendly.

Creativity Metric

Lastly, a metric quantifying the creativity of each child’s composition was collected.
The results from a panel of expert judges was averaged, who rated each composition
using scales from Webster and Hickey’s [8] child adaptation of Amabile’s [19] CAT (see
Appendix). Beneficially, these scales could be, and have been, used by teachers in the
real world.

Four graduates in BSc (Hons) Creative Music Technology were recruited as judges
through the first author’s contacts; two compose electronic music professionally (one
through a sound library and the other through a record label). Another is a producer
and the other is in further education. Two more judges were recruited also: a
practising session musician with a BA(Hons) Music and a PGCE teacher-trainee who
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actively composes music. 6 were recruited in total and were chosen to capture both
traditional and digital musicianship. Each judge assessed each child’s composition
independently and in a random order, using a questionnaire hosted on Qualtrics. They
were instructed to rate the compositions in relation to one another and were free to do
so at any time.

Creativity was thus quantified as the mean of all the scored Likert statements,
averaged across all of the judges. As required by Amabile [19], the judges’ scores for

each composition are also statistically analysed for agreeability. Cronbach’s alpha is
reported here, following in the tradition of other CAT papers (see [27] for more detail).

Results

The results are reported in the following subsections, focusing on: the children’s
compositions, interactions and UI perceptions. Where an individual child is mentioned,
a hyperlink to a video of their composition is provided.

Eleven children were more than “mostly confident” in music, with only 2 children
suggesting they were “not at all confident”. Most children (15) ranked their confidence
less than “a-little bit confident” in reading music notation. Nearly all of the children
are confident using a computer (15 selected “super-confident”) with a large proportion
(14 children) “mostly confident” with block-based programs.

Children’s Compositions

Figure 3 shows the distribution of judged creativity scores. The mean rated creativity
of compositions was 2.761 (SD = .638), with values ranging between 1.846 and 4.167.
The data is left-skewed at .641 (SE = .512), with a kurtosis of -.165 (SE = .992).
Notably, no significant correlation was found between any of the background measures
and the creativity metric. Furthermore, a Cronbach’s alpha calculation demonstrated a
good internal consistency between the judges (o= .871, n=6).
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Figure 3: Box Plot of Creativity Scores

One outlier is present, with the highest rated creativity of 4.167; notably, this child (20),
had some experience using a DAW, so may demonstrate virtuous use. Indeed, their

composition shows advanced control for their age [16], deviating from basic
repetitions by shifting their music up an interval of a fifth.

Figure 5: Child 16’s Composition

Mostly, we would expect the children, given their age, to create short compositions
with a conventional melody [16]. This is reflected in the sample and especially
exemplified by child 13 and child 16 (see Figure 4 and Figure 5), who created melodies
arcing up and down in pitch. The mean length of the children’s music was 11.950

seconds (SD = 7.185), with values ranging between 2 and 33 seconds. The data is left-
skewed at 1.385 (SE = .512), with a kurtosis of 2.614 (SE = .992).

Children’s Interactions

Before mining the interaction logs, the first 33 interactions were removed to account
for junk values captured when Codetta is launched. Using the coding scheme, a
percentage of each child’s total interactions were calculated for each category,
equating to an observation in the final dataset.

10
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Figure 6: Stacked Bar Chart for the Total Percentage of All Interactions

On average, the children mostly performed building interactions (M= 31.249, SD=
16.900, n=20); just under a third of the interactions were blocks being added,
connected or dragged. This was consistent across groupings, thus not predicting
creativity. Note-edits were the second most performed interaction (M=24.962,
SD=17.263, n=20), followed by param-changes (M=22.890, SD=31.130, n=20); low-
level edits (adding notes) and parameter tweaking contributed to a sizeable
percentage of interactions. Help was the least used interaction (M=0.123, SD=0.235,
n=20); children did not seek extra information from Codetta’s built-in tutorials. This is
visualised in Figure 6.

A correlation analysis was conducted to find relationships between interactions and
the judged creativity score. This is presented in the following two subsections: Note-
Edit Activity and Procedural Features. Throughout, Spearman’s [28] Rho
correlation co-efficient is calculated as the data is not normally distributed nor

continuous.

11
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Note-Edit Activity

Figure 7: Codetta’s Note Editor

Note-edit activity refers to interactions with the low-level, mouse-based score editor
embedded within Codetta’s bar blocks. Illustrated in Figure 7, Codetta’s score editor
works as follows: firstly, the child must click the plus button on the note-picker
(coloured navy blue). A pop-up menu appears, showing (only valid) options for different
note lengths. A note of the selected length is then added to the bar, shifting the note-
picker to the right. To adjust a note’s pitch, the child must hover over said note, so that
two up and down arrows become visible; clicking these moves the note’s pitch in the
direction of the arrow, fixed to the c-major scale. To undo, the minus button (coloured
light blue) must be clicked. Thus, the note-edit category comprises of six interactions,
listed on the x-axis of Figure 8.

