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Abstract

In this article, I discuss a task-design experiment of integrating music and mathematics for teaching primary
school fractions in response to challenges in fraction teaching and learning, and low mathematics achievement
in South Africa specifically. I answer the research question, “What obstacles might task-designers face when
integrating music and mathematics for fraction understanding, and how can they be resolved?”. Data consists of
recordings of Zoom meetings of the three task-designers, including myself, which were analysed thematically.
Framed by Realistic Mathematics Education theory and curriculum integration, findings exemplify the process
of task-design relating to limitations of musical notation and alignment of mathematical and musical linear
representations. Implications include the selection of key representations, maintaining the fidelity of both
subjects, designing practical tasks for implementation, and the need for careful planning by a team. This
example may resonate with other teachers, task-designers, and researchers looking to trial integrating arts with
mathematics, thus suggesting guidelines for making curriculum integration more accessible to teachers and
learners.

Keywords: curriculum integration, music and mathematics integration, fractions, task-design, design research,
realistic mathematics education

Introduction

In this article, based on my doctoral study (Lovemore, 2023), I report on a task-design
experiment journey in which I sought to integrate music and mathematics in the teaching of
fractions at primary school level. Specifically, I discuss the story behind two key obstacles I
faced in the design and how I resolved them. Motivation for this study includes international
literature on curriculum integration that indicates an oscillating history of scholars and
practitioners identifying both the benefits and challenges of implementing it. While previous
South African curricula, however, made integration principles explicit, the current
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Curriculum and Assessment Policy Statement (CAPS) is relatively silent on how to
implement curriculum integration, despite promoting identifying relationships across subjects
(Department of Basic Education, 2011). Further motivation was the report by Venkat and
Graven (2017) on the negative views of mathematics in relation to low teacher morale, and
the specific challenges of teaching and learning fractions reported by Getenet and Callingham
(2021).

Mathematical proficiency is especially significant in South Africa, considering the historical
disparities in equitable education, since being mathematically literate helps individuals to
participate meaningfully in society (Mulaudzi, 2024). International literature about fractions
indicates that it is a particularly challenging concept to teach and learn, because there are
multiple constructs of fractions depending on the context in which they are used, and also
because of the lack of practical experience with these constructs (Getenet & Callingham,
2021).

I saw integration of music and mathematics as an opportune way to increase the
understanding of fractions and promote positive views of mathematics. The aim of this study
was to design and trial integrated mathematics and music tasks for deepening intermediate
phase learners’ (Grades 4 — 6) understanding across multiple constructs of fractions. My
research question was, “What obstacles might task-designers face when integrating music and
mathematics for fraction understanding, and how can they be resolved?”. I wanted to make
explicit the process for curriculum integration, including the challenges and possible
solutions. The process of the task-design experiment may resonate with other local and
international teachers, task-designers, and researchers who wish to trial their own ways of
integrating arts and other subjects into mathematics. This may offer a strategy to embrace
curriculum integration and a way of overcoming the challenges experienced, thus suggesting
guidelines for making curriculum integration more accessible to teachers and learners,
specifically in Science, Technology, Engineering, Arts, and Mathematics (STEAM)
education.

Theoretical and conceptual framework

This study is framed by the theory of Realistic Mathematics Education (RME), an approach
to teaching mathematics that enables learners to experience a mathematical scenario and
strategise informally to make sense of the scenario (Freudenthal, 1991). RME is considered a
way of improving attitudes and dispositions towards mathematics as van den Heuvel-
Panhuizen (2020) has argued. My study was guided by three key tenets of RME identified by
Cobb et al. (2008). First, a mathematics task should begin with a real experience for learners
in which they are actively engaged that helps them to recognise a need for further
mathematical thinking. Second, learners must have opportunities to reason informally,
discuss, and represent the experience. The third tenet is planning the task to progress to
formal mathematical representations, including abstract and symbolic notation of
relationships. Task-design in this study uses music as a real experience in which learners can
engage, represent and discuss problems informally, and, finally, represent them formally in
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fraction symbols. RME supports the integration of subjects into mathematics because this
allows for real experiences that require informal reasoning and representations that culminate
in formal mathematical concepts and symbols.

The conceptual framing of this study is built on curriculum integration. Similar to RME,
curriculum integration involves facilitating inquiry into a problem by drawing authentically
on different subjects to contribute to understanding and solving the problem. Various studies
report that curriculum integration can increase learner attention and interest, as well as
encourage engagement and participation (McPhail, 2018; Pluim et al., 2020; Tytler et al.,
2021). An integrated curriculum can benefit society positively since learners are exposed to
culturally and contextually relevant everyday expectations and problems to solve creatively
and critically (Kneen et al., 2020). Despite the benefits, challenges are also noted in the
literature, including demands on teachers in terms of time for preparation and concerns that
subjects may become diluted (Belbase et al., 2022; McPhail, 2018; Pluim et al., 2020).
Additionally, teachers may feel insecure teaching subject matter content in which they are not
experts (Gonzélez-Martin et al., 2024).

