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Abstract 
 

In comparison to the 2014 changes concerning the UK National Curriculum (NC) for 

Information Communication Technology (ICT) and maths, the NC for music has 

remained relatively unchanged. A decline in the number of students studying music 

in UK schools has also been noted throughout the last decade. 

 

Considering the NC statutory requirements for music, maths and computing at Key 

Stage (KS) One, this thesis argues that in a visual programming context, music 

harbours interdisciplinary symmetric correlations concerning both maths and 

computing. Thus, the NC statutory requirements for music, maths and computing at 

KS One are drawn together in a bespoke visual programming system called Music 

And Mathematics In Collaboration (MAMIC). MAMIC is a thematic-based 

interdisciplinary curricular connection visual programming system designed for in-

the-wild use. MAMIC has been delivered by several non-expert practitioners from 

varying backgrounds (with minimal training), as part of four case studies across KS 

One and Two in situ.  

 

Based on the results from the case studies, the MAMIC library topology model is 

presented as a central contribution. This model employs multiple layers of visual 

programming abstractions which house the symmetric correlations across the music, 

maths and computing NC statutory requirements. The sequence number is 

presented at the syntegration concept of this model. From these findings, the MAMIC 

library topology model and the MAMIC interdisciplinary model can be used to design 

interdisciplinary visual programming systems for in-the-wild curricula. A pedagogical 

framework is also presented to illustrate ways that interdisciplinary visual 

programming can be incorporated into the primary school curriculum. Music’s 

potential as an interdisciplinary vehicle in a visual programming context is also 

explored. However, it seems this potential is difficult to access by in-the-wild non-

expert practitioners and students alike.  

 

Finally, this thesis presents several recommendations that aim to reposition music in 

a new interdisciplinary space by using a set of KS One interdisciplinary NC statutory 

requirements for the subjects of music, maths and computing.  
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Introduction 
 

In 1904, education professionals in the UK agreed that children should be taught 

according to principles outlined in the Suggestions for Teachers Code (Hayes, 2012, 

p.163). The idea of a national curriculum can be traced back to The Education Act 

1944 (Ansell and Nicholson, 2014, p.284). Following Callaghan’s Great Debate and 

government attempts to take greater control over what was taught in schools in the 

1970s, the 1980s saw the creation of a ‘core curriculum.’ The core curriculum was 

later renamed the National Curriculum (NC) in the Education Reform Act 1988 (DFE, 

1988; Collins, 2011; Ansell and Nicholson, 2014, p.285). The NC contained both 

statutory and non-statutory guidance about what children should be taught between 

the ages of five and sixteen. Key features of the NC included core and foundation 

subjects to be studied by all, attainment targets that defined progress in every 

subject, the content of programmes of study and assessment arrangements for each 

KS (Ansell and Nicholson, 2014, p.285). At primary school level, the core subjects 

included maths, English and science, while the foundation subjects comprised 

history, geography, technology, music, art and physical education (DFE, 1988).1  

 

Today, the UK NC can be adopted by any school type, but all schools maintained by 

the Local Educational Authority (LEA) are required to teach the NC statutory 

guidelines (Roberts, 2018).2 Maintained schools consist of four sub-types: 

community schools, foundation and school trusts, Voluntary Aided (VA) schools and 

Voluntary Controlled (VC) schools. There are subtle differences between the sub-

types (New Schools Network, 2015), but collectively maintained schools constitute 

11,757 out of 20,591 schools in England. Academy trusts are the second most 

popular school type (DFE, 2019a). It can, therefore, be argued that the NC is still the 

leading framework used across the primary school sector in the UK today (DFE, 

2019a). 

 

The NC as relevant to primary schools is arranged into two KSs. KS One (ages five 

to seven covering school years one and two) and KS Two (ages seven to eleven 

 
1 The determination factor that differentiates core and foundation subjects is that core subjects are tested where foundation 
subjects are not (Duncombe, Cale and Harris, 2016).   
2 As well as following the NC, maintained schools must adhere to national teacher pay and conditions. 
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covering school years three to six) (Roberts, 2018). At KS One and KS Two, the NC 

requires the following subjects to be taught according to its guidelines: English, 

maths, science, history, geography, art and design, physical education, music, 

computing, design and technology and languages (KS Two only) (Roberts, 2018). 

The content of each NC subject is set out in programmes of study documents that 

define each subject’s KS-related statutory requirements (Roberts, 2018). At the end 

of each KS, students are then formally assessed on these statutory requirements.  

 

While the NC continues to contain many of its original key structural requirements, in 

2014 the then Education Secretary Michael Gove instigated significant changes to 

both maths and Information Communication Technology (ICT) at KS One and KS 

Two. These changes occurred in response to findings that cross-referenced the 

highest international standards against some of the highest performing schools in 

England (BBC News, 2014). Regarding maths specifically, students are now 

expected to learn more at a young age (BBC News, 2014). For example, students 

are now expected to be interacting with times tables and fractions in more 

challenging ways from earlier ages (Dominiczak, 2013). Proportional reasoning 

concepts have also been introduced at earlier stages and replicated throughout the 

NC KS One and KS Two. Concerning these 2014 mathematical changes, various 

academics and teaching unions have expressed concerns around teaching more 

advanced topics to younger students (Mansell, 2013; NASUWT, 2013; Richardson, 

2014).3     

 

In ICT, there has been a shift away from a software competency model based mainly 

around the use of commercial office packages such as Microsoft Office. Instead, a 

coding agenda has been established which has been christened the ‘computing 

curriculum’ (Curtis, 2013; Andrews, 2014; Cellan-Jones, 2014a; Larke, 2019). These 

changes are intended to promote computational thinking and enable students to 

adopt this mindset for a range of scenarios. Visual programming is seen as a 

powerful tool for promoting computational thinking in primary school education 

(Kesler, Shamir-Inbal and Blau, 2022, p.29). Concerning visual programming, 

studies claim that students can be exposed to skills involving “abstraction, 

 
3 Examples of these concerns are further outlined in chapter one – section 1.3.  
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decomposition and problem analysis, critical thinking, algorithmic design, evaluation, 

and generalization” (Kesler, Shamir-Inbal and Blau, 2022, p.29). While these 

changes to a computing agenda have been welcomed by technology institutions 

such as the British Computer Society, The Chartered Institute for Information 

Technology and the Stone Technology for Education Group, many teachers argue 

that there persists a lack of teaching confidence for staff expected to teach the new 

computing curriculum, or that training programmes have not been successful 

(Bateman, 2014; Andrews, 2014; John, 2014; Larke, 2019).4 

 

In contrast to the computing and maths curricula, the music curriculum at KS One 

and KS Two has remained relatively unaltered. Additionally, the role of music has 

remained unclear since the English Baccalaureate (EBacc) league table system was 

introduced in 2010. This system excluded all music qualifications from its measures. 

Since this exclusion occurred, numerous authors have noted a decline in students 

participating in music qualifications (Bolton and Long, 2017; Burns, 2017; Scott, 

2018). Despite the difficulties experienced by music as an NC subject, this thesis 

argues that music should have a greater role within the NC and use its 

interdisciplinary qualities through visual programming to teach statutory requirements 

from both mathematical and computing perspectives at NC KS One and beyond.5 

Due to music’s potential interplay through visual programming with both maths and 

computing, it now seems appropriate to define the terms ‘multidisciplinary,’ 

‘interdisciplinary’ and ‘transdisciplinary.’ Multidisciplinary relates “to a situation where 

a topic is analysed from the perspective of several disciplines” (Crisciuc and 

Cosumov, 2017, p.38). Work can be undertaken on different aspects of the same 

topic within several independent disciplines (Quigley, Herro and Baker, 2019). 

Interdisciplinary as a term “implies intersections of different subject areas that might 

give birth to new objects of study (Crisciuc and Cosumov, 2017, p.38). As a result, 

the limits between subject areas are diminished and new commonalities are sought 

(Crisciuc and Cosumov, 2017, p.38). Crisciuc and Cosumov (2017, p.39) describe 

transdisciplinary as “the most complex phase of integration and more radical.” 

Transdisciplinary involves the joining up of disciplines. Transdisciplinary can result in 

 
4 Examples of these teacher concerns are further outlined in chapter one – section 1.4.  
5 KS One music interdisciplinary qualities concerning maths and computing are covered in this thesis. However, some aspects 
of KS Two are also explored. 
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“the emergence of new fields of investigation, the development of integrated projects 

or the designing of a new paradigm research program” (Crisciuc and Cosumov, 

2017, p.39). Lastly, transdisciplinary can also provide a common set of features of 

the merged disciplines (Crisciuc and Cosumov, 2017, p.39). An example of such 

commonalities across subject areas include music’s interdisciplinary qualities. 

Music’s interdisciplinary qualities can be defined as ways music can interact with or 

traverse across other subject areas. Regarding this thesis, this can be achieved by 

unifying the NC statutory requirements of music, maths and computing in a visual 

programming context by the use of thematic-based, process-based and/or work-

based interdisciplinary curricular connections (Barrett and Veblen, 2018). Examples 

of such methods include using visual programming to include music composition and 

performance routines that introduce mathematical and computing concepts through 

audible and/or visible means. 

 

Previously, authors have also written about music as a vehicle mechanism. Sloboda 

(2001, p.249) states “music can be a useful vehicle for interdisciplinary education, 

relating it to its cultural, historical and scientific context.” However, Sloboda (2001) 

also highlights many issues with the broadening of music’s vehicle status since the 

current musical tradition is controlled by a dominant classical-based ideology that 

seems unsustainable. Subsequently, Thaler and Zorn (2009, p.5) describe music as 

a vehicle in terms of an “entry gate to introduce technology to teenagers by 

consequently using a participatory approach. This means, using students’ ideas and 

finding a balance between support and autonomy.” Taking Thaler and Zorn’s (2009) 

description further, for this thesis it is helpful to envisage the interdisciplinary vehicle 

of music as a vessel. A vessel capable (through the medium of visual programming) 

of transporting music’s interdisciplinary qualities in and out of focus in relation to the 

three subjects of music, maths and computing. The focusing of music’s 

interdisciplinary qualities in relation to maths and computing may either be 

happenchance or purposeful. The purposeful refocusing of music as an 

interdisciplinary vehicle can be described as an intended action by an individual 

(normally a teacher or student).  

 

 

 



 5 

The Research Questions 
 

With this research context in mind, this thesis presents the following research 

question and sub-questions below:  

 

RQ1. How can a visual programming system use the multidiscipline NC 

and music to introduce and interlink mathematical and computing       

concepts and what are the pedagogical and interdisciplinary 

underpinnings of this approach? 

 

RQ1.1. What are the obstacles for in-the-wild practitioners with minimal 

training and what skills do they demonstrate when using this new 

visual programming system in situ? 

 

RQ1.2. What are the benefits to students when using the new visual 

programming system? 

 
Throughout this thesis, the terms ‘wild’ and ‘in-the-wild’ refer to real-world research 

environments in situ rather than (the more controlled) laboratory environments 

(Rogers, 2011). In-the-wild practitioners are individuals who work in such 

environments. These can be either qualified teachers, student teachers, teaching 

assistants or technicians. Further information on in-the-wild research practices can 

be found in chapter three. 

 
Thesis Structure 
 

This thesis contains two main elements: the written thesis and the MAMIC USB 

system. The MAMIC system is included on a USB stick that can be booted from any 

computer with a USB port and a booting option in its Basic Input Output System 

(BIOS) firmware. It is intended that the two elements are complimentary, but the 

MAMIC USB system can be used independently of this thesis (by practitioners) since 

the MAMIC manual should be sufficient to get users started. The source code for the 

MAMIC USB system is hosted on the MAMIC GitHub (Payne, 2022). This GitHub 

contains the MAMIC system source code, student work examples, a MAMIC 
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introduction presentation (with video slides), video code examples, and additional 

MAMIC resources. These additional resources include the MAMIC manual, student 

worksheet examples and MAMIC helpsheets. 

 

Following this Introduction, this thesis has six subsequent chapters. Chapter one 

firstly elaborates on many of the points made in this Introduction. For example, 

discussions surrounding the more challenging statutory requirements for maths at 

KS One and KS Two, the exchange of the ICT curriculum to a computing curriculum 

and the static nature of the current music curriculum are presented. A literature 

review of music-centric curricula models, where maths and computing aspects are 

realised in a variety of interdisciplinary approaches, is then presented. The 

secondary part of this chapter offers a review of the most relevant research projects 

to this thesis. These involve music and computers in education and use visual 

programming capabilities to enhance music’s interdisciplinary qualities to put a 

variety of pedagogical theories into practice.  

 

Chapter two focuses on unpacking the pedagogical theories that underpin this 

thesis, beginning with an overview of relevant learning theories that relate to the 

literature review in chapter one. Relevant theorists and teaching strategies that relate 

to each learning theory are defined. A discussion of the pedagogical approaches 

adopted by the comparable research projects from chapter one then takes place. 

This discussion forms the foundations of this thesis moving forward.  

 

Chapter three outlines the research approaches within this thesis. Firstly, a 

discussion around the relevant research design paradigm – Design-Based Research 

(DBR) occurs. DBR is adopted to justify the methods for data capture by using 

various case study in-the-wild locations. Supported with research from chapters one 

and two, the defining of the in-the-wild practitioner is outlined and expertise 

measurement is then defined. From the studies outlined in chapter one, an analysis 

of the most popular visual programming languages then transpires. Unmoderated 

Remote Usability Testing (URUT) approaches are discussed as ways to capture 

data from in-the-wild settings. The second half of the chapter discusses the use of 

Jakob Nielsen’s Discount Usability Engineering (DUE) paradigm, which includes the 

final stage of heuristic evaluation. The use of thematic analysis concerning 
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qualitative data is then discussed. This is seen as a fundamental approach when 

analysing complex data patterns within qualitative data. Finally, the thematic-based 

approach to interdisciplinary curricular connections as outlined by Russell-Bowie 

(2009), is then chosen as the main interdisciplinary curricular approach for the 

MAMIC library. 

 

Chapter four discusses the three iterations of the MAMIC USB system and how they 

have evolved over the course of the four case studies. The first half of the chapter 

provides a general overview of the main features of all three iterations. These 

features integrate with the research that has been showcased in chapters one and 

two. The second part of this chapter deals with the iteration details of the MAMIC 

USB system. These details include changes to the aesthetic design, operating 

system script developments, worksheet material and the inclusion of additional 

abstractions. These particulars are also documented throughout this chapter. The 

MAMIC topology model is also developed throughout this chapter in three iterative 

stages. This model helps to form the final conclusions and contribution to knowledge 

statements that exist in chapter six.  

 

Chapter five discusses the four case studies presented in this thesis. The 

presentation of these case studies involves the outlining of the background 

information concerned with each in-the-wild location. Individual case study design 

characteristics are then discussed. The results for each case study are presented 

using the main methods of inquiry that were originally outlined in chapter three. The 

discussion towards the end of the chapter then takes the main themes from the 

quantitative and qualitative data that has been collected from each case study. From 

multiple data-gathering techniques, two thematic maps are produced. These 

demonstrate the data themes and various interconnections that exist between the 

themes. A pedagogical framework and the MAMIC interdisciplinary model are also at 

the end of this chapter.  

 

Chapter six has both a looking forward and a looking backwards function. It looks 

back at the body of work presented in this thesis and summarises the main 

outcomes of this work against the backdrop of the four research questions. The 

looking forward function of this chapter then presents the conclusions and their 
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implications that have been generated from the results presented in chapter five. 

These conclusions are then placed in a wider context with regards to both national 

and international research agendas. Limitations are then discussed to help 

contextualise the conclusions within the whole body of work. Contributions to 

knowledge statements are outlined sequentially, depicting how this thesis adds to 

the current knowledge base. Finally, several recommendations are made to various 

stakeholders to which this thesis applies. Future work suggestions are also stated 

and are based on observations made from both the results and conclusions.   

 

For clarity, some aspects of chapter three are presented in a briefer, earlier form in 

Payne and Dalgleish (2019). Material from chapter four, namely section 4.3 and 

chapter five section 5.3 are also mentioned in Payne and Dalgleish (2016) and 

Payne and Dalgleish (2019). 
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Chapter One – Literature and Practice Review 
1.1 Chapter Overview  
 

This chapter’s aims are twofold: to expand on some of the issues raised in the 

Introduction and to offer a review on the current research projects that use visual 

programming languages for music in the context of education. Since this thesis 

argues that music’s interdisciplinary qualities in a visual programming context can be 

used to interlink music, maths and computing’s NC statutory requirements (at KS 

One) and that music might be used as an interdisciplinary vehicle to refocus these 

requirements, a historical narrative that demonstrates the interdisciplinary properties 

of all three subjects is firstly introduced. A review of the 2014 changes to the NC for 

maths and computing then ensues. This review highlights the more challenging 

statutory requirements for maths at KS One and KS Two, the exchange of the ICT 

curriculum to a computing curriculum and how the music curriculum has remained 

largely unchanged. The music NC’s static nature is compared to writings from John 

Sloboda’s (2001) paper Emotion, Functionality and the Everyday Experience of 

Music: where does music education fit? From this presupposition, the current music 

NC statutory requirements are outlined and various interdisciplinary curriculum 

models are presented. These models offer further ideas concerning interdisciplinary 

curricular connections about how best to capitalise on music’s interdisciplinary 

qualities regarding the teaching of maths and computing. Further justification with 

regards to music’s technological evolution and potential computing interdisciplinary 

offerings are then outlined by Carola Boehm (2006) through a triad diagram of music 

technology. Additionally, due to the amount of Further Education (FE) and Higher 

Education (HE) courses offered in music technology, an argument is presented for 

further inclusion of music technology into the current music NC. 

 

A secondary aim of this chapter is to present a review of relevant visual 

programming-related projects involving music and computers in education. These 

projects are closely aligned to the research undertaken in this thesis. Critical analysis 

of each research project is also offered, which helps justify the research questions 

that have been outlined in this thesis’s Introduction. Although other languages are 
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briefly discussed, it should be noted that similar projects undertaken in primary 

schools, mainly use the Pure Data and Scratch visual programming languages. 

 

1.2 The Music, Maths and Computing Intersecting Historical Narrative   
 

It is worth noting that a detailed historical narrative connecting music, maths and 

computing is outlined in Gareth Loy’s (2011) Musimathics – The Mathematical 

Foundations of Music series. During volume one, Loy (2011, p.421) describes not 

just the fundamentals of music with multiple historical mathematical contexts but also 

represents many areas of algorithmic composition within his own programming 

language MUSIMAT. Since Loy’s book transcends many aspects concerning this 

historical narrative, below represents only a potted history, with highlighted aspects 

relating directly to material moving forward.  

 

Some of the earliest interactions between music and maths were noted by the Ionian 

Greek philosopher Pythagoras as early as 500 BCE. Pythagoras’s early work 

encompassed the discovery of the integral frequency relationships associated in a 

consonant interval (Wright, 2009). Pythagoras also worked on wave theory to explain 

the universe by means of waves (instead of supernatural causes). Additionally, 

Pythagoras studied the harmonics of a string. This is likely to have led to the creation 

of the Greek musical scale degrees, “tonic, dorian, phrygian, lydian, mixolydian being 

the first five” (Hawkins, 2012, p.4). 

 

Since musical rudiments can be defined mathematically, it may not be surprising that 

some twentieth-century musical works are based on specialised mathematical 

theories and concepts. For example, Arnold Schoenberg’s twelve-tone row 

technique adopts pitch classes6 in the form of a twelve-tone prime row. One of the 

purposes of the twelve-tone row technique is to avoid repetition of any pitch class, so 

a tonal centre is not reached (De Leeuw, 2005). When composing using 

Schoenberg’s twelve-tone row technique, pitches are manipulated as half-step 

integers and lose their lettered names. An extension to the prime row is the twelve-

tone matrix. The matrix acts as a compositional map that illustrates all possible 

 
6 A pitch class is a method of describing pitches that are the same and are only different due to octave displacement (Nelson, 
2007). For example, the pitches C-2, C-1, C0, C1, C2, C3, C4, C5, B4#, A4x or belong to the same pitch class.  
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manipulations of the prime row (Ross, no date). As a result, many twentieth-century 

composers have adopted the matrix technique as a mathematical basis for music 

composition. Notably, Pierre Boulez made a substantial contribution to matrix 

automatism in his Structures works for piano – Structures I and Structures II. In 

these compositions, most compositional decisions were predetermined by several 

matrices (Ahn, Agon and Andreatta, 2007). During Structures Ia, Boulez created two 

matrices. The first matrix included twelve transpositions of a twelve-tone prime row 

taken from Oliver Messiaen’s Mode de valeurs et d’intensités. The second matrix 

was an inverted version of Messiaen’s original prime row. Using these two matrices, 

Boulez picked paths (serial threads) through the matrices to create pitches, note 

durations, intensities and dynamics (Ahn, Agon and Andreatta, 2007).  

 

Other examples of musical intersection encompass the combination of computational 

and mathematical methods to produce music. The Monte Carlo random number 

generation method (as well as other stochastic techniques) was used to make 

organisational decisions in Lejaren Hiller and Leonard Isaacson’s Illiac Suite (Hiller 

and Isaacson, 1958; Sandred, Laurson and Kuuskankare, 2009). John Cage later 

collaborated with Hiller to create HPSCHD (pronounced “Harpsichord”). HPSCHD 

comprised a plethora of instrumentation concepts including six harpsichords as well 

as thirty tape recorders, NASA-created visual projections and computer-generated 

sounds (Edwards, 2006). 

 

However, despite the detailed interdisciplinary history that exists between music, 

maths and computing, the music NC has remained relatively unchanged. 

Additionally, Barnes (2015), states that the whole current 2014 NC misses multiple 

opportunities to promote interdisciplinary activities across many subject areas. As a 

result, it can be argued that the music 2014 NC does not embrace the inherent 

interdisciplinary qualities that music shares with both maths and computing. This is 

especially troubling when such interdisciplinary activities harbour a plethora of 

interdisciplinary learning opportunities for music. 
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1.3 National Curriculum 2014 Changes to Maths and Computing 
 

Since this thesis uses the current NC, written in 2014, to investigate ways to interlink 

mathematical and computing concepts through music at KS One, the changes in 

maths and computing brought in by the 2014 NC will now be discussed. Thus, this 

section aims to highlight these changes against the previous NC which was first 

introduced in September 2000. The reasons for this comparison are to highlight that 

the 2014 NC offers: 

 

● More challenging statutory requirements for maths at KS One and KS Two 

through an increased number of statutory requirement topics, especially at KS 

Two.  

● The transition from the ICT curriculum to a computing curriculum. 

● Little to no change in the music curriculum. 

 

It is also important to note that the 2014 NC statutory requirements outlined here for 

the three subjects of music, maths and computing are fundamental to the research 

carried out in this thesis. These statutory requirements are further utilised in chapter 

four and beyond. 

 

In 1999, the then Secretary of State for Education and Employment, David Blunkett, 

announced significant changes to the NC to enable greater flexibility for teachers 

and students (Carvel, 1999; Gillard, 2018). These changes involved prioritising 

statutory requirements for English and maths but also included a reduction of 

statutory requirements for other subjects (Carvel, 1999). To support these changes, 

the DFE released the document The National Curriculum Handbook for primary 

teachers in England. The statutory requirements for both KS One and KS Two were 

outlined in this document per subject (DFE, 1999).     

 

As previously mentioned, in 2014 the then Education Secretary introduced significant 

changes to the 2014 NC that affected both the primary and secondary schooling 

systems in the UK. These changes were implemented to better allow the UK to 

compete with countries such as Singapore and South Korea (Mansell, 2013). A 

general overview of these changes include the revision of all NC subjects, the 
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addition of a modern foreign language to the KS Two curriculum and alterations to 

the ways that students are assessed (Roberts, 2018). The 2014 NC for maths aims 

to instil mathematical fluency with regards to its fundamental principles as well as the 

ability to solve complex problems. Reasoned mathematics is also deemed important 

whereby individuals can follow a line of enquiry. The 2014 NC also prioritises the 

development of sound arguments and problem-solving skills whereby students can 

apply a variety of mathematical topics to problems of increasing sophistication (DFE, 

2013c). 

 

The previous 2000 NC divided its statutory requirements into the following 

mathematical topics at KS One of number, shape, space and measurement, with the 

addition of the handling data topic at KS Two (DFE, 1999). The 2014 NC divides its 

mathematical statutory requirements at KS One into number, measurement and 

geometry with the addition of the statistics topic at KS Two. Moreover, the 2014 NC 

sub-divides KS Two into three further sub-divisions. These three further sub-

divisions include lower KS Two – Year 3 and Year 4, upper KS Two – Year 5 and 

upper KS Two – Year 6 (DFE, 2013c). As a result, it can be argued that the 2014 NC 

offers more detail regarding its statutory requirements over its predecessor. Table 1 

depicts the topical outlines regarding the statutory requirements from the previous 

2000 NC to the 2014 NC. 
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Table 1 – Comparison between the previous 2000 NC and the 2014 NC’s maths 

topics.  

The differences outlined in Table 1 have caused concern among certain academics, 

teaching unions and their members. For example, Russell Hobby, general secretary 

of the National Association of Head Teachers, stated that some difficulties might 

arise with the 2014 NC maths curriculum as more advanced topics are being taught 

to younger age groups (Richardson, 2014). Academic Andrew Pollard also stated 

that the new mathematical expectations of the 2014 NC do not account for students’ 

existing knowledge and experience (Mansell, 2013). Furthermore, both the 

Mathematical Association and Association of Teachers of Mathematics stated that 

the 2014 NC standards are too high and risk teachers rushing to introduce new 

topics, which would be contradictory to research evidence that emphasises the 

importance of developing conceptual understanding over a sustained amount of time 

(NASUWT, 2013). 
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As well as the maths NC, changes have occurred within the ICT curriculum. The 

stark contrast between the previous 2000 ICT NC to the 2014 computing NC can be 

seen straightaway when comparing the opening introductory statements for each 

curriculum model. The opening statement of the 2000 ICT NC does not mention 

programming, but instead emphasises the importance of using ICT tools, stating that 

“pupils [students] use ICT tools to find, explore, analyse, exchange and present 

information responsibly, creatively and with discrimination” (DFE, 1999, p.96). 

However, within the 2014 computing NC (DFE, 2013b, p.1), the transition to a new 

programming agenda is vastly more apparent with its opening statement noting that:  

 

The core of computing is computer science, in which pupils [students] are 

taught the principles of information and computation, how digital systems 

work and how to put this knowledge to use through programming. Building 

on this knowledge and understanding, pupils are equipped to use 

information technology to create programs, systems and a range of 

content.  

 

From September 2014, the introduction of coding was the most significant change, 

replacing the ICT curriculum with the computing curriculum (Harrison, 2014). As a 

result of these changes, students are intended to not just use software, but also 

develop an understanding of the principles surrounding its creation (Curtis, 2013; 

Andrews, 2014; Cellan-Jones, 2014a; Larke, 2019). The new computing curriculum 

also provides opportunities to encapsulate computational thinking in other subjects. 

Hence, Berry (2013, p.4) states that “computational thinking provides insights into 

many areas of the curriculum and influences work at the cutting edge of a wide 

range of disciplines.” Fundamentally, this statement highlights the importance of 

subject amalgamation using computational thinking. Students that can adopt the 

computational mindset are better able to apply computing principles to a range of 

scenarios. This is seen as imperative to the modern workforce as well as to the 

current curriculum ethos (Berry, 2013, p.4).  

 
The computing NC is currently compulsory up to KS Four. From the outset, the DFE 

(2013b), has defined computing as a promoter of computational thinking and 

interdisciplinary practice, thus fusing the disciplines of “mathematics, science and 
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design and technology” (DFE, 2013b, p.1). The computing curriculum at KS One and 

KS Two aims to equip students with an understanding of the fundamentals of 

Computer Science (CS) including algorithm, abstraction, logic and data 

representation. Students should be able to analyse problems in computational terms 

as well as having practical experience of writing programs where appropriate. Lastly, 

students should be able to apply information technology (including new and 

unfamiliar technologies) to solve problems as well as using information and 

communication technologies creatively (DFE, 2013b).  

 

At KS One, students should be able to create and debug simple algorithmic 

programs, use logical reasoning with regards to program behaviours and use 

technology to create, store and retrieve digital content. Students should also use 

technology safely and respectfully, both locally and remotely (DFE, 2013b; 

Humphreys, 2013). KS Two involves more significant coding complexities. These 

complexities include enabling students to “design, write and debug programs that 

accomplish specific goals, including controlling or simulating physical systems; solve 

problems by decomposing them into smaller parts” (DFE, 2013b, p.2). Students must 

also use sequencing, looping and repetition in programming while also using a range 

of software on digital devices to create a range of programs, systems and content. 

Students must be proficient in algorithm creation and error detection as well as 

computer networking and internet peripherals. The theme of technological safety is 

also vital at this stage (Paton, 2013). 

 

Despite the importance placed on the shift from the ICT curriculum to the current 

computing curriculum, a lack of teachers with the necessary skills has become 

apparent. According to John (2013), the Graduate Teacher Training Registry saw a 

forty-one per cent decline in graduates training to become ICT secondary school 

specialists in 2012/13. A fifty per cent decline in the number of CS teaching 

applicants was also reported in the same academic year (John, 2013). These issues 

lead Andy Connell (Connell, 2013, in John, 2013, p.1), chair of the Association for 

Information Technology in Teacher Education (ITTE), to state that: 

 

[the ITTE is] less confident than the Teaching Agency (TA) that we will have 

the necessary workforce in place to effectively deliver the new Computing 
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Curriculum for 2014. We believe it will take longer – a view reflected by the 

BCS itself in its submission to the consultation on the new curriculum.  

 

Andrews (2014) states that teachers and institutions are also sceptical about the 

ongoing implementation strategies regarding the new computing curriculum. The 

consensus among many educationalists is that there is a lack of skills relating to 

programming, specifically within the teaching population (Bateman, 2014). For 

example, in July 2014, a YouGov survey commissioned by the innovation charity 

Nesta and the Times Educational Supplement found that sixty per cent of ICT 

teachers claimed that they did not feel confident about the new curriculum delivery 

that was implemented in September 2014. Over half of the surveyed teachers 

admitted to not seeking any advice on the subject before the start of the academic 

year. At the same time, sixty-seven per cent of teachers surveyed stated that despite 

the government-funded initiatives, they still did not feel that they had adequate 

support and guidance regarding their subject knowledge or lesson-planning activities 

(John, 2014). A survey by MyKindaCrowd also yielded similar results, with seventy-

four per cent of ICT teachers stating that they did not have the right skills to deliver 

the new curriculum (Bateman, 2014). To address these concerns, the UK 

government established the Year of Code project in 2014 (Year of Code, 2015). 

Although Year of Code has been praised as well as criticised (Cellan-Jones, 2014b), 

teaching groups and academics have remained concerned about a lack of necessary 

skills in the education sector. These concerns have led the UK government to invest 

another £3.5 million into new training schemes relating to curricular computational 

thinking. In particular, the Computing at School initiative aims to support the 

computing curriculum with training programmes, subject initiatives and reforms in 

awarding body criteria (Computing At Schools, 2015). The scheme also advocates 

the creation of the ‘master teacher.’ Master teachers are teachers who are trained to 

deliver specific Continuing Professional Development (CPD) sessions to a vast array 

of colleagues from a range of local institutions (Boylan and Willis, 2015, p.12). After 

a year of training, it is expected that the master teacher will become a self-sufficient 

practitioner through acquired knowledge as well as revenue generation. However, 

despite these measures, criticisms continue. For example, the master teacher 

programme should have 400 master teachers in place nationally. However, due to 

contractual issues with a lack of key performance indicators, it is unclear how many 



 18 

are in post (John, 2015; Dickens, 2016). A report by the Office for Standards in 

Education, Children's Services and Skills (OFSTED) indicates that although the 

number of primary school teachers holding a CS qualification as their highest 

qualification remains low, 2020/21 Initial Teacher Training (ITT) targets for 

computing were met (Gov.uk, 2022). However, a higher drop-out rate amongst ITT 

computing graduates exists when compared to other subjects. This higher drop-out 

rate may be attributed to salary differentials between teaching and industry-related 

roles (Gov.uk, 2022).  

 

As well as recruitment issues and teacher surveys demonstrating a lack of 

confidence and support, studies have also revealed that teachers can act as 

gatekeepers to actively reject computing content (Larke, 2019, p.1137). This seems 

to occur when teachers feel that the computing curriculum does not meet their own 

professional standards. As a result, this demonstrates that teachers can influence 

what curricular content reaches students, even in highly regulated environments 

(Larke, 2019, p.1138).  

 
1.4 Music’s Place in the National Curriculum 
 
Sloboda (2001, p.243) talks of the crucial musical discourse that exists between 

various stakeholders, including teachers, students, parents and government. In the 

past, these stakeholders have promoted a dominant ideology secure enough to 

generate a stable educational agenda. However, Sloboda (2001, p.243) goes on to 

state that this once-stable dominant ideology has now collapsed, noting that:  

 

(i) many school music educators have little respect for or understanding of 

the musical lives of those they teach; (ii) that the musical enthusiasms and 

aspirations of many young people are not addressed by the current 

curriculum; (iii) that the transition from primary to secondary school is a 

key ‘parting-of-the-ways’ between young people and their music teachers; 

and (iv) that music retains a key and central role in the lives of most 

people who see themselves as ‘not musical’ and that emotional self-

management is at the heart of this role. 
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Sloboda (2001, p.243) argues that music education is misaligned in its current form 

and might “be an inappropriate vehicle for mass music education in 21st-century 

Britain.” Regarding classroom music teachers specifically, Sloboda (2001, p.248) 

argues that the goals and attitudes of classroom music teachers may have 

something to do with the mass decline of students taking music. In a study 

undertaken by York (2001, in Sloboda, 2001, p.248) which analysed genres used by 

music teachers in teaching, 750 heads of music were asked about their 

backgrounds. The majority (seventy-eight per cent) of music teachers had degrees in 

classical music only. Additionally, while teachers could identify music from various 

genres (mostly classical), only fifteen per cent could identify Kind of Blue by Miles 

Davies while only nine per cent could identify Rockafeller Skank by Fatboy Slim 

(York, 2001, in Sloboda, 2001, p.248). As a result, York (2001, in Sloboda, 2001, 

p.248) concludes: 

 

School music culture tends to be introverted and avoids looking for 

models of current practice from the art of music rather than relying on the 

received knowledge of music education … Many teachers seem to be 

engaged in using pop and rock to extend pupils’ musical interests into 

other styles … but the vast majority of teachers are doing this with little or 

no training or professional experience in pop or rock. 

 

Sloboda (2001, p.250) argues that the dominant ideology (where classical music is 

the most prominent curriculum focus) started to become unfit for a modern music 

curriculum during the mid-twentieth century. This viewpoint is partly due to the 

notable cultural shifts that materialised in the 1960s onwards. Sloboda (2001, 

pp.250-251) defines these cultural shifts as multiculturalism, youth culture, electronic 

communication, feminism, secularism, niche cultures and postmodernism. John 

(2011) highlights that a dominant ideology of what music education should be still 

exists within government circles. This ideology leaves little space “for the creativity 

and innovative use of digital technologies” (John, 2011, p.1).  

 

To better place music in education, Sloboda (2001, p.252) offers multiple areas by 

which musical variety should be increased for young people. These areas include 

varied providers, funding, locations, trajectories and accreditations of achievement. 
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For teachers specifically, Sloboda (2001, p.252) recommends a range of activities 

which should mirror the subcultures young people value. Sloboda (2001, p.252) also 

recommends various diverse roles for educators which could include “teacher, 

animateur, coach, mentor, impresario, fundraiser, programmer, composer, arranger 

and studio-manager.” Sloboda (2001, p.253) also recommends that teachers should 

receive training that looks beyond the traditional music teacher education model – 

GRSM, BMus or PGCE. “Indeed, until this happens, it is hard to see how major 

change [music and its place in education] will occur” (Sloboda, 2001, p.253). Crow 

(2006, p.127) also agrees with Sloboda’s (2001, p.252) notion of a broader music 

teacher model. Additionally, in response to the classical music dominated ideology 

as outlined by Sloboda (2001, p.243), Crow (2006, p.127) states that “music 

teachers need to rethink, redesign, develop and resource a ‘new’ music curriculum.” 

 

While great emphasis has been placed on overhauling maths and computing in the 

NC, music has seen comparatively little change. Music technology has an even 

lesser-known standing. Innes (1997, p.3) identifies music in the NC as “a limited 

curriculum”. Regarding music technology specifically, Innes (1997, p.3) undertook a 

study that investigated how technological approaches were being utilised in KS 

Three music lessons. The study also investigated the availability of CPD activities for 

teachers, as well as the resourcing available. Initially, it was identified that teachers 

thought that technology was of great benefit to the learning environment. However, 

barriers to using technology included equipment expense in relation to class sizes, a 

lack of technical knowledge and a lack of pedagogical advice regarding technological 

implementation. Teachers also felt the equipment being utilised had not been 

designed explicitly for pedagogical activities. An additional concern expressed was 

that students could “get lost” in the technology. Innes (1997, p.4) concluded that 

students had to rely on “forward looking teachers” to implement technological 

approaches within music. As a result, music technology was not deemed a 

standalone NC subject and was taught indirectly, even when seen as appropriate in 

other subject areas. Moreover, as with Sloboda’s (2001) findings, a lack of teacher 

training often hindered technological progress.  