7 7.295%

5.704%
5 5328%

ad a28a%

%age of Total Interactions

0 0.450% 0.488%
& Q D > S o
S ™ 5 & \\g}?‘ .\\d"'
& N O P
N
‘\0-3’ ™ e\\‘i‘ ]

Note-Edit Interaction

Figure 8: Sub-interactions for Note-edit,
as A Percentage of All Activity

There is a significant positive (rank) correlation between the percentage of note-edit
interactions and creativity (r=.642, n=20, p=.002 two-tailed).

12
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A graphical representation for the note-edits was devised to qualitatively observe
trends in the children’s activity. Each child’s log was read linearly, printing: note added
(‘“+’), note removed (‘-’), pitch up (“u’) and pitch down (‘d’). To ensure that only notes
that were actually added to the bar are visualised (rather than miss-clicks), note-picker
clicks are not considered. The sequences were also colour coded to distinguish
between ‘+/-" and ‘u/d’ interactions. A condensed version is shown in Figure 9.

Child 20: ... ++++++++++uuuudddduuuuuuuuuuuuuddddududduddddddd+++ ...
Child 13: ‘+dd+dd+d+d+d+d++uddduturutrututurudd+d+dsu

Child 17: +tuutuuuuuuuudddd++-+++uuuuuuuuttrddud+++

Child 18: ... ++++dddd++++++++ ...

Figure 9: Selected Sequences of Note-edit Activity. Most Creative (Top) to Least
(Bottom).

Two basic styles of interaction emerged from the visualisation. The first style identified
was add-then-modify, where children added the maximum number of notes to a bar,
and then moved the pitch of notes up and down. This is demonstrated clearly by child
20 and child 18, who performed a substantial sequence of (turquoise) plus and minus
operations before switching to modifying pitches (yellow). The second style identified
was add-modify-add, where children cyclically added a note, then changed its pitch,
then added another note, and so on. This was demonstrated by child 13 (see Figure 4);
notably, their composition descended a c-major scale which would have naturally
occurred when following this pattern of interaction (as new notes follow the pitch of
the previous note). A mix of these two styles of interaction are present also; the add-
modify-add interactions are marked in child 17’s sequence (see Figure 9).

Based on this categorisation of styles, a metric was generated to quantify the number
of add-modify-add interactions performed. Firstly, the number of times the substrings
in Table 2 were found within each child’s visualised sequence were counted. To
compare the value objectively for each child, this was then divided by the total number
of interactions in that child’s log. No significant (rank) correlation was found between
creativity and this metric (r =.215, n = 20, p = .362 two-tailed); there is no
relationship between the number of add-modify-add interactions and creativity.

Table 2: Substrings Counted Within Each Note-edit Visualisation

13
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+u+ , +d+,
+uu+ , +ud+, +du+, +dd+,
+uuu+, +uud+, +udu+, +duu+, +udd+ , +ddu+ , +dud+ , +ddd

Although the graphical representation provided here was useful for devising
interaction styles, it does not give any indication of how fast users performed note-
edit interactions. This is important to investigate because high-energy activity can
indicate that the user is in a psychological state which is conducive to creativity [24].
The median duration (milliseconds) between each neighbouring note-edit was
calculated for each child’s interaction log. The median is used, instead of the mean, to
avoid inflated values, accounting for outlier activity (such as periods of idleness). The
results show no significant (rank) correlation between creativity and the median time
between note-edits (r =-.175, n = 20, p = .461 two-tailed); there is no relationship
between the speed at which children modify or enter notes and creativity.

Procedural Features

The param-change category captures all

’ button clicks which vary the parameters of
Codetta’s procedural blocks. The metric,

‘ therefore, represents the percentage of

‘ children’s interactions dedicated to
exploring the dimensions of their music:
varying the tempo, dynamics or pitch. In
other words, param-change represents the
percentage of time children spent exploring
procedural features.

Figure 10: Some of Codetta’s There is a significant negative (rank)
Procedural Blocks correlation between the percentage of
param-change interactions and creativity

(r=-.457, n=20, p=.043 two-tailed). Children who performed a higher proportion of

interactions, modifying procedural parameters, generally had lower creativity scores.

14
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Figure 11: Plot of Interactions Correlated with Param-
change

Interactions dedicated to param-changes could have been dedicated to activity that
correlates more positively to creativity, as supported by negative correlations found
against other interactions. As visualised in Figure 11, there is a significant negative
(rank) correlation between the percentage of param-change interactions and the
percentage of: note-edit (r=-.625, n=20, p=.003 two-tailed), playback (r=-.595,
n=20, p=.006 two-tailed) and building (r=-.691, n=20, p=.001 two-tailed)
interactions. Notably, a trade-off relationship can be observed between note-edit and
param-change.