Internationally, curriculum integration can be traced back as early as the 1940s in the United
States, Britain, and New Zealand (Dowden et al., 2024; McPhail, 2018), and curriculum
integration has been viewed as a means for educational transformation worldwide (Kneen et
al., 2020), including in post-apartheid South Africa (Adler et al., 2000; Naidoo, 2010).
Tensions about curriculum integration arose in South Africa, as well as in several other
countries, related to persistent concerns about the quality of disciplines (McPhail, 2018;
Naidoo, 2010). The 21st Century however, brought about a re-emergence of interest in
curriculum integration since it has the potential to support communication, critical and
creative thinking, collaborative skills, and skills in democratic citizenship, through making
holistic learning experiences relevant to learners’ real lives (Dowden et al., 2024; McPhalil,
2018). However, teachers are most often not guided on how to implement connections or
make the relationships evident.

Specifically, Bresler’s (1995) co-equal style of arts integration was appropriate to guide this
study because it promotes the equality of art and the academic subjects. It is beneficial to
learners insofar as it engages them in higher-order cognitive skills, and it promotes
participation, critical thinking, and an appreciation for both subjects (Bresler, 1995). Yet,
teachers need skills and knowledge in the art form to integrate it adequately into the subject,
and they often lack confidence in their own perceived ability in relation to the art form. With
the support of a task-design team and collaboration with colleagues, designing and
implementing integrated music-mathematics tasks at a co-equal level is possible.

Despite such an oscillating history, Pluim et al. (2020) described curriculum integration as
“persistent” (p. 719), and this is echoed by Dowden et al. (2024). Continued reflection on the
benefits and challenges of curriculum integration, and seeking research-informed solutions,
as is the motive behind this study, may help to show how the challenges of curriculum
integration might be overcome and its benefits harnessed. Tenets from RME, curriculum
integration, and Bresler’s (1995) co-equal style all promote real experiences and active
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engagement by learners along with problem-solving, critical thinking, and creative thinking.
These guided the task-design experiment.

Literature review

Integration of music and mathematics

Integration of STEAM education is increasingly popular in countries such as The United
States, Europe, Australia, Singapore, Korea, and China (Bautista, 2021; Larkin & Lowrie,
2023). It is a pedagogical model that intends on making the sciences accessible to learners
through the arts, with the goal of promoting creativity, risk-taking, problem-solving, and
collaboration through connecting two or more subjects (Belbase et al., 2022).

STEAM integration, however, is not free from critique. Tytler et al. (2021) highlighted the
concerns that mathematics does not benefit as much as the other subjects, and that challenges
exist in ensuring that the integrity of all STEAM subjects is upheld in integrated projects.
Henckel (2022) found in her study that teachers in the United States implementing STEAM
education would plan tasks in isolation, rather than collaboratively, but, through her
professional learning intervention, they recognised the benefit of planning STEAM tasks
collaboratively and intentionally, drawing on each other’s expertise. This indicates a need to
explore ways to support teachers in the task-design of integrated STEAM lessons in a team
with members of varying expertise. Hence, I aimed to contribute in this study an example of a
STEAM integrated set of lessons, integrating music (arts) and fractions (mathematics), in a
way that maintains the fidelity of both subjects.

Much research has been done on integrating music and mathematics (An & Tillman, 2014;
Gonzéalez-Martin et al., 2024; Hendriks & Cruywagen, 2024; Holmes & Hallam, 2017).
Wang et al. (2024) in their meta-analysis found that music integration interventions had a
significant impact on mathematics achievement levels. However, research into practical
implications for teachers is limited, thus a need for studies such as this one exists. Benefits of
integrating music into mathematics include attracting and maintaining learners’ interest,
increased motivation and participation, and decreased mathematics anxiety (An & Tillman,
2014; Gonzélez-Martin et al., 2024). Samsudin et al. (2019) found that music contributes to
improved attitudes and dispositions towards mathematics in Grade 1 learners. These findings
present hope in South Africa considering the noted negative dispositions and narrow views of
mathematics among teachers and learners (Venkat & Graven, 2017). Music and mathematics
integration, furthermore, has been shown to improve conceptual understanding (Samsudin et
al., 2019). A possible reason for this is that, in line with RME principles, the opportunity to
combine music and mathematics allows for solving complex problems through the
identification of relationships in real-life scenarios and connecting mathematical concepts to
learners’ experiences (Cobb et al., 2008).