 

With regards to a better incorporation of technology into the music curriculum, Cain 

(2004) outlines some practical solutions. Digital Audio Workstations (DAW) are 
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highlighted as ways to enable students to create music in multiple layers as well as 

enabling easy access to music and moving image compositional techniques (Cain, 

2004). Cain (2004) also highlights the benefits of internet research within music 

lessons. Fundamentally, Cain (2004) outlines the transition of group music 

classroom teaching to a more individualised workstation-based approach. Here, 

students work “either in pairs or as individuals, each with a workstation and a set of 

headphones” (Cain, 2004, p.217). 

 

From the points raised above and regarding inconsistencies with the implementation 

of music education in England, the then Education Secretary commissioned 

academic and Arts Council chief executive Darren Henley to undertake an 

independent review (Henley, 2011). Henley included technological coverage in his 

report and stated that under recommendation thirty-three, further work should be 

undertaken to ascertain how best to use technology within music education and its 

delivery (Henley, 2011). Henley recommended that resource monitoring should be 

implemented to ensure teachers and additional stakeholders could access 

appropriate training when required. Henley also recommended the creation of music 

hubs within each LEA. Music hubs derive from a multitude of organisations including 

schools, the local music education service and other appropriate delivery bodies 

(Henley, 2011; Service, 2011). Each of these hubs (set up in 2012) receives central 

government funding to run projects and other initiatives via a bidding process (Arts 

Council England, 2017).  

 

Later in 2011, the DFE published The Importance of Music: A National Plan for 

Music Education (NPME) (DFE, 2011). In this document and through the Arts 

Council, music hubs are given responsibilities to create a local music education 

provision. This provision should respond to the local need and fulfil the objectives set 

out in the NPME (DFE, 2011). Regarding music technology and the NPME 

document specifically, it can be argued that the government highlighted the 

importance of technology in music education. The word ‘technology’ is used 

frequently and thus mentioned in the report fifty-four times throughout its fifty-four 

pages. There also includes a whole annex section relating directly to music 

technology. The NPME includes recommendations and objectives for music hubs, 

schools and other appropriate stakeholders. Further examples include government 
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recognition that technology can be used to support the teaching of a music 

curriculum. The NPME also states that while some teachers make good use of music 

technology, it is underused by others. The scope of music technology use within a 

classroom environment could be expanded to include the use of music-specific 

software tools (DFE, 2011). However, the NPME also states that technology in music 

must be used wisely to not distract from music-making or lesson content. The NPME 

outlines the following areas where music technology can be adopted. This can be 

seen in Table 2. 

 
Recreated through Open Government Licence 

Table 2 – The Three Areas of Technological Incorporation (DFE, 2011, p.37; Open 

Parliament Licence, 2020). 

The NPME highlights the notion that music technology aids students by giving them 

exposure to industry-standard equipment. Finally, children with Special Educational 

Needs and Disabilities (SEND) can also benefit from this technology using tablets, 

touch-screen interfaces and other types of technology including motion-sensing 

equipment (DFE, 2011). To formalise these practices, the NPME highlights the need 

for music hubs and schools to cross-collaborate and share best practice (DFE, 

2011).  

 

While the NPME incorporates a plethora of inclusive technological-based practices 

to include in the music curriculum, it seems measures to further integrate music 

technology as a standalone subject in the NC do not go far enough. For example, 

during the Secretary of State for Education-led public consultation in February 2013 
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concerning NC 2014 reform, participants speculated that the role of music 

technology should be further expanded and defined (DFE, 2013a). However, after 

multiple recommendations outlined in government reviews and past studies, music 

technology still does not currently exist as a standalone subject in the NC for primary 

and secondary schools. Instead, it is treated as an addition to the current music NC. 

Hence, some quarters state that a better place for music technology must be 

pursued and argue that “music technology is not yet been sufficiently integrated into 

school-based music and many teachers do not capitalize on pupils’ confidence and 

facility with technology” (Zeserson et al., 2014, p.20).  

 

The UK government is looking to provide an updated NPME which is due “to help 

reflect advances in technology in the way music is created, recorded and produced 

and to reassess the music education young people benefit from at school” (Gov.uk, 

2020, p.1). This document was due to be published in autumn 2020. However, this 

revised NPME has not materialised. Consequently, the current 2011 NPME will be 

referred to for the remainder of this thesis. 

 
1.4.1 The Current Music National Curriculum  
 
During the 1988 Education Reform Act, music as a subject was established as a 

foundation subject for all students in maintained schools. The Act also established 

the NC framework and its subsequent KSs relating to age groupings (DFE, 1988; 

Gillard, 2011). Since that time, music has played a prominent role within the UK 

education system. In its current form, music is compulsory in the NC framework until 

KS Four. At present, for primary school music education, the aims consist of the 

traditional study areas of genre, composer analysis, singing and instrumental studies 

with the use of appropriate technologies. Further requirements include developing an 

understanding of music composition and production through the interrelated 

dimensions of pitch, duration, dynamics, tempo, timbre, texture and structure. 

Methods surrounding the implementations of such aims regarding KS One include 

using the singing voice expressively to sing songs and chants, play tuned and 

untuned musical instruments and experiment with the interrelated dimensions of 

music through the creation, selection and combination of sounds (DFE, 2013a; 

Paton, 2013). By KS Two, DFE (2013a, p.2) states that students should: 
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Be taught to sing and play musically with increasing confidence and 

control. They should develop an understanding of musical composition, 

organising and manipulating ideas within musical structures and 

reproducing sounds from aural memory. 

 

The suggestion is that teaching strategies should adopt methods that encompass 

playing and performing in ensemble contexts as well as development of 

improvisational and compositional skills that harbour the interrelated dimensions of 

music. The development of aural memory through the recall of sounds and 

interaction with staff notation and other systems of musical record are also seen as 

essential aspects. Lastly, students must establish an appreciation for recorded and 

live musical performances from an array of genres and demonstrate an 

understanding of musical history (DFE, 2013a). Given the outlining of the current 

music NC above, it can be argued that a lack of specific technological statutory 

requirements exists. Additionally, the current music NC’s foundations still seem to 

empathise with many of the attributes outlined by Sloboda’s traditional classical-

based dominant ideology, where technology and other cultural shifts are deferred.    

 

Although the government has reviewed and documented the importance of music 

education in the UK through the NPME document and music hub creation, a 

worrying trend of subject decline currently ensues. Hence, the current music NC, 

which is based on a traditional classical-based ideology, can be seen to be less 

relevant due to music educators having little insight into the musical lives and 

interests of their students. Furthermore, there is a danger that these interests are not 

addressed by the current music curriculum (Sloboda, 2001). Sloboda (2001, p.243) 

also describes the transition from primary to secondary education as the “parting-of-

the-ways between young people and their music teachers.” Moreover, even though 

music plays a central role in students’ lives, many students do not see themselves as 

musical (Sloboda, 2001, p.243). Another result for the lack of the current music 

curriculum’s relevance could be a decline in music student numbers at secondary 

school level. It can also be argued that music’s absence from the EBacc qualification 

table could be another contributing factor to the decline in student numbers (Bath et 

al., 2020; Daubney and Mackrill, 2018; ISM, 2020). More recently, due to 

coronavirus (COVID-19), the Incorporated Society of Musicians (ISM) produced a 
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report detailing that almost ten per cent of primary schools do not deliver music at all, 

even though this a requirement in maintained schools. Overall, sixty-eight per cent of 

primary school teachers stated that music provision has been reduced (ISM, 2020).   

 

With this in mind, given the emphasis placed on software development within the 

primary school computing NC, as well as the higher expectations placed on students 

across all ages for the maths NC, it is surprising that little consideration has been 

given to the interdisciplinary nature of music and its technology. This is especially 

notable since the histories of music, maths and computing share many intersections 

as previously outlined in this chapter. Moreover, from an educational standpoint, 

music’s interdisciplinary qualities have also been indicated and relate to the areas of 

language, maths and computing. Despite all these intersections between music, 

maths and computing, Barnes (2015) states that the 2014 NC contains very little 

detail on interdisciplinary or cross-curricular interactions between subject areas. 

Instead, subject interactions rely on teachers solely implementing strategies (Barnes, 

2015). For that reason, it seems that music’s capabilities as an interdisciplinary 

vehicle are being underutilised at present in primary school education.  

 
1.5 The STEAM Agenda 
 
Since music can share such an intersecting narrative with maths and computing, it is 

perhaps surprising up until recently that this has not been recognised within primary 

school education. However, one such agenda that could potentially house such a 

proposition is the interdisciplinary agenda Science, Technology, Engineering, Arts 

and Maths (STEAM). Yakman (2008) states that the STEAM approach is still a 

developing concept and that it originates from the Science, Technology, Engineering 

and Maths (STEM) approach. When asked about the importance of the STEAM 

agenda, several UK headteachers remark on its ability to make education a richer 

experience. The whole premise of STEAM is to enable the teaching of science, 

technology, engineering, art and maths not only as separate silos but as integrated 

subjects (Yakman, 2008). These subject integrations become apparent while 

studying the common factors that exist across the STEM model as “the influences of 

the art disciplines become more apparent, especially those already promoted in the 

K-12 [UK equivalent primary school] atmosphere, language arts and social sciences” 
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(Yakman, 2008, p.340). With regards to the origin of STEAM, Yakman first started 

investigating all the content-specific subsets of subject matter that exist in the 

individual silos of science, technology, engineering, the arts and maths. From these 

content-specific strands, Yakman built the STEAM pyramid. The STEAM pyramid 

model was created to demonstrate to students the importance of the relationships 

between the fields. The pyramid itself contains the individual silos of science, 

technology, engineering, the arts and maths and content-specific topics for each silo. 

Above these pyramid stages appears a multidisciplinary stage, an integrative stage 

and a holistic stage. Yakman hoped that the pyramid could prove useful with regards 

to the implementation of an interdisciplinary STEAM curriculum design. It was 

envisaged that STEAM could help organise the teaching fields without establishing a 

subject hierarchy, but instead demonstrate interconnectable opportunities between 

subject silo areas (Yakman, 2008, p.350). Throughout the last twelve years, the 

STEAM pyramid has been revised several times. Currently, the STEAM pyramid 

model mentions musical theatre in the art silo as a content-specific strand – closely 

related to humanities, fine art, visual and performing (STEAM Education, 2018). 

 

From the creation of the STEAM Pyramid, Yakman (2008) found that the principle 

discipline was maths. Yakman (2008, p.347) concludes that “mathematics is the 

primal language that cuts across all other fields’ boundaries.” While this notion 

cannot be disputed, opportunities were missed to include music and/or music 

technology to a greater extent as an intersecting discipline. This notion is especially 

true since music and maths share such a rich history of intersection. In fact, music is 

not mentioned at all in Yakman’s original 2008 paper. It is not until the paper entitled 

Exploring the Exemplary STEAM Education in the U.S. as a Practical Educational 

Framework for Korea that music is included in the language arts content-specific 

sub-set and mentioned in the 2013 STEAM pyramid through the art silo musical 

language (Yakman and Lee, 2012; STEAM Education, 2018). To also help address a 

lack of detail regarding the implementation of the STEAM approach, Quigley, Herro 

and Jamil (2017) produced the STEAM teaching model. This model is split into two 

domains – instructional content and learning content. The instructional content 

domain relates to ways in which the teacher plans and prepares student content. 

The learning content domain relates learning environment factors which include 

instructional approaches, assessment practices and equitable participation (Quigley, 
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Herro and Jamil, 2017). Further details of the STEAM teaching model are depicted in 

Table 3. 

 
Table 3 – The STEAM Teaching Model (Quigley, Herro and Jamil, 2017, p.5). 

Quigley, Herro and Baker (2019) provide six teaching scenario examples that utilise 

the STEAM teaching model. These examples focus on “varying levels of 

conceptualization, curricular design and enactment of STEAM transdisciplinarity” 

(Quigley, Herro and Baker, 2019, p.151). Example five incorporates music 

specifically as one of its disciplines. For this example, the real-world problem 

focused on waste. Kindergarten children were asked to think of ways in which 

rubbish could be reused. During a brainstorming session, the students thought it 

would be a good idea to make musical instruments out of the rubbish from their 

classroom. Objects used included “water bottles, boxes, paper, straws, rubber 

bands” (Quigley, Herro and Baker, 2019, p.157). Students were also encouraged to 

create songs and record music. During this example, the teacher in the study found 

that the kindergarten students needed guidance in solving problems and that their 

pathways of choice were limited. Quigley, Herro and Baker (2019, p.157) state that 

the role of the teacher will change within STEAM curricula “according to the content 

and needs of students.” Regarding the STEAM teaching model itself, it can also be 

argued that this model looks to encompass a broader set of principles within the 



 28 

STEAM agenda. It may therefore not be directly suitable for a self-contained visual 

programming system.  

 

To try and utilise the STEAM agenda in a more refined digital space, Özer and 

Demirbatir (2023) analyse six browser-based applications7 – Chrome Music Lab, 

Scratch Music, Groove Pizza, earSketch, UPISketch and iMuSciCA. Özer and 

Demirbatir (2023) state applications that help position music within the STEAM 

agenda provide positive contributions to students. The six applications above can be 

categorised into two main areas music production tools and music programming 

tools. Music production tools such as Chrome Music Lab, Groove Pizza UPISketch 

and iMuSciCA enable access to sequencing, audio sampling and synthesis creation 

(Chrome Music Lab, 2023; Payne et al., 2019; Bourotte and Kanach, 2019; Imusica, 

2017). Music programming tools such as Scratch Music and earSketch use 

programming languages to create musical events. Scratch Music adopts the Scratch 

visual programming language to allow users to create music (Ruthmann and Payne, 

2019). Meanwhile, earSketch allows users to utilise either Python or JavaScript to 

create music in a DAW environment (Earsketch, 2023). While the six browser-based 

applications outlined by Özer and Demirbatir (2023) use music to interact with the 

STEAM agenda, it seems their interdisciplinary connections may be limited. These 

interdisciplinary connection limitations include a narrow focus of either mathematical 

operations or programming. Therefore, it can be argued that these applications do 

not simultaneously take the three areas of music, maths and computing into 

consideration. Moreover, none of the applications seem to consider a national 

curriculum model in their design for music, maths or computing outcomes. It 

therefore seems that further work needs to be undertaken in this area. This work 

should use an application to establish possible interdisciplinary curricular 

connections that reach into various music, maths and computing national curriculum 

outcomes. 

 

 

 

 
7 Browser-based applications are software applications that run in web browsers. 
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1.6 Clarifying Interdisciplinary Curricular Connections  
 

Taking interdisciplinary curricular connections into a more refined resolution, Barrett 

and Veblen (2018) offer three approaches – thematic-based, process-based and 

work-based. These approaches help define potential mechanisms and “influence 

where teachers start when planning for interdisciplinary experiences, how the 

educational experiences are structured, and to some extent, what students learn 

from them” (Barrett and Veblen, 2018, p.370). Thematic-based approaches adopt 

“an overarching theme, central topic, or essential questions as focal points” (Barrett 

and Veblen, 2018, p.370). This approach is anchored by the premise that a ‘big idea’ 

unifies the curriculum, and that this big idea can be explored from many vantage 

points in multiple disciplines (Barrett and Veblen, 2018, p.370). Russell-Bowie (2009) 

presents service connections, symmetric correlations and syntegration that act as 

levels of integration for a thematic-based interdisciplinary curricular approach 

(Barrett and Veblen, 2018, p.372). Service connections occur when outcomes are 

learned and reinforced in one subject by using material or resources from another 

servicing subject. This occurs with no specific outcomes being achieved from the 

servicing subject. With this level of integration, the outcomes of one subject are 

promoted at the expense of the servicing subject (Russell-Bowie, 2009, p.5). 

Symmetric correlations concentrate on a central idea being used within two or more 

subjects. Using this central idea should achieve outcomes in both subjects (Russell-

Bowie, 2009, p.6). Syntegration is the highest level of integration. It is defined by 

Russell-Bowie (2009, p.8) as: 

 

When teachers plan purposefully to use broad themes or concepts that 

move across subjects so that the theme or concept is explored in a 

meaningful way by and within different subjects. Each subject’s indicators 

and outcomes remain discrete and authentic, and the integrity of each 

subject is maintained.  

 

Through syntegration, Russell-Bowie (2009, p.8) argues that students develop 

generic skills like observation, research and problem solving and teamwork. A higher 

level of critical thinking can also be developed as students apply, compare, analyse, 

synthesise and evaluate ideas across multiple subjects. Process-based approaches 
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adopt the notion that specific ways of thinking and cognitive processes can unify a 

curriculum. Projects can therefore be created that incorporate these cognitive skills 

across various subject areas (Barrett and Veblen, 2018, p.370). Examples of self-

reflection and inquiry are seen as important cognitive processes for students to use 

over multiple subject areas (Barrett and Veblen, 2018, p.371). Lastly, work-based 

approaches concerning interdisciplinary curricular connections aim to bridge the gap 

between the artistic realm and compulsory education. This is achieved by taking a 

piece of artwork or music and exploring the work’s many dimensions of study. Work-

based approaches become useful when their multifaceted examination of an artistic 

work leads to closely related connections in other subjects. Historical and cultural 

contexts are seen as particularly useful (Barrett and Veblen, 2018, p.372). 

 

Taking interdisciplinary curricular connections and STEAM concepts into a more 

refined resolution, some studies have highlighted the importance of an 

interdisciplinary model concerning maths and music specifically. An, Capraro and 

Tillman (2013, p.1) deem this interdisciplinary approach as “music-math 

interdisciplinary lessons”. These sessions aim to promote intrinsic motivational 

strategies through music since a music-maths interdisciplinary curriculum has the 

potential to “engage students in learning mathematics in an enjoyable but also 

relevant way” (An, Capraro and Tillman, 2013, p.2). As a result, An, Capraro and 

Tillman (2013, p.2) state that music can be used as a resource from which 

mathematical problems can be presented and designed. In turn, mathematical 

knowledge can then be applied to existing knowledge. Fundamental to the music-

maths interdisciplinary lessons, two curricula pathways form – instrument creation 

and composition. Here, the interdisciplinary properties of the music and maths 

disciplines are shown in Fig.1. 
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Figure 1 – A music and maths interdisciplinary model (An et al., 2015, p.43).  

The interdisciplinary curriculum consists explicitly of five phases. Phase one includes 

teachers covering music content that includes music instrument backgrounds and 

music theory knowledge. Phase two includes the tuition of mathematical contexts 

with regards to the phase one activity. Hence, music and maths are covered during 

phase two, with music still being the main component. Phase three involves students 

engaging in the set music activities, while teachers adopt a facilitator role. Music and 

maths share equivalent focus during phase three. During phase four, teachers use 

students’ work as a focus to design and discuss mathematical examples as well as 

assigning maths-based tasks to the students’ own musical activity outcomes (An, 

Capraro and Tillman, 2013). Both music and maths are promoted during phase four, 

but maths is the focus predominantly. Phase five involves students focusing on the 

mathematical topics alone. Music is not included in phase five. Overall, An, Capraro 

and Tillman (2013, p.4) argue that their curriculum involves interactive musical 

activities that are used as a resource “to create a highly motivational environment in 

which students are engaged in aesthetics through active participation.” The essential 

premise of this model enables students to understand and apply mathematical 

concepts in a variety of ways.  

 

The An, Capraro and Tillman (2013) study specifically involved two student teachers. 

Both student teachers received ten hours of training from doctoral students and 

university professors regarding integration strategies concerning music and maths 

prior to the study taking place. Both student teachers were also exposed to 

pedagogical skills that were needed to incorporate this interdisciplinary approach 

successfully. A total of forty-six students from both classes took part in the project 
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from varied socio-economic backgrounds. The study lasted for five weeks utilising 

forty-five-minute session slots. The teachers followed the five-phase curriculum plan. 

The students had access to graphic score materials and Musical Interface Digital 

Interface (MIDI) keyboards as well as handbells, drums and music sticks. The 

students completed ten sessions, during which the teachers managed to incorporate 

all five areas of the Mathematics Content Standards for California Public Schools. 

These areas included “number sense (NS), algebra and functions (AF), 

measurement and geometry (MG), statistics, data analysis and probability (SDAP) 

and mathematical reasoning (MR)” (An, Capraro and Tillman, 2013, p.13). An, 

Capraro and Tillman (2013, p.10) concluded that the ability levels of the first and 

third-grade students in all three mathematical areas showed statistically significant 

improvements after the interdisciplinary curriculum intervention, with maths progress 

ability levels rising from an average of two to an average of three-point five (An, 

Capraro and Tillman, 2013, p.13).  

 

The findings of An and colleagues as well as previously mentioned studies, supports 

a greater harmonious relationship between music and maths and music’s 

interdisciplinary qualities. The music-math interdisciplinary lessons do show 

implementation of a thematic-based interdisciplinary approach using the maths 

processes of problem solving, reasoning and proof, communication, connections and 

representation as possible service connections, symmetric correlations and 

syntegration concepts. Moreover, since phase three adopts an equivalence 

regarding both music and maths, it can be argued that some symmetric correlations 

may exist here too. However, there is no mention of Music Content Standards for 

California Public Schools being achieved across any phase. There is also no 

mention of the terms service connections, symmetric correlations and syntegration 

concepts in the literature or how these terms have been implemented. Consequently, 

it can be assumed that service connections, symmetric correlations and syntegration 

were not taken into consideration in this study. It is also important to note that this 

study still tends to lock music into Sloboda’s classical-based dominant ideology, 

without any real further detailed exploration of the computing paradigm. Moreover, 

this study was not undertaken within a visual programming context.  

 



 33 

The arguments presented so far concerning music’s interdisciplinary nature in the 

STEAM agenda (and its relationship with maths and computing over time) support 

the notion that music should be embraced for its interdisciplinary qualities, especially 

across both the mathematical and computational disciplines. However, the nature of 

music’s interdisciplinary qualities remains ill-defined in the STEAM agenda 

specifically. Nevertheless, a recent study by Christopher Petrie (2021) gives valuable 

insights into how computational thinking can support learning outcomes in music and 

programming through Sonic Pi. Sonic Pi is a textual-based programming language 

designed to enable school children to learn programming through music creation 

(Aaron, Blackwell and Burnard, 2016). Petrie (2021) used the New Zealand (NZ) 

curriculum achievement objectives in music level four and progress outcomes level 

four in digital technologies to create a unit of work which comprised six lessons. 

These lessons were taught by Petrie (2021) and another teaching participant in a 

single case study held at one school location. The unit of work was taught to Year 8 

students. The school location was chosen due to its close proximity to Petrie (2021) 

and their positive response to the project’s research proposal. Concerning the unit of 

work, lesson objectives were created for each lesson. These lesson objectives 

complemented elements of the NZ level four curriculum statements and it was 

deemed important that these objectives were achievable by the end of each lesson 

(Petrie, 2021). Petrie (2021) states that the learning theory constructionism was 

utilised through the case study since this provided a framework that was project-

based, where students could construct their knowledge. The study adopted a mix-

methods approach whereby quiz scores, student project code, pre- and post-

questionnaires and student interviews were unitised as data methods. These 

methods were assessed against the computational thinking framework as outlined by 

(Brennan and Resnick, 2012).  

 

Results from the study demonstrate that the framework by Brennan and Resnick 

(2012), was able to support lesson objectives in both music and programming 

(Petrie, 2021). Although, students with higher quiz scores explored and refined 

concepts in greater detail in music and programming when compared to students 

who achieved lower quiz scores. In addition, students with prior programming 

experience showed evidence of learning transfer from other programming languages 

(Petrie, 2021). Regarding music project work specifically, students scored a 
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comparative mean score for both subjects (programming and music). This indicates 

that computational thinking concepts supported many lesson objective outcomes in 

music and programming for most students (Petrie, 2021). Quiz scores supported the 

project work results by suggesting that most students understood the lesson 

objectives in both subjects. 

 

The computational thinking concepts of sequences, loops, parallelism and data 

proved the best mechanisms to promote music interdisciplinary learning using Sonic 

Pi (Petrie, 2021). However, a lack of evidence regarding conditions and operators 

may have shown a learning gap with the Sonic Pi programming language. 

Computational thinking practices were achieved through the creation of the student 

music projects. However, students displayed a lack of ability to remember and 

articulate programming processes that they had tried to implement (Petrie, 2021). 

Hence, testing and debugging projects proved challenging for the students. 

Concerning computational thinking perspectives, even though learning objectives 

were achieved in both music and programming, students did not ask questions that 

challenged assumptions regarding music and programming (Petrie, 2021).  

 

Petrie’s (2021) study does give insight into how computing can support 

interdisciplinary learning outcomes in music and programming via the use of the 

textual programming language Sonic Pi. In a textual programming context, some 

insight has been given to indicate music’s interdisciplinary qualities since these 

qualities can be found in the computational thinking concepts of sequences, loops, 

parallelism and data. These qualities could be potential syntegration concepts or 

symmetric correlations, especially since this study utilised elements of NZ Level 4 

Curriculum Statements for both music and computing (Petrie, 2021). However, any 

music interdisciplinary qualities in this study relate only to music and computing in a 

textual programming context and not visual programming. Additionally, any assumed 

music interdisciplinary qualities in this study do not consider music’s potential reach 

into maths as well as computing. This study was taught directly by Petrie (2021) and 

another teaching participant. As a result, this study did not take advantage of in-the-

wild practitioners since it was taught by the research author. However, disregarding 

the limitations of all the studies presented so far in relation to this thesis, it can be 

suggested that these studies justify an argument that music should feature in a more 
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interdisciplinary guise. Most of these studies also embrace the technological aspects 

of music. This in turn supports the claim that music technology should feature to a 

greater degree within the NC. The main argument for music technology to become a 

standalone subject at school level is further supported by the sheer number of music 

technology progression routes within the HE and FE sectors (Boehm, 2006). 

 

To better define music technology as a distinct subject, Boehm (2006) provides 

some foundations by introducing the music technology triad diagram for the HE 

sector. The music technology triad diagram introduces the interdisciplinary nature of 

music technology and its ability to transpire across many different platforms. The 

triad stipulates that music technology can integrate: 

 

1. A sound recording, record production and tonmeister. 

2. A computational musicology, electronic, audio and music technology engineering, 

music informatics, music technology soft/hardware development and digital music.    

3. A creative music technology, sonic arts, sound design, electronic music and 

electroacoustic composition. 

 

Transferable skills accumulated from music technological education can be put to 

good use in a variety of fields. These include film and television, theatre, video 

games, virtual environments, augmented reality, architectural and archaeological 

acoustics, product and industrial design, Human Computer Interaction (HCI) 

projects, signal processing and software and hardware development. The flexibility 

of the computer unites these fields since the power of home computing to undertake 

what was once only possible with expensive hardware is now attainable (Leyshon, 

2009). Users can now harness the computer’s ability to unite many disciplines into 

one digital space and thus traverse previous disciplinary boundaries. Commanding 

this interdisciplinary digital space are numerous programming environments such as 

Max, Pure Data and SuperCollider. These programming languages/environments 

enable users from a variety of creative backgrounds, including artists, composers 

and other creatives, to interconnect multiple sensory mechanisms, thus enabling 

graphics, sound and movement to occupy the same interactive space (Gehlhaar, 

2002; Holland et al., 2011). These multimedia software applications can also be 

enhanced with the introduction of a microcontroller platform by the incorporation and 
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programming of both analogue and digital sensors into a variety of projects (Banzi, 

2011, p.3). Concerning visual programming languages/environments specifically, 

Bukvic et al. (2012) argue that music technology can be adopted as a vehicle to 

expose students to a STEM curriculum. As music technology continues to entangle 

other subject areas, it is useful to consider how visual programming can be used as 

a platform to cultivate these subject interdisciplinary qualities. 

 
1.7 The Visual Programming Paradigm 
 
Due to the centricity of visual programming to this thesis, it is crucial to make an 

inroad into the visual programming narrative that is present in the succeeding 

chapters. Beyond NC frameworks and government policy and relating to musically 

centred research projects specifically, work has been carried out within the HE 

sector using both the Scratch visual programming language (an MIT-based project) 

and the Max paradigm of visual programming languages (Puckette, 2002; Ruthmann 

et al., 2010). The Max paradigm includes the Open Source Pure Data visual 

programming language environment and its commercial variant Max – formally 

MAX/MSP (Cycling74 Inc., 2019). Both Pure Data and Max share many 

commonalities and syntax. The Open Source license of Pure Data guarantees 

developers the right to make multiple copies of a program and distribute them freely. 

Developers also have rights to access source code and to make enhancements to 

the program without charge. Although Open Source rights are highly contested on an 

international basis, it can be argued that Open Source software can be seen as 

advantageous due to its exceptionally rapid development (Hai-Jew, 2013, p.xiv). 

 

The Pure Data and Max platforms have enabled composers, artists, researchers and 

others without highly technical backgrounds to develop and realise ideas in software 

through visual programming. As a result, a plethora of music-related projects that 

utilise Pure Data have been developed. These projects contain such features as 

Human Interface Devices (HID), innovative and original compositional algorithm 

techniques, the testing and evaluation of new tuning systems, the creation of new 

performance environments and the testing and creation of new sound generation 

and synthesis techniques. Indeed, it can seem that the possibilities of this Open 

Source platform are virtually endless, especially since extensions and revisions can 
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be written for the Pure Data visual programming language under its General Public 

Licence (GNU) status. Additionally, many research projects similar to the scope of 

this thesis have been undertaken using both the Pure Data and Scratch 

programming languages. As a result, these visual programming languages will be 

examined in further detail moving forward. 

 

In primary schools, the visual programming paradigm is by far the most popular 

method of programming internationally (Tsukamoto et al., 2016; Saez-Lopez, 

Roman-Gonzalez and Vazquez-Cano, 2016). Reasons for its popularity include that 

visual programming can generate fewer errors, involve less language syntax 

interaction and consequently generate higher motivational rates from students 

compared to textual languages (Tsukamoto et al, 2016; Saez-Lopez, Roman-

Gonzalez and Vazquez-Cano, 2016). Scratch is the most popular visual 

programming language since it has over 200 million user interactions per year 

(Scratch Foundation, 2022). 

 

In essence, visual programming consists of an environment whereby the developer 

can build programs by manipulating functions/commands (commonly called objects, 

blocks or abstractions) through a drag and drop interface – an Integrated 

Development Environment (IDE). These are common attributes of most visual 

programming languages (Sengupta et al., 2013). Objects and blocks are normally 

compiled pieces of textual code that process data in a visual environment. 

Abstractions are very similar to objects and blocks; however, abstractions tend to be 

written in the native visual programming language rather than an external textual 

counterpart (Farnell, 2013). Fundamentally, objects and abstractions can be grouped 

to subsequently form libraries. As such, a visual programming library can be thought 

of as a collection of objects and abstractions that share a common purpose. 

Frustratingly, vocabulary concerning individual visual programming languages does 

differ. As a consequence, throughout this thesis, the terms ‘objects,’ ‘blocks,’ 

‘abstractions’ and ‘libraries’ will be used in their correct contexts in conjunction with 

the visual programming languages in question. Further detailed clarifications will also 

be made where necessary. Additionally, for the remainder of this thesis, the term 

‘user’ is used to describe users of software products, instruments and software 

programming libraries created with a visual programming language. The term 
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‘developer’ will be used to describe the creators of such software products and their 

associated software libraries. 

 

Sengupta et al. (2013) note that visual programming languages are particularly adept 

for pedagogical practices since adopting graphical paradigms enables students to 

avoid the many language syntax complexities associated with textual languages. 

Saez-Lopez, Roman-Gonzalez and Vazquez-Cano (2016, p.131) also highlight the 

Scratch visual programming language as an effective primary school approach, 

since Scratch uses programming blocks that can “fit only in ways that make sense.” 

Dehouck (2015) hails visual programming as showing signs of maturity and indicates 

two advantages to visual programming. These include reasonable syntax error 

recovery rates due to the dynamic nature of a visual IDE as well as well-designed 

code blocks that can help avoid such errors. Visual programming languages are 

often packaged with an IDE that enables users to test their programs quickly. 

Although having an effective source code execution IDE is typically advantageous, if 

the IDE is badly designed, this can also affect program performance (Ray, 2017).  

 
1.8 Review of Pure Data Related Practice - PLOrk 
 
The following review of practice encompasses a selection of projects that are 

particularly relevant to this thesis. These projects are music and education-related 

and adopt visual programming, primarily Max or Pure Data. The review of these 

projects and associated criticism has also helped form the research questions. When 

discussing the visual programming environments Max and Pure Data, the terms 

‘objects’ and ‘abstractions’ will be used in relation to the studies. It is also worth 

noting here that visual programs written in either Max or Pure Data are called 

‘patches’ and thus this term will be used when describing programs created in either 

language. 

 

One area of particularly vibrant activity relating to music and computers in education 

is the laptop orchestra. Established in 2005, the Princeton Laptop Orchestra (PLOrk) 

consisted of fifteen meta-instruments and was the first large ensemble laptop 

grouping of its time (Trueman, 2006; Trueman et al., 2006). Additionally, the PLOrk 

set-up included many sensors including “off-the-shelf keyboards, percussion pads 
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and knob/slider controllers, but also custom interfaces using sensors such as 

accelerometers, pressure pads (using force-sensing-resistors), proximity sensors 

and light sensors” (Trueman et al., 2006, p.444). Composers were encouraged to 

conceive new and innovative ways to devise sensory input to the performers via the 

meta-instrument set-up. To facilitate the software requirements of the PLOrk set-up, 

a bespoke Max library was created for the ensemble. This library included three 

areas:  

 

1. Parameter mapping – (from external gesture to internal synthesis parameters). 

2. A preset saving mechanism – which allowed the user to save compositional 

presets throughout the Max patch.  

3. A network utility resource – which allowed for composers and performers to initiate 

fundamental networking communication protocols including Open Sound Control 

(OSC) and Transmission Control Protocol/Internet Protocol (TCP/IP).  

 
1.8.1 L2Ork 
 
Inspired by PLOrk, in 2008 the Virginia Tech Department of Music’s Digital 

Interactive Sound and Intermedia Studio and Virginia Tech’s College of Engineering, 

pioneered the first Laptop Orchestra (L2Ork) based on the Linux operating system. 

L2Ork was also designed for use in the K-12 primary schooling system specifically 

(Bukvic et al., 2010). To preserve the original PLOrk architecture and to enable the 

Linux operating system to perform well, the decision was made to provide a pre-built 

system which future performers could use. This pre-built system included providing 

“ensemble members not only with the necessary supporting hardware (speakers, 

sound card etc), but also the laptop itself” (Bukvic et al., 2010, p.170). In 2009, 

L2Ork’s research team encompassed nine undergraduate students as well as 

volunteers. Bukvic et al. (2010) state that the main focus of the research team 

initially included the creation, testing and development of the L2Ork system, which 

included speaker development as well as operating system optimisation. Sixteen 

speakers were built and the L2Ork system was housed on seventeen specific laptop 

notebooks (MSI Wind U-100 Notebooks). L2Ork’s initial ensemble training curriculum 

consisted of two courses, a three-hour lecture and a one-hour ensemble session. 



 40 

These activities were open to all Virginia Tech students, though the lecture class 

required students to hold a computer music composition prerequisite. 

 
1.8.2 L2Ork’s Implementation into K-12 Education 
 
The L2Ork paper presented at the 2010 Conference on New Interfaces for Musical 

Expression (NIME) first introduced the notion of interface creation and laptop 

orchestra implementation within the K-12 education sector. Bukvic et al. (2010) 

argue that music adopts a unique placeholder position with regards to the 

interconnection of maths and CS. This position is presented as an instantaneous 

feedback loop whereby these interdisciplinary subjects are showcased through 

laptop orchestra models (Bukvic et al., 2010). Finally, Bukvic et al. (2010) state cost 

as the only factor with the ability to prevent this feedback loop occurring readily in a 

K-12 curriculum model. Bukvic et al. (2010) also point out that establishing a good 

support network for the L2Ork project has proved vital. In 2009, L2Ork’s support 

network included three corporate sponsors: the Mobile division of the MSI Computer 

Company, the Roland Corporation and Sweetwater Inc. (Bukvic et al., 2010).      

 

As well as a good support network, Bukvic (2012) also identifies the need for an 

ideal homogeneous resource environment. This resource environment should enable 

users and performers of a laptop-based orchestra to interact with the system without 

any system incompatibility issues. Although operating systems can be classed as 

relatively homogeneous, software drivers and a continuous stream of operating 

system upgrades can cause instability in a multi-station scenario. Bukvic (2012) 

argues that to achieve a true homogeneous system, operating systems must equate 

to identical versions, as is true within the Linux operating system. Bukvic (2012, p.2) 

states to achieve this notion further, L2Ork loans out “fully preinstalled and 

preconfigured systems together with supporting hardware to students/users who are 

expected to treat the ensuing amalgamation of hardware and software as an 

integrated instrument.” This loaning system also equips additional educational 

programmes such as the MAKEr camps, who are supported by the L2Ork teams. 