Children’s Feedback

The children’s self-reported questionnaire discovered no significant correlations
between the statements and creativity metric (calculated using Spearman’s [28] Rho).
However, as Nash [24] notes, correlations are not likely to be very strong, given the
complexity of the interdependencies between the posed questions. The data collected
does represent general trends in the children’s opinion of Codetta’s Ul. We make two
general suggestions when comparing our findings to expert’s perceptions of trackers
and sequencers, as collected by Nash [24], whilst acknowledging that further work is

needed.

The children felt they had to plan before writing their music more so than expert
user’s of both trackers and sequencers. This could be attributed to the children’s
limited experience, but may also be related to the lack of a conventional undo

15
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command; Child 12 commented: “biggest thing is definitely would benefit from an
undo button”.

Secondly, children found it difficult to understand what each block was for, in
comparison to expert’s scores for both sequencers and trackers. Sequencers are self-
explained through features analogous to studio hardware [24]. In contrast, trackers
typically provide pedagogic support via many text labels and descriptions. Perhaps,
Codetta’s blocks use too many black-boxes, hindering proper understanding, and
provoking too much ‘challenge’ for a novice child’s skill-level.

Discussion & Further Work

In terms of the research question guiding this work, we found that note-level
interactions best support children’s ability to be creative in music composition, and
suggest that children who engaged with procedural features could not fully
understand how to use them.

The notion that note-level interactions are easy for children to manage, and thus
generally occurred with high creativity ratings, is supported by related work. The most
successful users of Daisyfield [23] demonstrated sophisticated use of note-level edits.
Novice users of Manhattan [9] also have greater initial success writing fragments of
music with the tracker notation, before engaging in programming.

Pedagogically, this finding suggests that first-time novice users should initially be
encouraged to focus on learning how to use Codetta’s notation engine. Perhaps
introductory workshops should task children with focusing only on this aspect of
Codetta - reserving more sophisticated features for stronger, more confident children.
In consideration of autodidactic use, perhaps Codetta could automatically introduce
blocks sequentially, based on children’s current knowledge and interaction patterns.
The design of this would need to be carefully considered, however, as the learning of
more complex functionality is generally intrinsically motivated by the user; although
children may create ‘better’ compositions from a H-creativity [20] perspective,
automation may lessen children’s feelings of ownership and control, affecting their P-
creativity (ibid).

The recommendation to gradually introduce more complex features is also supported
by the findings concerning param-change interactions and the questionnaire results.
It is probable that children were not provided with adequate help when using
procedural features. The children found it difficult to understand what Codetta’s
blocks are for, commenting that: “A description of exactly what each block did would

16
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be useful” (Child 1) and “it does not explain everything [so] some parts are hard to
understand” (Child 14). Related work further supports this notion, recommending that
creative user interfaces provide ample help mechanisms or a more intuitive Ul design
[24][25][29].

However, the finding that children only dedicated a small proportion of their
interactions to discovering help documentation suggests that the built-in didactic
material was largely ignored, or never used. Researchers of block-based interfaces
have found similar issues in the domain of computer science [30][21]. Perhaps, there is
an opportunity to compliment the exploratory work presented here, looking for more
concrete areas where children are ‘stuck’, and providing support.

The analysis presented here is also limited by the small sample size and user’s levels of
experience; the data only reflects a glimpse into first-time novice interaction. A
longitudinal study, recruiting a larger number of participants, would be needed to
throughly investigate how interaction styles develop with time. A hypothetical
hypothesis is that long-term users would eventually master procedural features,
showing a change in the note-edit:param-change ratio. Determining the exact
nature of such a study is a substantial challenge, especially given that Codetta has no
long-term user base - a problem common to NIME research [31][32].

Finally, it is worthwhile noting that this study would be stronger if the assessment
technique via expert judges was adapted, to account for negative feedback loops
within institutional settings. For example, it is likely that child 20 scored highly
because they had prior access to a DAW. Capturing children’s prior expertise and using
this to adjust the creativity metric would possibly lead to more objective conclusions.

Conclusion

This paper successfully investigated which children’s interactions with a LOGO-
inspired platform are likely to support their creativity in music composition. To
understand the value of LOGO-inspired tools with regard to music-making, logs of
children using Codetta were evaluated in relation to a judged creativity metric and
novel coding scheme. It is suggested that interface designers provide ample teaching
material, or use more sophisticated mechanisms, to scaffold the transition from low-
level to high-level interaction.
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