Further examples of music benefiting mathematics include the study by Holmes and Hallam
(2017) that shows that the spatial-temporal skills (involved in higher order mathematics
skills) of young learners of four to seven years of age improved through rhythmic activities.
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Stevenson-Milln (2018) used patterns in music to support Grade R learners who were five to
six years of age, to understand patterns in mathematics. While studies of music and
mathematics, however, tend to concern younger learners, Broza et al. (2024) integrated music
and mathematics at a Grade 4 level in their study during which the mathematics and music
teachers collaborated to teach concepts of patterns, symmetry, and fractions. My study, the
subject of this article, focused on integrating music and mathematics at the Intermediate
Phase level (Grade 4 to 6), of learners aged eight to twelve.

Teaching fractions through music

Teaching and learning fractions have been described across time and context as challenging
and complex (Cortina et al., 2019; Getenet & Callingham, 2021). An obvious link between
music and mathematics is noticed in musical note values (Broza et al., 2024; Wang et al.,
2024) that can be broken up into smaller note values through division. A whole note, for
example, consists of two half notes, four quarter notes, or eight eighth notes. This relationship
is shown in Table 1. Take note of the American-English naming convention that relates
directly to fractions.

Table 1
Traditional western musical notation and naming conventions (Lovemore, 2023)

Musical notation naming
Note conventions
value s American- Relative values of musical notes
British- 2
symbol English
name

English name

O Semibreve Whole note

cJ Minim Half note

N
J Crotchet Quarter note J J J J
\

Sixteenth
note

ﬁ/
J\ Quaver Eighth note ﬁ \ ﬁ}} ﬁﬁ ﬁfﬁﬁfﬁ ﬁ '}‘% ﬁ} fﬁ\ﬁ
)

Semi-quaver

This fraction relationship found in note values has been explored by other researchers (for
example, An & Tillman, 2014; Azaryahu & Adi-Japha, 2020; Broza et al., 2024). All these
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studies used music examples in a 4/4 time-signature (four beats per bar). This meant that the
music examples would allow only for exploring fractions with denominators of two, four,
eight, and sixteen, and did not include other denominators. Learners in Grade 4 to 6,
according to CAPS, however, are expected to work with fractions up to twelfths including
tenths and hundredths (Department of Basic Education, 2011). Therefore, the examples
possible with a representation as limited as this are insufficient to provide learners with
experiences that relate to the full extent of the curriculum expectations.

Additionally, the focus in these studies was on the fraction-as-whole construct. There are,
however, five interrelated constructs of fractions: measure, quotient, ratio, operator, and the
part-whole fraction model (Kieren, 1980). Teachers need to provide opportunities for learners
to experience all five constructs that are not separated but offer, rather, multiple ways to
make sense of the same situation (Siemon & Luneta, 2018; Getenet & Callingham, 2021).
The part-whole construct, most prevalent in primary school mathematics, refers to a set of
“discrete objects or a continuous amount that can be divided into parts of equal size”
(Shahbari & Peled, 2014, p. 373), such as is the case of breaking musical note values up into
smaller note values as shown in Table 1. It is likely that this more familiar way of using and
representing fractions is what teachers feel comfortable teaching, rather than exploring the
more complex ways in which fractions are used in everyday life. Getenet and Callingham
(2021) found, in Australian primary schools, that the lack of opportunities to experience
fractions in multiple constructs, however, leads to challenges in teaching and learning
fractions. To develop conceptual understanding, beyond abstract procedures, learners need
opportunities to experience multiple ways in which fractions are used in everyday life (such
as in ratio or proportion), as suggested by RME principles. Therefore, focusing solely on the
part-whole construct of fractions, by dividing music note values, is not sufficient for
supporting learners’ development of fraction understanding. Instead, we need to recognise
that a need exists for music-mathematics integrated tasks that support the multiple,
interrelated constructs of fractions for learners to experience and represent, thus meeting
curriculum expectations, as is the goal of this study.

My task-design of music-mathematics activities allows for the fraction as ratio and fraction as
measurement constructs to be used in addition to the part-whole construct of fractions. The
fraction as ratio construct refers to a comparison or relationship between two quantities
(Getenet & Callingham, 2021). In this case musical beats per bar (or the corresponding claps
per bar) were compared. The fraction as measure construct refers to a number representing
the size of a measured length (Cortina et al., 2019). In this study, the musical element of time
was measured.