Bukvic (2012) also argues that loaning equipment out is a low-cost exercise that 

enables K-12 children to interact with these types of activities. 
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Since 2012, K-12 level students have been invited to attend a Student Instrument 

MAKEr camp, a week-long programme located in a laboratory situation at the 

Institute for Creativity, Arts and Technology (ICAT) at Virginia Tech. The MAKEr 

philosophy encompasses a product and design methodology whereby students 

actively design, prototype and test musical instruments of their own making (Sawyer 

et al., 2013). The MAKEr theme is actively promoted using whiteboards and paper 

prototyping. Students spend the week designing a musical instrument that adopts 

sensory properties as well as programmable attributes. The programming is 

undertaken through the Pd-L2Ork K-12 library which is an extension library for the 

Pure Data visual programming language (Virginia Tech, 2017a). Pd-L2Ork is also an 

IDE variant of the original Pure Data Vanilla programming language. L2Ork also 

utilises Pd-L2Ork as the main visual programming language for the orchestra 

(Bukvic, 2012). Pd-L2Ork incorporates the Nintendo Wii remote control, as well as 

greater graphical incorporation for the GUIs of objects and abstractions, when 

compared to the previous IDEs of Pure Data Vanilla or (the no longer developed) Pd-

extended (Bukvic, 2012). Pd-L2Ork’s ability to increase graphical sophistication over 

previous Pure Data IDEs enhances its appeal to a younger audience (Sawyer et al., 

2013). Fig.2 depicts the graphical differences between the two IDEs of Pd-L2Ork and 

Pd-extended: 

 
 

Figure 2 – Pd-L2Ork’s enhanced graphical features (Sawyer et al., 2013) compared 

to Pd-extended’s standard Tool Command Language / Tk Library extension (Tcl/Tk) 

architecture (Puckette, 2007, p.25). 

To further enhance student participation, the Pd-L2Ork library adopts a granulated 

approach with regards to object and abstraction construction. Bukvic et al. (2012) 

coin the phrase ‘tiered granularity’ that describes how visual developers can best 
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design objects or abstractions that cater for a wide range of student learning abilities 

within the K-12 education system. Bukvic et al. (2012) define two main forms of 

granularity – fine-grained and coarse-grained. Fine-grained operations could include 

basic program operations like arithmetic and comparison operators. Bukvic et al. 

(2012) class fine-grained operations as higher tier since they require greater levels of 

knowledge to create connections that evoke meaningful operations. Coarse-grained 

operations adopt a low-tiered approach. These operations are designed to create a 

high impact on the surrounding program. In other words, these objects or 

abstractions should contain supplementary pre-programmed operations that either 

simplify or enhance the scope of operation for that particular object or abstraction. In 

many cases the user will be unaware of these pre-programmed operations, thus 

allowing the user to incorporate the object or abstraction with greater ease in their 

current patch. Examples of coarse-grained operations include a pre-built stereo 

granulator disis_munger~ (Bukvic et al., 2012). Furthermore, Bukvic et al. (2012) 

offer the peeled onion metaphor regarding the object granularity method. The peeled 

onion suggests that a coarse-grained abstraction could be built on or reduced to 

many fine-grained abstractions. Bukvic et al. (2012) argue that this methodological 

metaphor instigates an approach that would not only offer better visual programming 

instruction tools but would also offer a more significant adaptive space within the 

ever-evolving educational models for K-12 education. 

 

The tiered granularity approach to object abstraction was tested with the Boys & 

Girls Afterschool Club of Southwestern Virginia through the Satellite Linux Laptop 

Orchestra project. The research team designed several coarse-grained objects 

intending to enable the target student population to expand its knowledge regarding 

musical instrument design. The team also provided a cut-down version of the Pd-

L2Ork library to avoid confusion and labelled object inlet and outlet data paths as 

appropriate to enable student autonomy (Bukvic et al., 2012). Bukvic et al. (2012) 

argue that one of the greatest challenges with a tiered granularity approach includes 

striking a balance between creative potential and ease of use. A too coarsely-

grained abstraction can lead to a limit of creativity from the individual. Conversely, 

too finely-grained abstractions can rapidly increase complexity, potentially leading to 

students becoming disengaged with the process. Further highlighted challenges 

included the identification of learning processes within allotted tasks. The integration 
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of these learning activities into the K-12 education curriculum was also seen as 

problematic (Bukvic et al., 2012). 

 

Concerning the programming usage of the Pd-L2Ork library within the K-12 MAKEr 

programme generally, students are exposed to a series of programming workshops 

regarding the introduction of basic concepts. Additionally, one-to-one tutorials are 

also provided if and when necessary (Sawyer et al., 2013, p.672). When student 

projects include highly complex visual programming initiatives, “each group [spends] 

one to one time with a camp faculty member experienced in programming with Pd-

L2Ork” (Sawyer et al., 2013, p.672).  

 

As well as the incorporation of the Pd-L2Ork IDE, to further foster a homogenous 

working environment, equipment from L2Ork is also adopted into the K-12 MAKEr 

programme. This equipment includes sixteen laptop stations, hemispherical 

speakers, external USB sound cards and Nintendo Wii remotes (Sawyer et al., 

2013). Students are taught and supported by staff from the ICAT faculty including 

fellows and senior fellows as well as ICAT graduate students, high school students 

and community volunteers (Sawyer et al., 2013). As well as the L2Ork equipment 

incorporation, the staff team also prepares prototype instrument ideas with kit lists to 

enable students to participate effectively over the week. The K-12 MAKEr 

programme has also promoted the creation of a preset system for the Pd-L2Ork 

library. This preset system enables students to save settings globally within their 

instrument software patches (Sawyer et al., 2013). 

 

Sawyer et al. (2013) outline several factors regarding the success of the K-12 

MAKEr programme. These include greater inclusion of the paper-based prototype-

making activity to help expand instrument design, the inclusion of more field trips, as 

well as inviting parents to attend the final day performance session. However, it has 

been identified that more time is needed with regards to teaching and experimenting 

with the Pd-L2Ork visual programming library. Sawyer et al. (2013) identify their 

laboratory education environment as informal. They define this informal laboratory 

environment as non-restrictive, meaning that students’ physical work and equipment 

could be left out and worked on the following day. The environment also fostered the 

ability to pace the programme as required for the student. In many ways, the team 
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admitted that the learning programme felt ‘effortless’ (Sawyer et al., 2013). 

Considering this, transferring the K-12 MAKEr project into a formal educational 

setting could present challenges. Sawyer et al. (2013) outline such challenges as 

constraints on time and argue that this can stunt creativity. Solutions offered include 

teaming up with colleagues that adopt the same MAKEr mentality. The preset 

instruments made by the MAKEr staff team were noted as having helped shape 

student ideas since they were shown the ‘correct’ components to use. Paper 

prototyping also helped students to pursue their creativity. 

 

In 2017 the new Instrument MAKEr Camp - for Teachers Only! was created (Virginia 

Tech, 2017b). This course is designed to enable teachers to combine CS, 

engineering and the arts while exploring “design, discovery and creativity” (Virginia 

Tech, 2017b, p.1). Additionally, this course aims to help teachers identify students 

with multiple interests as well as establishing a contextualisation of the arts into the 

broader curriculum framework. The course is laboratory-based and takes place at 

the Moss Arts Centre within ICAT (Virginia Tech, 2017b). 

 

1.8.3 Abunch 
 

Another visual programming project of particular relevance to music education and 

music performance with computers is Abunch. Abunch is a library of abstractions, 

written in and for the Pure Data Vanilla IDE (Roels, 2020). The library is Open 

Source, designed by Hans Roels and is used to teach live electronics in pre-college 

music education in Belgium (Roels, 2012). The use of Abunch was undertaken by 

Roels at a music school in Deinze, Belgium between 2007 to 2010 and was made 

available to teenage learners. These students were given the opportunity to attend 

the live electronics course for a duration of one to three years. Roels taught the 

course directly and states that the long course duration enhanced his abilities to 

“develop long-term goals for the project [Abunch] and experiment with teaching live 

electronics beyond an introductory stage in which pupils [students] were only 

introduced to new interfaces and software instruments” (Roels, 2012, p.182). Roels 

argues that the digital musical instrument domain is modular by nature. Data from 

differing software and hardware parameters can be combined into an overall 

instrumental experience (Roels, 2012). 
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Regarding the live electronics course content specifically, Roels outlines seven 

topical areas of study. These include digital and signal processing techniques, basic 

audio hardware, mapping techniques, history of electronic music, auditory training, 

sound organisation in real-time (improvisation) and performance training. Although 

much of this content is familiar, Roels argues that the mapping layer is innovative as 

it exposes students to programming and enables connectivity between a user 

interface and Digital Signal Processing (DSP) in a multitude of ways (Roels, 2012). 

Roels states that adopting mapping and music theory techniques in isolated delivery 

can be unproductive. However, when incorporating the use of mapping techniques 

within performance and instrument design tasks, these processes can form a 

foundation of the constructionist classroom and adopt an action-based 

methodological approach. Students may test if a mapping or theoretical technique is 

right or wrong by listening to and performing their creations. Roels (2012) argues 

that combining a modular digital musical instrument methodology with constructionist 

learning through user mapping and theoretical capabilities develops an extra impetus 

for creativity (Roels, 2012). Roels (2012, p.187) defines Abunch as an “active 

toolbox for experimenting and learning electronic music.” Abunch can be defined as 

a two-dimensional system that comprises Pure Data abstractions and information 

files that demonstrate and explain techniques associated with its musical 

applications. The Abunch library adopts the Pure Data help file convention whereby 

each abstraction houses a help file which outlines the abstraction’s description and 

essential operational qualities. Roels (2012) argues that the Abunch library enables 

students to test and evaluate their learning through a constructionist learning model 

which tests learners’ ability to build their own patches via experimentation and 

discovery. 

 

When using Abunch-specific abstractions, Roels (2012) argues that Abunch adopts 

a similar but simpler system of utilisation to that of Pure Data. By convention, many 

of Pure Data’s objects require the object name plus additional arguments to enable 

the object to function correctly. Arguments can be defined as either numeric or 

worded and are seen as a global parameter for that specific object. By design, 

because an argument is specific to each object, arguments can adopt particular 

roles. Instead, Roels (2012) states that Abunch utilises a universal argument rule 

that simply adopts an abstraction name and a number. The number corresponds to 
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each instance of the same-named abstraction within a patch. Abunch also adopts a 

preset saving system. This system differentiates each identical abstraction name via 

its argument number, so each abstraction’s parameters can be saved correctly with 

each patch. As well as aiding the preset saving system, this argument method also 

enables Abunch to adopt a single argument strategy in contrast to Pure Data’s 

multipurpose argument meanings. 

 

Additionally, each Abunch abstraction also adopts an internal GUI. This internal GUI 

can be accessed by clicking on each abstraction as required. The internal GUI 

allows the user to program the desired abstraction and access its main features as 

required. Fig.3 depicts the internal GUI of the [simple-fm] abstraction within the 

Abunch library (Roels, 2012). 

 
Figure 3 – Abunch – an internal abstraction GUI example (Roels, 2020).  

Roels (2012, p.182) tested the Abunch library with research participants defined as a 

“pre-college music education” group but does not specify the exact ages of these 

individuals. Instead, Roels only defines his ‘pre-college education’ term as “children, 

teenagers and grown-ups who have not taken music courses on a college, university 

or professional level” (Roels, 2012, p.182). However, Roels does discuss some initial 

results stating that after students had used Abunch for a period of time, they started 

to find the library too easy to use and requested more advanced features. The 

conclusions from the Roels (2012) paper state that to better teach digital instrument 

making, a visual programming library that contains coarse-grained operations is 
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fundamental. The library should also be a balanced mix of performance aspects as 

well as theoretical concepts (Roels, 2012). 

 

While both the Abunch and L2Ork educational programmes have their merits, they 

are not exhaustive and areas of discovery still exist. For example, while the Abunch 

study produces its own Pure Data library – Abunch, with a constructionist approach 

to learning, the library is not tied to specific education sectors. It also does not 

explicitly adhere to a national or international curriculum framework and therefore 

shows little sign of specific curricula implementation. Indeed, there is a distinct lack 

of curricula specifics throughout the project’s published papers. Apart from the notion 

that Abunch encapsulates the advantages of visual programming mapping 

techniques with performance and instrument design tasks, it can be argued that 

Abunch provides only a fractional insight into music’s interdisciplinary qualities with 

maths. This is mainly due to the fact Abunch does not adhere to a maths curriculum 

framework with intended measurable outcomes. As a result, opportunities to adopt 

music’s interdisciplinary qualities by measurable means are missed across music, 

maths and computing. 

 

Additionally, regarding Roels’s journal article, it is unclear to the exact age of the 

research participants. This lack of age distinction means that suitable abstraction-

related granularity within the Abunch library is questionable since such a diverse 

range of research participants participated. It can only be assumed that these 

individuals were predominantly teenagers since Roels states that when the Abunch 

project ran, it was teenagers who attended weekly two-hour lessons (Roels, 2012). 

Since the project was tested in just one school, it is quite probable that only 

standardised equipment was used. More school locations could have provided a 

range of computing equipment to test Abunch across numerous computing 

platforms. During the Linux Audio Conference video footage, Roels discloses that he 

taught and led the Abunch course sessions himself because “these people [pre-

college education individuals] wanted to perform music and I was going to help them 

to do these things” (Roels, 2010). From this premise, there seemed little opportunity 

for in-the-wild practitioners to interact with or teach the Abunch sessions since these 

sessions were being delivered solely by Roels. Moreover, regarding the Abunch 

project, there is no mention of any interdisciplinary curricular connections.   
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It can be argued that the L2Ork educational programmes contribute more to the 

incorporation of visual programming libraries into compulsory education, particularly 

at primary school level. This can be seen through extensive documentation in 

L2Ork’s paper publications which cover methods including equipment and 

resourcing, as well as curriculum content and detailed evaluative approaches. 

L2Ork’s MAKEr projects incorporate the equipment used by the Linux Laptop 

Orchestra ensemble. Reasons for this include the need to avoid non-compatibility 

issues as well as adhering to a low-cost philosophy (Sawyer et al., 2013).  

Even if the L2Ork’s educational programmes are more extensive than the Abunch 

project, certain limitations still exist. For example, the MAKEr camps that exist for 

students and teachers are laboratory-based and set in specific locations on campus 

at ICAT Virginia Tech. These laboratory surroundings provide spaces for housing the 

specialist computer equipment needed for the L2Ork Laptop Orchestra and the 

teaching of the course. The ICAT facilities also include specialised equipment and 

staff that teach the MAKEr camp sessions. Since this scenario promotes a notion of 

equipment compatibility, it can also be argued that this situation is a sterile 

environment that does not represent an in situ setting adequately. Additionally, 

although Bukvic et al. (2012) identify music as a robust interdisciplinary mechanism 

for a STEM curriculum, no real attempts are made in the MAKEr programme studies 

to adequately address this notion through the adoption of a strict national curriculum 

framework, like the subject statutory requirements outlined in the NC. Hence, there is 

little indication as to how music as an interdisciplinary medium could be utilised in a 

visual programming context through interdisciplinary curricular connections. 

Moreover, although the research undertaken by this project was carried out with 

similar aged learners to the research in this thesis, the work by Sawyer et al. (2013) 

only states that their research has the potential to produce tools for evolving 

educational models. They also state that this is an area for their future work (Sawyer 

et al., 2013). As a result, it can be said that opportunities to develop music’s 

interdisciplinary qualities through a strict interdisciplinary curriculum framework were 

missed throughout the L2Ork projects since the main focus remained musical 

instrument design and performance. Hence, both the Abunch and L2Ork educational 

programmes do not seem to adopt any identified interdisciplinary curricular 

connections as revealed in literature from such authors as (Barrett and Veblen, 

2018) and (Russell-Bowie, 2009). 
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1.8.4 Sound, Electronics and Music Project 
 

In 2016, the Sound, Electronics and Music Project was a large-scale project 

undertaken in Scotland and was directed and funded for two years by Creative 

Scotland’s Youth Music Initiative (Hayes, 2017). The project encompassed sixteen 

primary schools and featured 900 students aged between eight and twelve years. 

The Sound, Electronics and Music Project aims were to take the pedagogical and 

computer music approaches associated with HE and provide a relative experience to 

primary school-age children. This was achieved by providing tutelage “on various 

topics related to sound and music technology” (Hayes, 2016, p.388). The topics 

included “collective electroacoustic composition, hardware hacking, field recording 

and improvisation” (Hayes, 2017, p.36). Adding to this notion Hayes (2016, p.388) 

states that: 

 

The project engaged several expert musicians and researchers to deliver 

the different areas of the course. A particular emphasis was placed on 

providing a form of music education that would engender creative practice 

that was available to all, regardless of both musical ability and 

background.  

 

The Sound, Electronics and Music Project spanned ten weeks and offered sixteen 

one-hour weekly workshops for eight schools each week. A total of two Additional 

Support Needs (ASN) schools were also involved in the project and received 

identical resourcing when compared to the other schools involved. Hayes (2016) 

states that the curriculum was explicitly designed by the project author. The author 

was joined each week by varied music practitioners. Out of the seven musicians 

involved, five had either completed or were near completing their doctoral studies 

relating to both the music and sound areas of specialism. The author and the music 

practitioners joined regular teachers from the participating schools in class to deliver 

the project’s sessions (Hayes, 2016; Hayes, 2017). Teachers were given CPD 

sessions outside class time. These CPD sessions constituted one at the start and 

one at the end of the course. These CPD sessions allowed teachers to interact with 

the equipment (hardware and software) that would be left in their schools when the 

project was over. The CPD time also allowed discussions to take place which 



 50 

concerned how the equipment would be used in other curriculum areas (Hayes, 

2017). 

 

The main objective of the course design was an inclusive classroom; creative 

explorations were seen as very important, particularly for students who had not 

received any previous musical training. However, students that had already 

undertaken instrumental lessons were also encouraged to bring their instruments 

and expand their skillsets. This approach was achievable due to the experimental 

nature of the project’s design. Moreover, due to the course’s exploratory nature, very 

little adaptation was needed for the incorporation of the ASN schools (Hayes, 2016). 

Each school was given a box of sound equipment that would be showcased through 

the course’s duration (Hayes, 2016). Each box contained a sound card, headphones, 

microphones, cabling and Makey-Makey invention kits. 

 

Additionally, the schools were given specialist software applications created in Max. 

These software applications helped control certain aspects of the hardware listed 

previously. The software applications were installed on the laptops that were hosted 

at the schools. An operations manual was also left with each school, detailing ideas 

for lesson plans as well as “providing detailed descriptions of how to connect and 

operate all hardware and instructions for running the provided software” (Hayes, 

2016, p.390). 

 

The course itself comprised five overarching themes: 

 

● embodied learning 

● the practice of listening 

● authoring sounds  

● making and hacking 

● improvisation and collaboration 

 

Embodied learning principles were present in most workshops on the course. 

Embodiment cognition has its roots in several disciplines namely philosophy, 

psychology and cognitive science (Stolz, 2015). Unlike traditional learning theories, 

embodiment cognition embraces the whole person “permitting the person to 
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experience him or herself as a holistic and synthesised acting, feeling, thinking 

being-in-the-world, rather than as separate physical and mental qualities which bear 

no relation to each other” (Stolz, 2015, p.474). The Sound, Electronics and Music 

Project employed embodied learning strategies around the practice of listening, the 

authoring of sounds, making and hacking and improvisation and collaboration. 

Students were encouraged to listen to an array of sounds and use their bodies to 

help analyse sounds: whether the sounds made them feel relaxed or agitated 

(Hayes, 2017). Students were also encouraged to develop a listening awareness 

from sounds in the classrooms to sounds in their everyday lives. Commercial 

software Sound and Music’s Minute of Listening was also utilised to help students 

distinguish the differences between sounds and to build up appropriate sound 

vocabularies (Hayes, 2017). With regards to authoring sounds, students were 

encouraged to use external recording equipment and record a variety of their own 

sounds from around the schools. They were given free rein to do this. Once the 

sounds had been captured, students played the sounds back to their peers and used 

specific vocabulary to describe the sounds. Students then used premade Max 

software patches to process the sounds in different ways. Peer class composition 

groups were also encouraged during this process. The making and hacking part of 

the course focused around the Makey-Makey invention kits. Students were 

encouraged to make new instruments out of “fruit, conductive tape, pencil graphite 

and chains of the pupils’ own bodies” (Hayes, 2017, p.43). The students were also 

given the basis of John Bowers’s Victorian Synthesiser, which is a musical 

instrument made from a collection of “hacked loudspeakers based on electro-

mechanical principles” (Hayes, 2017, p.43). Students then actively devised 

modifications to this instrument and made their own. Lastly, improvisation and 

collaboration were used in most sessions to enable students to make sense of the 

sound worlds they were creating. On some occasions, where students were not 

forthcoming with their ideas, strategies like playing preselected tracks and enabling 

students to create and perform graphic scores were employed (Hayes, 2017). Hayes 

(2017) argues that adopting a non-prescriptive approach with regards to the 

achievement of aesthetic outcomes, enabled space for open-ended enquiry. Hence, 

sessions focused on play and investigation rather than an end product, since this 

process is deemed as a central ingredient to creativity (Hayes, 2017). 
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The Sound, Electronics and Music Project is a recent example of a pedagogical 

framework that adopts a music-specific visual programming language (Max) within 

primary schools in the UK. The Sound, Electronics and Music Project achieved three 

aims. Firstly, Hayes (2017) claims that the Sound, Electronics and Music Project 

“provides evidence to support the assertion that computer music and music 

technology have a place within the pre-university classroom” (Hayes, 2017, p.46). 

Secondly, that experimental music making is an excellent platform to promote 

inclusivity and thus promote embodied learning practices (Hayes, 2017). Thirdly, the 

project supports previous research narratives whereby teenagers are encouraged to 

design their own instruments supported by mentors. This, in turn, suggests that 

music technology harbours and promotes a participatory element that can generate 

interest in other fields relating to science and technology (Hayes, 2017).  

 

Through these three concluding remarks, it can be seen that this project has strong 

ties with the narrative this thesis adopts. For example, this study can be classed as 

being hosted in many locations in situ. Specialist equipment is provided, designed for 

the project’s delivery mechanisms. However, in situ equipment is also utilised in the 

form of school laptops. These laptops house bespoke project-specific software made 

through the visual programming language Max. As a result, there is some evidence 

of in-the-wild equipment use. However, the Sound, Electronics and Music Project’s 

main objectives are not tied to the direct teaching of and interaction with visual 

programming and how in-the-wild practitioners might cope with such a plight 

autonomously. Instead, the Sound, Electronics and Music Project encompasses 

more wide-ranging aims. These aims mainly deal with the listening to and recording 

of sounds as well as the making and hacking of new instrumental structures through 

both improvisational and collaborative techniques.  

 

The underlying pedagogical structure for the whole programme is an embodied 

approach. While this is a valid stance to adopt, arguably measurable outcomes 

designed to highlight the interdisciplinary approaches between music and other 

disciplines have not been taken. For example, adopting the Scottish Curriculum for 

Excellence: Expressive Arts – Experiences and Outcomes document could have 

provided a framework by which music’s interdisciplinary qualities (through theme-

based, process-based or work-based approaches) could be measured (Education 
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Scotland, 2019). Thus, as with the previously mentioned music and computers in 

education-related projects, music’s interdisciplinary qualities in a visual programming 

context, were not formally explored, thus leading to music’s status as an 

interdisciplinary vehicle to be underdeveloped too. Finally, while teachers were 

teaching students on the project, these teachers had to be supported in classrooms 

by “several expert musicians and researchers” (Hayes, 2016, p.388). Therefore, it 

can be argued that the current design of this project would not enable it to be 

replicated easily by in-the-wild practitioners alone without the direct classroom 

support of the project’s author and their respective expert team. The teachers 

themselves also outlined this notion, exclaiming that the newness of the material that 

the Sound, Electronics and Music Project promoted was too much of a challenge. As 

Hayes (2017, p.47) states: 

 

Whereas I [Hayes] had the luxury of working with a team of invited 

computer music specialists, the lack of familiarity with both the concepts 

as well as the technology involved made it difficult for the teachers, 

despite our efforts to provide training, to assimilate the project into their 

curricula. This suggests that much larger institutional support would need 

to be at play in order to achieve this vision.  

 

1.9 Review of Scratch Related Practice 
 

There is a substantial body of research using the Scratch visual programming 

language. Most research centres around Scratch’s unique online community 

benefits. Several papers have addressed Scratch’s usability by student teachers as 

well as its transference to the classroom environment. This thesis will concentrate 

mainly on these works. Since Scratch will now be discussed specifically, it is now 

appropriate to use the term ‘blocks’ to describe Scratch's main programming 

functions/commands. 

 

In 2010, the educational course Sound Thinking was created for undergraduate 

students from the University of Massachusetts (Ruthmann et al., 2010). The course 

was designed and taught by university professors from both the departments of 

music and CS. It was designed to provide CS majors an opportunity to earn an Arts 
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& Humanities GenEd credit and arts majors could also earn a Science & Technology 

GenEd credit. Adopting this approach enabled collaboration to occur between CS 

and music (Ruthmann et al., 2010). To encourage interdisciplinary learning and thus 

prevent students from naturally gravitating towards their preferred discipline, 

Ruthmann et al. (2010, p.351) established a set of behavioural course outcomes as 

follows: 

 

1. Identify properties of sound and describe the organisation of sound into 

music. 

2. Design a simple notation system and describe the differences between 

formal and informal notation. 

3. Distinguish between analogue and digital audio. 

4. Discuss the basic differences between various audio file formats and 

sound compression techniques. 

5. Create a web-based computer program that plays a music file. 

6. Create a web-based computer program that plays a user-definable 

sequence of music files.  

 

The second revision of Sound Thinking involved the use of the Scratch programming 

language as the authors viewed Scratch as an “appropriate platform for teaching 

computational thinking through music” (Ruthmann et al., 2010, p.352). The Sound 

Thinking Version 2 course utilised Scratch’s Sound category of blocks. Students 

were required to layer sounds using MIDI instrument program change messages. 

Ruthmann et al. (2010) highlight that to successfully play layered sounds to a steady 

tempo, synchronisation in Scratch had to be established. As a result, students were 

tasked with building a synchronisation algorithm to ensure tempo and sounds were 

always synchronised.  

 

After synchronisation was established, students created random melody creation 

algorithms using MIDI pitches. Ruthmann et al. (2010) note that the parameters of 

the code could be changed live since Scratch coding is compiled in real-time. This 

enabled students to change the boundaries of the random pitches as the code was 

running. Students also used lists to create a pentatonic scale. This list stored pitch 

intervals that make up the scale. A RhythmSet list was also created to create note 
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values as needed. Ruthmann et al. (2010) argue that when students performed 

effective real-time manipulation of code to create generated music, these skills 

required both musical and computational understanding. From a musical 

perspective, the understanding of how this music should sound was seen as 

important. To instil a computational mindset, the students also needed to understand 

how the code could be adjusted and manipulated in real-time to achieve the musical 

changes required (Ruthmann et al., 2010). 

 

To conclude their paper, Ruthmann et al. (2010, p.355) take direct quotations from 

their students to justify their findings. One student commented on their enjoyment of 

the courses as well as the importance of interdisciplinary collaboration. Ruthmann et 

al. (2010) state that the Sound Thinking introductory courses disclose some 

significant developments concerning the intersecting of music and CS into 

interdisciplinary curriculum structures. The use of Scratch as the courses’ visual 

programming language is particularly important since there is a distinct lack of 

research concerning these types of practices that use Scratch specifically.  

 

However, the Sound Thinking courses have some drawbacks. Firstly, work on the 

courses was carried out with CS and music undergraduates in a laboratory situation 

based at the University of Massachusetts campus. This may be due to this level of 

work being challenging for primary school-age students. The students of the courses 

were also taught by subject experts who happened to be university professors from 

both the departments of music and CS. During the course, students were noted as 

referring to the CS professor as the “magician (because he could almost always 

make their [students’] pages [web pages] do what they wanted when their CS 

partners were stumped)” (Ruthmann et al., 2010, p.352). As a result, it is doubtful 

that the data raised from this project could provide any reasonable insight into the 

abilities of in-the-wild practitioners to teach similar Scratch content to primary school 

children. Lastly, this study did not use custom-made Scratch blocks to help enforce 

curriculum-led initiatives. Only the standard Scratch blocks were adopted. The study 

also did not look at national or international curriculum frameworks to warrant its 

usefulness outside of the university laboratory. Due to this, it seems there is still a 

distinct lack of research regarding Scratch’s ability to use interdisciplinary curricular 
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connections to embed a STEAM-styled curriculum or use a NC framework where 

music’s interdisciplinary qualities can be used in situ. 

 

Scratch remains the most popular visual programming language to be used in 

primary schools worldwide (Moreno-Leon, Robles and Roman-Gonzalez, 2015). 

Despite this notion, some in-the-wild practitioners (specifically teachers) find Scratch 

challenging to use. At a Scratch Day hosted by the Teachers College at the 

University of Columbia in 2011, teachers commented that Scratch could be 

demanding. They stated that “kids have to find a way to make it interactive” (Mitter, 

2011, p.1). Additionally, it was also noted, that even though some students may find 

Scratch an achievable challenge, teachers who do not know Scratch are not 

comfortable with it (Mitter, 2011). Quan (2015) outlines the difficulties faced by 

student teachers who taught applied linguistics using Scratch. It was noted that the 

student teachers found learning Scratch time-consuming and that it had a steep 

learning curve.  

 

To further help identify teaching methods with regards to computing delivery, Funke, 

Geldreich and Hubwieser (2017), designed a specific three-day introductory Scratch 

programming course for students aged nine and ten. The study involved fifty-eight 

children that participated in the course from May to August 2016 (Funke, Geldreich 

and Hubwieser, 2017). A total of 127 Scratch projects were created over the 

course’s duration. The most successful projects created were stories, animations 

and games. Children who created the Scratch games demonstrated the most 

advanced programming capabilities while the children who created stories showed 

only basic programming skills. The three-day course was taught by a primary school 

teacher and researcher who had a CS background. A computer scientist also 

assisted with delivery throughout the course’s duration (Funke, Geldreich and 

Hubwieser, 2017). The course was held at the School of Education Department at 

the Technical University of Munich. This was done to enable a consistent setting and 

ensure the stability of technical equipment (Funke, Geldreich and Hubwieser, 2017). 

The course was designed around a circus theme. The circus theme was chosen 

because students had identified the circus “as an attractive field of their personal 

experience” (Funke, Geldreich and Hubwieser, 2017, p.1230). Day one of the course 

involved students participating in group work and problem-solving activities. 
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Computer interaction, however, was purposely avoided, since the researchers “did 

not want to overstrain the students” (Funke, Geldreich and Hubwieser, 2017, 

p.1230). Instead, the researchers made physical printed Scratch-like programming 

blocks to enable students to interact with group activities centred around the circus 

theme. Day two did involve computer work and students were introduced to the 

Scratch programming IDE. The aim of the day was for students to create a 

multimedia output from Scratch. To enable this, a learning circle was established that 

included two difficulty tiers. The first tier comprised workstations that introduced 

basic Scratch concepts. The second tier included workstations that concentrated on 

programming loops and conditional logic (Funke, Geldreich and Hubwieser, 2017). 

When moving around the circle, each student was given tasks to solve; instruction 

sheets were given out to aid this process. Day three encompassed a greater creative 

ethos. It was felt that students should be able to explore the Scratch programming 

environment with greater freedom to encourage autonomy. However, to create 

measurable outcomes, the researchers decided that before students were allowed to 

operate fully in their discovery learning approaches, certain learning objectives had 

to be met. These learning objectives stated that programs should “a) work on more 

than one sprite b) move the sprites during execution c) comprise at least one 

iteration and d) include at least one conditional statement” (Funke, Geldreich and 

Hubwieser, 2017, p.1232). In addition to these objectives, the research team created 

a four-part assessment framework. In total, these four parts included requirements, 

programming concepts, code organisation and operability. Students’ work was 

measured against these standards to help quantify the results of the whole study.  

 

To meet the requirements part of the assessment framework, students had to meet 

the learning objectives already outlined. Programming concepts included interaction 

with basic Scratch programming capabilities including event sequencing, variables, 

lists, event handling, HID interaction, Boolean logic and random numbers. Code 

organisation involved the measurement of code organisation in three categories: 

extraneous blocks, sprite names and variable names. Operability included the rating 

of interaction and functionality of student work. This area involved six areas that 

included functionality, sprite customisation, stage customisation, interactivity, 

usability and project type. Finally, the level of understanding part allowed the 

researchers to grade the final student projects. This part was split into five criteria 



 58 

ranging from level one to five — prestructural, unistructural, multistructural, relational 

and extended abstract (Funke, Geldreich and Hubwieser, 2017, p.1233). 

 

The Funke, Geldreich and Hubwieser (2017) paper is a study into primary school 

instruction with the Scratch programming language. The paper gives an insight into 

the three-day course undertaken by the students. The work undertaken in this study 

embraced a thematic-based interdisciplinary curricular approach since the circus 

theme can be seen as a “central topic” (Barrett and Veblen, 2018, p.370). The paper 

also provides a curriculum framework that was used to assess student work. This 

framework examined certain programming competencies highlighted specifically by 

its following section requirements, programming concepts, code organisation and 

operability. While this assessment framework and its results demonstrate a robust 

approach to assessing the ability of primary school children and their use of varying 

visual programming principles, the framework did not attempt to address its 

relevance or integration to either national or international curriculum models. 

Additionally, the study did not use the assessment framework to investigate how the 

circus theme could have been used as a theme-based interdisciplinary curricular 

connection across music, maths and computing. The study also did not take 

advantage of the music technological aspects of Scratch directly and instead just 

required students to make projects that demonstrated “multimedia output” (Funke, 

Geldreich and Hubwieser, 2017, p.1232). As a result, further opportunities were 

missed to showcase the interdisciplinary nature of music and its role in a STEAM 

curriculum model from a visual programming perspective. Like many of the previous 

studies outlined so far, this study was taught in a laboratory situation and was not 

located in an in-the-wild classroom in situ (Funke, Geldreich and Hubwieser, 2017). 

Instead, this course was held in a university department so that the project had “a 

consistent setting and stable technical equipment” (Funke, Geldreich and Hubwieser, 

2017, p.1232).  

 

Although a primary school teacher was utilised as the main teacher for the study, this 

teacher was described explicitly as a “CS researcher” and was aided by an 

additional CS researcher (Funke, Geldreich and Hubwieser, 2017, p.1232). It can be 

argued that these practitioners were already experts in their fields rather than being 

considered as generic primary school practitioners. Funke, Geldreich and 
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Hubwieser’s (2017) study does, however, give an insight into an assessment 

framework that could be used to assess the effectiveness of a primary school 

student’s computational thinking abilities. 

 

Ruthmann and Payne (2019) give an account of Scratch’s ability to undertake music 

projects specifically. Although Scratch presents pre-recorded audio for music-centric 

projects, Ruthmann and Payne (2019, p.2) highlight issues concerning “complex 

numeric music mappings and mathematical representations, as well as data 

structures that limit musical expression.” This is particularly noticeable with the 

sequencing of musical notes and the lack of syncing of these events (Ruthmann and 

Payne, 2019). Ruthmann and Payne (2019) highlight Max as a better alternative for 

syncing musical events, but also state that Max encompasses greater programming 

complexities. 

 

With the advent of Scratch 3.0, music blocks have now been separated from sound 

blocks. However, syncing issues still remain for sequenced events. A solution may 

lie in Scratch 3.0’s ability to now allow developers to create their own block designs 

through its ‘make a block’ feature. Ruthmann and Payne (2019) have created 

browser-based applications that users can use to create music. Once the music has 

been created, users can then incorporate that music through the ‘play groove’ 

Scratch block. Stemming from some of the concepts above, Andrew Brown and Alex 

Ruthmann (2020) present their book Scratch Music Projects. This publication 

explores CS and music creation through practical projects, music sequences and 

band creation. Live coding is also introduced. Whist it can be said that the work by 

both Ruthmann and Payne (2019) and Brown and Ruthmann (2020) constitutes a 

significant step forward regarding the music-making capabilities of Scratch, some 

criticisms still exist. Firstly, although the research arguably incorporates an improved 

integration of the musical abilities of Scratch and CS, these activities are not 

undertaken with a measurable national or international curriculum framework in 

mind. Secondary, the audio processing capabilities of Scratch 3.0 are limited when 

compared to the Max paradigm. Lastly, the work carried out by Ruthmann and 

Payne (2019) and Brown and Ruthmann (2020) does not explore music’s 

interdisciplinary qualities in comparison to both CS and maths. 
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To summarise, the Scratch programming language provides an IDE intended for 

primary school teaching. As a result, its use in many primary schools in the UK is 

now established (Moreno-Leon, Robles and Roman-Gonzalez, 2015; Edmondson, 

2017; Kesler, Shamir-Inbal and Blau, 2022). Additionally, much has been written 

about the advantages of using Scratch in primary schools to help foster 

computational thinking (Resnick, 2014; Ruthmann and Payne, 2019). However, even 

though the newest versions of the Scratch IDE contain many interactive features and 

many of these features are now web-based, most research projects concerning 

student and teacher interactions have still occurred in a laboratory situation. This 

notion is significant, since many aspects of these studies are still controlled to 

minimise equipment errors (Funke, Geldreich and Hubwieser, 2017). As a result, it 

can be argued that in-the-wild practitioners have not been studied directly in their 

working classroom environments. By undertaking in-the-wild studies, a completely 

different data set could be discovered. Moreover, even though musical capabilities 

have been enhanced in Scratch 3.0, music as an interdisciplinary subject to aid the 

teaching of maths and computing has not been explored directly by any study. Within 

the UK specifically, the mapping of the NC statutory requirements across these three 

subject areas is yet to be explored. Even though some Scratch-related projects have 

been identified as thematic-based from an interdisciplinary curricular connection 

perspective, it seems these potential interdisciplinary curricular connections have yet 

to be explored formally. Lastly, despite Scratch being the most popular visual 

programming environment being used in British schools, much of the teaching 

population is still unprepared to teach computing (George, 2017). 

 

1.10 Chapter Summary 
 

In recent times, the UK NC has seen profound changes in relation to maths and, 

more particularly, computing. Many stakeholders have welcomed these changes, but 

there lies a wariness and scepticism about the implementation of these new 

approaches. This scepticism is particularly apparent among the teaching community 

who feel under-supported and under-qualified to teach such changes. In parallel to 

this motion, through the introduction of the EBacc school performance measurement, 

the number of students taking creative subjects, including music, has fallen. This 

student downturn has occurred at a time when music’s ability to be used as an 
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interdisciplinary vehicle in a visual programming context for maths and computing 

teaching could be advantageous. Moreover, the role of music, even after years of 

recommendation for an increased technological NC-integration, remains ill-defined 

within the schooling system. Thus, the wider roles of music and its technological 

interdisciplinary characteristics are not explored by the 2014 NC. It still seems that 

music technology’s reach into other areas, particularly maths, computing, video 

games design as well as its potential to provide novel means of human-computer 

interaction are being ignored at primary school level. With the additional 

interdisciplinary curriculum agendas including STEAM, thematic-based, process-

based and work-based approaches, as well as the outlined research projects in this 

chapter, it seems the case for an overhaul concerning music’s NC, its incorporation 

of technology and its interdisciplinary potential is mounting. Yakman’s (2008) notion 

of maths being the primal language across an interdisciplinary STEAM curriculum 

cannot be ignored either since this transference could be used in future work 

concerning music’s interdisciplinary qualities from a visual programming perspective. 

 

Moving on from here, the second part of this chapter uncovered and critically 

analysed several music and computers in education-related research projects that 

closely relate to the work presented in this thesis. The resulting narrative started with 

a gentle introduction to the visual programming paradigm, which introduced some 

terms associated with visual programming languages in general. From here, a 

selection of the most relevant studies was discussed and critically analysed. Project 

commonalities included the need for specialist equipment to enable the projects to 

run successfully. Regarding L2Ork and associated projects, this included the 

inclusion of specialist project laptops to enable the visual programming libraries to 

run effectively and to solve compatibility issues. The Scratch three-day course was 

also held at the Technical University of Munich to ensure the stability of equipment 

(Funke, Geldreich and Hubwieser, 2017). Moreover, through all the studies 

presented, expert practitioners and/or project authors were involved in the delivery of 

the educational programmes in one way or another. The only exception to this 

premise was the Sound, Electronics and Music Project. This project was run in-the-

wild and involved teachers. However, these teachers were supported by the project’s 

author, expert researchers and musicians from the field of computer music. Lastly 

while these projects take advantage of some of music’s interdisciplinary learning 
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capabilities (especially when considering music and visual programming 

transference from the thematic-based interdisciplinary curricular approach), none of 

the studies reviewed wrap their findings around an established multidisciplined 

national or international curriculum. Wrapping results around an established 

multidisciplined national or international curriculum could arguably produce more 

significant measurable interdisciplinary outcomes. The only exception to this notion 

seems to be by (Petrie, 2021). Here it can be argued that some evidence of 

symmetric correlations and syntegration may exist between looping and sequencing 

aspects of music and computing. However, this study was undertaken using a visual 

programming language. There also seems a lack of research into these 

interdisciplinary curricular connections since they appear out of the scope of this 

particular study. Consequently, at present it seems that music’s interdisciplinary 

qualities (despite their historical intersections and visual programming exposures) 

have not been explored to their full potential from several interdisciplinary curricular 

connection perspectives. This is due to a lack of interdisciplinary curricular 

connection testing within these studies with regards to measurable outcomes across 

all the three subjects of music, maths and computing. Consequently, concerning 

visual programming, only a vague set of learning opportunities (from maths and 

computing perspectives) that use music are presented. Hence, it seems that music’s 

potential as a vehicle to transport its interdisciplinary qualities in and out of focus in 

relation to the subjects of maths and computing, has seen little exploration within the 

visual programming domain. 
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Chapter Two – Towards a Pedagogical Foundation 
2.1 Chapter Overview 
 

In reviewing the literature discussed in chapter one, it can be claimed that music’s 

interdisciplinary qualities can be used to encourage interdisciplinary curriculum 

activities. These interdisciplinary qualities can traverse both mathematical and 

computing perspectives and use visual programming (Yakman, 2008; Bukvic et al., 

2010; Ruthmann et al., 2010; Bukvic, 2012; Roels, 2012; An, Capraro and Tillman, 

2013; Sawyer et al., 2013; Halliday, 2017; STEAM Education, 2018). However, it 

seems that music’s full potential as an interdisciplinary vehicle to transport its 

interdisciplinary qualities in and out of focus in relation to music, maths and 

computing are yet to be fully explored by previous studies. 

 

The interdisciplinary curriculum models and activities previously highlighted in the 

literature review are built on certain pedagogical concepts which in turn are based on 

learning theories. Due to this, it is essential to outline pedagogical theories that will 

underpin the rest of this thesis herein. The review of pedagogical theories in this 

chapter covers four learning theories – behaviourism, cognitivism, constructivism 

and constructionism since these areas have been identified in the literature during 

chapter one. Each learning theory is outlined, with appropriate theorists and 

approaches to teaching also introduced. After a critical analysis for each learning 

theory occurs, relevant traits from selected theories are taken forward into the 

forthcoming chapters. Aspects of Multimodal Learning (MML) and differentiated 

learning are also considered in future discussions. A discussion regarding the 

reviewed music and computers in education-related projects and their various 

pedagogical theoretical implementations then ensues. Some of the findings from this 

discussion are then taken forward to form ideas regarding the creation of a visual 

programming system as outlined in chapter four.  

 
2.2 Review of Learning Theories 
 

Learning theories aim to give a context of values and beliefs to a group-based 

learning environment from which curriculum design and certain pedagogical 

ideologies can occur (Cunningham et al., 2007). Mugisha and Mugimu (2014) state 
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that although learning theories provide a framework for curriculum design, these 

theories also aid decision-making for both curriculum-based teaching methods and 

assessment methods. Learning theories also provide an insight into the learning 

process (Yilmaz, 2011). Since this thesis concentrates on the setting of the primary 

school, pedagogical teaching approaches relating to each learning theory also are 

highlighted.  

 

Behaviourism promotes the notion that learning flourishes through a set stimulus 

which in turn provokes an appropriate student response. This cycle must be 

endorsed with positive reinforcement to prompt desired responses and discourage 

inappropriate mannerisms (Armitage et al., 2003; Yilmaz, 2011). According to Carr 

(2005, p.89) Burrhus Frederic Skinner is seen as fundamental to the development of 

behaviourism or more specifically operant conditioning. Operant conditioning 

involves breaking a task to be learned down into behavioural components and the 

subsequent systematic reinforcement of these tasks in order (Carr, 2005, pp.89-90). 

Behaviourism can place the teacher in an active role which can lead to the student 

becoming passive (Wray, 2014). The student crafts the responses while the teacher 

controls stimuli. When the student demonstrates the desired responses, the teacher 

rewards this behaviour. The behaviourist approach promotes an extrinsically 

motivated environment as students are rewarded for good behaviour as well as 

correct responses to stimuli (Wray, 2014). In a primary school setting, behaviourist 

techniques include the teaching of facts, formulae, scientific concepts and foreign 

language vocabulary (Wray, 2014). These techniques allow the teacher to give 

feedback and praise for desired responses. The teacher can also utilise the 

opportunity to discourage undesired responses when needed. A simple question 

(stimulus) and answer (response) worksheet can act as an effective behaviouristic 

resource, with questions increasing in difficulty as required (Wray, 2014). Teachers 

should also construct learning on a step-by-step basis with new concepts based on 

previously learnt material (Armitage et al., 2003). As well as task design, Wray 

(2014) also highlights that utilising the stimulus and desired response techniques 

becomes useful within the classroom for the behavioural management of students. 

As a result, behaviourist learning objectives should be displayed at all times 

throughout lessons as this can help increase student understanding of the desired 

behaviours required (Taggart and Siraj, 2015; Ertmer and Newby, 2013). Other 
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measurable outcomes including criterion-referenced assessments are another 

utilised behavioural concept (Ertmer and Newby, 2013).  

 

Behaviourist strategies can be less successful when incorporated as part of other 

teaching methods, such as comprehension and composition (Wray, 2014). To help 

promote the useful aspects of behaviourism, Wray (2014) outlines a three-step 

process for a primary school classroom. Step one involves breaking down desirable 

end behaviour into small steps. Step two involves active teaching while applying the 

behaviourist principles of desired responses and discouragement as appropriate to 

the teaching situation. Lastly, step three involves reinforcing “long chains of 

behaviour until the full end behaviour is finally achieved” (Wray, 2014, p.70). 

 

While it is important to reward good behaviour and correct responses to tasks, some 

argue that a lack of reward received by some students can result in a negative 

educational experience (Petty, 2009). Wray (2014) highlights language laboratories 

as a particular problem. These laboratories typically encompass the teaching of 

foreign languages to students using set linguistic phrases. Students repeat these 

phases and the accuracy of this repetition can be assessed using the behaviourist 

traits of stimulus and response.  When solely relying on these behaviouristic 

assessment methods, issues can arise when students are not taught the adaptation 

or dense linguistic meanings of the phrases in relation to real-life situations. For 

example, when faced with a real-life context, the learnt stimulus-response phrases 

may be inappropriate in specific scenarios (Wray, 2014). 

 

The cognitivist school of learning became popular in the late 1950s and replaced 

behaviourism as the new learning theory. Cognitivism believes that learning is not 

merely a behaviourist instruction and response phenomenon, but that learning and 

understanding is built from prior learning and schemata (Petty, 2009; Ertmer and 

Newby, 2013). “Cognitivism refers to the study of the mind and how it obtains, 

processes and stores information” (Clark, 2018a, p.176). The processes of thinking, 

remembering, perceiving, interpreting, reasoning and problem-solving are critical 

aspects of cognitivism (Clark, 2018a; Ertmer and Newby, 2013). A schema in 

cognitivism can be defined as a unit of knowledge, understanding or skill (Clark, 

2018a). Adults have hundreds of thousands of schemata which are linked together in 
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a logical manner. When a person learns, new schemata are created and existing 

structures are updated (Clark, 2018a). Schemata can be thought of as points of 

reference and when new knowledge is encountered, individuals can compare the 

new knowledge to the schematic structures that already exist. These schematic 

structures may then be altered or built upon, depending on the new knowledge base 

that is presented. The term ‘assimilation’ is adopted to describe the process of new 

knowledge being incorporated into existing schemata. The original schemata 

framework also increases in size because of this. The term ‘accommodation’ 

describes the process whereby a schema is altered to cope with the new experience 

(Clark, 2018a).  

 

Jean Piaget and Robert Gagné are seen as the pioneering cognitive theorists (Clark, 

2018a). Piaget created the four stages of cognitive development: sensorimotor, 

preoperational, concrete operational and formal operations. The sensorimotor stage 

(ages birth to two) states that the cognitive system is limited to reflex actions only. 

During the preoperational stage (ages two to seven), children can represent ideas 

and engage in mental imagery from their own perspective. By the concrete 

operational stage (ages seven to eleven), children begin to use logical thought to 

help process situations and can also see situations from another point of view. 

Lastly, the formal operations stage depicts children’s abilities to think logically and 

abstractly (Clark, 2018a). Piaget’s model of cognitive development has dramatically 

influenced curriculum development over a considerable amount of time (Clark, 

2018a). However, some other psychologists such as Margaret Donaldson suggest 

that children can demonstrate much higher levels of mental operations than Piaget 

predicted. As a result, the higher levels of cognition demonstrated in Piaget’s model 

are now widely considered redundant (Wray, 2014). With regards to teaching and 

learning, specifically, Gagné highlights nine areas of consideration that teachers 

should incorporate into their lesson planning to help students process new content 

(Clark, 2018a). According to Clark (2018a), these considerations are: 

 

● gaining attention 

● informing learners of objectives 

● stimulating recall of prior learning 

● presenting the content 
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● providing learning guidance 

● eliciting performance and practice 

● providing feedback 

● assessing performance 

● enhancing retention and transferring it to the job 

 

When discussing cognitivist approaches, it is important to measure an individual’s 

understanding of a topic. This can be thought of as schemata measurement. In 

response, Petty (2009, p.7) offers Benjamin Bloom’s taxonomy as a solution, 

declaring that to understand what it means to have a full grasp of a topic “we need to 

learn all the Bloom’s bits.” 

 

Bloom’s taxonomy was first published in Appendix A of the Taxonomy of Educational 

Objectives, The Classification of Educational Goals, Handbook I: Cognitive Domain 

in 1956 (Engelhart et al., 1956 pp.201-207). It is still widely used “in the disciplines of 

teaching, curriculum writing and learning theory, as well as content development, 

instruction and assessment” (Seaman, 2011, pp.29-30). The approach to Bloom’s 

taxonomy is hierarchical, meaning higher levels of the classification should not be 

accessed until the lower levels are satisfied. This taxonomy illustrates the different 

levels of learning from surface learning through to deep learning. Bloom’s original 

cognitive model includes the following levels: knowledge (state and recall), 

comprehension (explain and describe), application (do it after being shown — 

calculate and use), analysis involving considering parts separately (compare and 

give reasons), synthesis involving creating new designs and concepts (create new 

ideas) and evaluation which includes judging and critically appraising (comparing 

and contrasting) (Petty, 2009). Reece and Walker (2007) outline certain principles to 

consider when adopting this method. The teacher must analyse relationships in 

subject structure and promote these during facilitation. Learning should also meet 

individual needs by involving students in work that relates to their own personal 

situations. However, as far back as 1971, criticisms of Bloom’s taxonomy have 

existed. While Pring (1971) accepts that the taxonomy can be used as a curriculum 

design tool, Pring also notes that it is not always possible to construct or deconstruct 

tasks that relate to every level of the taxonomy. 
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To try and address some of the surrounding issues concerning Bloom’s taxonomy, a 

revised taxonomy model was proposed in 2001 (Anderson et al., 2001, p.xxi; 

Seaman, 2011). To undertake this process, a discussion group was created that met 

twice yearly for five years. It was after this period that the revised taxonomy was 

produced (Anderson and Krathwohl, 2010). The revised version of Bloom’s 

taxonomy contains two dimensions – both knowledge and cognitive processes. As a 

result, it was deemed appropriate for the taxonomy levels to be renamed and 

changed to verbs to include: remember, understand, apply, analyse, evaluate and 

create. Fig.4 illustrates the revised taxonomy levels and their cognitive process 

examples (Anderson et al., 2001, p.31). 

 
Figure 4 – Revised Bloom’s taxonomy (2001) levels and their cognitive process 

examples (Wikimedia, 2016). 

The school of constructivism shares many similarities with the cognitivist learning 

theory, namely that students connect new information with old information using 

schemata (Clark, 2018b). However, as well as the importance of schemata 

manipulation, constructivism also takes into consideration the student’s experiences 

in the knowledge construction process (Clark, 2018b). A student’s experience can be 

defined as their experiences, attitudes and beliefs. With this in mind, students must 

reflect on their learning experiences to better identify their next steps (Obafemi and 

Eyono Obono, 2014). Constructivism is based on two pioneering theorists – Jerome 

Bruner (discovery learning) and Lev Vygotsky (social-constructivism or social 

development theory) (Clark, 2018b). Bruner’s discovery learning is seen as an 

essential factor with regards to schemata creation. Discovery learning dictates that 
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students should discover information and relationships for themselves. In doing so, 

students can assemble material in relation to their own personal interests and 

cognitive structures which, in turn, allows for a better chance of memory recall 

(Bruner, 2006). Clark (2018a) gives a discovery example for determining that pi is a 

constant number roughly equal to three-point one four. Instead of simply telling 

students that pi is equal to three-point one four, the teacher could provide students 

with circular objects and ask students to measure the diameter and circumference of 

these objects. Once these measurements have been captured, students could divide 

the circumference by the diameter, which would then reveal the pi constant. The 

teacher could then build questions around this discovery and guide the session as 

appropriate (Clark, 2018b). The advantages of such discovery sessions include the 

encouragement of active engagement as well as the promotion of motivation, 

autonomy and responsibility. Learning experiences can also be highly linked to 

individual need. Effective learner task design by practitioners should present 

resources and relevant information for students to discover the content or an 

underlying meaning both individually and collaboratively (Clark, 2018b). Connecting 

with this notion, Wray (2014, p.75) addresses discovery learning strategies for the 

primary school by stating: 

 

The role of the teacher is to facilitate discovery by providing the necessary 

resources and by guiding learners as they attempt to assimilate new 

knowledge to old and to modify the old to accommodate the new. 

Teachers must thus take into account the knowledge that the learner 

currently possesses when deciding how to construct the curriculum and 

how to present, sequence and structure new material. 

 

Clark (2018a) states that supporters of discovery learning claim it can promote the 

following principles: 

 

● encourage active engagement 

● promote motivation 

● promote autonomy and responsibility 

● develop creativity and problem-solving skills 

● tailor learning experiences to each student 
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However, the main critical areas of discovery learning include its ability to create 

cognitive overload. The potential for misconceptions to occur can also increase when 

teachers are not able to fix errors. The very nature of the discovery learning 

environment can also be a difficult place for teachers to detect problems when 

students work both independently and collaboratively (Clark, 2018b).  

 

Regarding further teaching approaches, Reece and Walker (2007) break down the 

constructivist approach into stages for consideration. Firstly, the teacher must take 

into consideration what the student currently believes about the subject in question 

and whether it is correct or incorrect. Secondly, even when students have the same 

learning experience, each learner will develop individual schemata that are unique to 

them. Thirdly, constructing meaning is an active process. Learning concepts may 

change and when students construct new meanings, they may accept or reject those 

new consolidations (Reece and Walker, 2007). To cater for this, the teacher must 

employ active teaching methods that get students directly involved in practical tasks 

since passive activities do not allow students to make schemata (Petty, 2009). Active 

teaching also informs the notion of active learning, whereby students learn by doing. 

Teachers should also set activities where students are provided with opportunities to 

check and correct their learning since this allows for additional schema creation 

(Petty, 2009). Within a primary school setting, monitoring student progress is another 

feature of the constructivist approach. Pop-up questions, as well as learning journals, 

can provide students with opportunities to monitor their progress in certain activities, 

thus improving their conceptual understanding in many instances (Wray, 2014). 

Students should also be asked to explain new learning in their own words. This can 

help them to assimilate learning, especially when this new material is re-addressed 

in their own vocabulary (Wray, 2014). 

 

Another branch of the constructivist model is social-constructivism. Social-

constructivism, primarily supported by Vygotsky, embraces the social factors that 

can influence a student’s educational journey. Vygotsky argued that all learning was 

not merely the assimilation of new knowledge, but that social contexts influence this 

new knowledge (Vygotsky, 1978). Fundamentally, an individual’s integration and 

influence on a knowledge community must be considered (Wray, 2014). The role of 

language and culture are seen as fundamental to the social-constructivism approach 
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and play “essential roles both in human intellectual development and in how humans 

perceive the world” (Wray, 2014, p.70). As well as peers, Vygotsky stated that social 

interactions are better orchestrated with the involvement of teachers, coaches, or 

older adults (Clark, 2018b). Primary school teaching strategies that surround social-

constructivism need to include the promotion of a strong group working ideology. 

Teachers should construct scenarios that allow students to acquire team-building 

skills through group work activities (Sawyer et al., 2013; Wray, 2014). There should 

also be an emphasis on the capabilities of students to manipulate information by 

actively utilising what has been learnt (Ertmer and Newby, 2013). 

 

Lastly, constructionism is an extended variant on the social-constructivism 

perspective. Constructionism was developed primarily by Seymour Papert of the MIT 

Media Lab (Rob and Rob, 2018). Inspired by constructivism, Papert’s 

constructionism states that for meaningful learning to take place, students must be 

engaged in making artefacts as part of the educational journey (Papert, 1980; Rob 

and Rob, 2018). Moreover, the creation process and end product are also 

fundamental aspects of the learning journey. As with social-constructivism, the social 

aspect of learning is still indispensable in constructionism and as such, findings 

should be shared with others (Rob and Rob, 2018). Additionally, working with media, 

tools and context is emphasised by Papert as crucial aspects to consider when 

designing constructionist learning scenarios (Ackermann, 2001; Rob and Rob, 

2018). Fundamentally, due to the close natures of the constructivist, social-

constructivist and constructionist approaches, confusion often occurs between the 

three theories (Ackermann, 2001; Guzdial, 2018; Rob and Rob, 2018). To help avoid 

this notion, Rob and Rob (2018, pp.276-277) provide a helpful diagram which is 

summarised in Table 4. 
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Table 4 – Constructivism, social-constructivism and constructionism: the differences. 

There are many supporters of all the presented constructivist, social-constructivist 

and constructionist models and their associated ideas. However, criticisms of these 

learning theories do exist. Some researchers argue that there is a danger for 
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teachers to abandon structured learning activities over time and thus offer minimal 

guided instruction. For example, numerous authors in Alanazi (2016, p.2) all state 

that when unstructured tasks are introduced, students can become “lost and 

frustrated.” Moreover, the overuse of minimally guided instruction can undermine the 

importance of working memory during learning (Alanazi, 2016). Alanazi (2016) 

presents the argument for the inclusion of structured teacher instruction in the design 

of a website. Alanazi (2016) states that it might not be sufficient just to let students 

adopt discovery principles alone due to the complexities of website design, namely 

the Hypertext Markup Language (HTML) code. Instead, the inclusion of a structured 

teacher demonstration could be advantageous. There is also an argument that 

constructivist and constructionist teaching can also rely heavily on resourcing; this 

can be an issue, particularly if resources are scarce due to funding constraints. 

Lastly, it has been identified that during group work, some learners can adopt active 

and passive roles. There is a concern that the few can lead social-constructivism, 

leaving less dominant learners behind (Alanazi, 2016). 

 
2.2.1 Multimodal Learning  
 

While learning theories tend to offer defined approaches for learner clusters, it is 

important to recognise that “everyone learns in different ways” (Bagheri and 

Gholami, 2013, p.700). Traditionally, the Visual Auditory Kinaesthetic (VAK) model 

attempts to offer some insight into the justification to variate teaching strategies to 

meet individual learning needs.  

 

The VAK model can be found in child psychology and teaching dating back to the 

1920s and is a favourite among educators since its benefits extend to many types of 

learning (Bagheri and Gholami, 2013). Bagheri and Gholami (2013) note that the 

VAK system does not replace additional learning style models. Li et al. (2016, p.90) 

refer specifically to the VAK method as “only one of the many categories [of learning 

styles].” The VAK system utilises the three learning modes of visual, auditory and 

kinaesthetic to measure a student’s preferred or dominant learning style. Visual 

encapsulates learners who prefer to learn from visual stimuli. These students prefer 

to learn from demonstrations, videos, diagrams and pictures. Written directions are 

also crucial (Bagheri and Gholami, 2013). When working in the visual mode, 
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students also prefer written instructions on whiteboards (Reece and Walker, 2007). 

When working in the auditory mode, learners adopt the oral–aural learning channel 

(Bagheri and Gholami, 2013). Students may also want to participate in group 

discussions and conversations. (Reece and Walker, 2007). Talking aloud is another 

teaching strategy that can help learners adopting the auditory mode. Teachers 

should encourage learners to undertake talking aloud strategies where place and 

time permit (Reece and Walker, 2007). Students undertaking the kinaesthetic and 

tactile modes benefit from classroom ‘hands-on’ activities allowing them to be 

actively involved in the learning environment. These tasks could be building a 

physical structure or performing scientific laboratory experiments (Reece and 

Walker, 2007). This type of student benefits from student-led in-class 

demonstrations, practical work and fieldwork (Reece and Walker, 2007; Bagheri and 

Gholami, 2013). Teachers should ensure that students can get first-hand experience 

of the subject matter, spend ample time in a practical setting and are allowed to 

construct key concepts as needed (Reece and Walker, 2007). 

 

MML is a pedagogical approach that enables “instructional elements to be presented 

in more than one sensory mode (visual, aural, written)” (Bouchey, Castek and 

Thygeson, 2021, p.36). Moreover, multimodes can be audio, visual, gestural as well 

as semiotic to make meaning (Nouri, 2019, p.685). Using MML, practitioners can 

design course content in multiple modes to enable students to gravitate towards 

modes that best align to them (Bouchey, Castek and Thygeson, 2021, p.38). MML 

can also assist students with “their comprehension and retention of the learning 

material” (Sankey, Birch and Gardiner, 2010, p.852). 

 

In this thesis, MML is used to suggest various modalities moving forward. These 

modalities should be viewed in a balanced way, depend on the learning situations at 

hand and enable all students to access materials that are tailored to all modes of 

learning. The three main modalities utilised in this thesis are visual, auditory and 

kinaesthetic. These modalities are used since the VAK model is seen by researchers 

as having multimodal qualities (Sankey, Birch and Gardiner, 2010; Kadam, Gaikwad 

and Bhamre ,2021; Pwint San, 2021; Agu et al., 2021). Hence these modalities are 

considered regarding the discussion of the visual programming system outlined in 

chapter four and summarised in a pedagogical framework defined in chapter five.   
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2.2.2 A Differentiated Learning Environment 
 

To help produce an effective learning environment, a teacher can employ techniques 

to ensure the surroundings are optimised for learning to take place (Petty, 2009). To 

this end, a teacher might employ many of the strategies already highlighted in this 

pedagogical review. Embracing a variety of learning theories and teaching 

strategies, coupled with the incorporation of MML modalities, could constitute a 

differentiated classroom environment or Differentiated Instruction (DI). A classroom 

environment should be different enough for a student group (which is a variety of 

individuals) to achieve their learning goals, or at least to achieve the educational 

standard required (Levy, 2008). In theory, each student should be able to fulfil the 

lesson objectives and be able to interpret them in a way that confirms their learning. 

DI should also enable students to achieve higher than their expectations (Levy, 

2008). 

 

Levy (2008) states that part of the standards handed down by authorities typically 

constitute a curriculum of learning. DI plays a key role in the successful teaching of a 

set curriculum. DI can be built around three main principles – content, process and 

product (Levy, 2008; Suprayogi, Valcke and Godwin, 2017). DI should enable both 

more-able and less-able students to achieve desired learning outcomes in specific 

settings. The terms ‘more-able’ and ‘less-able’ students are used by government and 

inspectorial bodies like OFSTED to differentiate student ability levels. However, in 

government policy, even though there is no agreed definition of these terms (Loft 

and Danechi, 2020 p.5), attainment groupings remain preferential over mixed-

attainment groupings (Mazenod et al., 2019, p.53). Thus, the terms ‘more-able’ and 

‘less-able’ students will be used in this thesis to adhere to the attainment groupings 

convention. 

 

A differentiated content environment allows for more-able students to demonstrate 

the standards required before moving on to more challenging content. 

Simultaneously, less-able students can confidently hit the minimum standards 

required (Levy, 2008). The content may fluctuate, but this differentiated environment 

must be achieved without distorting the overall standardised curriculum objectives 

(Levy, 2008). Petty (2009) interprets the content strand as differentiation by task, by 
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outcome and by time allowed and gives some example strategies to suit. Petty 

(2009) recommends setting tasks that allow all students to create cognitivist or 

constructivist-based schemata.  

 

The process principle relates to how teachers teach and how students learn (Levy, 

2008). A strong emphasis is placed on learning preferences and Levy recommends 

splitting students into either ability groups or learning preference groups as deemed 

appropriate. An example of this is the splitting of groups into kinaesthetic, linguistic 

and artistic groupings, with all students in these groups expected to complete a set 

of standardised objectives (Weselby, 2021). However, these objectives may be 

worked towards and achieved in ways appropriate to the student grouping (Levy, 

2008; Weselby, 2021). Additional ways to group students can include by ability and 

student interest. Ability grouping involves the teacher taking a selection of students 

and teaching them as a small group. This scenario occurs typically when the teacher 

has identified that this group of students needs extra tuition on a particular aspect of 

the lesson (Weselby, 2021). Equally, a strong, able student group can be formed to 

enable these learners to undertake extension tasks as required (Levy, 2008). 

Tomlinson and Strickland (2005) also state that differentiation by task can also be 

adopted when forming ability groups. These tasks should be tiered and allow 

students to apply their own skills, knowledge and understanding to a set of universal 

lesson objectives that apply to all students regardless of ability. Student interest 

groups involve students who share a common interest around the overall lesson 

objectives. Levy (2008) gives the example of a non-fiction reading lesson in which 

students of all ability levels can work together in a group because they all share the 

common interest of animals. Students with this common interest will support each 

other regardless of ability level. Conversely, students that share another non-fiction 

interest can be grouped accordingly too by various levels of complexity and skillsets 

(Tomlinson and Strickland, 2005).   

 

Lastly, Levy (2008), Tomlinson and Strickland (2005) and Weselby (2021) state that 

the product principle can be related to how students present their learning and what 

they have learnt. Levy (2008) notes that the three assessment types of pre-

assessment, formative assessment and summative assessment, each enable the 

product differentiation principle to take place. Tomlinson and Strickland (2005) state 
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that all assessment types should be designed in a way that enable students to utilise 

their skills and knowledge as specified against the overall standardised curriculum 

objectives. Pre-assessment enables the teacher to assess any general student 

needs before the curriculum has begun. This can help define additional learning 

needs as well as any intrinsic or extrinsic motivations that could determine 

successful completion of the learning programme. Levy (2008) notes that it is vital to 

use pre-assessment to ascertain what prior learning students already have so future 

lessons can be planned from these starting points. The teacher can undertake this 

pre-assessment as a set of questions or as a what I Know, what I Want to know, 

what I Learned (KWL) chart (Levy, 2008). Formative assessment includes any 

assessment method (observations, classroom discussions and the reading of 

students’ written work) that results in the changing or adaptation of student 

behaviour towards their learning. To support this notion, the changing and adaptation 

of teaching to meet student needs and thus, DI directly, is also deemed necessary 

(Black and Wiliam, 1998; Jones, 2005). “Summative assessment is used to 

determine whether the student has successfully learned what was taught” (Levy, 

2008, p.163). These assessments may take many forms including tests, quizzes, or 

projects. However, it is expected that these assessments should contain a degree of 

standardised practices which may include learning criteria as well as additional 

assessment conditions. Levy (2008) notes that summative assessments should still 

differentiate and thus allow students to complete the assessment to the best of their 

abilities. Summative assessments should also cater for ability levels and areas of 

interest (Levy, 2008). 

 

According to Suprayogi, Valcke and Godwin (2017), current research shows that DI 

has a positive impact on students and the learning environment in general. Better 

academic scores have been reported for students that have had DI exposure when 

compared to those that have not (Tulbure, 2011). Suprayogi, Valcke and Godwin 

(2017) also highlight studies that show higher student engagement while 

participating in lessons that adopt DI. A rise in both student and teacher interest and 

satisfaction rates in lessons that adopt DI is also noted. It can be argued that DI can 

help maximise motivation and enthusiasm in the student population (Suprayogi, 

Valcke and Godwin 2017). Regarding maths specifically, Chamberlin and Powers 

(2010) note that DI can have a positive impact on achievement rates and student 
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confidence levels. This creates an environment where students desire to do well 

(Suprayogi, Valcke and Godwin 2017). 

 

However, DI can be limited by certain factors. The issue with DI is that it must be 

implemented by individual teachers (Suprayogi, Valcke and Godwin 2017). Some 

studies note that although teachers may be aware of the advantages that a 

differentiated environment can bring, many still choose to implement “their current 

teaching style” (Suprayogi, Valcke and Godwin, 2017). Whipple (2012) also states 

that there is a disconnect between teachers’ understanding of DI compared to their 

implementation rate. Reasons for this include not having the available tools to help 

support DI resource creation or the time necessary to create such resources 

(Suprayogi, Valcke and Godwin, 2017). Moreover, when DI is deemed to have a 

positive influence on learning, these influences may only be small (Prast et al., 

2018). 

 
2.3 Discussion of Pedagogical Approaches used in Practice 
 

From the pedagogical theories outlined, a discussion of these approaches will now 

take place concerning the music and computers in education-related projects 

outlined in chapter one. From this discussion, certain aspects of pedagogical 

practice regarding the music and computers in education-related projects will be 

taken forward in the subsequent chapters of this thesis. 

 

Bukvic et al. (2012) already give an insight into the pedagogical approaches that 

encompass L2Ork’s implementation into K-12 education through the peeled onion 

metaphorical approach to tiered granularity. This approach highlights DI incorporated 

object and abstraction construction in visual programming and caters for a range of 

student abilities through both fine-grained and coarse-grained object/abstraction 

composition. Bukvic et al. (2012) draw concluding statements that state that coarse-

grained objects and abstractions can help promote creativity by providing an 

integrated approach to design, development and testing. However, the effectiveness 

of finely-grained abstractions on DI is less clear since these investigations were 

proposed for future work. Moreover, apart from the detailed unpacking of the peeled 

onion metaphorical approach to object and abstraction tiered granularity, there is 
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little direction regarding how this approach fits in to any of the learning theory areas 

mentioned in this thesis. Instead, explorations of creativity and collaborative learning 

are mentioned. As a result, assumptions can be drawn that L2Ork’s implementation 

into K-12 education seems to adhere to principles of discovery learning through 

collaborative social-constructivist as well as constructionist means. These 

correlations can also be made concerning L2Ork’s MAKEr programmes (Sawyer et 

al., 2013). During the L2Ork’s MAKEr programmes, reference is made to the 

importance of tinkering with products and using an iterative process to design 

products for specific needs. During the study, the daily schedule for MAKEr camp is 

made available. This schedule highlights areas of group working as well as iterative 

processes, group discussions, the whiteboarding and storyboarding of instrument 

designs as well as group instrumental peer assessments (Sawyer et al., 2013, 

p.670). Moreover, while discussing the teaching process directly, Sawyer et al. 

(2013, p.671) state that getting students to talk about their previous project 

experiences was important “to help them [the students] understand the relationship 

between the intended design process and what they already do.” During L2Ork’s 

MAKEr programmes, it can be argued that both the social-constructivist and 

constructionist approaches to learning through discovery seemed to take place. 

 

The Abunch project paper Abunch, a tool to teach live electronics in pre-college 

music education, adopts a teaching philosophy section that details the pedagogical 

theories that underpin the project. Roels (2012) identifies these underpinnings as an 

action-based methodology that is located in constructionist learning theory, whereby 

learning is situated in activity and theory supports the practice. Roels (2012) relates 

Abunch to music theory and technical knowledge and argues if these aspects are 

coupled with the practical aspects of both performance and instrument design, 

students can have fun and further their creativity. As such, although Roels does not 

expand on any constructionist learning dimensions directly in his paper, it can be 

concluded that the Abunch project’s pedagogical foundations sympathise with many 

constructionist learning dimensions as previously outlined in this chapter. 