Taking into consideration the reviewed literature, gaps exists in music-mathematics
integration to the solving of which I aim to contribute through this study: (1) integration of
music and mathematics tends to be done with younger learners; (2) practical implications for
teachers are limited, especially in designing their own tasks; (3) music-mathematics tasks for
fraction understanding focus solely on the part-whole construct of fractions.
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Research design

This study is an example of design-research guided by a qualitative interpretivist paradigm,
since I immersed myself, as researcher and participant, in the natural setting of the design
team (see Creswell, 2009). Design-research, according to Bakker (2018), is interventionist,
iterative, and explores what education could or should be, rather than describing an existing
situation. I labelled this study a task-design experiment, combining task-design and dual-
design experiment (after Gravemeijer and van Eerde (2009)).

Here, task-design involves careful selection and justification of resources, representations,
and activities to support learning of a mathematical concept (Graven & Coles, 2017). Dual-
design research, according to Gravemeijer and van Eerde (2009), refers to “two learning
experiments going on at the same time” (p. 520). Here, learners are learning content and
skills related to mathematics and teachers are learning about the intervention task. In the
broader study, the dualistic nature of experiments is (1) teachers’ interaction with learners
through implementing the music-mathematics intervention task, on which they observe,
reflect, and make adjustments; and (2) the design team’s interactions with feedback from
teachers to make adjustments to the task design. The latter is the focus in this article. |
interacted with ten teachers across two schools and with my doctoral supervisors who also
became participants as they entered the design team. I labelled the three small groups in
which I worked as micro-Communities of Practice (micro-CoPs), after Wenger (1998).

Ten teachers across two schools in the Eastern Cape Province, who were purposively selected
based on availability to trial such integrated tasks, participated in the broader study.
Unexpectedly, my two supervisors, Sally-Ann and Mellony, also became research
participants three months into the process (and opted for their first names to be used in
publications), when we noticed that our meetings were focused on task-design grappling that
extended beyond the role of research supervision and that the recorded meetings constituted
valuable data. I entered transcriptions and screenshots of visual representations from our
recorded meetings into the data set (935 minutes), upon receiving consent, and this formed a
large part of the findings in focusing on the process of designing music-mathematics
integrated tasks, not just on the product. This unexpected evolution in the study is not
uncommon in design-research; as Creswell (2009) pointed out, qualitative methodology is
“anything but uniform” (p. 173). This forms the basis of this article that focuses on the
obstacles and resolutions of designing the integrated music-mathematics tasks, rather than on
teacher interviews. However, I was at the centre of the micro-CoPs at schools and in the
design micro-CoP, which allowed me to report on teachers’ feedback in our design space, to
inform design decisions. It is important to note that the broader study did not have the goal of
researching learners’ learning in the form of an intervention study, which is a possibility for
future research. The focus is, rather, on the design product and the process of integrating
music and mathematics.

Gravemeijer and van Eerde (2009) explained that data analysis in design-research starts in the
design experiments that focus on reflection and adjustments, followed by a retrospective
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analysis of the entire data set. This was true for my study since reflections formed the initial
analysis which then informed future iterations. In the retrospective analysis, as is the focus in
this article, 1 organised data from the design micro-CoP and was able to show the
development of the music-mathematics tasks (lesson sequence, resources, and
representations). Initially deductive analysis was done using codes derived from the three
tenets of RME theory, but unexpected patterns also emerged. Upon watching and re-watching
the recorded Zoom meetings of the design micro-CoP, I noticed a pattern of obstacles and
resolutions on different aspects of the music-mathematics task-design. I did an inductive
analysis to make sense of these obstacles and resolutions, and used codes relating to (1)
representations, (2) practical implementation, and (3) fidelity of subjects. I therefore grouped
data into ten obstacle-resolution cycles, using these codes to categorise data to tell the story
of the design process. In this article, I focus specifically on two obstacle-resolutions cycles to
illustrate some challenges and how we addressed them. These were the first two challenges
that arose, and are perhaps most resonant with other STEAM subjects, and they were also the
precursor to following obstacles. It is beyond the scope of this article to discuss all ten
obstacle-resolution cycles, but these, as well as details of the music-mathematics final
product can been seen in Lovemore (2023).

I obtained ethical clearance to conduct the study from the Education Research Ethics
Committee of Rhodes University (2020-2678-4653). My supervisors gave consent for our
Zoom recorded meetings to be entered into the data set and, as mentioned above, they opted
to have their first names used rather than to be anonymous. I took several steps to enhance the
trustworthiness of the study, including member-checking. Throughout the study, I was also
aware of my positionality as student, researcher, and later design micro-CoP participant. In
the design micro-CoP, I, along with my supervisors, recognised the various strengths and
expertise that each brought, in line with Wenger’s (1998) CoP principles. We also held each
other accountable in terms of the research in acting as critical friends to enhance the
trustworthiness of the study.