 

The Sound, Electronics and Music Project based its workshops on embodied 

learning or embodied and enactive cognition (Hayes, 2017). This notion of embodied 

learning aims to study the whole body’s capacity to learn as opposed to the 
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separation of the physical and mental qualities that traditional learning theories tend 

to cause. However, while embodied learning may be seen as the ultimate goal for 

pedagogical exploration, there are reasons not to abandon the traditional learning 

theories of cognitive science just yet. This is mainly since both embodied learning 

and traditional cognitive science learning theories can give “competing viewpoints 

from which to understand who we are and what we are” (Shapiro, 2011, in Stolz, 

2015, p.475). In turn, this could have ramifications on how we perceive to think and 

learn (Stolz, 2015). Moreover, it seems that the pedagogical approaches outlined in 

the Sound, Electronics and Music Project can also be justified from multiple 

traditional cognitive science approaches. For example, Hayes (2017, p.41) states 

that the course’s design embraced “skills and vocabularies learned in the previous 

weeks” and this built a sense of continuality. Furthermore, students were 

encouraged to present their sounds to the class and use their sounds in their 

projects. This means that the learning dimensions of communication sharing and 

meaningful artefact were utilised, from both the social-constructivist and 

constructionist learning theories. Skulmowski and Rey (2018) state that embodiment 

interventions can be measured by two dimensions bodily engagement and task 

integration. Bodily engagement evaluates the amount of bodily activity involved in a 

task. Task integration assesses if bodily activities are related to learning tasks in 

meaningful ways or not. Regarding this thesis, since the research is undertaken in-

the-wild with a 2D visual programming system, there seems limited opportunity to 

capture embodiment activities. Especially, due to the unpredictable nature of in-the-

wild environments, the dimensions of time and space may be limited at best. Hence, 

by adopting the educational embodiment taxonomy by Skulmowski and Rey (2018), 

it is envisaged that any in-the-wild studies undertaken in this thesis would only 

occupy ‘low’ in the bodily engagement dimension and ‘incidental’ in the task 

integration dimension. As such, due to the conflicting viewpoints that may arise from 

both embodied learning and traditional cognitive science learning theories and since 

embodied techniques may only feature as biproducts of in-the-wild environments, it 

is deemed that embodied learning is out of the scope of this thesis. 

 

As outlined previously, the Sound Thinking course produced a range of six 

behavioural objectives that students needed to meet to complete the course. This 

created a strong association with behaviourism. The students then experimented 
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with compositions and invented notations and later moved on to website design. The 

Sound Thinking Version 2 course utilised the Scratch visual programming language 

and students were tasked with building algorithms. During the outlining of these 

tasks, there is no real mention of the pedagogical techniques used to teach the 

students. 

 

The three-day Scratch course offered by Funke, Geldreich and Hubwieser (2017) 

offers a more detailed insight into curricula content since the course provided a 

breakdown of activities and some pedagogical approaches. These approaches 

included group work and problem-solving activities that utilised physical products, 

the Scratch visual programming language and learning circles. As the days 

progressed, students were given more autonomy as well as behavioural lesson 

objectives. The research team also developed five levels of assessment criteria to 

actively measure students’ progress. This means that Funke, Geldreich and 

Hubwieser’s three-day Scratch course contained behaviourist measures. The course 

also enabled students to explore through discovery and thus harboured both social-

constructivist and constructionism learning dimensions. These included past 

experience (the circus theme), new experience, meaningful artefact, sharing, tools 

and media. 

 

It can be argued that many of the music and computers in education-related projects 

reviewed in this thesis have incorporated various types of pedagogical theories. 

These are mostly learning theories specifically, although the L2Ork’s implementation 

into K-12 education does highlight DI instruction relating to the designing of visual 

programming objects and abstractions in detail. Of the literature surveyed, most 

other studies formulate their pedagogical approaches generally around the social-

constructivist and constructionist learning approaches. There is also evidence of a 

behaviourist use of objectives for both learning objectives and assessment criteria. 

Here it is useful to draw comparisons between the behaviourist assessment criteria 

used in the Funke, Geldreich and Hubwieser (2017) study and the NC-related 

statutory requirements that are used to measure student attainment in the NC. It can 

be suggested here that a further use of the behaviourist assessment criteria 

approach surrounding music, maths and computing could have enabled measurable 

outcomes concerning music’s interdisciplinary qualities and thus made further use of 
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music as an interdisciplinary vehicle. Lastly, a main theme across all projects 

seemed to place student participation in practical activities as important. Hence, due 

to the project work being undertaken by students, it can be assumed that 

kinaesthetic learning occurred in most instances.  

 
2.4 Chapter Summary 
 

This chapter has outlined pedagogical theories that underpin the work carried out in 

this thesis going forward. The four learning theories of behaviourism, cognitivism, 

constructivism and constructionism were first outlined. Relevant teaching strategies 

relating to each learning theory were also embedded. These were related to primary 

school scenarios where possible since the research carried out in this thesis is 

based in primary school locations in situ. MML and DI were also unpacked, as these 

approaches borrow some of their findings from the learning theories previously 

mentioned. As well as the unpacking of pedagogical perspectives, this chapter also 

presented a discussion that outlined the most common pedagogical approaches that 

encompassed all the music and computers in education-related projects presented in 

the literature review. Ties were identified in DI concerning visual programming 

specifically through object and abstraction design using the peeled onion 

metaphorical approach as outlined by Bukvic et al. (2012). The learning theories of 

constructivism and constructionism with aspects of discovery learning proved to be 

the most popular across all the music and computers in education-related projects 

reviewed in chapter one, with students mainly working through kinaesthetic means. 

There was also evidence of some behaviouristic objectives being adopted; these 

objectives were mainly used as either lesson objectives or student assessment 

criteria. However, the use of these behaviouristic objectives can be seen as an 

opportunity missed to further extend music’s interdisciplinary qualities in a visual 

programming context regarding maths, since these objectives were solely computing 

based. Also, as previously stated, although studies seemed to adopt interdisciplinary 

curricular connections concerning the thematic-based approach, it seems that little 

exploration of these potential connections was formally investigated by any study. As 

a result, music’s interdisciplinary qualities to teach both maths and computing 

outcomes were not explored in detail. Additionally, it can be argued that music’s 

interdisciplinary vehicle capabilities have so far gone mostly untested. From the 
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discussions outlined in this chapter, this thesis takes the main points raised herein 

and uses them to inform the body of work moving forward.8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
8 A pedagogical framework is presented in this thesis in chapter five. 
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Chapter Three – Methodology and Methods 
3.1 Chapter Overview 
 

This chapter introduces the methodological basis of the thesis. As part of this, it 

draws on some of the aspects outlined in the summaries of chapter one and chapter 

two for more detailed consideration. Firstly, a DBR paradigm with a mixed-methods, 

in-the-wild stance is discussed. How these approaches relate to the case studies 

presented in chapter five is then explained. The choice of primary school case study 

locations is also discussed, with data used to provide context. An expanded 

definition of the in-the-wild practitioner is then offered. This is to enable the reader to 

understand the criteria used to define a practitioner as well as the metrics used to 

determine their expertise levels. 

 

Taking into consideration the visual programming details outlined in chapter one, an 

examination and choice of visual programming language is then undertaken.  

Following this, usability testing and data capture involving the URUT approach is 

explored. Data analysis tools such as the DUE model and heuristic evaluation are 

examined, and their uses justified. Thematic analysis techniques are then introduced 

and discussed to justify how the qualitative result data from each case study in 

chapter five is processed. The thematic-based interdisciplinary curricular connection 

approach is then chosen as the interdisciplinary basis for the work undertaken in the 

forthcoming chapters. Lastly, the ethical considerations surrounding the work 

undertaken in this thesis are discussed. Actions to address any concerns are also 

presented.  

 
3.2 Design-Based Research 
 

The methodological roots of this thesis lie in the application of the design process 

paradigm. The origins of the design process are based on Simon’s (1969) seven-

staged cycle of define, research, ideate, prototype, choose, implement and learn. 

Furthermore, this project’s educational approach also warrants the adoption of a 

design thinking discourse. Design thinking encompasses a human-centred approach 

to design that considers what end users want and need from the specific product 

(Brown, 2008). Young (2010) states that design thinking can also be research-based 
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as well as human-centred and can incorporate qualitative research methods through 

observational means.  

 

DBR projects can be iterative in nature, meaning that the design process involves 

feedback loops which enable designers to communicate with end users and make 

structural changes as required. A project can be broken down into smaller iterations 

where these smaller components can be prototyped and reflected on over time 

(Young, 2010). This technique can prove fundamental to HCI projects specifically 

and software design, especially when creating a useable software interface 

(Barraclough, Carnegie and Kapur, 2015).  

 

Since most DBR projects need to work in a social context, DBR projects typically 

adopt a mixed-methods paradigm. This allows a researcher to neutralise the 

disadvantages of certain research methods in a complex social environment (Byrne 

and Humble, 2007). Researchers should be reactive to their environment and select 

and use diverse methods for a research landscape that is both plural and unknown 

(Maxcy, 2003).  

 

DBR strategies can have a specific education focus and are used by educators to 

enforce “impact, transfer and translation of education research into improved 

practice” (Anderson and Shattuck, 2012, p.16). Anderson and Shattuck (2012) state 

that best practice for educationally focused research projects involves their 

incorporation into real educational contexts. This ensures that results can be applied 

to real-world contexts which in turn also promotes research validity within an 

educational setting (Anderson and Shattuck, 2012).  

 

With regards to HCI specifically, Rogers (2011) proposes the term ‘in-the-wild.’ In-

the-wild depicts the notion that HCI-based research can be taken out of the 

laboratory space and undertaken in real-world contexts – in situ. One of the key 

features of an in-the-wild study is that researchers can undertake technological 

experimentation in situ. In particular, the acknowledgement that the laboratory can 

influence results is an imperative factor and is minimised by instead operating in the 

participants’ natural environment (Brown, Reeves and Sherwood, 2011).  
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When undertaking an HCI-based in-the-wild research project, an intervention method 

must be sought. This intervention method should have the ability to migrate across 

multiple classroom settings and be operated by average students and practitioners 

with modest technological expectations (Anderson and Shattuck, 2012). One such 

intervention method can consist of the making of product prototypes and analysing 

how they are used over time in situ. Therefore, interacting with prototype products in 

situ may be deemed more important than how many participants take part (Rogers, 

2011). 

 

As well as an intervention method, in-the-wild research projects are normally situated 

in a social setting or organisational infrastructure (Rogers and Marshall, 2017). As a 

result, issues relating to permissions and access may need to be negotiated. These 

permissions may affect certain aspects of the project’s infrastructure and should also 

include health and safety aspects. Rogers and Marshall (2017) state that to gain 

permissions, communication with certain gatekeepers or champions may be needed 

when undertaking an in-the-wild project that is set in either a social setting or 

organisational infrastructure. Moreover, an environment may contain unforeseen 

circumstances that will need to be dealt with on an ad hoc basis. Rogers and 

Marshall (2017, p.44) call these circumstances “unforeseen practical issues” and 

note that “the work to make the project work can sometimes be greater than the 

development of the technology, itself.” 

 

When taking into consideration the above, the question of in-the-wild study length is 

fundamental since running studies in multiple settings in situ for varying lengths of 

time can be most insightful (Crabtree et al., 2013). For example, factors including 

people’s motivation to participate in varying lengths of studies, can yield a plethora of 

results. Shorter-term studies can foster highly motivated participants while longer-

term studies may ask more of participants by inviting them to integrate the new 

technology into their lives in order to change their behaviours (Crabtree et al., 2013). 

As a result, researchers may typically run studies for weeks, months or even years 

since being able to show sustainable and long-term effects is of prime importance 

(Rogers et al., 2012). Crabtree et al. (2013, p.1) state “opportunities are created, 

interventions installed and different ways of behaving are encouraged. A key 

concern is how people react, change and integrate these into their everyday lives.”  
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As a result, data capture for in-the-wild studies tends to adopt a piecemeal style, 

where a mixed-methods approach to data capture initiates the reporting on a specific 

prototype. Moreover, the reporting of in-the-wild user interaction and findings seems 

to convey that in situ user experiences differ significantly from when the same 

prototypes were tested in a laboratory-based scenario (Crabtree et al., 2013). 

 

3.3 In-The-Wild Case Study Design 
 

When implementing various research methods for in-the-wild studies, the case study 

inquiry method has proven popular as it provides a “holistic, in-depth and context-

sensitive picture of what is being researched” (Adams, Fitzgerald and Priestnall, 

2013, p.8). According to Stake (2005), there are three initial types of case study – 

intrinsic, instrumental and multiple. An intrinsic case study focuses on a specific 

intrinsic objective(s), with the single case study itself being of particular interest. An 

intrinsic case study is not concerned with extrinsic or generic factors. Conversely, an 

instrumental case study focuses on extrinsic and generic factors that may result from 

the case study specifically. A multiple case study approach adopts several strategies 

to affirm results from multiple in-the-wild scenarios. Utilising the multiple case study 

approach from differing contexts can help the accuracy and validity of the results 

(Adams, Fitzgerald and Priestnall, 2013).  

 

For this thesis, the four case studies were instrumental in form and used the multiple 

case study approach to affirm results. This approach was taken to allow for both 

potential intrinsic and extrinsic factors that could surround the case studies to be 

taken into consideration. The settings of the case studies included four separate in-

the-wild primary schools. Each case study was called the MAMIC project and utilised 

a visual programming library to address RQ1. The four case studies were sequential. 

Ideally, the start and end dates as well as timetabling factors would have been 

consistent in each case study. However, to avoid interfering with the running of the 

in-the-wild case studies in situ, each case study length and timetabling was dictated 

by the participating school. As a result, some overlap of the start and end dates 

occurred due to the somewhat unpredictable nature of school settings. Feedback 

from one study was used to inform design improvements that were subsequently 

tested in the next study. In other words, case study one tested an initial prototype. 
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Based on feedback from case study one, refinements were made and then tested in 

case study two. Based on feedback from case study two, further refinements were 

made and then tested in case study three and so forth. Feedback from each case 

study came primarily from the practitioner who was responsible for learning in situ.  

 

The four primary schools that form the in-the-wild case studies in this thesis were 

either approached directly or responded to a MAMIC project advert. Schools that 

were approached directly were chosen due to the practicality of initial in-person 

contact by the MAMIC author. At the time of writing, all four schools fall into the two 

main school types in the UK – maintained schools and academy trusts (DFE, 

2019a). The four case study schools of School A, School B, School C and School D 

are located in the LEAs of Walsall, Coventry, Staffordshire and Warwickshire. As 

well as locality for the MAMIC author, some other useful quantitative measures can 

also be drawn. The overall percentage of students meeting the expected standards 

measurement is a multifaceted scaled score that outlines student progress in 

reading, writing and maths combined (DFE, 2019b). This can be seen as a useful 

measurement due to music’s potential to traverse across all three of these subject 

areas as stated in the previous study outcomes outlined in chapter one (Yakman, 

2008; Bukvic et al., 2010; Ruthmann et al., 2010; Bukvic, 2012; Roels, 2012; An, 

Capraro and Tillman, 2013; Sawyer et al., 2013; Halliday, 2017; STEAM Education, 

2018). The statistics of this measurement for the four LEAs are shown in Table 5. 
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Table 5 – Percentage of students meeting expected standards in their respective 

LEA.  

The case study schools are also measured against their peers in their respective 

LEA and ranked in a league table. This ranking uses the expected reading, writing 

and maths measurement for students at the end of KS Two. With a score of sixty-two 

per cent, School C is ranked forty-fourth within the Walsall LEA in terms of the 

percentage of students meeting expected standards. This means School C has a 

one per cent increase on the Walsall LEA average. The Staffordshire LEA has higher 

scores than Walsall, with an expected standards benchmark of sixty-five per cent – a 

four per cent increase. Staffordshire has several high performing schools. This 

places School D down the LEA league table to ninety-seventh place, with the school 

meeting the expected standards score of seventy-one per cent. The Coventry LEA 

manages School B, with sixty-two per cent of students meeting the expected 

standards score. School B is placed twenty-sixth out of the ninety-seven primary 

schools in the Coventry LEA, with seventy-two per cent of its students meeting 

expected standards. Lastly, the Warwickshire LEA has an overall percentage of 

students meeting expected standards of sixty-seven per cent, the highest of the four 

LEAs. Consequently, School A is in sixty-first place in the Warwickshire LEA league 

table, with seventy-four percent of students meeting the expected standard. 
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Lastly, the four case study schools are measured against their respective league 

tables’ best and least best performing peers. These statistics, (as well as their 

reading, writing and maths percentages) can be seen in Table 6. 
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Table 6 – Case study schools compared to the best and worst performing schools in 

their respective LEA league tables. 

Continuing the expected reading, writing and maths measurement as the 

predominating factor, comparisons are taken from the leading schools in each LEA 

with the case study schools. The results of these measurements are outlined in 

Table 7. 
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Figure 5 – The onion: a model of levels of change (Korthagen, 2004).  

In relation to the onion model (Fig.5), Korthagen (2004) notes that only the 

environment and behaviour strands are directly observable by others. The 

environment relates to students, the classroom and the school itself. The behaviour 

strand includes both student and practitioner behaviours. The competencies layer 

encompasses “an integrated body of knowledge, skills and attitudes” (Korthagen, 

2004, p.80). The competencies strand represents the potential for behaviours to take 

place and are thus not the behaviours themselves. Circumstance dictates whether 

the competencies are put into practice (Caprara and Cervone, 2003). At this stage, 

the outer levels of the model can influence the inner levels and vice versa. A 

practitioner’s competencies are determined by their beliefs. If a practitioner believes 

that paying attention to a student’s feelings is an unnecessary by-product of the 

learning environment, then the practitioner is unlikely to generate a competency for 

empathic understanding (Korthagen, 2004). The identity strand is mainly focused on 

professional individuality. Korthagen (2004) states that this strand is particularly 

crucial as he notes that practitioners’ roles have changed in recent years. Olsen 

(2012, p.1123) agrees and states that practitioner identity is much more than 

cognitive or technical procedures but rather a myriad of “personal, social, often 

elusive, set of embedded processes and practices that concern the whole person.” 

Finally, the mission strand of the onion model is concerned with the attributes that 

constitute a ‘personal calling’. This level can also be called the transpersonal level, 

which directly relates to transpersonal psychological studies of self-identity with 

regards to a larger whole.  
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When defining an individual’s expertise explicitly, it is important to address such 

questions as ‘what is an expert practitioner, what makes an expert and what 

correlates with success?’ To answer such questions, the childhoods of 120 elite 

performers for various fields, including music, the arts and mathematics were studied 

in the book Developing Talent in Young People (Bloom, 1985). No correlation 

between Intelligence Quotient (IQ) and expert performance in these fields could be 

found (Ericsson, Prietula and Cokely, 2007). However, studies did find that all the 

investigated performers had practised intensely and had studied with devoted 

teachers. Master teachers were particularly important since these teachers are 

deemed the highest order of teacher. In the music domain, these teachers typically 

worked within “the inner circle of professional pianists” (Sosniak, 1985, p.59). These 

teachers specifically motivated and inspired students by just their presence alone 

(Sosniak, 1985, p.61). As well as teachers, support by close family was also deemed 

important (Ericsson, Prietula and Cokely, 2007). Research after Bloom’s initial 

studies concluded “that the amount and quality of practice were key factors in the 

level of expertise people achieved” (Ericsson, Prietula and Cokely, 2007, p.1). 

Ericsson (2008) argues that experts are made, not born, since there is a correlation 

between expert performance and Deliberate Practice (DP). Ericsson (2008, p.988) 

defines DP as “the provision of immediate feedback, time for problem-solving and 

evaluation and opportunities for repeated performance to refine behaviour.” 

 

Ericsson (2008) states that the essence of expertise can be measured in a specific 

discipline (domain). This expertise can be achieved by the identification of specific 

standardised tasks that can be given to participants under controlled conditions, to 

measure performance and capture its consistency objectively. These activities can 

be completed physically, or participants can complete performance domain-specific, 

criteria-based questionnaires. Without these tools, it can be very difficult for 

researchers to distinguish between experts and novices (Lindmeier, 2011). Ericsson 

(2008, p.990) gives some examples of performance-based domain-specific tasks for 

chess, typing and music. These include selecting the best chess move for a given 

scenario, transcribing as much as possible presented text in a given timeframe and 

playing the same piece of music in the same manner multiple times. 
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However, since there are few performance measurement tests in some domains, 

criteria are typically discussed with domain-specific colleagues and reviewed by 

supervisors before such questionnaires are produced. However, Lindmeier (2011) 

points out that creating such questionnaires can encourage biases. To counteract 

questionnaire bias, the consideration of reference tasks must be considered very 

carefully. Fundamentally, if data on student prior attainment is not accessible, then 

the creation of performance criteria should be based on an expert-novice distinction. 

This expert-novice distinction measurement can be based on inner-professional 

criteria like experience, previous DP levels, as well as levels of performance 

measurements. DP can focus on the improvement of particular tasks within a 

specific domain. DP can also be particularly effective when immediate feedback is 

given. To further aid the notion of DP, Ericsson and colleagues have tried to identify 

those domain-related activities necessary for improving performance. The four main 

principles that constitute DP include that individuals are given a task with a well-

defined goal, are motivated to improve, provided with feedback and are provided 

with ample opportunities for repetition and gradual refinements of performance 

(Ericsson, 2008). Efforts to improve performance levels from associative 

autonomous levels to the expert level requires motivation, problem-solving and more 

refined methods for the completion of performing tasks (Ericsson, 2008).  

 

Ericsson (2008, p.991) states that there are three levels to performance: everyday 

skills, arrested development and expert performance. The objective of attaining the 

everyday skills level is to reach this level as quickly as possible but to also ensure 

that these skills can be maintained in a stable way through automated means. After 

individuals pass through the cognitive and associative phases, performance can be 

generated automatically (Ericsson, 2008, p.991). It is here that individuals can be at 

risk of sitting in the arrested development stage, which is where further experience of 

automated skills will not necessarily improve results. An example of this kind of 

process is when an individual ties their shoelaces. These skills, once learnt, are 

automated and thus greater practice or experience of shoelace tying will not produce 

exponential results (Ericsson, 2008, p.991). Expert performers resist skill 

automaticity by developing “increasingly complex mental representations to attain 

higher levels of control of their performance and will, therefore, remain within the 

cognitive and associative phases” (Ericsson, 2008, p.991). Hence, the critical 
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challenge for expert performers is to avoid “the arrested development [stage] 

associated with automaticity” (Ericsson, 2008, p.991). 

 
Figure 6 – The qualitative differences between expert and everyday performances 

(Ericsson, 2008, p.991). 

Lindmeier (2011) highlights some agreed empirical factors when defining expertise – 

knowledge, handling of information, meta-cognition and experience. Knowledge is 

arguably the most obvious factor of expertise. A chess master needs to know the 

rules of the game to be able to apply them, just as a maths teacher needs to have at 

least knowledge of the mathematical topics they are teaching to others (Ericsson, 

2008). Generally, experts respond with higher speed and accuracy than laypersons. 

Lindmeier (2011, pp.29-30) argues that “this leads to the hypothesis that experts’ 

knowledge differs from the knowledge of novices in organisation and detailedness: 

the knowledge base must be specifically organised for solving the tasks and 

demands of the field of interest effectively.” This means, the cognitive ordering within 

an expert is “structured and integrated” (Ericsson, 2008; Lindmeier, 2011, p.29). An 

example of this is where physics professors (teaching experts) tend to find the 

underlying principles concerned with scientific-related problems, whereby students 

(novices) only tend to look for surface level characteristics (Lindmeier, 2011). Long-

term memory is also deemed fundamental to the knowledge characteristic of 

expertise (Ericsson and Kintsch, 1995). Lindmeier (2011, p.29) refers to the effective 

use of long-term memory as “special memory skills” and states that the effective use 

of special long-term memory skills can encourage increased speed and accuracy. 

Knowledge is stored in long-term memory, yet experts tend to have honed skills that 
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enable them to access this information through highly tuned cues in short-term 

memory (Ericsson and Kintsch, 1995; Gobet, 2000; Lindmeier, 2011). A grouping of 

these highly tuned cues formulates a domain-specific retrieval structure in long-term 

memory. These retrieval structures are created through DP and related study 

(Gobet, 2000). 

 

The handling of information or information processing is also an important factor and 

can change considerably depending on the domain(s) and tasks in question. 

Generally, the handling of information requires breaking a problem down into sub-

problems and aggregating the data into appropriate groupings. Once this process is 

complete, experts should then be able to find better decompositions and reductions 

to solve these sub-problems (Lindmeier, 2011). For example, an expert may find 

ways to reduce an original problem by the characteristics of their sub-problem 

aggregations. With regards to ill-structured problem-solving, experts are more 

inclined to form a hypothesis for solutions during the problem-solving process itself 

(Lindmeier, 2011). This is especially true within the domain of medical diagnosis. 

Medical experts normally tend to process a key information fact trail that harbours an 

input minimalist approach. In this scenario, experts take on less information than 

novices (Lindmeier, 2011). In contrast, juridical problem-solving encourages experts 

to take on a greater amount of information when compared to their novice 

counterparts (Lawrence, 1988). These differences in information processing can be 

attributed to the contrasting task designs in their respective domains. For example, in 

the medical profession, it is quite accepted that a few important pieces of information 

may be enough to formulate a concise medical diagnosis. However, when 

concerning juridical matters, all the available information concerning the processing 

stage enables experts to formulate a more detailed picture of the problem at hand, 

thus reducing the chances of errors occurring in final judgements. These two 

scenarios are typical when studying information processing and define the “domain-

specific nature of expert problem solving” (Lindmeier, 2011, p.30). Meta-cognition 

refers to the additional cognitive processes required to self-monitor progress and 

handle information. The self-monitoring skills highlighted above are interchangeable 

with cognitive ordering priorities which are, in turn, dictated by the task at hand. 

Therefore, the experts in the previously mentioned physics-related study were able 

to attribute underlying principles to complex problems instead of just applying novice 
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traits (Lindmeier, 2011). These traits occur in experts due to the differences in a 

deeper domain-knowledge base and organisational structure when compared to 

novices (Glaser and Chi, 1988; Lindmeier, 2011). Many researchers also agree that 

experience plays a fundamental role in domain-related expertise. In fact, experience 

can be seen as one of the factors that differentiates knowledge structures in experts 

and novices (Glaser and Chi, 1988; Lindmeier, 2011). In theory, a practitioner with 

ten years’ DP should achieve expertise in their domain (Ericsson, 2008; Lindmeier, 

2011). 

 

With regards to the teaching domain, Berliner (2004) concludes that teaching 

expertise can be qualitied by several factors including time and domain-specific 

knowledge. Fundamentally, with regards to teaching, it seems that expertise is 

circumscribed. “Knowledge, for the most part, is contextually bound. Cognitions are 

connected to actions and to places; they are situated” (Berliner, 2004 p.7).  

Moreover, time is needed to learn domain-specific, contextualised knowledge. 

Berliner (2004, p.8) states that this knowledge “provides the basis for expertise in 

pedagogy.” Berliner (2004) and colleagues provide a heuristic model of expertise, 

which is a five-staged model: novice, advanced beginner, competent performer, 

proficient performer and expert. This model deals with teacher development over a 

period of years. For example, it is expected that a small number of teachers will 

progress from the competent performer stage to proficient performer after about five 

years (Berliner, 2004). Moreover, Berliner (2004) also notes that teacher expertise 

can be related to student performance using the National Board for Professional 

Teaching Standards (NBPTS). This notion is highlighted through studies by Bond et 

al. (2000) and Smith et al. (2008). However, adopting the NBPTS, a study by Pool et 

al. (2001) resulted in mixed performance concerning both NBPTS-certified teachers 

and non NBPTS-certified teachers.  

 

Palmer et al. (2005) undertook a study in 2005 that identified criteria for teacher 

expertise. Palmer et al. (2005) reviewed twenty-seven previous studies that identified 

practitioner expertise and thus identified the four main marker categories of “(a) 

years of experience, (b) social recognition, (c) professional or social group 

membership and (d) performance-based criteria (including normative and criterion-

based selection)” (Palmer et al., 2005, p.13). The practitioner experience marker 
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category demonstrated that the range of years required to achieve a determined 

level of teaching expertise varied greatly from around two to twenty years of 

experience, depending on the studies being reviewed. Additionally, Palmer et al. 

(2005) noted that teaching experience was information gathered after the studies 

had taken place and was not used as part of a pre-selection criteria process. The 

experience of participants was sometimes used in the description of the sample. The 

marker category of social recognition mainly manifested in seventeen of the twenty-

seven studies that were reviewed. The most common nomination of practitioner 

expertise in fifteen studies came from administrators and specifically headteachers. 

Other social groups that were deemed important with regards to the nominating of 

teaching experts included parent and student groups as well as university personnel 

(Palmer et al., 2005). With regards to the professional or social group membership 

marker category, thirteen out of the twenty-seven studies used some type of teacher 

certification to justify expertise. Other examples undertaken to ratify this marker 

category included “membership in an educational organization, status as a 

cooperating or mentor teacher, having tenure, holding an advanced university 

degree” (Palmer et al., 2005, p.20). Lastly, normative criteria were used when an 

individual practitioner was being compared to peers. These criteria related to specific 

job-related tasks. Ways to assess these criteria included the direct observation of 

classroom teaching from independent experts as well as participation in stimulated 

recall activities (Palmer et al., 2005). Criterion-based selection included 

measurements where a practitioner’s performance was measured against 

predetermined standards (Palmer et al., 2005). Examples of good practice included 

practitioners that received the highest possible ratings of given criteria by three 

different teaching supervisors (Palmer et al., 2005). In most studies reviewed by 

Palmer et al. (2005), the order in which the performance criteria were applied 

remained simply unclear. 

 

Edwards (2010, p.13) discusses “the relational turn in expertise as professionals 

work in and between work settings and interact with other practitioners and clients to 

negotiate interpretations of tasks and ways of accomplishing them.” The main 

premise of relational expertise recognises the contribution that resources and other 

practitioners can bring to understandings. However, these factors can increase 

demands on teachers (Edwards, 2010). Moreover, Shires (2021, p.1) states that 
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relational expertise should be thought of as “the way teachers work with what 

matters about the subject content of the curriculum and what matters to their 

students.” Expert teachers are interested in how their students relate to curricula. 

These student curricula relationships should then shape the way expert teachers 

teach. Shires (2021, p.1) then states that:  

 

This [the student curricula relationships] shapes the teaching: the students 

are taken through a process of getting to grips with and piecing together 

key ideas from the subject; the teacher plans their teaching so that 

students are first presented with the key concepts that are stripped back 

and then the teacher layers them back up, adding in detail and precision 

over time. 

 

This thesis contains four multiple instrumental case study projects called the MAMIC 

project. All these case studies used the MAMIC visual programming library, whereby 

the subjects of interest were predominantly the in-the-wild practitioners. These in-

the-wild practitioners are classed as persons who are responsible for learning in situ 

and can be either qualified teachers, student teachers, teaching assistants or 

technicians. Before undertaking the MAMIC project in-the-wild, all case study 

practitioners undertook an initial ninety-minute training session with the MAMIC 

author before a period of autonomous learning. The reasons for this were twofold – 

to offer the in-the-wild practitioners a grounding of MAMIC knowledge and to 

ascertain their prior expertise levels. Concerning MAMIC knowledge, each in-the-

wild practitioner spent time training with the master teacher (the MAMIC author), as 

this was deemed important to try and ascertain expertise performance levels 

(Sosniak, 1985, p.59; Ericsson, Prietula and Cokely, 2007). Additionally, all 

practitioners were given support materials such as videos, task step-by-step guides 

and the MAMIC manual. Queries were also answered by the MAMIC author when 

needed. 

 

With regards to ascertaining in-the-wild practitioner expertise levels, it is important to 

note here that the notion of ‘expertise’ can be defined in multiple ways and that the 

term itself can be problematic. Loughran (2011) states that although certain 

measures can be defined, expert teaching cannot simply just be measured against a 
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list of competencies. Moreover, Palmer et al. (2005, p.23) concludes that when 

measuring teacher expertise, “expertise, like beauty, may be in the eye of the 

beholder.” With regards to MAMIC project in-the-wild practitioner expertise 

measurement, a combination of marker categories coupled with a performance 

criteria-based questionnaire were utilised. This approach was chosen since it 

catered for the ninety-minute in-the-wild practitioner MAMIC training session. This is 

in contrast to teacher development models and relational expertise which measure 

teacher expertise over many years. As a result, marker categories were used at the 

beginning of each MAMIC project case study to define each in-the-wild practitioner’s 

starting point. These marker categories included years of experience, professional or 

social group membership and subject areas of expertise (Palmer et al., 2005, p.20). 

This data enabled comparisons to be drawn as to whether in-the-wild practitioners 

from academic backgrounds close to music, maths and computing develop a 

stronger sense of MAMIC expertise in comparison to practitioners who do not come 

from so closely related academic backgrounds. 

 

To measure how each in-the-wild practitioner may progress from a novice towards 

an expert, a performance criteria-based questionnaire was undertaken by each 

practitioner at the end of their respective MAMIC project case study (Lindmeier, 

2011). This performance-based questionnaire comprised two sections. The first 

section asked the in-the-wild practitioners to reveal their understanding of their own 

practitioner characteristics by interacting with the mission, identity and beliefs 

strands of Korthagen’s onion model. These stages are deemed important when 

establishing the unobservable qualities of a practitioner’s make-up. The second 

section of the performance-based questionnaire was multi-staged and aimed to 

establish the expertise level of each in-the-wild practitioner. This questionnaire 

presented each practitioner with a range of questions that related to the MAMIC 

overall system and visual programming library. These questions were composed in 

order of difficulty in relation to the six stages of Bloom’s taxonomy. These questions 

were also reviewed by an appropriate doctoral supervisor (Lindmeier, 2011). 

Remembering and understanding questions typified generic visual programming 

techniques that must be mastered to engage with the MAMIC library on a superficial 

level. Questions at this level were typically given between one and three points per 

correct answer. The questioning then progressed to the applying and analysing 
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levels of Bloom’s taxonomy. These questions were given five points per correct 

answer and covered specific MAMIC library processes and their application. These 

MAMIC processes were identified as requiring a greater amount of knowledge, 

information processing, meta-cognition and experience to master. Lastly, the 

taxonomy levels of evaluating and creating were also covered by questions with a 

value of five points each. These questions covered a multitude of areas that primarily 

focused on interdisciplinary and scenario-based activities within the MAMIC library.  

 

It is deemed that expert performance may be reached with a continual successful 

application of the interdisciplinary qualities of the MAMIC library, since this is where 

music’s interdisciplinary qualities could take place. Once the practitioners completed 

the performance-based questionnaire, their scores were calculated out of a total of 

thirty possible points. As well as Bloom’s taxonomy, the point scores were also 

aligned closely with Ericsson’s three-levelled performance model – everyday skills, 

arrested development and expert performance (Ericsson, 2008). The scores were 

divided as per Fig.7 and judgements made concerning the practitioners’ abilities – 

everyday skills, arrested development and expert performance. 

 

30 

points 

 

20 

points 

 

10 

points 

Figure 7 – MAMIC expert performance measurement outcomes adopting both 

Bloom’s taxonomy and Ericsson’s three levels of performance.   

As seen in chapter one, previous music and computers in education-related projects 

tend to rely heavily on experts (project authors or their students) teaching student 

participants directly (or in very close proximity). Hence, the measurement of the in-

the-wild practitioner’s expertise levels (with regards to their delivery of the MAMIC 
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project) is seen as a novel area to explore since the in-the-wild practitioners in this 

thesis, deliver the MAMIC projects in situ. Concerning this thesis, a MAMIC expert 

can be defined as an individual who possesses MAMIC domain-specific expertise. In 

contrast, a non-expert is an individual who has not achieved MAMIC domain-specific 

expertise when assessed using the performance-based questionnaire. It is also 

important to note that regarding the above, in-the-wild practitioners may still be 

competent teachers but may lack MAMIC domain-specific expertise.  

 

The in situ delivery method is in direct contrast to the vast majority of previous music 

and computers in education-related projects that conducted their research in 

laboratory situations. Unlike the previous studies outlined in chapter one, no bespoke 

MAMIC-specific hardware computer systems were identified, made, or utilised. This 

differs from the previous studies, whereby specialist computers were utilised for 

optimum compatibility – often occupying a university campus-laboratory 

environment. The following projects are examples of this (Trueman et al., 2006; 

Bukvic et al., 2010; Ruthmann et al., 2010; Bukvic, 2012; Bukvic et al., 2012; Roels, 

2012; Sawyer et al., 2013; Funke, Geldreich and Hubwieser, 2017).  

 

For the MAMIC library to be delivered in-the-wild, it needs to be a portable system, 

negating the need for specialist equipment such as specific laptop installations. To 

achieve this objective, the MAMIC USB system was created. The USB system itself 

consists of a bootable operating system image that is loaded onto a USB 3.0 stick. 

This bootable operating system image houses the MAMIC visual programming 

library. Lastly, the MAMIC USB system has been created solely for Personal 

Computer (PC) hardware, thus excluding Apple platforms. The reason for this 

decision centres around the fact that the four chosen primary school locations all 

housed varying PC hardware technologies. As a result, the operating systems of 

choice encompassed Microsoft Windows and Linux.  

 

The Linux operating system was chosen due to its Open Source licensing, live USB 

distribution and low-latency audio capabilities (Peterson, 2019; Cascone, 2009; 

Ubuntu Studio, 2014). Linux also has a rich history of independent software 

development and provides professional audio capabilities (Willis, 2007). Phillips 

(2003) notes that audio latency levels can be reduced to a very acceptable three 



 104 

milliseconds and, since 2007, the Ubuntu Studio flavour of the Ubuntu Linux 

distribution has been adopting low-latency kernels by default (Willis, 2007). Thus, the 

Ubuntu Studio distribution of the Linux operating system (Ubuntu Studio, 2014), was 

chosen to host the MAMIC library on the MAMIC USB system. 

 
3.5 Visual Programming Language Selection 
 

From the reviewed music and computers in education-related projects outlined in 

chapter one, most of these studies use three main visual programming languages. 

These languages include both the Max paradigm (Pure Data and Max) and the 

Scratch visual programming language. Both the Max paradigm and the Scratch 

visual programming language could be used as potential platforms for implementing 

the MAMIC visual programming library. Reasons for this include Pure Data’s 

popularity in computer music (Bukvic, Graf and Wilkes, 2017) and Scratch’s 

popularity as a visual programming language in primary schools (Saez-Lopez, 

Roman-Gonzalez and Vazquez-Cano, 2016; Sengupta et al., 2013).  

 

Regarding this thesis and to help answer RQ1, decisions were made regarding 

which specific visual programming language to use to construct the MAMIC visual 

programming library. Firstly, the choice of visual programming language embraced 

the Open Source approach, since this reduced costs and thus enabled greater 

potential access to the system for both students and practitioners. As a result, Max, 

the commercial variant of Pure Data, would not be so suitable. Max is also not 

available on the Ubuntu Studio operating system. For these reasons, the remaining 

choices of Scratch (the most popular visual programming language in primary 

schools) and Pure Data were considered (Sengupta et al., 2013; Moreno-Leon, 

Robles and Roman-Gonzalez, 2015; Saez-Lopez, Roman-Gonzalez and Vazquez-

Cano, 2016). While Scratch is currently the most adopted visual programming 

language used in UK primary schools, its primary focus in schools remains 

interactive story and game creation rather than sound or music (Maloney et al., 

2010; Resnick, 2014). In contrast, Pure Data has the versatility to create various 

sound synthesis algorithms and undertake advanced DSP manipulation operations.   

This combination of factors meant that the Open Source, audio/DSP focussed Pure 

Data was chosen as host for the MAMIC library. Moreover, previous studies have 
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also adopted the Pure Data IDE as their main choice of visual programming 

language (Roels, 2012; Bukvic, 2012; Bukvic et al., 2012; Sawyer et al., 2013). 

Regarding the multiple IDEs of Pure Data, Pd-L2Ork was chosen since this IDE is 

designed especially for primary school-age children and has been through extensive 

testing since it was first used in the L2Ork and L2Ork K-12 studies (Bukvic, 2012; 

Virginia Tech, 2017a). Moreover, Pd-L2Ork’s 1,700 bug fixes, enhanced support for 

the Jack Audio Connection Kit (JACK), improved help documentation and advanced 

Graph On Parent (GOP)9 features made it the most attractive option over other Pure 

Data IDEs (Bukvic, Graf and Wilkes, 2016). Fundamentally, the enhanced visual 

features of the Ggee library’s [image] object, as well as the inclusion of the ‘wavy’ 

new patch cords feature, can also enable a better visual experience for younger 

users (Bukvic, Graf and Wilkes, 2016). At the time of writing, Purr-Data was 

discounted due to its unstable installation method regarding the Ubuntu Studio 

distribution of Linux. Additionally, the browser version of Purr-Data was also 

discounted as a possible IDE for the MAMIC library due to the limiting external library 

support it offered (Kirn, 2020). Further particulars surrounding the iterative features 

of both the MAMIC USB system and the MAMIC library are outlined in chapter four.  

 
3.6 Remote Usability Testing Approaches 
 

Now that a basis for both the MAMIC USB system and the MAMIC library have been 

established, it now seems appropriate to consider how to best evaluate the MAMIC 

USB system in-the-wild. Remote Usability Testing (RUT) provides a way of gathering 

data from an in-the-wild environment by putting the participant and researcher in two 

different locations (Schade, 2013). Using a RUT approach, the participant interacts 

with the test or system in their own environment while the researcher watches, while 

simultaneously gathering data remotely. In an URUT remote session, the participant 

completes the study in their own environment and utilises their own equipment and 

schedule (Reichelt, 2016). The sessions are recorded for the researcher to review at 

a later date (Schade, 2013). Recording methods include standard survey tools as 

well as more advanced video collection approaches to collect user workflows 

(Soucy, 2010). Benefits of URUT include the ability to allow the participants to work 

 
9 GOP enables the developer to ‘graph’ a selected area of the parent canvas as the GUI. This GUI graphed area will then 
contain all the required GUI objects required to create the GUI in question (Farnell, 2013). 
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in situ and to fit their work around their own timetables. URUT methods allow for a 

broader participant base and enable researchers to construct benchmark testing 

among a range of users (Barnum, 2010). Drawbacks to the URUT approach include 

the need to collect qualitative data as well as quantitative responses when 

constructing surveys. This is necessary since quantitative satisfaction scores can 

significantly differ for each participant and so each quantitative score must be 

supported by some qualitative response to help justify responses (Soucy, 2010). 

 

The case studies in this thesis all used the same URUT techniques for collecting 

data from the practitioners delivering the sessions. These URUT techniques were 

appropriate in situ since practitioners were able to fit their MAMIC sessions around 

their teaching timetables and the unpredictable nature of the school environment. 

Also, due to the unpredictable nature of the school environment, case study lengths 

and timetabling of sessions were dictated by the schools in situ. The URUT data-

gathering methods proposed included practitioner-centred online quantitative diary 

entries. Using these diaries, practitioners recorded their thoughts and feelings about 

the case study sessions and evaluated them. Additionally, to allow the MAMIC 

project case studies to be authentically embedded in situ, practitioners created diary 

entries that spanned one or more sessions. This allowed practitioners the freedom to 

design sessions as they saw fit and thus provided a realistic representation 

regarding how practitioners embedded the MAMIC USB system in situ. Practitioners 

were also given the ability to screen capture student work which was saved as 

required. Lastly, the documentation of student actions and interactions through video 

capture was also utilised as an URUT approach. Using video capture, student and 

practitioner interactions were viewed. Simultaneously, microphone input was also 

incorporated into the video capture which revealed conversations between students 

and practitioners. Reviewing student work through screen and video capture 

identified student-built programming structures directly. These techniques enabled 

student interactions to be viewed directly from a remote location. Regarding the 

URUT data-gathering methods proposed, it is important to note here that the in-the-

wild practitioners were given the freedom to pick which techniques were most 

suitable in situ. This was to ensure that the in-the-wild nature of the case studies was 

upheld and that privacy issues were controlled where needed. Due to the in-the-wild 

nature of the case studies, it can be argued that this thesis adopts an inspired 
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version of URUT since it was the practitioners that controlled which data-gathering 

methods were used and when. 

 

Although URUT techniques are designed to save time overall by allowing multiple 

projects to run in situ simultaneously, initial project start-up processes can be costly. 

To mitigate these initial costs and their impact, all four case studies utilised the three-

staged DUE provided by Nielsen. Kane (2003) outlines the three DUE stages below: 

 

● Scenarios – include a simplified version of a software system, allowing users 

to test specific parts frequently. The system does not have to be fully 

functional but must include enough functionality and description to formulate a 

user experience or scenario.   

● The Thinking Aloud stage – an interview technique that allows participants to 

voice their experiences as they undertake them. This can relate to what the 

user is doing as well as what they are expecting. 

● The Heuristic Evaluation – provides general principles that can be checked 

and tested. These principles can be error reporting as well as general 

software design features. 

 

There are a number of different models of heuristics. Noyles and Mills (2006 p.33) 

state that when choosing heuristics, user characteristics and context of use are 

important factors. Since the MAMIC USB system is designed to be used by in-the-

wild practitioners, Nielsen’s ten usability heuristics for user interface design were 

adopted since they provide a generalised overview of usability (Nielsen, 2020). The 

heuristic evaluation model containing Nielsen’s ten usability heuristics are listed 

below (Nielsen, 2005):  

 

● Visibility of system status 

● Match between the system and the real world 

● User control and freedom 

● Consistency and standards 

● Error prevention 

● Recognition rather than recall 

● Flexibility and ease of use 
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● Aesthetic and minimalist design 

● Help users recognise, diagnose and recover from errors 

● Help and documentation  

 

Wong (2018) states that an advantage of a heuristic evaluation model includes the 

ability of evaluators to focus their attention on prerequisite features. Heuristic 

evaluation models also allow investigators the ability to identify problems that users 

may face with regards to system usability. Disadvantages include the raising of ‘false 

alarms’ by evaluators; if heuristics are not relevant to a system, false errors can 

occur (Bailey, Allan and Raiello, 1992). Additionally, Sharp, Rogers and Preece 

(2009) highlight that using a limited number of evaluators can be problematic since 

the number of evaluators required depends on the nature of the presented software 

issues. While more evaluators may seem to solve the problem, having additional 

evaluators can be costly (Sharp, Rogers and Preece, 2009). Thus, it is 

recommended that for a project in its infancy, one or two evaluators should be 

sufficient to identify most potential usability problems (Sharp, Rogers and Preece, 

2009). 

 

Concerning the use of the DUE model within the MAMIC case studies, a simplified 

version of the MAMIC library was used to provide the participants with the best 

possible opportunity for technological exploration. The qualitative practitioner online 

diaries provided the practitioners with an adequate thinking aloud stage. The 

heuristic evaluation was constructed as an online form that participants filled out 

when they felt comfortable using the MAMIC USB system. The heuristic evaluation 

provided a question and scoring system for each of the heuristics. As part of each 

question, clarity statements to define each heuristic were also provided to ensure 

that the practitioners understood the context of each heuristic appropriately. Each 

heuristic question could be scored from one to five regarding MAMIC’s suitability. 

The practitioners were also invited to comment on each of the heuristics they scored. 

This was to ensure that the scores given for each heuristic could be better verified 

and justified. After the ten heuristic questions, additional space was provided for the 

practitioners to write down any further points that were not covered in the heuristic 

evaluation. To try and avoid issues surrounding a lack of heuristic evaluators, the 

additional URUT methods of practitioner online diaries, video capture and student 
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work examples were also used (when provided). The use of the heuristic evaluators 

in conjunction with the additional URUT methods helped inform future decisions 

concerning both the subsequent MAMIC iterations and the results of each case 

study.  

 

3.7 Thematic Analysis 
 

Qualitative data was gathered as part of the four MAMIC project case studies 

outlined in chapter five. Regarding this, it is fundamental to find correlations within 

this data. Thematic analysis is a method for “identifying, analysing and reporting 

patterns (themes) within data” (Braun and Clarke, 2006, p.79). It can provide rich 

details and inform data categorisation. One of the main aims of thematic analysis is 

to provide an environment that promotes clarity for the reader, with regards to the 

analytical themes that may occur from qualitative research data (Braun and Clarke, 

2006). Braun and Clarke (2006, p.87) outline thematic analysis as a phased process 

that encompasses six phases: 

 

1. Familiarising yourself with your data 

2. Generating initial codes 

3. Searching for themes 

4. Reviewing themes 

5. Defining and naming themes 

6. Producing the report 

 

Phase one involves the initial reading and re-reading of data. It is at this stage that 

initial ideas should be written down. It is during this phase that the researcher should 

immerse themselves within the data to ensure that familiarity is drawn with regards 

to the breadth and depth of the content required (Braun and Clarke, 2006). After the 

data has been re-read, it is recommended that notes are taken or markers placed so 

that these marks or notes can be used in the formation of codes that inform phase 

two. 

 

Phase two involves the creation of codes that stem from the notes and markers 

created from phase one. A code should identify a feature of the data (semantic 
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content or latent) that is seen as fundamental to the research. It should also “refer to 

the most basic segment, or element, of the raw data or information that can be 

assessed in a meaningful way regarding the phenomenon” (Boyatzis, in Braun and 

Clarke, 2006, p.88). However, it is important to note that coded data should be 

different from themes (phase three), where themes are often broader interpretations 

of the codes (Braun and Clarke, 2006). Braun and Clarke (2006) state a factor that 

may drive coding decisions could be the research questions that have been applied 

to the research study in question. Ways to code data can include writing metadata or 

the use of highlighting certain aspects of the raw data as required (Maguire and 

Delahunt, 2017). As in phase one, it is recommended that the researcher reads and 

re-reads the raw data to fully internalise the coding opportunities (Braun and Clarke, 

2006). A minimum of three full re-reads of the data should be undertaken with 

adequate time for reflection so that a deeper understanding can be sought 

(Houghton and Houghton, 2018).    

 

Phase three requires the creation of themes from the completed coding sets created 

in phase two. It is at this stage where codes should be grouped into sets which aim 

to underpin a new occurring theme (Braun and Clarke, 2006). It is at this stage that a 

thematic map should be created which shows where the relationships between 

codes should be considered. Usually, three main theme types are created – 

overarching themes, sub-themes and miscellaneous codes.  

 

Phase four involves reviewing the themes created. Braun and Clarke (2006, p.91) 

state that when reviewing co-existing themes, the researcher should ensure that 

“data within themes should cohere together meaningfully, while there should be clear 

and identifiable distinctions between themes.” This phase involves two levels of 

scrutiny. The first level involves re-reviewing the coded data extracts from each 

theme to find a coherent pattern from the raw data, to the coded data, to the theme. 

If a good correlation is found, then the theme can be moved onto level two of the 

theme reviewing process. Otherwise, the theme must be reviewed from the codes 

upwards. Level two itself encompasses a similar process whereby each theme is 

considered against the entire data set.  
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Phase five involves the final naming of the themes presented in the thematic map. It 

is at this stage where the researcher needs to be able to write a detailed analysis, as 

well as define a detailed individual narrative from each theme (Braun and Clarke, 

2006).  

 

Phase six involves the writing of a report to inform the findings. The written report 

should only be undertaken when the final set themes have been confirmed. An 

effective write-up of a thematic analysis should include a detailed narrative of the 

data trail that can convince the reader of the validity of the results (Braun and Clarke, 

2006). This should be undertaken by providing vivid theme examples within the data 

set. The narrative should also go beyond the data itself and enable a credible 

argument to be created in relation to the research questions within the study (Braun 

and Clarke, 2006).   

 

To better display and disseminate the resulting qualitative data within this thesis, 

thematic maps were created which encompassed each research question (Braun 

and Clarke, 2006; Maguire and Delahunt, 2017). These thematic maps concentrated 

data collection from all data-capture methods, including the practitioner online 

diaries, URUT video capture, student worksheets and patches as well as the 

completed heuristic evaluations. Subsequently, the first two phases of thematic 

analysis involved splitting the various data-capturing methods into two categories: 

data provided directly by practitioners and student data indirectly provided through 

video capture and the saving of student projects. Direct data capture included all the 

practitioner diary entries as well as the results from all the provided heuristic 

evaluations. The research questions were then used to inform code creation from 

segments of fundamental data. For the qualitative data, this involved highlighting 

certain aspects of the written data in the diary entries and heuristic evaluation 

responses where codes naturally formed. Where possible, each thematic code was 

assigned a colour so each thematic code could be attributed to their appropriate 

research question. For the video data and student work directly, thematic coding was 

incorporated through comment statements. Phases three, four and five involved the 

creation of sets with the coded markers as recommended by Braun and Clarke 

(2006, p.91). Themes were then identified and created through the creation of 

thematic maps. These themes were then reviewed to ensure that the themes 
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penetrated throughout the data sets. Importantly, adopting the thematic approach to 

the result data for each case study allowed for the finding of themes across the data 

– regardless of elapsed time and space between case studies sessions.  

 

3.8 Capturing Interdisciplinary Curricular Connections 
 

Categorising interdisciplinary curricular connections into the three areas of thematic-

based, process-based and work-based approaches has already been outlined from 

work undertaken by Barrett and Veblen (2018) in chapter one. Additionally, a 

historical narrative connecting music, maths and computing has also been outlined in 

section 1.2. This has been coupled with many music-related interdisciplinary 

opportunities outlined in the visual programming-related projects involving music and 

computers in education in chapter one. From these standpoints, it stands to reason 

that common themes between the three subjects in a visual programming context 

were found. As a result, the thematic-based approach to interdisciplinary curricular 

connections as outlined by Russell-Bowie (2009), was chosen as the main 

interdisciplinary curricular approach for the MAMIC library. This approach was 

chosen as after reviewing the literature in chapter one, it become apparent that 

opportunities could exist for service connections, symmetric correlations and 

syntegration concepts to occur in a visual programming context. Consequently, the 

work undertaken in this thesis utilises the NC statutory requirements for music, 

maths and computing at KS One as learning objectives in questions and tasks. It is 

here that their service connections, symmetric correlations and syntegration are 

explored in a visual programming context. This has been achieved by synergising 

the NC requirements from all three subjects in the NC-focused worksheets outlined 

in chapter four section 4.5. By using the NC-focused worksheets, their specific visual 

programming algorithms and the grading grid they provide, in-the-wild practitioners 

assessed students against the NC statutory requirements for music, maths and 

computing by using the MAMIC USB system and library. Further details regarding 

how these interdisciplinary curricular connections were developed in a visual 

programming context can be found in chapter four. The validity of this approach 

regarding how the practitioners were able to assess students’ work is also outlined in 

chapter five. 
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3.9 Ethical Considerations 
 

This thesis conforms to the University of Wolverhampton’s ethical policies (University 

of Wolverhampton, 2020) in terms of the recruitment of participants, all participant 

interactions, and acquiring and storing primary data. Practitioner participation was 

always voluntary, with the opportunity to withdraw at any time without penalty. 

Promotional materials were produced and used to advertise the project to potential 

participants. Among these promotional materials was a letter to potential 

participating schools and a fact sheet poster that highlighted the main aims of the 

study and the potential benefits for undertaking it (Appendix A.2). A MAMIC parental 

permission letter was also provided so children could take part in the study 

(Appendix A.1; UK Research Integrity Office, 2009). These letters were provided to 

the schools to distribute; however, some schools elected to write their own 

permission letters directly. These school permission letters were comparable with the 

MAMIC parental permission letter since the details were discussed with the schools 

in advance. Additionally, all letter correspondence was stored on school internal 

systems which included a variety of security measures. With regards to participant 

anonymity, participant names were omitted from all case studies since the identity of 

the individual practitioners was not deemed necessary. Moreover, student and 

practitioner faces were also covered in photographs and video recordings when 

required. This was achieved through video editing software through the use of 

pixilation and blurring filters as recommended by (Wiles et al., 2008). This was to 

ensure that the safeguarding of participants was upheld to the highest possible 

standards (UK Research Integrity Office, 2009; Denscombe, 2010; ALLEA, 2017). 

Even though Wiles et al. (2008) state that using blurring techniques can have 

negative connotations (due to its associations with crime prevention), the educational 

context of this research seems to counteract this claim. Regarding data storage, data 

was stored on password protected systems controlled by the university. Data usage 

includes this thesis and any associated research papers only. All additional hard 

copies of data were destroyed after submission of this thesis. 
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3.10 Chapter Summary 
 

To summarise, the research approach concerning the four MAMIC project case 

studies embraced a strong DBR mixed-methods in-the-wild paradigm. In-the-wild 

practitioners were the main focus of the studies. Due to the in-the-wild nature of the 

case studies, the practitioners and subsequent schools dictated the study lengths 

and how often each MAMIC project was incorporated into the main school curricula. 

All these characteristics are typical of in-the-wild approaches (Rogers et al., 2012; 

Crabtree et al., 2013). The schools adopted in each case study were either 

approached directly by the MAMIC author or responded directly to a MAMIC project 

advert. All four schools also fall into the two most popular types of school – 

maintained schools and academy trusts (DFE, 2019a). To test all research 

questions, the plans for a unique visual programming USB system and software 

library MAMIC have been outlined and will be discussed in detail in chapter four. 

This USB system and visual programming library use the Ubuntu Studio operating 

system and the Pure Data IDE Pd-L2Ork. The Pd-L2Ork IDE has been chosen since 

it is designed specifically for research activities concerning primary school-age 

children (Bukvic, 2012; Virginia Tech, 2017a). Pure Data’s affinity with music, audio 

and computing also means it is preferred to the more popular primary school-utilised 

Scratch platform. Regarding the in-the-wild practitioners specifically, their data 

capture is the main focus of the MAMIC project case studies due to the nature of 

RQ1.1.  

 

As the case studies took place in the wild, time constraints meant that the 

practitioners received only one ninety-minute training session. Additional training 

was given as required through email or by other means. Data was collected through 

the URUT approach since this placed the practitioners in their own environment in 

situ without interference from the researcher. Qualitative data, including diary entries, 

video screen captures and student work, were also taken as valid forms of enquiry. 

Practitioners also filled out a specific heuristic evaluation in software design 

principles as outlined in Nielsen’s DUE model. Using thematic analysis, research 

themes across all URUT data types were taken and analysed. This approach can be 

timeless and thus useful for when in-the-wild studies run for sporadic amounts of 

time. Moreover, at the end of each case study, the practitioners were asked to 
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undertake a performance criteria-based questionnaire to assess their levels of 

expertise with regards to their use of the MAMIC USB system. The results from the 

performance criteria-based questionnaires were marked and subsequently 

measured against both Bloom’s taxonomy and Ericsson’s three levels of 

performance model to give some measurable levels of expertise. Lastly, the 

thematic-based approach to interdisciplinary curricular connections as outlined by 

Russell-Bowie (2009), was chosen as the main interdisciplinary curricular approach 

for the MAMIC library. This approach was adopted since the visual programming-

related projects involving music and computers in education in chapter one revealed 

possible thematic-based connections. 

 

In the next chapter, the MAMIC USB system and its iterations are outlined in detail. 

This enables the reader to appreciate the different iterations of the MAMIC USB 

system, its library, and how it manages to utilise music’s interdisciplinary qualities 

through the incorporation of music, maths and computing KS One NC statutory 

requirements. It is also here where a fuller potential for music as an interdisciplinary 

vehicle is discussed and realised with regards to both maths and computing in a 

visual programming context.  
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Chapter Four – The MAMIC USB System 
4.1 Chapter Overview 
 

The MAMIC USB system has been created in response to changes to the NC for 

maths and, particularly, computing (see chapter one), and leverages the pedagogical 

advantages of visual programming. The MAMIC USB system and library aims to 

encourage the teaching of maths and computing NC statutory requirements through 

music’s interdisciplinary qualities. Thus, this chapter aims to cover in detail the visual 

programming library MAMIC and the USB system that hosts it.  

 

Firstly, a general overview of MAMIC ensues which outlines the overall features of 

the USB system and library that transpire throughout all three MAMIC iterations. 

These features are discussed and analysed through Jaron Lanier’s concept of 

technological lock-in (Lanier, 2011). Some of these lock-in features include the 

similarities between the MAMIC USB system and the previous music and computers 

in education-related projects outlined in chapter one. Moreover, as outlined in RQ1, 

since music is the chosen discipline to interlink both the maths and computing NC 

disciplines, the musicological structural choices that are locked in certain MAMIC 

abstractions are justified and their limitations outlined. The general MAMIC overview 

also introduces the MAMIC library topology model. This model depicts the structure 

of the MAMIC library as a flow diagram and indicates its modes of operation. This 

model is iterative, and as such, its three iterations are introduced in this overview. 

 

During the second half of this chapter, all three iterations of the MAMIC USB system 

are outlined. All iterations follow the broad lock-in principles described in the first half 

of the chapter, but the second and third MAMIC iterations incorporate changes and 

improvements informed by user feedback from in-the-wild practitioners (see chapter 

five). It is in MAMIC iteration three where music’s interdisciplinary qualities are 

covered in detail. By use of the NC-focused worksheet algorithms and the MAMIC 

library, symmetric correlations between the NC statutory requirements from all three 

subject areas are seen. This creates a thematic-based approach to interdisciplinary 

curricular connections. Throughout each iteration of the MAMIC USB system, the 

MAMIC library topology model evolves too. This model is presented as a possible 
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solution to RQ1 and thus informs the design of the MAMIC library and subsequent 

model revisions. The final iteration of the MAMIC library topology model also 

showcases the MAMIC library’s syntegration concept – the sequence number in both 

its music and command variable forms. Lastly, throughout this chapter and the 

remaining thesis, examples of the mentioned DI worksheets, NC-focused 

worksheets, MAMIC helpsheets and the MAMIC manual can be found in (Payne, 

2022). 

 

4.2 General MAMIC Overview 
 

Before continuing with a general overview of the MAMIC USB system, it is worth 

noting that when reviewing the statutory requirements for the three subjects of 

music, maths and computing for the 2014 NC, some interdisciplinary connections 

can be drawn. By using a visual programming system, it can be argued that music’s 

interdisciplinary qualities can be accessed and assessed in terms of both the maths 

and computing NC statutory requirements at KS One. In this visual programming 

context, the thematic approach to interdisciplinary curricular connections has been 

chosen (Barrett and Veblen, 2018, p.370). The reasons for this approach stem from 

the likelihood of service connections, symmetric correlations and syntegration 

opportunities that could occur within a visual programming system that fuses the NC 

statutory requirements of music, maths and computing. Table 8 depicts two lesson 

scenario ideas that utilise the music NC statutory requirements. Potential symmetric 

correlations between music, maths and computing NC statutory requirements 

provided through potential visual programming abstractions are shown. Similar 

symmetric correlations set out in this figure are carried forward by the MAMIC USB 

system. 
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Table 8 – Interdisciplinary lesson ideas utilising music’s interdisciplinary qualities. 

From Table 8, it is possible to conceive that by using NC statutory requirements in a 

visual programming context, music symmetric correlations can be purposefully 

transported in and out of focus as required to aid the teaching of all three subjects as 

needed. This could be achieved through lesson plan adaptation and resourcing, as 
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well as applying certain visual programming attributes. To achieve the refocusing of 

music as required in both maths and computing would demonstrate music as an 

interdisciplinary vehicle. Fig.8 visualises how the refocusing of music could take 

place between both maths and computing. 

 

  
Figure 8 – A visualisation that shows how the refocusing of music as required in both 

maths and computing demonstrates music’s interdisciplinary vehicle capabilities. 

Similar to above, MAMIC aims to take advantage of music’s symmetric correlations 

to teach maths and computing through a visual programming environment that is 

based on NC statutory requirements. MAMIC also contains certain visual 

programming attributes and resourcing structures that can potentially (through the 

aid of lesson planning) refocus music as required in both mathematical and 

computing terms to, in turn, take advantage of its interdisciplinary vehicle qualities. 

 

MAMIC is a collation of library abstractions and thus a visual programming library for 

the Pd-L2Ork IDE, specifically designed to give primary school students the chance 

to create music through maths and visual programming. This is achieved by allowing 

students to create MAMIC patches which can be thought of as collections of 

interconnected abstractions that converge to make a MAMIC program. MAMIC uses 
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the Ubuntu Studio 16.04 LTS operating system and is fully portable through the use 

of a bootable USB distribution designed for PC hardware. This USB distribution also 

includes Central Processing Unit (CPU) demand reduction algorithms to enable 

optimum performance on the varied computer systems found in-the-wild. The nature 

of the USB system also enables in-the-wild practitioners to boot the system directly, 

without the need to install it to a computer hard drive. Additionally, the USB stick 

features include five gigabytes of storage space for student work as well as video 

capturing and viewing capabilities. These facilities are enabled through the current 

bundled software packages SimpleScreenRecorder and VLC Player. Fundamentally, 

MAMIC has two elements: 

 

● The MAMIC library – a visual programming library in isolation.  

● The MAMIC USB system – a USB-optimised version of the Ubuntu Studio 

16.04 LTS operating system that encompasses the Pd-2LOrk IDE, the 

MAMIC library, in-the-wild practitioner support materials and additional 

operating system features.  

 

MAMIC aims to: 

 

● Leverage musical process relating to composition and performance to 

introduce coding (and visual programming specifically) in an accessible and 

engaging way. 

● Use musical process to vibrantly introduce mathematical concepts. 

● Reinforce existing mathematical knowledge by making abstract concepts 

audible and/or visible and able to be modified in a hands-on way.   

● Facilitate and support in-the-wild delivery by non-subject-specialists. 

● Run on a wide variety of computers, including on the older and budget-

orientated hardware found in many schools, without requiring permanent 

installation.  

 

Like many aspects of software and technological design, it is inevitable that the 

MAMIC library contains certain lock-in principles (Lanier, 2011, p.4). Lock-in 

principles encompass many aspects of software design that are governed by certain 

beliefs, thoughts, or ideals. It is due to the precise nature of the software design 
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process itself that these ideals can become a lock-in feature, especially when a 

design standard is accepted by a wider community (Lanier, 2011, p.4). To better 

illustrate lock-in, Lanier uses a musical example – MIDI. Despite its limitations, the 

MIDI standard still prevailed, since it was too difficult to change all the underlying 

principles in the software and hardware that had already adopted it (Lanier, 2011, 

p.4). Since lock-in principles are generally seen as a negative phenomenon, MAMIC 

(coupled with its Open Source foundations), enables developers to modify its code. 

The MAMIC source code can be accessed through the MAMIC GitHub for 

development and contribution purposes (Payne, 2022). Modifying MAMIC’s code 

could potentially change or eradicate certain lock-in features which are outlined 

below. Regarding this, MAMIC’s current lock-in features should be viewed as 

moveable concepts that could hypothetically manifest for future work considerations.  

 

The remainder of this general MAMIC overview aims to outline the overall current 

lock-in features of the MAMIC USB system and library. These features can be seen 

as the foundations of all the MAMIC USB system iterations. However, it is important 

to note that some of these lock-in principles do change over time due to the results 

presented from the case studies in chapter five. An outline of these lock-in features 

includes: 

 

● An explanation of the MAMIC library abstraction front-end image and internal 

GUI mechanism. 

● An explanation of the colour choices for the MAMIC abstractions’ internal 

GUIs. 

● A brief outline of the MAMIC manual’s main features. 

● A discussion and justification concerning the main music theory structural 

choices that encompass the MAMIC abstractions – diatonic harmony. 

● A brief outline of the main features that invoke the MAMIC library topology 

model and its sequencer number programmable mechanism. 

● An outline of the automated musical rudiments global messaging system. 

 

The MAMIC library is based on certain lock-in principles that range from basic 

software design principles to musicological origins. Firstly, regarding the software 

lock-in design principles, the MAMIC library is housed in the Pd-L2Ork IDE of Pure 
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Data. Since the main users of the MAMIC USB system are primary school students, 

the K-12 educational properties of Pd-L2Ork are deemed essential. For example, the 

incorporation of the updated graphical properties of the [image] object from the Ggee 

library arguably provides enhanced graphical qualities not seen in previous IDEs 

(Bukvic, Graf and Wilkes, 2016). Additionally, since Pd-L2Ork also provides better 

support for the low-latency audio server JACK, JACK is used as the primary audio 

driver for each iteration of the MAMIC USB system. Reasons to use JACK include its 

ease of transference across many different computer systems. Moreover, JACK’s 

ability to work with the Linux kernel to provide low-latency timings for the triggering of 

audio events is also seen as advantageous.    

 

Like the GUI mechanism outlined within the Abunch project (Roels, 2012), each 

MAMIC abstraction contains an internal GUI. However, unlike the Abunch project, 

each MAMIC abstraction contains a front-end GUI image that when clicked, gains 

access to each MAMIC abstraction’s internal GUI. It is here (using the internal GUI) 

that each MAMIC abstraction can be programmed. Fig.9 depicts a MAMIC 

abstraction’s front-end image and resulting internal GUI. 

 
Figure 9 – An example of the MAMIC [makechord] abstraction – left front-end image, 

right the internal GUI.  

Colour choice for the MAMIC abstractions’ internal GUIs is governed by colour 

salience (Cugelman, 2019, p.31). Colour salience refers to a colour’s ability to grab 

user attention. This can be achieved through “the neurological and psychological 

factors that shape human awareness, perception and focus, which are prerequisites 
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for getting into users’ short-term memory” (Cugelman, 2019, p.31). Cugelman (2019, 

p.31) provides a visual salience chart which shows the various salience properties of 

colours. The percentage values given to the colours determine their salience 

qualities as depicted in Fig.10. 

 
Image used under CC BY-SA 4.0 https://www.alterspark.com/color-psychology 

Figure 10 – The Visual Salience of Colour Chart (Cugelman, 2019, p.33). 

As a result, the make-up of MAMIC abstraction backgrounds is broadly based on 

colours that harbour a salience value of nine per cent and above. Some examples of 

colours used include blues and greens as well as orange. Reasons for using colour 

salience broadly were to avoid overuse as one must avoid overexcitement with 

colour or risk: what Cugelman (2019, p.33) terms “going down the Las Vegas strip 

design gutter.” While the MAMIC abstraction backgrounds are predetermined, it is 

also important to note here that studies relating to colour selection and their 

aesthetic qualities tend to be contradictory in their findings (O’Connor, 2009, p.267). 

Colour harmony and selection choices can, therefore, be chosen from numerous 

standpoints. These range from individual user characteristics such as age, gender, 

personality and affective state, to cultural experiences and “perceptual, contextual 

and temporal factors” (O’Connor, 2009, p.272). To cater to all these scenarios and 

due to the Open Source nature of MAMIC, in-the-wild practitioners can change 

abstraction backgrounds as they see fit. Fig.11 demonstrates some of the 

predetermined abstraction backgrounds where colour hue has been used further to 

extend the palette (Cugelman, 2019, p.33). 
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Figure 11 – Various colour hues of MAMIC abstraction backgrounds.  

The MAMIC USB system is also accompanied by a manual which is made available 

to in-the-wild practitioners in physical form as well as a PDF on each MAMIC USB 

stick. The PDF file offers embedded hyperlink functionality, allowing in-the-wild 

practitioners the ability to click between contents page headings as well as access 

online theoretical examples and additional video content. While the manual has 

manifested with each iteration of the MAMIC system, the core foundations of the 

document remain the same. The manual is designed to aid in-the-wild practitioners 

in three main areas – visual programming basics and the Pd-L2Ork IDE, the basics 

of diatonic music theory and step-by-step guides to operation. Throughout the 

manual, helpful external website links and MAMIC-specific YouTube tutorials are 

also provided to support the MML modes of both visual and kinaesthetic learning. 
 

Since music’s interdisciplinary qualities are being investigated to interlink the NC 

requirements for both maths and computing, principles concerning the purposeful 

refocusing of music in these areas are also examined. Hence, the principles 

concerning music’s abilities as an interdisciplinary vehicle in visual programming 

encompass compositional, performance and programming structures in the MAMIC 

abstractions. These structures create the possible symmetric correlations concerning 

the NC statutory requirements of music, maths and computing. When considering 

the compositional and performance structures specifically, these musical structures 

are predominantly locked-in diatonic harmony concepts. This contrasts with the 

electroacoustic direction undertaken by the Sound, Electronics and Music Project 
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(Hayes, 2017). The decision to base the MAMIC library on mainly diatonic structures 

is twofold: a cultural standpoint and a curriculum-relevance standpoint (especially for 

student progression reasons). Before discussing this design choice, a brief overview 

of diatonic harmony and how it is represented in the MAMIC abstractions is 

presented. 

 

Diatonic harmony relies on a tonal centre (root note) being established and as such, 

pitches are arranged in scales, with the most popular type of scales being the major 

and natural minor varieties (Parncutt, 1989). Starting from any root note, these 

scales can be built using formulae created from Tones (T) and Semitones (S): 

TTSTTTS for a major scale and TSTTSTT for the natural minor scale (Pilhofer and 

Day, 2019; Solomon, 2019). The MAMIC abstractions of [majorscale] and 

[minorscale] both translate these two scale formulae into an array table of integer 

variables, with zero being classed as the starting position for each formula. The 

major scale formula translates from TTSTTTS to an array table10 holding the 

following integer values of {0,2,4,5,7,9,11}. The natural minor scale formula 

translates from TSTTSTT to {0,2,3,5,7,8,10}. To build a desired scale using either of 

these MAMIC abstractions, the student firstly supplies the root note for the desired 

scale which will equate to a MIDI pitch number for the chosen scale. For example, 

for a C major scale, the MIDI pitch would equal sixty. The MAMIC abstractions then 

use the supplied MIDI pitch root note by adding the corresponding array table integer 

values to each relevant scale degree position in the scale. Fig.12 depicts the pitches 

of the C major and natural minor scales in western standard notation and how these 

are represented in the internal GUIs of the MAMIC abstractions [majorscale] and 

[minorscale]. 

 

 

 

 

 

 
10 In Pure Data, an array table is a linear collection of variables. Each variable can be called with an index number (Farnell, 
2013).  
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Figure 12 – The major and minor scales and their representations using MAMIC 

abstractions [majorscale] and [minorscale].  

With regards to chords specifically, Parncutt (1989) states that chords are conceived 

by superimposing two stories of thirds on top of the desired root note. By doing so, 

this action produces a triad chord comprising the root, third and fifth pitches 

(Parncutt, 1989; Solomon, 2019). Subsequently, many triad chord qualities can be 

produced, with the four most common qualities being identified as major, minor, 

diminished and augmented. Other chord qualities are also possible, such as 

suspended second and fourth.  