Findings

Findings of this experiment in task-design comprised both the product and the process of the
task-design journey. The product included eight music-mathematics integrated lessons with
resources and key representations. The process describes the obstacle-resolution cycles of
design that took place within the design micro-CoP Zoom meetings, of which two are the
focus for this article: (1) musical notation challenges, (2) alignment of mathematical and
musical linear representations. This is to show some of the challenges and solutions that may
arise when one is integrating STEAM subjects. Below I offer a brief outline of the designed
problem scenario which led into the integrated music-mathematics tasks.

An imagined problem scenario for integrating music and mathematics

Guided by the RME principle of starting with an active experience for learners, I opted for
the starting point of the teaching and learning sequence to be a story (Lovemore et al., 2025)
similar to a South African folktale, of animals needing to cross a river at a specific place. The
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river allowed for a constant measure of distance and time. Different animals would cross the
river using a different number of jumps, for example, Kudu (South African antelope) would
cross the river in one long jump, Ostrich would cross the river in two jumps, Zebra in four
jumps, and Monkey in eight jumps. Learners would have the opportunity to act out the
different jumps across a constant distance, while clapping (a form of body percussion) each
other’s jumps. Learners would represent their jumps and claps informally and use this to
answer questions about the fraction as ratio and measure constructs, thus engaging in
mathematical problem-solving and developing fraction understanding.

Musical notation challenges

Musical notation makes use of symbols to convey information about pitch, note value (time
duration), and tempo (speed). This, however, can be cognitively taxing for the reader of the
musical notation (McLachlan et al., 2010). Teachers were concerned about their own self-
reported lack of musical knowledge and skills, in line with literature on curriculum
integration (Gonzalez-Martin et al., 2024). Adding musical notation into mathematics lessons
could also be more cognitively taxing for learners with the already challenging concept of
fractions. I reported these concerns to the design micro-CoP.

Tarryn: I’'m considering using a percussion line (one line) rather than the whole stave
(5 lines) as it takes away the distraction of the note names (A, B, C . . . ) and focuses
only on the note value. It also looks similar to the number line.

Sally-Ann: It also will make the teachers feel a little easier, particularly as non-
musicians.

Mellony: You have to be clear about what you’re giving fidelity to.

mathematically, fraction as rate and fraction as measure. . . music is understanding
four beats per bar, not being able to read different notes. [design micro-CoP, 2021-03-
24]

In the design micro-CoP we discussed the use of a single percussion line, rather than the
traditional 5-line musical stave, thus removing the complication of teachers and learners
having to memorise and read the pitch of the notes (i.e., A, B, C. . .). Percussion is also more
closely aligned to indigenous South African music, such as drumming and marimba playing.
De Villiers and Oellermann (2024) encouraged the teaching and learning of a combination of
western music and African music, as does the CAPS curriculum (Department of Basic
Education, 2011). We also noticed, in the design micro-CoP, the benefit of linking the single
percussion line to a mathematical number line on which fractions can be represented. Linking
the informal musical line with the formal mathematics number line would be in accordance
with the RME principles. We experimented with ways to present this over Zoom. Figure 1
shows screenshots of our first and second attempts at linking a percussion line to a number
line.
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Figure 1
Attempts at adapting the percussion line representation [design micro-CoP, 2021-03-24]

Percussion line with note values Percussion line without note values
——
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J(l : X X X
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With this resolution, however, a further obstacle persisted. The use of note value symbols
would allow only for values that are halved each time, i.e., one whole note is made up of two
half notes, four quarter notes, etc. This would therefore link only to fractions with a
denominator that is a multiple of two, and not include other fractions such as thirds, fifths,
sixths etc., thus not meeting curriculum requirements (Department of Basic Education, 2011).
A further concern I noted in the design micro-CoP was that this musical notation, of breaking
up a whole note into half or quarter notes, would emphasise the part-whole construct of
fractions only, and not focus on the other interrelated constructs of fractions as suggested in
the literature (see Getenet & Callingham, 2021). My suggestion to the design micro-CoP was
this.

Let’s leave the note values, and rather focus on the beats, or the claps, or the jumps
across the river, and we use this to show fraction as rate and measure, with no
misconceptions or getting stuck in the fraction as part-whole construct. [design micro-
CoP, 2021-07-12].

I suggested that we should not use the western musical note value notation, but rather
percussion markings (Xs) to indicate the number of beats per bar which would correspond to
the number of claps in a bar of music and the number of animal jumps across the river, as per
the designed problem scenario. In a later meeting we reflected on this resolution.

Tarryn: I felt that the notes and the bars together was creating possibilities for
misconceptions. . . and I felt maybe this is why the teachers in the CoP are hesitant.

Mellony: So, the issue of the changing bars is that they need too much understanding
of music now to be able to link the music and the maths. [design micro-CoP, 2021-07-
21].

This reflection reminded us of what Mellony said four months earlier: “You have to be clear
about what you’re giving fidelity to.” From these reflections, I realised that it was important
to identify which elements of music would be most conducive to supporting an understanding
of fractions, without causing misconceptions or diluting one of the subjects, as is cautioned
against in curriculum integration (Kneen, 2020; Pluim et al., 2020). Teachers also need to be
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supported in instances where they feel they are not familiar enough with the art form being
integrated (Bresler, 1995; Gonzéalez-Martin et al., 2024).

In the design micro-CoP we trialled representing the beats or claps with the traditional use of
an X on a stem, as shown in the right of Figure 1. This resolution, however, led to another
obstacle of the stems making it too complicated to distinguish between the claps and the
number line markings that represent the fractions. We therefore opted to use an adapted
version of the percussion notation by using only the X to indicate a beat or clap or animal
jump (see Figure 2).

Figure 2
Adapted percussion line representation showing three beats per bar [design micro-CoP, 2021-07-21]

K—XK—X

The decision was made, therefore, to use informal notations as a starting point, in line with
RME, to represent the problem scenario of animal jumps across a river, and learners’ active
participation in experiencing the clapping linking to the jumps. Furthermore, this resolution
would reduce the cognitive load, for learners and teachers, of having to memorise western
notation. This is in line with De Villiers and Oellermann (2024) who called for making music
accessible to all to promote inclusivity and social justice in music education. Furthermore,
using the informal representations of Xs would also allow for linking to fractions with
denominators that are not only multiples of two, for example, three claps per bar, as shown in
Figure 2. This representation goes beyond the part-whole construct of fractions and allows for
problem-solving in relation to the fraction as ratio construct. For example, a question could
be posed: “If there are three claps per bar, how many claps would be in two bars of music?”
The fraction as measure construct can also be explored through questions about time, such as,
“If it takes 3 seconds for one bar of music, how long will 2 claps take?”

Alignment of mathematical and musical linear representations

Guided by RME, in the design micro-CoP we opted for learners to be given the opportunity
to act out the animal river-crossing jumps and then informally represent them to give them an
active experience resulting in a need for representation. The initial problem scenario was that
the animals would jump on rocks in the river which the learners would indicate by clapping.
This led to obstacles with the representation of musical claps and the mathematical
representation on a number line, which we discussed over Zoom while referring to learners’
examples. As shown in Figure 3, some learners informally represented the jumps and the clap
on the animal’s landing. Other learners indicated a marking for the start of the jump (as one
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does when clapping in music), which means there would be five claps (or rocks) but only
four jumps.

Figure 3
Examples of learner informal representations of animal jumps discussed over Zoom [design micro-CoP, 2021-03-25]

Crossing the River Crossing the River
ﬁ - T~
4
=
Fey
|
- i AL N TN s
- Ity L Ot orereft B
|- -
A | L, 1 s 5 “+ { /

We recognised that this could jeopardise the usefulness of the problem scenario and cause
misconceptions about the musical and mathematical concepts. I explained this concern to the
design micro-CoP as shown below, with reference to the examples shown in Figure 3.

Tarryn: What I was concerned about when I first started working on this idea was that
if you look at notes in a music bar, you will have the notes here [points], in the centre
of the bar. . . and then the line is the next whole. The fourth quarter note is before the
bar ends, which is why I’ve placed the jump right on the line here, each time to show
that the fourth jump takes us to the whole. The four quarters is the whole, it is the end
of the bar, it is the riverbank.

Mellony: . . . you need to start at the zero line. You’ve got your start 0 line and you
would need to start on that line.

Tarryn: To show that it’s the whole, but when you have the music bar, it is going to be
before the bar line. [design micro-CoP, 2021-03-25]

To match the representation to the clap, we first tried clapping on the land of the jump
(‘jumP’), (see Figure 4, attempt 1) but that was not true to the musical concept of clapping as
the count starts (in music we would clap 1, 2, 3, 4 and visually place the beats in the middle
of the musical bar). This also created a problem for clapping together musically in groups. If
Musician A were to clap two beats per bar and Musician B four claps per bar, they would
start together in music, clapping beats 1 and 3 together. However, mathematically
equivalence should mean that Musician A’s first clap (of two) would align with Musician B’s

1 2
second clap of four, as =7
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Figure 4
Screenshots of trialling clap representations over Zoom [design micro-CoP, 2021-09-24]
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We then tried clapping on the animal jump take off (Jump) (see Figure 4, attempt 2), but this
did not cohere with the problem scenario story—the mathematical number line or musical
representation. In music we would start immediately counting 1, 2, 3, 4, so that the first clap
starts at time 0 seconds, but linking 1 clap to 0 on the number line could also cause confusion
for teachers and learners, because 0 # 1. We grappled with this in our design micro-CoP.