 

Diatonic chords build on the triad chord concept. Simply put, a diatonic triad chord is 

a chord that contains the pitches already defined in a scale in question. For example, 

a diatonic triad chord can be built on each scale degree of the required scale 

(Solomon, 2019). Fig.13 demonstrates the diatonic chords that exist in the C major 

scale. 

 
Figure 13 – The diatonic chords of the C major scale.  
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Diatonic chords can be represented in the MAMIC library by using the [makechord], 

[majorchords] and [minorchords] abstractions. With the [makechord] abstraction, the 

student is presented with three radio button objects. From here, the student can 

select which scale degrees to use to build a chord. All the possible chord 

combinations are diatonic; suspended second and fourth qualities can be created 

too. The [makechord] abstraction works on the same array table principle when 

compared to the [majorscale] and [minorscale] abstractions. Alternatively, students 

can also apply the [majorchords] and [minorchords] abstractions to their MAMIC 

patches. Both allow the student to specify the root note of the required scale. The 

appropriate diatonic chord is then applied to each scale degree. Within these 

abstractions, roman numerals are also shown as well as the pitch letter to indicate 

the correct chord quality. Fig.14 demonstrates the diatonic chord qualities of all three 

MAMIC abstractions. 

  

  

Figure 14 – Using the [makechord], [majorchords] and [minorchords] abstractions to 

create diatonic chords.  

The cultural reasoning for the use of diatonic harmony within the MAMIC library 

stems from the age of primary school students and the appropriate musical activities 

that they have been involved with. For primary school children, nursery rhymes are 

seen as the fundamental pillar of musical interaction, since these rhymes have been 

sung to young children for generations (Kenney, 2005). Additionally, Kenney (2005) 

points out key advantages of early nursery rhyme interactions which include 

advances in language development, cognitive development, physical development 
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and social, emotional and musical development. For musical development 

particularly, formal song structures, beat and rhythmic patterns as well as the use of 

many musical articulations, are all highlighted as areas that nursery rhymes can help 

foster development in early childhood (Kenney, 2005). The harmonic foundations of 

nursery rhymes lie in diatonic harmony, with some nursery rhymes just using the I, 

IV, V chords of a scale (Ball, 2011; Gonzalez, 2016). Additionally, in Gonzalez’s 

study, the harmony of twenty-one nursery rhymes was studied. All nursery rhymes 

started with their tonic chord and inverse variations of the I, IV and V chord 

progression. Namely, “66.7% of the nursery rhymes’ first (and second) harmonic 

progressions were I, V, I, 24% had the first progression I, IV, I and the other 9.3% 

had an I, IV, V, I progression as its first” (Gonzalez, 2016, p.19). 

 

Beyond primary school-aged children, many musical examinations and qualifications 

in the UK include the mandatory study of diatonic harmony. For example, the piano 

and music theory grades offered by the UK’s biggest music education body, the 

Associated Board of the Royal Schools of Music (ABRSM), can be studied at any 

age. Fundamentally, this music theory syllabus is based solely on diatonic harmony 

(ABRSM, 2018). With regards to future exposure and study, other qualifications 

found at GCSE level and beyond also require students to learn and apply diatonic 

harmony. The GCSE music syllabuses of Pearson and AQA both include elements 

where taught content and student coursework must contain diatonic harmony 

(Pearson, 2019a; AQA, 2019). The learning aims in the BTEC level three national 

certificate in music performance also require diatonic harmony to be studied 

(Pearson, 2019b). Other qualifications including A level music and the OCN Music 

GCSE still require diatonic harmony to be covered but focus less on its prevalence in 

their curriculums (Oxford, Cambridge and RSA - OCN, 2019). In fact, Pearson’s A 

level music syllabus branches out, offering students the opportunity to explore the 

serialist conventions of “atonal music and new forms of harmony such as use of a 

tone row” (Pearson, 2019c, p.39). As a result, it can be argued that there may be 

more opportunities for students to explore multiple music theory systems (especially 

those associated with the practices of twentieth-century composition) by undertaking 

A level study. Moreover, current music GCSE qualifications and specifically the 

ABRSM music theory curriculum can be seen as limiting, since there seems little 
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scope for the inclusion of other harmonic systems that encompass atonal 

composition. 

 

The last main underlying feature included in all MAMIC library iterations is the 

MAMIC library topology model. The MAMIC library topology model is a flow diagram 

that provides a fundamental insight into the MAMIC library’s construction and 

workflow. This model creates several abstraction layers. These abstraction layers 

divide the MAMIC library’s abstractions into groups that perform specific roles. 

Examples of such layers include external human performance input and internal 

sequencing input. The MAMIC library topology model also includes a crucial aspect 

of student-user programming with regards to all MAMIC library abstractions – the 

use of sequence numbers. The sequence number is the syntegration concept of the 

MAMIC library topology model. Sequence numbers are also a lock-in feature that 

have been used and developed throughout all three MAMIC iterations. Sequence 

numbers connect all MAMIC abstractions through a means of programmable 

communication and are thus the general theme of the model. Sequence numbers 

are integer variables that can be programmed by the student to trigger events in all 

other MAMIC library abstractions. These events may include the triggering of 

pitches, chords and scales as well as audio effects and one-shot samples. Sequence 

numbers can be thought of as the primal programmable language that the student-

user can utilise to enable MAMIC abstractions to communicate and execute their 

assigned functions as required within a MAMIC patch. Simply put, if the user 

connects [abstraction a] to [abstraction b], to enable [abstraction a] to control 

[abstraction b], the sequencer number for each abstraction must be equal. The 

decision to use integers to represent the sequence number syntegration concept 

stems from students working at KS One having to count with integers both forwards 

and backwards from one hundred (DFE, 2013c). As a result, the sequence number 

syntegration concept is adopted as the main tool to further extend music’s 

interdisciplinary qualities into the other subject areas of maths and computing. The 

sequence number syntegration concept also draws close connections to Yakman’s 

(2008) notion of the primal language that exists within the STEM and STEAM 

curriculum models. 
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Fig.15 depicts the three manifestations of the MAMIC library topology model as per 

each MAMIC iteration. It is important to note here that the MAMIC library topology 

model’s development is sequential. Hence throughout the remainder of this chapter, 

the various features of the MAMIC library topology model will be discussed within 

each MAMIC iteration. 

       The Manifestations of the MAMIC Library Topology Model  

Iteration One 

 

Iteration Two 

 

Iteration Three 

 

Figure 15 – Overview of the manifestations of the MAMIC library topology model as 

per each MAMIC iteration.  
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As well as the use of sequence number communication, the MAMIC library also 

contains an automated global messaging system for musical rudiments. Since this 

system is global, musical rudiment information is broadcast throughout the whole 

MAMIC patch, negating the need for wired abstraction connections. The global 

messaging system is made possible by Pure Data’s send and receive mechanism11. 

Examples of shared music rudiment information include the sharing of scale root 

notes as well as tempo information. Therefore, when specific MAMIC abstractions 

are loaded, default musical rudiment information is also activated, thus negating the 

need for students to input any musical rudiment information manually. However, if 

the student wishes to change the default rudimental values of a scale root note and 

tempo, they can do so by changing the values in one abstraction (typically 

[conductor]). When these changes are made, this information is then broadcast 

throughout the student’s MAMIC patch, enabling other abstractions to synchronise 

their operations to any information changes. The student is then free to program 

additional features in their selected abstractions. 

 

To give the time and space needed to explore the research questions first outlined in 

the Introduction of this thesis, the MAMIC USB system has three iterations in total. 

The remainder of this chapter will outline these MAMIC iterations that demonstrate 

the move to an interdisciplinary environment that can be used by in-the-wild 

practitioners in situ. 

 

4.3 MAMIC Iteration One 
 

For each iteration of MAMIC, the MAMIC system USB sticks include a MAMIC library 

of visual programming abstractions that perform a variety of performance-based and 

compositional-based routines and subroutines. With regards to MAMIC iteration one 

specifically, the following main features are discussed below: 

 

● The MAMIC USB as a live persistent storage system.  

● The MAMIC library topology model – iteration one. 

 
11 Pure Data’s send and receive mechanism allows for wireless patching. 
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● A sequence number explanation using the [conductor], [majorscale] 

[minorscale], [majorchords], [minorchords], [makechord] and [sampler] 

abstractions. 

● The differentiated abstraction levels feature. 

● The CPU demand reduction algorithms. 

● The MAMIC helpsheets.   

 

The first iteration of MAMIC (more specifically the MAMIC USB system) uses a live 

USB distribution based on Ubuntu Studio 16.04 LTS. The Ubuntu live USB feature 

allows for the creation of a bootable Ubuntu session from a DVD or USB stick 

(Peterson, 2019). There is also an option to create writable data on an Ubuntu live 

USB stick called a persistent storage area. This area consists of an overlay file that 

stores new files, settings and freshly installed applications (Hoffman and McKay, 

2020). Iteration one of the MAMIC USB system contains a five-gigabyte overlay file 

for storage. 

 

In the MAMIC library topology model, abstractions are categorised into five layers 

(see Fig.16). These layers are external human performance input, internal 

sequencing input, music creation layer (composition and performance), sound 

generation (synthesiser) and sound output. 

 
Figure 16 – Overview of iteration one of the MAMIC library topology model. 

The external human performance input layer provides access to several external 

USB-enabled controllers that include MIDI and computer keyboards, Xbox 

controllers and webcams. These specific USB-enabled controllers have been chosen 

due to their low-cost implications. When applied to the MAMIC USB system, these 
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controllers produce sequence numbers between one and sixteen. The sequence 

numbers are then assigned to the various parameters offered by each external 

controller through the use of controller-specific MAMIC abstractions. These 

sequence numbers can then control other MAMIC abstractions and musical 

processes within the additional layers of the MAMIC library topology model. As well 

as sequence number generation, the external controllers also include audio file 

playback features. With such features, multiple controllers can be used 

simultaneously within a MAMIC patch. The internal sequencing input layer of the 

MAMIC library topology model is based around a drum machine-influenced pre-built 

sequencer called [conductor]. Like all other abstractions, [conductor] utilises 

sequence numbers. With regards to [conductor] specifically, sequence numbers are 

stored in an array of sixteen steps (coloured orange), each able to store a sequence 

number. When the play button is pressed, [conductor] cycles through the steps at the 

specified tempo (shown in the tempo display). As [conductor] arrives at each step, 

the sequence number stored at that step is outputted. This sequence number can 

then be used to trigger events in other MAMIC abstractions. Fig.17 shows the 

internal GUI of [conductor] where an array of sequence numbers is stored. These 

sequence numbers will then be played at a tempo of one hundred Beats Per Minute 

(BPM) and sent out to trigger other MAMIC abstraction processes. 

 
Figure 17 – The [conductor] abstraction.  

The music creation layer of the MAMIC library topology model primarily utilises 

diatonic compositional structures to represent music and sound at note level. This 

layer also works in both the MIDI and digital audio domain. As previously mentioned, 

the MAMIC library features the pre-built major and natural minor scale abstractions – 

[majorscale] and [minorscale]. For iteration one, these abstractions are fundamental 

for incorporating both an array table structure for storing scale formulae as well as 
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providing a way for students to interact with sequence numbers. Within these 

abstractions, sequence numbers act as scale degrees. Using these sequence 

numbers, students can select the desired scale degree to be played through 

assigning sequence numbers one to eight. Fig.18 shows the [majorscale] abstraction 

with the full C major scale available to be played. The sequence numbers ascend 

one to eight. Below each sequence number, the musical pitch equivalent is also 

displayed. 

 
Figure 18 – The [majorscale] abstraction showing the C major scale with ascending 

sequence numbers one to eight.  

The MAMIC library attractions [majorchords] and [minorchords] adopt the same array 

table sequence number system as [majorscale] and [minorscale]. This allows the 

student to use sequence numbers one to eight to specify which scale degrees to 

play. However, when using [majorchords] and [minorchords] instead of a single pitch, 

the diatonic chord for that scale degree position is played. The [makechord] 

abstraction uses sequence numbers slightly differently. Instead of adopting a scale 

degree placeholder role, the sequence number acts as a command function. To use 

[makechord], the student must first program a chord pattern into [makechord]. The 

sequence number is then used to command (play) that programmed chord. 

Regarding the digital audio domain, the music creation layer includes the main 

abstraction [sampler]. The [sampler] abstraction is a four-channel sampler, enabling 

four audio files to be played simultaneously if required. Each sample channel is 

triggered by a sequence number and contains various features including sample 

looping as well as reverse playback. To achieve low-latency timings, the audio file 

data is stored in an array table accessed from RAM. The sound generation 

(synthesiser) layer of the MAMIC library topology model contains a basic array of 

sound generation options through a simple Frequency Modulation (FM) synthesiser. 

The simple FM synthesiser abstraction [sound] produces five preset sounds and is 

controlled by MIDI pitch information primarily from abstractions within the music 
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creation layer. Reverb and delay abstractions are also available for the sounds 

created by the simple FM synthesiser. Lastly, the sound output layer deals with the 

output of the final stereo audio signal from the whole MAMIC library. For any sound 

to be heard, this layer needs to be included in every MAMIC patch. Additionally, in 

this iteration of the MAMIC library, the sound output layer has undergone two 

revisions. The first version of the sound output layer initially comprised a simple 

abstraction that accepted incoming audio signals from all other MAMIC abstractions, 

including the FM synthesiser in the sound generation layer above. Additional 

parameters from a reverb abstraction could also be applied to this layer to give the 

student the ability to further customise the sound as appropriate. However, during an 

initial system test undertaken at the first primary school by the MAMIC author, it was 

decided a more efficient sound output layer was needed since the [sampler] 

abstraction among others, was computationally expensive in situ. Hence, the second 

revision of the sound output layer in MAMIC iteration one brings together the two 

MAMIC topology layers of sound generation and sound output by providing two 

separate abstractions – [voicesout] and [soundsout]. The [voicesout] abstraction now 

houses the FM synthesiser and thus encompasses synthesised sound generation. 

This abstraction now accepts MIDI pitch numbers and outputs them as synthesised 

audio. The [soundsout] abstraction accepts incoming audio signals and outputs a 

resulting summed stereo audio signal. Additionally, to further decrease demands 

placed on the CPU, the sound effects of reverb and sustain are now amalgamated 

into the creation of both the [voicesout] and [soundsout] abstractions. Having 

separate effect algorithms in each of these abstractions now means that the DSP 

can be turned on and off separately when playing either audio files or synthesised 

voices. This enables optimum CPU usage. Although this revised sound output layer 

of the MAMIC library topology model is modest, the audio effect capabilities of the 

layer now allow students to customise their sounds autonomously in a moderate 

CPU processing environment. 

 

In summary, the first MAMIC iteration of the MAMIC library topology model contains 

multiple layers, with each layer providing a specific role to the functionalities of the 

whole MAMIC library. The syntegration concept the sequence number, plays an 

essential role, acting as the primal programmable language that enables students to 
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trigger events throughout all MAMIC abstractions. These events can be the triggers 

for scale pitches and chords as well as one-shot audio files. 

 

Another feature included in iteration one is the differentiated abstraction levels. The 

term ‘differentiated abstraction’ describes the more complex differentiated learning 

operations that are presented to students by MAMIC abstractions. This functionality 

has been created in response to the system of tiered object granularity as proposed 

by Bukvic et al. (2012). As a result, it can be argued that the differentiated 

abstraction levels also promote a greater incorporation of DI principles (Levy, 2008; 

Chamberlin and Powers, 2010; Tulbure, 2011; Suprayogi, Valcke and Godwin, 

2017). Within the MAMIC library iteration one, abstractions have three levels. Level 

one is the simplest form of granularity, where abstraction functionality is typically 

automated. Level two requires greater interaction, where students must interact 

between interdisciplinary approaches concerning music, maths and computing. Level 

three involves students dealing with hard mental operations which involve the writing 

of textual code to program additional abstraction functions for real-time operations. 

As well as providing a greater inroad into abstraction DI, the differentiated 

abstraction levels also provide a means to transport and focus music as required into 

the areas of maths and computing and thus manipulate music’s interdisciplinary 

vehicle qualities. This can be seen in Fig.19 in the differentiated abstraction levels of 

the [majorscale] abstraction. Level one provides a basic sequence number 

association to scale degrees. Level two enables a greater focus of music into 

mathematical arithmetic operations to create scale degree values. Lastly, level three 

allows music to be focused into the computing aspects of writing textual code. In this 

instance, the textual code generates music by defining scale degree numbers as 

three array tables of integer variables.  
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Figure 19 – An example of differentiated abstraction levels in the MAMIC system.  

Pure Data allows users and developers to create real-time code, negating the need 

for a compiling process. While this may be seen as advantageous, the need to 

execute code in a ‘live’ environment can cause numerous demands on CPU power 

when compared to compiled code (Ray, 2017). Due to these demands on CPU 

power, most Pure Data IDEs adopt the [switch~] object. This object allows both 

users and developers of a Pure Data patch to switch off the DSP in certain parts of a 

Pure Data patch. This is especially useful since DSP usage is the single most CPU 

intensive operation in Pure Data. In iteration one, CPU demand reduction algorithms 

focus mainly on enabling and disabling DSP functionality in specific subpatches12 

within MAMIC abstractions. This then enables CPU usage to be optimised for the 

processing of digital audio, by enabling DSP activation to occur only when volume 

controls of abstractions exceed zero. This type of CPU demand reduction algorithm 

can be found in the [soundsout] and [voicesout] abstractions. 

 

As well as the inclusion of the MAMIC manual, the first iteration of the MAMIC 

system includes helpsheets for practitioners. These helpsheets include images and 

text and focus on Pure Data’s edit/performance operation, MIDI keyboard 

implementation as well as Xbox controller implementation. Step-by-step guides are 

also included in these helpsheets.  

 

 

 
12 A subpatch is Pure Data is a separate canvas created within the parent canvas. Subpatches can be used as a mechanism 
to hide code (Farnell, 2013). 
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4.4 MAMIC Iteration Two 
 

During the second iteration of the MAMIC USB system, some changes occurred. 

These changes include: 

 

● Substituting the MAMIC live persistent storage system for a full USB 

installation.  

● The addition of operating system automatic software loading routines. 

● Changes to MAMIC’s differentiated abstraction levels and MAMIC. 

abstractions thus creating a revised MAMIC library topology model – iteration 

two. 

● Upgrades to the CPU demand reduction algorithms. 

● The addition of a MAMIC state-saving algorithm. 

● Additional helpsheets and DI worksheets. 

 

During iteration one, the MAMIC USB system was a live distribution of Ubuntu Studio 

with a five-gigabyte overlay file storage area. Unfortunately, on some hardware 

configurations, this live system proved unstable (Peterson, 2019). To counteract this 

instability for this iteration, a full USB installation of Ubuntu Studio 16.04 LTS has 

been installed on the MAMIC USB sticks.  

 

As well as a new USB system installation, new automatic software loading routines 

have been included. Such routines include the automatic loading of the JACK audio 

server on system start-up. This feature has been included because in iteration one, 

students would have to click an icon on the Ubuntu Studio Desktop to load JACK 

manually. To counteract this, it is felt that the inclusion of automatic software loading 

routines now better aids students and in-the-wild practitioners by simplifying 

workflow. Moreover, in iteration one, when JACK loaded on different in situ computer 

systems, sound cards could not always be accessed by JACK. This was due to a 

conflict between JACK and the Ubuntu operating system’s de facto audio server 

PulseAudio. This JACK conflict scenario is a documented problem which involves 

PulseAudio occasionally accessing the soundcard hardware before JACK, causing a 

hardware conflict (Jack – Audio Connection Kit, 2019). Therefore, in some 

circumstances within the MAMIC iteration one’s testing period, some of the in situ 
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computer systems were not able to start the JACK audio server at all. To solve this 

issue, in iteration two, a bash shell script was written to suspend PulseAudio and 

then run JACK, thereby eradicating the need for the student to run JACK manually. 

 

For MIDI messages (both input and output) to pass through the Pd-L2Ork IDE on the 

Ubuntu Studio operating system, JACK must also be used as the MIDI server control 

mechanism (Jack – Audio Connection Kit, 2019). To implement this JACK feature, 

iteration two also includes the incorporation of automatic MIDI keyboard 

identification. To enable this identification to be an automated process, an eXtensible 

Markup Language (XML) script was written. This file is loaded as part of the bash 

shell script after JACK initialises. This XML file contains all the virtual connections 

needed for any MIDI keyboard to work within the Pd-L2Ork IDE, regardless of MIDI 

keyboard manufacturer. Lastly, regarding other operating system functionalities on 

the MAMIC USB system specifically, a web browser is now included. The inclusion 

of a web browser now enables students and in-the-wild practitioners to browse the 

internet for sound files to use for sample playback within some MAMIC abstractions. 

 

Regarding the MAMIC library itself, iteration two incorporates a larger, more focused 

implementation of Neilsen’s scenario stage from the DUE model (Kane, 2003). This 

has occurred since the levels of differentiated abstraction from iteration one are no 

longer included in this iteration. This is due to their lack of use by in-the-wild 

practitioners and their students (Appendix D.1, 28/02/17). Consequently, in this 

iteration, the level one differentiated abstraction level remains the focus of this DUE 

scenario. 

 

The MAMIC library topology model has been further modified in this iteration. These 

modifications are based around the removal of certain MAMIC abstractions from 

iteration one that were deemed unnecessary. These unnecessary features have 

mainly involved the removal of the [sampler] abstraction. The [sampler] abstraction in 

this iteration is deemed unnecessary since audio file triggering properties are already 

contained in such abstractions as [xboxpad], [webcam], [midikeyboard] and [compk]. 

All these abstractions now solely manage the triggering of audio files as well as the 

sending of sequence numbers to other layers of the MAMIC library topology model. 

As a result, the MAMIC library topology model for MAMIC iteration two (Fig.20), now 
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displays a connection between the external human performance input layer and 

audio file playback and synthesiser layers. The audio file playback and synthesiser 

layers represent the [soundsout] and [voicesout] abstractions and their inclusion of 

the audio effects; reverb and sustain.  

 
Figure 20 – The MAMIC library topology model – iteration two.  

Iteration two also includes an updated CPU demand reduction algorithm, that adds a 

means of dealing with audio file playback specifically. Iteration two has taken the 

previous process of DSP switching concerning GUI-related volume controls one step 

further by implementing a means of dealing with audio file playback specifically. 

Fig.21 outlines the CPU demand reduction algorithm. When an audio file is triggered, 

DSP is switched on and off for the audio file subpatch. When the audio file starts 

playing, a one is sent to [switch~] to enable DSP processing to occur in that 

subpatch. When the audio file finishes playing, the [readsf~] object sends a zero to 

[switch~] to switch off DSP processing for that specific subpatch. This enables 

MAMIC abstractions that require robust DSP operations to reduce CPU usage.  
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Figure 21 – The CPU demand reduction algorithm for audio file playback.  

While libraries enable Pure Data’s capabilities to be expanded, the lack of 

abstraction state-saving from directly within the Pure Data Vanilla IDE is a known 

problem (Subia Valdez, 2018). Abstraction state-saving allows the users of 

programming libraries to save various parameters within multiple copies of an 

abstraction. This feature is particularly useful when recalling patches that contain 

multiple abstractions for a live musical performance or for loading example coding 

projects within a classroom-based scenario.  

 

Several state-saving systems exist for the Pure Data IDE. They include: 

 

1. The [preset] abstraction which is included in the Pd-L2Ork K-12 library (Bukvic 

et al., 2010) 

2. Stupidsupersimplistic State Saving – SSSAD (Barknecht, 2014) 

3. Kollabs/DS (Weger, 2014) 

4. State Saving Abstractions v1.3 (Goodacre, 2015) 

5. RSVP (Subia Valdez, 2018) 
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While any of these state-saving systems could be used in the development of a new 

library, it is felt that they do not cater adequately for in-the-wild practitioners when 

little support is available in situ. This notion has been reinforced with the findings 

outlined in multiple articles, (Innes, 1997; Johnson et al., 2017; Hayes, 2017) that 

state that in-the-wild practitioners find aspects of technology difficult to master, 

especially when faced with both external and internal challenges to classroom 

technology. This also seems relevant since in-the-wild practitioners may not have the 

necessary expertise to use and deploy such a system. Reasons for this lack of 

deployment could be through the lack of training materials provided by current 

systems as well as facing several of the external and internal challenges to 

classroom technology as proposed by Johnson et al. (2017). Any support materials 

that are provided with the current state-saving systems may appear too specialist 

and may require specific training. Hayes (2017, p.47), describes a similar issue and 

concluded that when teachers tried to interact with visual programming environments 

in a computer music context “it was found that the biggest problem lay within the 

newness of the material for the teachers.” Subia Valdez (2018, p.14) also states that 

current preset saving solutions for Pure Data present issues surrounding “installation 

and implementation.” Thus, developing state-saving systems in Pure Data should be 

a bilateral undertaking, allowing for appropriate functionality with ease of use.  

 

To try and rectify this issue, the MAMIC state-saving algorithm has been created as 

part of iteration two of the MAMIC USB system and library. The MAMIC state-saving 

algorithm is based on the foundations of the Stupidsupersimplistic State Saving – 

SSSAD system and is further refined to make the algorithm suitable for in-the-wild 

practitioners and their students in situ. The decisions to use SSSAD as the MAMIC 

state-saving algorithm’s foundation mainly include its successful portability across 

multiple operating systems and multiple Pure Data IDEs. Moreover, SSSAD 

encompasses a large community support network with many users and developers 

also complimentary of its low CPU demands (Weger, 2014). The MAMIC state-

saving algorithm is designed to enable in-the-wild practitioners and students alike to 

save the parameter changes they make to the abstractions in their MAMIC patches 

through the [opensave] abstraction. The [opensave] abstraction provides a simple 

interface that allows for the saving and opening of MAMIC patches and their preset 

abstraction settings in one simultaneous action. Hence, the [opensave] abstraction 
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unifies both abstraction parameter text file storage and Pure Data parent patch file 

creation. The [opensave] abstraction supports all variable data types and supports 

array table saving. The GUI for the [opensave} abstraction can be seen in Fig.22. 

 
Figure 22 – The open and save GUI within the [opensave] abstraction.  

To use the MAMIC state-saving algorithm, the student or practitioner can load and 

interact with as many MAMIC abstractions as required. However, each abstraction 

name must include a given ID number, as this is a requirement of the SSSAD 

algorithm. Once the MAMIC patch is built, it can be saved using the [opensave] 

abstraction. The MAMIC state-saving algorithm also includes help materials to 

enable in-the-wild practitioners and students use the system correctly. The MAMIC 

state-saving helpsheet includes information about the basic operation of the MAMIC 

[opensave] abstraction and takes the form of a step-by-step guide that covers both 

the saving and loading of MAMIC patches. Using the help materials with the 

[opensave] abstraction, state-saving can be achieved by both in-the-wild 

practitioners and students alike in situ. Fig.23 outlines the MAMIC state-saving 

system.  

 
Figure 23 – The workings of the MAMIC state-saving algorithm.  
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This MAMIC iteration also includes resources for lesson planning by providing 

student DI worksheets. These worksheets adopt a step-by-step guide of 

behaviouristic operations through differentiation by task difficulty levels (Petty, 2009, 

p.587). As a result, it can be said that the focus on DI has shifted from differentiated 

abstraction levels to student worksheet differentiated tasks. These student 

worksheet differentiated tasks include the MML modes of pictures and text as well as 

behaviouristic step-by-step guide instructions. These modes cater to both visual and 

auditory learning. These DI worksheets aim to enable students to build algorithms 

using the MAMIC abstractions, thus adopting a kinaesthetic approach to learning 

through a behaviouristic illustrated written instruction set. Since each DI worksheet 

outlines a project goal and uses the MAMIC library as the main learning dimension 

tool, it can be said that these DI worksheets promote a constructionism approach to 

learning (Papert, 1980; Rob and Rob, 2018). 

 

The level one task invites students to build audio sample-based drum kits using the 

MAMIC abstractions [compk] and [xboxpad]. The level two task invites students to 

play a major scale with a computer keyboard, webcam or an Xbox controller using 

sequence numbers. The playing of this major scale melody is focused on MAMIC 

abstractions that are based around the external human performance input layer of 

the MAMIC library topology model. The level three task is centred around students 

being able to program melodies using the [conductor], [majorscale] and [voicesout] 

abstractions. Extension tasks for this level involve the adding of [makechord] 

abstractions to the programmed melodies. Students are also invited to add the 

[compk] and [xboxpad] abstractions to their work so that they can perform with their 

compositional algorithms. 

 

4.5 MAMIC Iteration Three 
 

The third iteration of the MAMIC system has seen the most significant changes to 

the MAMIC library abstractions. These include: 

 

● The incorporation of KS One and some KS Two NC statutory requirements for 

music, maths and computing into new MAMIC abstractions. 
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● A revision of the MAMIC library topology model which includes the KS 

incorporation layer as well as visual output – MAMIC score and MAMIC 

shape. 

● The creation of new NC-focused worksheets and the highlighting of possible 

symmetric correlations between music, maths and computing. 

 

For this iteration, student NC-focused worksheets have been created as well as the 

incorporation of brand-new MAMIC abstractions. These abstractions are designed to 

respond precisely to the requirements laid out by the NC statutory requirements for 

music, maths and computing at KS One and KS Two where possible.  

 

To incorporate the multidiscipline KS NC statutory requirements into abstraction 

design, the mapping of the NC statutory requirements was first undertaken. This 

involved reviewing the statutory requirements for all three subjects. As noted from 

chapter one, a greater emphasis has been placed on creating many statutory 

requirements for maths when compared to music or even computing (DFE, 2013c). 

As a result, the decision was taken to make maths the focal point with regards to any 

newly-created MAMIC abstractions. To aid the mapping process, mapping 

documents were devised. These documents displayed the NC statutory 

requirements for each subject along with a MAMIC evidence column. The MAMIC 

evidence column contained notes that outlined how the MAMIC library met each NC 

statutory requirement. These notes mostly outlined abstraction functionalities as well 

as information that specified any upgrades that had taken place on previous MAMIC 

abstractions. Regarding maths specifically, it was noted that the KS One NC 

statutory requirements offered a simpler transition to the MAMIC library when 

compared to KS Two. As a result, not all KS Two requirements were completed. The 

mapping documents are shown in (Appendix B). When reviewing the mapping 

documents, a combination of past MAMIC abstraction features, newly created 

abstractions, worksheet incorporation and parts of the wider MAMIC USB system all 

contribute to the amalgamation of the NC statutory requirements for music, maths 

and computing. As a result, fundamental new abstractions and library changes will 

now be discussed in conjunction with changes to the MAMIC library topology model.  
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Regarding the MAMIC abstractions specifically, the abstractions are now split into 

two categories: general abstractions and KS-specific abstractions. General 

abstractions are abstractions that have largely remained unchanged throughout the 

three iterations of the MAMIC library. Examples of these abstractions mainly occupy 

the external human performance input layer and include examples such as 

[xboxpad], [webcam] and [compk]. Other abstractions fall into the KS-specific 

abstraction category and are thus designed predominantly for KS One incorporation. 

These abstractions have the number one included at the end of their abstraction 

names and are mostly contained in the new KS incorporation layer of the MAMIC 

library topology model. Examples of such KS-specific abstractions include [days1], 

[shapes1] and [sum1]. These abstractions still use the sequence number 

syntegration concept to trigger their functionalities. Such abstraction functionalities 

include the incorporation of mathematical operations as specified by the maths NC 

statutory requirements. It is intended for students to interact with these mathematical 

operations to send further sequence numbers to the music creation layer of the 

MAMIC library topology model.  

 

A visual output layer has been added to the MAMIC library topology model to satisfy 

further music and maths NC statutory requirement statements as bullet-pointed 

below (DFE, 2013a; DFE, 2013c).  

 

● use and understand staff and other musical notations. 

  

● pupils should be taught to: recognise and name common 2D and 3D shapes, 

including: 2D shapes [for example, rectangles (including squares), circles and 

triangles] 3D shapes [for example, cuboids (including cubes), pyramids and 

spheres]. 

 

The visual output layer of the MAMIC library topology model uses the Pure Data 

Graphics Environment for Multimedia (GEM) library to display visuals. GEM is a 

graphical rendering engine for a variety of Pure Data IDEs and uses the versatile 

Open Graphics Library (OpenGL) to create 2D and 3D vector graphics (Zmölnig, 

2004). The visual output layer of the MAMIC library topology model incorporates two 

visual aspects: a live musical stave (MAMIC score) and a live shape display (MAMIC 
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shape). MAMIC score uses a GEM window to display a grand stave (both treble and 

bass clefs) and depicts note pitch placement. It is used to fulfil the “use and 

understand staff and other musical notations” statutory requirement that is stated in 

the KS Two music NC (DFE, 2013a, p.2). MAMIC score is integrated into all 

abstractions that exist in the music creation layer. Previous abstractions such as 

[majorscale], [makechord] and [majorchords] now incorporate the MAMIC score to 

display their pitch information. The MAMIC score can span five octaves and display 

accidentals. It can also display a six-note polyphony. Since MAMIC score is 

integrated throughout all abstractions located in the music creation layer, all pitch 

information can be displayed on the MAMIC score simultaneously from multiple 

abstractions. Each abstraction now has a score toggle button added to its GUI. Here 

students can switch the MAMIC score window on or off. Students also have the 

option of five note positions on the MAMIC score. This way, students can choose 

where the notation for each abstraction should be placed on the stave. This option is 

enabled by clicking the note toggle switch as required to cycle the note through its 

five positions. Fig.24 demonstrates the MAMIC score displaying a single note 

melody in the C major scale via the [majorscale] abstraction. A C major triad chord 

from a [makechord] abstraction is also displayed simultaneously.  

          
Figure 24 – The MAMIC score displaying note information from both the [majorscale] 

and [makechord] abstractions. 

The maths NC statutory requirement for KS One requires students to be able to 

name and recognise six shapes which include squares, rectangles, triangles, 

spheres, pyramids and cubes (DFE, 2013c). To adequately address this statutory 

requirement, as well as to address the requirements in the music NC for students to 

use additional notations other than the western standard notation system, the 

MAMIC library includes the [shapes1] abstraction (DFE, 2013a). When [shapes1] is 
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loaded, the MAMIC shape system is started. MAMIC shape operates through the 

same GEM window as MAMIC score, thus enabling students to overlay multiple 

graphical principles simultaneously if required. The [shapes1] abstraction allows the 

six shapes of square, rectangle, triangle, sphere, pyramid and cube to be displayed 

in the GEM window. Each shape is given a sequence number as an integer variable, 

which is assigned by the student. When the [shapes1] abstraction receives a 

sequence number that matches the sequence number assigned to a shape, that 

shape will then be displayed in the GEM window. Fig.25 depicts an example 

whereby the [conductor] abstraction is sending sequence numbers one to six in a 

continuous loop to the [shapes1] and [majorscale] abstractions simultaneously. This 

results in the [majorscale] abstraction playing a major scale melody using scale 

degree pitches one to six. Meanwhile, the [shapes1] abstraction has been 

programmed to receive the same sequence numbers, meaning that these sequence 

numbers have also been assigned to shapes creating a graphic score scenario. This 

example also highlights how the sequence number syntegration concept has 

extended the reach of music’s interdisciplinary qualities into both the music and 

maths NC statutory requirements at KS One through symmetric correlations created 

by the MAMIC library.  

 
Figure 25 – An algorithm that includes MAMIC shape acting as a graphic score for a 

major scale melody.  

After discussing both the inclusion of the new KS incorporation and visual output 

layers, the MAMIC library topology model has been modified accordingly. For 

iteration three, the KS incorporation layer now comprises the KS-specific 
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abstractions which can be triggered via the abstractions contained in both the 

external human performance input and the internal sequencing input layers. All 

abstractions contained in the music creation layer can send MIDI pitch information to 

MAMIC score and be displayed in western standard notation. Any abstraction from 

the layers of external human performance input, internal sequencing input, KS 

incorporation and music creation can send a sequencer number to MAMIC shape to 

create graphic score alternatives. These sequence numbers are the heart of the 

system or, in Yakman’s (2008, p.347) words, “the primal language” and thus inform 

the design of the MAMIC visual programming library. In this iteration of the MAMIC 

topology model, the syntegration concept the sequence number is defined in two 

forms – a command variable and a music variable. This is to ensure that the 

sequence number is explored using the different facets of music, maths and 

computing (Russell-Bowie, 2009, p.8). Additionally, when seeking a syntegration 

concept like the sequence number, Russell-Bowie (2009, p.8) recommends that: 

 

Teachers should ensure that the outcomes are authentic and have 

integrity within each relevant subject They should ensure that artificial 

relationships are not created between the subjects or art forms, and that 

the discrete knowledge, skills and understandings of each subject are not 

blurred for the sake of the theme. Rather, a theme or concept should be 

explored using the many facets of different subjects in order to achieve a 

deeper, more holistic understanding of the theme or concept. 

 

Regarding the sequence number syntegration concept, music variables are integers 

that control direct musical processes like scale degrees, musical pitches or chord 

voicings. Command variables are integers that allow other MAMIC abstractions to be 

triggered in isolation or in sequence, appropriate to the MAMIC patch in question. 