Mellony: But where this doesn’t then link up is that we’ve got the sounds based on the
animal jumps, and the animal doesn’t have a sound when he leaves the bank. The first
sound is when he lands.

Sally-Ann: You’re trying to do too much at one time. Early on in our discussion, we
said that in musical notation, the sound starts at the beginning of the bar, on the zero.

Tarryn: If we move away from the sound of the land and think that each jump in itself
is a duration of sound.

Mellony: What’s problematic is we have the clap start on the zero line, because at 0 it
is 1 clap, and it’s problematic when we go to the number line. . . [design micro-CoP,
2021-09-24].

We then tried, in our design micro-CoP to show the duration of the clap with a dotted line
(see Figure 4, attempt 3). In this representation the X starts at time O and is held for the
duration of 1 second on the number line. This then led us to change our focus to duration of
jumps rather than on the land or take off. Mellony explained, “It’s not the count. . . the
number line needs to show the time”. And I emphasized, “We are looking at the duration
more than the claps” [design micro-CoP, 2021-09-24].
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We therefore adapted the problem scenario, in line with design-research (Bakker, 2018), to
exclude the rocks in the river. The new task-design included learners jumping and clapping
with the jump, allowing, therefore, for the task to maintain fidelity to the musical and
mathematical concepts. When integrating subjects, it is important to find ways in which the
disciplines support one another rather than having one being diluted or even hindered by the
other (Kneen, 2020; Pluim et al., 2020; Tytler et al., 2021). Bresler (1995) warned against the
art being sidelined for the sake of the ‘“superior” subject, but in this study, the task-design
sought to give fidelity to both the music and the mathematics.

In our next meeting, we had the revelation, as evidenced in Mellony’s comment below, that
this adapted representation would now allow for moving to the fraction as ratio construct,
rather than just the part-whole construct of fractions.

Mellony: The problem is representing percussion. . . We’re actually going to start
clapping together and now we’re talking beats per bar. They are simply showing claps
per bar and now we’re not talking number lines anymore now we’re talking ratio.
[design micro-CoP, 2021-10-20].

With this revelation, we noticed that our musical claps per bar would be discussed in terms of
ratio rather than representing a fraction on a number line. This meant that we could revert to
the representation of claps as Xs in the middle of the musical bar (see Figure 4, Final
Representation). This resolution also meant that we could extend the task-design to include
more complex problem solving around the fraction as ratio and measure constructs.

Discussion

From the two examples of obstacle-resolution cycles, four guiding principles emerged for
integrated STEAM task design, which form the pedagogical contribution of this article: (1)
carefully select key representations for the integrated subjects; (2) tasks must maintain the
fidelity of both subjects; (3) strategically design tasks for practical classroom
implementation; (4) task-design needs for time for careful planning in a team.

The two obstacle-resolution cycles discussed above are examples of some of the challenges
that teachers, researchers, and task-designers may face when trying to integrate subjects.
First, the careful selection of key representations for both the mathematics and the music was
crucial for the success of the integrated tasks. In the design micro-CoP we therefore had to
make decisions, through cycles of trialling, reflecting, and adjusting, to find a notation system
that would be useful as a resource in the mathematics lessons, but also not cause
misconceptions in the musical concepts, or vice versa. The use of the informal
representations of Xs to indicate musical claps proved to be the most useful for linking the
mathematical fraction as ratio concept to the music.

The second obstacle-resolution cycle similarly involved integrating the music and
mathematical linear representations. Given the differences in the music and mathematical
representations, we could not superimpose the lines without potentially causing
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misconceptions. We had the realisation, after ten months of grappling in the design micro-
CoP, to distinguish rather between the fraction as ratio construct (shown on the musical
percussion line as claps per bar) and the corresponding mathematical measure of time (shown
as fractions on a number line). The realisation that the musical and mathematical
representations could be used to show different constructs of fractions, but not superimposed
on the same representation, was vital to resolving our obstacle of aligning the representations.
It was important that we considered carefully which representation to use for which construct,
to be clear to the teachers (and learners) about when each representation would be most
valuable. Different representations could engage learners in moving flexibly between and
among multiple constructs of fractions through supporting them with complex problem
solving.

RME principles informed this task design, promoting real experiences to lead to informal
reasoning and representation, as with the musical lines, which would then lead to formal
mathematics representations out of a need to solve problems (van den Heuvel-Panhuizen,
2020), which in this case is representing fractions as ratio (claps per bar) and as measure (of
time) on a number line. This example of using RME principles is useful for task-designers
and teachers looking to integrate arts subjects into mathematics and creating a real experience
from which learners can reason mathematically and eventually represent visually and
symbolically. There is also a need for those designing such integrated tasks to trial the visual
representations and look for possible misconceptions, rather than taking synergies of key
representations in different subjects for granted.

The second key finding of the study highlights the importance of designing tasks that
maintain the fidelity of both subjects, a known challenge of curriculum integration noted in
the literature. In the two obstacle-resolution cycles, I demonstrated how the design micro-
CoP grappled to find representations and tasks that would not result in misconceptions in
mathematics or in music. Through trialling and reflecting, we recognised the value of
adjusting tasks until we found ways to maintain the fidelity of the music and the mathematics.
We selected an adapted and simplified musical representation, but one that would not change
the musical beats per bar. It also did not interfere with fraction as ratio and measure
constructs, for future mathematical problem solving. It is crucial to maintain the fidelity of
subjects when one is designing integrated tasks to prevent the challenge of curriculum
integration resulting in dilution of one of the subjects.

Third, it was also important to ensure that the designed tasks would be practical for classroom
implementation, such as reducing cognitive load by not using the western musical notation.
Mathematics teachers did not necessarily have a background in music and including the
additional notation system could hinder the teaching and learning of fractions. To make
classroom implementation more viable, we realised the need to select which elements of
music we would incorporate into the fraction tasks. We had to be strategic in which elements
we would draw from the music to integrate into the mathematics. The adapted percussion
representations would promote understanding of both disciplines without burdening the
teachers or learners with additional elements of musical notation. This is important to
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consider when designing integrated tasks since one of the criticisms of curriculum integration
is that teachers may feel insecure about teaching subjects in which they are not experts. Task-
designers therefore need to plan strategically to include the elements that will best support the
integrated teaching and learning and how to represent and package the task for successful
implementation in the classroom.

Finally, these obstacle-resolution cycles contribute to the understanding of planning for
curriculum integration, specifically in STEAM subjects. Planning such activities takes time,
including trialling, implementing, reflecting, adapting, and re-trialling, in line with
Gravemeijer and van Eerde’s (2009) dual-design experiment. Task-design is a careful,
purposeful and deliberate process during which designers need to anticipate teachers’ needs
and learners’ possible reactions, responses and (mis)conceptions. Practically speaking, few
teachers have the time to engage in this level of task-design for integrating subjects, despite
the curriculum call for integrating content. It is no wonder that there are diverse opinions
about the success of curriculum integration. In this study, I was part of a design micro-CoP,
where three of us (researcher-designers) grappled over a 19-month period, providing the
theoretically based expertise. The use of three micro-CoPs allowed spaces guided by
Wenger’s (1998) CoP principles of having a shared goal and interacting in a conducive and
safe space to which we were all able to contribute and critique the task-design. Without this
supportive space, the integrated music-mathematics tasks would not have developed as
thoroughly as they did, and it is possible that the fidelity of the subjects would not have been
maintained. Therefore, I posit that for successful curriculum integrated tasks to be designed, a
team of members with diverse expertise, with time to meet and plan carefully, is needed.
Teachers should be supported in such teams to find ways to integrate different concepts and
subjects to achieve the curriculum aim of identifying relationships across and within subjects.
This could become increasingly important in moving into Coding and Robotics, a newer
addition to the CAPS curriculum, which emphasises the interdisciplinary and
multidisciplinary nature of STEAM subjects (Department of Basic Education, 2024).

Conclusion

In this article, I offer two examples of obstacle-resolution cycles that emerged from the study,
a dual-design experiment in task-design. The goal was to find ways to integrate music and
mathematics effectively for fraction teaching at the intermediate phase level. The obstacles in
the task-design resulted in spending more time than initially anticipated, grappling with
removing obstacles to find ways of integrating music and mathematics in a micro-CoP. As
demonstrated in the two cycles reported on above, there are some key ideas to designing
integrated tasks effectively, that can be applied to other subjects. These include selecting key
representations carefully; maintaining the fidelity of both subjects; designing tasks that are
practical for classroom implementation; and the time needed for careful planning by a team. |
suggest that this study’s task-design journey may serve as an example and provide guiding
principles to other teachers, researchers, and task-designers on how to approach obstacles
when integrating subjects, such as music and mathematics or other STEAM subjects.
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