Fig.26 shows the new visual output and KS incorporation layers and demonstrates 

where the syntegration concept the sequence number is placed in the model 

concerning its new command and music variable roles.  
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Figure 26 – MAMIC library topology model iteration three. 

Since the last iteration, the DI worksheet resources have been upgraded to include 

NC statutory requirements for the three subjects of music, maths and computing for 

KS One and some of KS Two. These new worksheet designs are called the NC-

focused worksheets. Each NC-focused worksheet concentrates on a specific 

grouping of NC statutory requirements from all three subjects and includes a 

behaviouristic grading table at the end of each worksheet that outlines each of the 

NC statutory requirements covered. It is expected that the practitioner will indicate if 

each student has completed each NC statutory requirement by ticking the provided 

boxes in the grading table as appropriate. Fig.27 depicts an overview of the NC-

focused worksheet design: 

 
Figure 27 – An outline of the MAMIC NC-focused worksheet design structure.  

The NC-focused worksheets are split into student tasks, one main task per 

worksheet. Each NC-focused worksheet still offers a DI approach, since each task 

offers slightly more complexity than the last, thus adopting a tiered differentiated 
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approach to task design (Petty, 2009, p.587). Each NC-focused worksheet also 

includes an extension task which allows students to build a patch from scratch. 

However, the critical difference in worksheet design from the DI worksheets involves 

the inclusion of premade algorithms. Each premade algorithm corresponds to each 

NC-focused worksheet and is included within the MAMIC library. As a result, each 

NC-focused worksheet algorithm can be opened using the [opensave] abstraction. 

The intention is for the student to load the specific algorithm associated with an NC-

focused worksheet and then work through the worksheet tasks as required. 

Examples of the NC-focused worksheet algorithms are shown in Fig.28. 

 

 

  

Figure 28 – Examples of the NC-focused worksheet algorithms used in case studies 

three and four.  

The main NC-focused worksheet task contains a list of questions that are based on 

the associated NC-focused worksheet’s premade algorithm and NC statutory 

requirements from all three subjects. The NC statutory requirement-based questions 

adopt a behaviourist approach regarding pedagogical design and as such, 

appropriate student responses to this interdisciplinary approach are required 

(Armitage et al., 2003, p.74; Wray, 2014, p.72). The NC statutory requirement-based 
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questions also provide opportunities for symmetric correlations to take place through 

the NC statutory requirements of all three subjects and the various functionalities of 

the MAMIC library abstractions. As a result, through the NC statutory requirement-

based questions found in the NC-focused worksheets (Appendix, B.3), the sequence 

number is used as the syntegration concept. 

 

When a student has interacted with the NC-focused worksheet’s associated 

algorithm and answered the questions, the extension task can then be undertaken. 

The extension task is both visual and kinaesthetic in nature and allows students to 

build the algorithm, on which they have just been answering questions. This, in turn, 

promotes a cognitivist approach to learning, thus allowing students to build their own 

schematic structures concerning visual programming techniques (Wray 2014, p.74). 

However, when working in student groups, the social-constructivist and 

constructionist learning theories are also promoted since each worksheet 

encompasses many of the learning dimensions outlined for both learning theories 

(Rob and Rob, 2018, pp.276-277). Finally, a list of behaviouristic step-by-step 

instructions with images is given to aid the extension task, thus aiding the visual as 

well as kinaesthetic MML modes for students as required. 

 

To better illustrate the interdisciplinary qualities of the NC-focused worksheets, 

Fig.29 gives two NC-focused worksheet examples. This figure shows the symmetric 

correlations between the NC statutory requirements from all three subject areas and 

where these relate to a specific MAMIC NC-focused worksheet algorithm. The black 

lines show the symmetric correlations between all three subject areas. These black 

lines can be seen as the possible routes the symmetric correlations can take. The 

red lines depict where in specific MAMIC abstractions these symmetric correlations 

occur.  
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Figure 29 – Two examples of the thematic-based interdisciplinary approach used in 

the MAMIC library. 

It can be seen from Fig.29 that through the NC-focused worksheets and the MAMIC 

library, music’s interdisciplinary qualities have been exposed to a greater extent in a 

visual programming context, especially when compared to work outlined in previous 

chapters. This has been achieved through various iterative MAMIC abstraction 

designs. These MAMIC abstraction designs have extended the reach of the 

sequence number as the primal language syntegration concept within the MAMIC 
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library and identified symmetric correlations across the NC statutory requirements. 

These symmetric correlations are measurable since they attribute to specific NC 

statutory requirement statements from all three subject areas. As a result, in this 

visual programming context, music’s symmetric correlations now traverse 

measurable NC statutory requirement statements from all three subjects. It can also 

be argued that music as an interdisciplinary vehicle has the potential to transport and 

focus music’s interdisciplinary qualities in relation to both maths and computing. This 

can be achieved using both the symmetric correlations and the performance and 

compositional qualities contained within the MAMIC abstractions. Moreover, these 

interdisciplinary vehicle principles can also be found in the lesson planning ideas that 

mainly centre around the NC-focused worksheets. However, since there are 

indications that the differentiation abstraction levels have limited use in-the-wild, the 

ability to purposefully refocus music’s interdisciplinary qualities by practitioners or 

students may be restricted in situ. 

 

4.6 Chapter Summary 
 

Many changes have occurred through the three MAMIC iterations. These changes 

have been undertaken to further allow in-the-wild practitioners and their students to 

interact with the MAMIC USB system. This USB system is designed to work in-the-

wild on any USB-booting computer, and as such, harbours additional features to 

better enable a positive experience for in-the-wild practitioners. As a result, it can be 

argued that throughout the MAMIC iterations, a greater move to system autonomy 

has been observed. This system autonomy has been achieved through a variety of 

means including changes to the automatic loading of software routines (JACK), the 

minimising of differentiated abstraction levels, changes to the MAMIC library 

topology model, as well as the development of the MAMIC manual and worksheet 

resources. Specifically, the MAMIC library topology model has seen an 

amalgamation of layers through the reduction of MAMIC abstractions (to better 

conform to Neilsen’s scenario stage in the DUE model), as well as the greater 

incorporation of CPU demand reduction algorithms in MAMIC abstractions (Kane, 

2003).  
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The MAMIC USB system further promotes music’s interdisciplinary qualities by using 

the NC statutory requirements for music, maths and computing in a thematic-based 

approach to interdisciplinary curricular connections. MAMIC abstractions embody the 

NC statutory requirements of the three subjects through the use of the mapping 

documents in iteration three. Using these mapping documents, newly created 

MAMIC abstractions have now been produced, and in response, the KS 

incorporation layer has now been formulated in the MAMIC library topology model. 

Further incorporation of the NC syllabus includes the creation of the MAMIC shape 

and MAMIC score systems, which further allow the interaction and interdisciplinary 

inclusion of the NC statutory requirements of music and maths specifically. In turn, 

the creation of both the MAMIC shape and score systems have created the new 

visual output layer of the MAMIC library topology model. The MAMIC shape and 

score systems have also used the syntegration concept the sequence number as the 

primal language mechanism to extend music’s interdisciplinary qualities further into 

the NC statutory requirements of both maths and computing. As well as the 

sequencer number syntegration concept, symmetric correlations have been 

established across the NC statutory requirements for music, maths and computing 

using the MAMIC abstractions. In this visual programming context, these symmetric 

correlations now traverse the MAMIC library and the NC statutory requirements of 

music, maths and computing at KS One.  

 

To further aid the interdisciplinary nature of the MAMIC system as well as 

encouraging system autonomy for in-the-wild practitioners, worksheets and step-by-

step operation guides have been included with each iteration of the MAMIC USB 

system. The student DI worksheets started out adopting largely kinaesthetic 

principles, thus promoting student participation with the MAMIC library itself through 

differentiated task design. However, as important as this is, further behavioural and 

constructionist principles have been added to enable greater diversity for DI 

concerning MML modes as well as task design. The NC-focused worksheets contain 

tasks that encompass multiple symmetric correlations and thus enable in-the-wild 

practitioners to assess students against specific NC statutory requirements from all 

three subjects of music, maths and computing. This can be achieved by using the 

syntegration concept – the sequence number in both its music and command 

variable forms. These NC-focused worksheet assessments can be performed in 
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either a summative or formative manner. In conjunction with the creation of the 

current student NC-focused worksheets, the incorporation of the MAMIC state-

saving algorithm enables students to save their MAMIC patches with all abstraction 

preset parameters intact. In respect of these raised points, it can be argued that the 

current MAMIC USB system found in iteration three encompasses a myriad of 

original qualities for NC interdisciplinary delivery in situ. These qualities (both 

software and resource-based) allow an in-the-wild practitioner to potentially unlock 

the interdisciplinary qualities of music to teach both mathematical and computing 

concepts in a visual programming environment. As a result, through iterative MAMIC 

abstraction design, MAMIC library topology model layer iterations as well as the 

incorporation of the NC-focused worksheets, a new measurable thematic-based 

approach has been realised that takes advantage of music’s interdisciplinary 

qualities within the NC. In this visual programming context, ways for in-the-wild 

practitioners and students to purposefully refocus music’s interdisciplinary qualities 

have also been outlined. As a result, music’s potential as an interdisciplinary vehicle 

to be manipulated in-the-wild is becoming more apparent. 
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Chapter Five – The MAMIC Project – Case Studies and 
Results  
5.1 Chapter Overview 
 

By use of the MAMIC USB system and library outlined in chapter four, it can be said 

that the potential for music to be used as an interdisciplinary vehicle has been 

developed from previous work outlined by Sloboda (2001) and Thaler and Zorn 

(2009). This has been achieved by extending music’s interdisciplinary qualities by 

identifying symmetric correlations that can traverse across the NC statutory 

requirements of music, maths and computing within the MAMIC library. The MAMIC 

USB system contains the MAMIC library topology model which uses the sequence 

number syntegration concept as a primal language. This primal language synergises 

the NC statutory requirements for music, maths and computing in a visual 

programming context. It is at this point in the thesis where the testing of the MAMIC 

USB system and library now takes place.  

 

The first part of this chapter is concerned with outlining the four case studies that 

have been undertaken. Background information and study design uniqueness are 

firstly unpacked for each case study. A results section for each case study is then 

presented which outlines the results from all relevant data-gathering methods. 

 

The second part of this chapter discusses these results. It is within this section that 

the final presentation of the MAMIC library topology model initially mentioned in 

chapter four (MAMIC Iteration Three) is presented as a possible solution to RQ1. 

This discussion section also focuses on the in-the-wild practitioners that have 

delivered the project in its entirety. It is here that two final thematic maps are 

presented. These maps demonstrate the found similarities within the data resulting 

from all four case studies. The codes, sub-themes and themes for these maps have 

been generated from the practitioner online diaries, heuristic evaluations, student 

MAMIC patches and video evidence gathered by the in-the-wild practitioners. The 

themes for both thematic maps are allocated to the research questions as outlined in 

the Introduction section of this thesis. Within the thematic maps, each research 

question theme is colour coded, and as such, the themes are coloured accordingly. 



 158 

Finally, the results from the thematic maps and the previous MAMIC iterations 

enable the presentation of the MAMIC interdisciplinary model. Aspects of sections 

5.2 and 5.3 (i.e., pre-case study expert laboratory-based review and in-the-wild – 

case study one) are also provisionally outlined in Payne and Dalgleish (2019).  

 

5.2 Pre-Case Study Expert Laboratory-Based Review 
 

Adopting a DBR approach, the testing of the MAMIC USB system has been multi-

staged and iterative. Before any in-the-wild study was undertaken, a laboratory 

expert review of the MAMIC library took place. The expert reviewers consisted of 

music technology postgraduate students all with two or more years of experience 

with music programming language-related study and research activities. These 

attributes suggest that the students were well placed to suggest improvements and 

help develop strategies. The expert review involved the testing of abstraction 

programming functionalities and their CPU demand reduction algorithms. After two 

cycles of this test-and-improve process, the project was housed onto USB sticks with 

the Ubuntu Studio 16.04 LTS operating system and tested on a variety of systems. 

This process was undertaken to enable the deployment of the MAMIC library on a 

variety of computer systems in situ. After the successful completion of USB-booting 

tests, the project then moved out of the laboratory and into the wild. 

 

The second stage of testing then encompassed four in-the-wild case studies which 

are outlined in detail in the remainder of this chapter. Each case study was hosted at 

a different primary school. These schools have already been outlined in chapter 

three. The MAMIC USB system was then developed and tested, with case study one 

housing MAMIC iteration one. This iteration was tested and improved as per case 

study one’s results. Case study two housed MAMIC iteration two. Improvements 

were also needed for this iteration and, as a result, case studies three and four 

housed the final MAMIC iteration three. The initial planning of case study content 

mainly involved a gradual move from experimental discovery to a greater prescriptive 

integrated interdisciplinary approach. This was achieved through the use of specific 

NC statutory requirements from all the three subjects of music, maths and 

computing. The case studies and their respective MAMIC iteration developments are 

shown in Fig.30. 
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Figure 30 – The four MAMIC project case studies and their developments per 

iteration. 

 
5.3 In-The-Wild – Case Study One 
 
5.3.1 Background 
 

Case study one was located at School A in the Warwickshire LEA. The study was 

carried out over ten weeks and housed and tested MAMIC iteration one. School A is 

an academy school placed in , which is a Multi-

Academy Trust (MAT). Within the MAT, School A is one of four primary schools and 

currently ranks in second place for the percentage of students meeting the expected 

standard for reading, writing and maths at seventy-four per cent. School A has 190 
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students on roll across all KS levels. Data regarding the school’s current operating 

background is also reported in Table 9. 

 
Table 9 – School A’s data measurements compared to national averages in the 

primary school sector. 

 
Figure 31 – School A, located in the Warwickshire LEA. 

Regarding maths scores specifically, the DFE supplies an additional data set that 

determines the scores for KS Two maths tests. This data set is known as a scale 

score and is an average performance measure. The expected standard is for a 

school to gain one hundred points a year or more. Fig.32 takes a three-year average 



 161 

for these KS Two maths tests and compares them against the local authority-

maintained schools in the LEA as well as the national state-funded schools in 

England. This three-year average measure takes into consideration small 

fluctuations in yearly performance as well as class cohort sizes and general school 

population changes. From Fig.32, it can be seen that School A has achieved a plus 

four-point average in maths test scores at KS Two for the past three years. This is in 

line with the other LEA schools and the national average in England. 

 
Figure 32 – School A’s three-yearly averaged scale score for KS Two maths tests, 

measured against the appropriate LEA and national averages in England. 

 
5.3.2 Study Design 
 

Two student teacher practitioners delivered this study. Student teachers were 

chosen to better understand if non-qualified teachers could deliver the MAMIC 

project. The student teachers both held music degrees, one music composition-led 

(practitioner A) and the other production-led (practitioner B). Both student teachers 

had just started the first year of their respective Postgraduate Certificate in Education 

(PGCE) teacher training programmes. At the beginning of this study, neither 

practitioner had previous experience with either visual or textual programming, nor 

had they studied maths or computing beyond the age of sixteen. Neither practitioner 

had experience teaching primary school-age children either. As previously outlined in 

chapter three, as part of the case study design, both practitioners undertook their 

ninety-minute MAMIC training session with the MAMIC author. The practitioners then 

used the MAMIC materials to plan and deliver five two-hour sessions to a class of 

ten Year 5 children (nine to ten years old) for seven weeks. Since the practitioners 

had never taught primary school children before, the school deemed it appropriate 

that a Year 5 class would provide a balance of maturity and curiosity. The sessions 
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were planned to take place on the same day fortnightly. This enabled any iterative 

feedback loops to take place between the practitioners and the MAMIC author. 

Within the Year 5 group, participants were chosen at random and were of mixed 

ability and from diverse backgrounds. The practitioners adopted a student rotation 

system so that each child could contribute to peers’ work as appropriate.  

 

Since a fundamental in-the-wild feature of these case studies includes the exclusion 

of specialist equipment, the MAMIC system was run on the standard equipment 

provided by the school. For this case study, the MAMIC project was run on sixteen 

Stone PC Laptops. These machines ranged in age and specifications. Some laptops 

included USB 3.0 ports while others only featured USB 2.0 ports. For this case 

study, the MAMIC sessions took place in a classroom environment in situ and 

focused on the simplified DUE scenario of MAMIC iteration one, as outlined in 

chapter four. 

 

In keeping with the URUT data collection methods outlined in chapter three, four 

methods were adopted in a mixed-methods approach. These methods included 

video/audio capture, qualitative diary entry data, quantitative heuristic evaluation 

scorings and student patch capture. These methods of data capture proved suitable 

and enabled the practitioners to interact with the students and their environment in 

the most natural way possible. As an overarching theme, this MAMIC project was 

then left in situ, to be managed by the practitioners and the school. This approach 

was adopted to ensure that the practitioners, students and the wider school could 

react, change and integrate MAMIC into their environment appropriately (Crabtree et 

al., 2013, p.1). To formulate the results of this case study, thematic analysis was 

performed on the practitioner diary entries (Appendix D) and heuristic evaluations 

(Appendix C.1). This was achieved by reviewing the entries and assigning research 

question-related codes. The research question codes were also colour coded so 

they could be easily identified against their corresponding research question. Video 

capture also took a thematic approach. As a result, the research questions were 

used as the areas of investigation concerning the video footage. When appropriate 

evidence was found in the footage, the evidence timings were stored and highlighted 

in the appendix against each video file (Appendix E). Regarding student patches, 

evidence surrounding the research questions was also sought. Moreover, algorithmic 



 163 

connections that the students formed were also observed to see if evidence of 

computing NC statutory requirements and use of the syntegration concept the 

sequence number could be found. All these approaches were adopted through all 

case studies regarding their methods of data capture.    

 

5.3.3 Results 
 

From the outset of the project, sessions were open-ended, with both the practitioners 

and students devising and subsequently exploring personal interests and goals. 

Some sessions involved both practitioners working with a single class and other 

sessions involved each practitioner working with the class individually. Moreover, for 

this first case study, three screen capture videos were recorded. These videos show 

that, within the first few sessions, students had comprehended how to set up and 

interconnect abstractions to achieve basic functionality. Some of these functionalities 

included the application of applying audio samples to MIDI keyboards (Appendix E, 

Video 1, 1.34 to 5.12). Students managed to independently configure MIDI 

keyboards by correctly connecting the [midikeyboard] and [soundsout] abstractions. 

Students were also seen to change sounds in the [soundsout] abstraction and hit 

keys on the MIDI keyboard in a stochastic manner to make sounds (Appendix E, 

Video 3, 1.19 to 10.33). Students were also seen to add additional audio files to the 

[webcam] abstraction and interact with the sounds by moving their arms around 

(Appendix E, Video 1, 5.33 to 6.40). However, when students could not get the 

MAMIC library or its abstractions to respond as required, both students and in-the-

wild practitioners had to fault find in class (Appendix E, Video 2, 1.15 to 9.44; 

Appendix E, Video 3, 1.35 to 9.50). Video capture also highlighted audio 

configuration issues with the Ubuntu Studio operating system and its JACK audio 

server configuration. 
 

As highlighted above, students started building their own MAMIC patches by 

connecting abstractions together. Projects included the connection of multiple 

external human performance input devices such as the connection of both an Xbox 

controller using [xboxpad] and a MIDI keyboard [midikeyboard]. Using Patch 1 as an 

example in Payne (2022), the [midikeyboard] abstraction was correctly configured to 

play both audio files as well as MIDI pitches and was thus correctly connected to 



 164 

both the [voicesout] and [soundsout] abstractions. In this same example, the 

[xboxpad] abstraction was also connected to the same [soundsout] abstraction, thus 

allowing multiple usages of audio file playback from the MIDI keyboard and Xbox 

controller devices simultaneously. In Patch 2, students also interacted with the 

internal sequencing input aspects of the MAMIC library topology model by correctly 

connecting the [conductor] abstraction to the [makechord] and [voicesout] 

abstractions. This correctly formed algorithm enabled students to use the MAMIC 

sequence number syntegration concept to trigger a diatonic chord within a major 

scale at various time intervals (Payne, 2022). 

 

The diary entries note that by the end of the first two sessions, the students 

demonstrated confidence in MAMIC interactions and that their learning evolved 

through the rotation process (Appendix D.1, 21/02/17; Appendix D.1, 28/02/17). 

From the third diary entry onwards, students started to connect and explore the use 

of dual hardware controllers such as MIDI keyboards and Xbox controllers (Appendix 

D.1, 21/03/17). As a result, the students started to create patches where multiple 

hardware controllers were interlinked (Payne, 2022). Additionally, students 

developed more individualised patches and there was also evidence of peer-to-peer 

help with additional problem-solving activities (Appendix D.1, 21/03/17).  At this 

stage, it was noted that interventions by the practitioners involved finer details of 

implementation rather than larger problem-solving activities or basic MAMIC 

operational concepts. Implementation details included a reminder of the keyboard 

shortcut to switch between edit and performance modes, how to swap the Xbox 

controller abstraction between its sampler and sequencer modes, as well as finding 

out the COM port address13 allocations for multiple gaming controllers (Appendix 

D.1, 21/03/17). 

 

Overall, through practitioner diary entries and heuristic evaluations, the practitioners 

stated that they were pleased with student progress and that the system was 

straightforward (Appendix C.1; Appendix D.1, 21/02/17; Appendix D.1, 28/02/17; 

Appendix D.1, 21/03/17). However, very few details were given of their own 

experiences as practitioners with regards to their learning and autonomous use of 

 
13 In this context, COM port addressing involved telling Pure Data which USB ports to use when transferring data from multiple 
gaming controllers. 
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the MAMIC USB system. More about MAMIC USB system usability is revealed in the 

heuristic evaluation forms completed by both practitioners. The results are presented 

in Fig.33. 

 
Figure 33 – Results from the practitioner heuristic evaluations.  

Both practitioners had largely positive experiences with the MAMIC USB system. 

Practitioner B rated most aspects of the system somewhat higher than practitioner A 

by giving the MAMIC USB system an overall heuristic score of forty-seven (when 

compared to practitioner A’s score of forty-one). Regarding the heuristic strands of 

match between the system and the real world and recognition rather than recall, both 

practitioners scored five out of five for both strands. These results suggest that the 

MAMIC abstractions were well-named and were represented well with images 

(Appendix C.1). The comments that triangulate with these high scores considered 

the names of the abstractions and their GUI images as representing the desired 

functions for the intended users. Comments included “very easy to use object names 

with clear images” and “parts that make the software are clearly labelled and there 

are graphics that represent what that part of the software does/is” (Appendix C.1). 

Other positive aspects included the ease with which students were able to 

understand the flow of data from one abstraction to the next. The practitioners noted 

that “students needed little guidance once they were shown the basics to create and 

link patches” (Appendix C.1). Heuristics concerning both the error prevention and the 
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help users recognise, diagnose and recover from errors categories suggested that in 

terms of areas for improvement, practitioner A identified more issues than 

practitioner B. Both the practitioners scored error prevention four out of five. 

However, for the help users recognise, diagnose and recover from errors strand, 

practitioner B scored this category five out of five while practitioner A gave a score of 

two out of five. With regards to preventing errors, practitioner A noted that the 

easiest option for some system errors “was to close the MAMIC system and reload 

it” (Appendix C.1). The implications of system rebooting were highlighted as time-

wasting. Some errors, especially operating system errors, did not produce any error 

reports or any other useful output. For this case study, operating system errors 

centred around the manual loading of the JACK audio server (Appendix C.1). For 

MAMIC iteration one, practitioners had to manually load the JACK audio server 

before starting the MAMIC library in Pd-2LOrk. When asking the practitioners directly 

about the JACK loading issues, both practitioners reported that JACK would 

sometimes not start due to a sound card conflict with the default Ubuntu Studio 

operating system’s audio server – PulseAudio (Appendix C.1). 

 

The aesthetic and minimalist design heuristic revealed that the practitioners found 

the construction and presentation of the MAMIC abstractions were largely successful 

in hiding their inner complexities from students. However, some students did 

manage to reveal the abstraction inner subpatching code by mistake. This caused 

confusion and led to errors being made (Appendix C.1).  

 

Regarding both user control and freedom and flexibility and ease of use, both 

practitioners stated that the MAMIC library enabled many creative possibilities to 

take place. However, they also stated that they would need additional training to 

access these possibilities. This was especially encapsulated by the production 

graduate, who stated that “there seems to be loads of possibilities when using 

MAMIC objects, since they interact with the outside world. I would need more 

training to be able to access these possibilities though” (Appendix C.1). 

 

With regards to the help and documentation heuristic, both practitioners scored this 

aspect five out of five and commented on the helpfulness of the provided MAMIC 

resources, especially the resources provided on the USB stick. Practitioner A stated 
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that “there are copies of detailed manuals, these state what each object does and 

how it corresponds with the other. Very well explained and easy to understand.” 

Practitioner B stated that “the builder of the software supplies the user handbook that 

is very clear and easy to follow. There is a step-by-step tutorial to build a simple 

patch and then the users can build from that” (Appendix C.1).  

 

As stated in chapter three, at the end of the MAMIC project, both practitioners 

completed the MAMIC performance criteria-based questionnaire. Analysis of the 

graded responses from both practitioners suggest that each practitioner managed to 

achieve the first stage on Ericsson’s three levels of performance model – everyday 

skills. Through the completion of the MAMIC performance criteria-based 

questionnaire, this level of achievement related to their running and teaching of this 

MAMIC project case study. In fact, practitioner A demonstrated greater in-depth 

knowledge of the MAMIC USB system by attaining a score of nine and thus 

achieving the understanding level of Bloom’s taxonomy. Practitioner B scored a total 

of four marks and managed to achieve the everyday skills status albeit at the 

remembering level of Bloom’s taxonomy (Appendix C.2). It was noted that 

practitioner A had completed a higher number of sessions than practitioner B and 

thus had achieved a greater amount of DP in situ too.  

 

5.4 In-The-Wild – Case Study Two 
 
5.4.1 Background 
 

Case study two was undertaken at School B in the Coventry LEA. At this school, the 

MAMIC project was carried out over a five-week period and embraced and tested the 

new features of MAMIC iteration two. School B is also an academy school and sits in 

the  MAT. Out of the seven primary schools in the MAT, 

School B is currently ranked fourth with seventy-two per cent of its students meeting 

the expected standard in reading, writing and maths. School B is an average-sized 

primary school with 413 students on roll. Some data regarding the school’s current 

operating background is also reported in Table 10. 
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Table 10 – School B’s current operating data measurements compared to national 

averages in the primary school sector. 

 
Figure 34 – School B, located in the Coventry LEA. 

From the data in Fig.35, it can be seen that School B has achieved a plus three point 

average in maths test scores at KS Two for the past three years. This is in line with 

the other LEA schools but one point below the national average in England. 
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Figure 35 – School B’s three-yearly averaged scale score for KS Two maths tests, 

measured against the appropriate LEA and national averages in England. 

 
5.4.2 Study Design 
 

The second study was undertaken by one student teacher (practitioner C) and a 

qualified teacher (practitioner D). Both participants had academic backgrounds in 

ICT. Practitioner D had some experience in delivering visual programming sessions 

to Year 6 students using the Scratch visual programming language. Practitioner C, 

however, had no previous experience of visual programming tuition. Both 

practitioners were given the MAMIC resources, including the MAMIC manual and 

additional worksheets and helpsheets that had been designed while undertaking the 

first study. These practitioners were given new video tutorials which demonstrated 

how to connect MAMIC abstractions together to create synthesised sounds and play 

audio files. As described in chapter three, both practitioners undertook the ninety-

minute training session with the MAMIC author and took home two MAMIC USB 

sticks so they could practise in their own time. As with the first case study, the 

practitioners were then left to best integrate the MAMIC USB system into their 

environment. Sessions were delivered in the school’s ICT suite for five weeks on an 

ad hoc basis. The sessions consisted of two groups – one group was made up of a 

combination of Year 4 and Year 5 students while the other group contained Year 6 

students only. The year group sessions rotated each week. The MAMIC USB sticks 

were loaded onto sixteen uniform Stone brand desktop computers through their USB 

2.0 ports.  
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As with the previous study, students were chosen at random and thus a variety of 

students had exposure to the sessions. Sessions for case study two focused on 

discovery learning principles as the practitioners thought that was the best approach 

initially. However, a more structured plan was agreed for later sessions to better 

encompass NC statutory requirements where possible. This structured approach 

was twofold. Firstly, the practitioners were both asked to interact with the new 

features of the improved MAMIC USB system itself – MAMIC iteration two. Such 

features included the new MAMIC state-saving algorithm which allowed students to 

save their work with all patch settings intact. The practitioners were also then given 

the DI worksheets for students to complete. These worksheets incorporated DI by 

offering differentiated levels of task difficulty (Petty, 2009). It was deemed important 

to ascertain whether differentiated task difficulties could be better executed by the 

practitioners (and students) than opposed to the MAMIC differentiated abstraction 

levels in MAMIC iteration one. The differentiated tasks were split into three levels – 

level one being the easiest and level three the most challenging. Each DI worksheet 

consisted of a written walk-through guide with illustrations so students and 

practitioners could create meaningful code and get results quickly. Each DI 

worksheet also came with a working example patch and a video walk-through. 

Through using the video and textual walk-throughs as well as the provided 

worksheet illustrations, it was hoped that all three of the VAK MML modes would be 

incorporated. Moreover, textual walk-throughs adopted a step-by-step approach. 

This approach was chosen to capitalise on both cognitivist and constructivist 

schemata creation by employing carefully crafted behaviouristic instructions 

(Armitage et al., 2003; Clark, 2018a; Clark, 2018b). DI worksheet level one provided 

a walk-through guide that enabled the student to create a computer keyboard audio 

file sampler by using the [compk] and [soundsout] abstractions. This covered the 

external human performance input and audio file playback/sound output layers of the 

revised MAMIC library topology model. The level two DI worksheet enabled students 

to connect multiple MAMIC external human performance input devices together in 

one MAMIC patch (computer keyboard, Xbox controller and the webcam sampler). 

Lastly, the level three DI worksheet enabled practitioners and students to interact 

with and configure the [conductor] abstraction to control the [majorscale] abstraction 

with sequence numbers to play a simple melody through the [soundsout] abstraction. 

Additional helpsheets including Xbox controller and MIDI keyboard set-up as well as 
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a walk-through guide for saving MAMIC patches using the [opensave] abstraction 

were also provided. These helpsheets aided practitioners and students alike. As with 

the previous case study, all four different facets of URUT data capture were 

encouraged, including video/audio capture, qualitative diary data, quantitative 

heuristic evaluation scorings and student patch capture. It was hoped that the 

practitioners would use all four methods. 

 

5.4.3 Results 
 

Practitioner D had to withdraw from the MAMIC project within the first few weeks due 

to unforeseen institutional factors that had to be undertaken. These factors included 

management duties and meeting commitments. However, practitioner D did use the 

MAMIC USB system over the summer break and subsequently suggested some 

points of improvement. These improvement points centred around universal 

improvements to the MAMIC library abstractions. These improvements were 

integrated into the iteration associated with this case study – MAMIC iteration two. 

These improvement points are outlined below: 

 

● The inclusion of abstraction default volume levels. 

● The automation of the JACK audio server as a system start-up routine. 

● The automation of MIDI keyboard configurations through the JACK audio 

server as a system start-up routine.  

 

The setting of default volume levels on each MAMIC abstraction was deemed 

essential by practitioner D. Although there was a trade-off between the DSP 

performance of the school’s computers, it was thought that by doing this, the 

likelihood of practitioners encountering audio issues would be decreased. In turn, 

this error reduction strategy could better enable practitioners to embed the MAMIC 

technology into their current practices in situ (Crabtree et al., 2013). Practitioner D 

also identified areas of system automation that needed to be included in MAMIC 

iteration two. These included the automatic loading of the JACK server on system 

start-up and the automated configuration of the MIDI keyboard connections between 

the MAMIC Pd-L2Ork IDE and JACK. These changes were applied before the main 

in-the-wild testing period was due to start. Regarding the first diary entry, practitioner 
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C provided some insight into their autonomous learning period after they had 

completed their initial ninety-minute MAMIC training session. The MAMIC manual, 

the additional helpsheets and the MAMIC video walk-throughs were all utilised by the 

student teacher. The student teacher reported finding their autonomous learning 

period “satisfying” since they managed to build a MAMIC patch that incorporated 

working connections of the [conductor], [majorscale] and [voicesout] abstractions 

(Appendix D.2, 02/03/18). This resulted in the student teacher commenting that “the 

conductor played a low tempo major scale, in which I had set in the key of C. The 

results were satisfying and sounded very pleasing” (Appendix D.2, 02/03/18). 

Regarding the [conductor] abstraction specifically, the student teacher then reported 

they were “still unsure of where to go” after they had successfully completed their 

first MAMIC patch. However, the student teacher remarked that this was due to a 

lack of experience on their part, and they could learn more (Appendix D.2, 02/03/18). 

 

Regarding the MAMIC sessions themselves, practitioner C ran duplicate sessions for 

both groups – group one included Year 4 and Year 5 students while group two 

comprised Year 6 only (Appendix D.2, 08/06/18). The first couple of sessions 

centred around MAMIC set-up routines and visual programming basics. Practitioner 

C felt confident to show the students how to set up MAMIC, select hardware 

peripherals (including both Xbox pads and MIDI keyboards) and change sound 

effects in the [voicesout] and [soundsout] abstractions (Appendix D.2, 08/06/18; 

Appendix D.2, 07/07/18). It was also noted by practitioner C that the use of the digital 

overhead projector provided a way for MAMIC set-up routines to be communicated 

to both student groups (Appendix D.2, 07/07/18). Mangano et al. (2014, p.333) state 

that this kind of work allows individuals to synchronise “their mental models of design 

by explaining their work to others.” An example of this can be shown in Fig.36. Here 

students are seen inputting an algorithm example that practitioner C projected to the 

whole class.  
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Figure 36 – Use of the digital overhead projector when explaining MAMIC set-up 

routines.  

As the sessions went on, practitioner C gave the DI worksheets to students from 

both groups. The additional helpsheets were also disseminated as and when 

required (Appendix D.2, 08/06/18). Practitioner C reported that for these sessions, 

students got into MAMIC straight away and had lots of fun. Students also had 

multiple hardware peripherals working in one MAMIC patch (Appendix D.2, 

08/06/18). The sessions that comprised the youngest students (Year 4) were also 

deemed successful in all the aspects mentioned. As a result, practitioner C 

commented “both groups worked well together and remapped all the different effects 

to the controller to see what suited their [students’] taste and enjoyed the whole 

experience” (Appendix D.2, 08/06/18). However, some Year 4 students found some 

sessions arduous. The challenging aspects included knowing what abstractions to 

use and how they connected (Appendix D.2, 08/06/18). Practitioner C also 

commented on not knowing how to debug specific MAMIC patches when errors 

occurred. “I think that if I was more experienced with using MAMIC I would have 
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been able to help with debugging the children’s projects and providing them with 

more support” (Appendix D.2, 08/06/18; Appendix D.2, 07/07/18). 

 

During the latter MAMIC sessions, practitioner C focused their attention on the 

internal sequencing input layer of the MAMIC library topology model – MAMIC 

iteration two. As a result, all student MAMIC patches from both groups focused on 

the [conductor] abstraction to control other MAMIC abstractions. During this time, it 

was reported that students could use the [opensave] abstraction to save their 

MAMIC patches through the MAMIC state-saving algorithm without problems 

(Appendix D.2, 07/07/18). Practitioner C kept some of these student saves using the 

MAMIC state-saving algorithm and the contents of these MAMIC patches can be 

seen in Fig.37. 

 
Figure 37 – An example of student work using the [opensave] abstraction that 

controls the MAMIC state-saving algorithm to save work.  
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Practitioner C reported that by this stage, students could program the [conductor] 

abstraction and understand that the sequence numbers set in [conductor] could 

activate the [makechord] abstraction to make chord progressions. Students also 

worked in pairs using soft skills such as communication and problem solving. 

Evidence of these student working practices can be seen in Fig.38. However, there 

were times that when practitioner C could not debug students’ work when they 

needed help (Appendix D.2, 07/07/18).  

 
Figure 38 – Students demonstrating soft skills using the [conductor], [makechord] 

and [voicesout] abstractions. 

Practitioner C also completed a heuristic evaluation and the results are outlined in 

Fig.39. 



 176 

 
Figure 39 – Results from practitioner C’s heuristic evaluation.  

With regards to the match between the system and the real world, practitioner C 

suggested that the MAMIC abstraction names were named appropriately for the age 

range of primary school students. This made “it easier for pupils [students] and 

myself [practitioner C] to remember and program a song seamlessly without any 

memory issues” (Appendix C.1). However, with visibility of system status, practitioner 

C argued that a greater role for the Pd-L2Ork console window should be sought, by 

highlighting that the console window should act as an error reporting and live 

abstraction connection wizard. Practitioner C described the abstraction connection 

wizard idea as a place “where you can see all commands and processes that are 

happening while you create your music program” (Appendix C.1). In their practitioner 

diary, practitioner C also stated that a visual hints and tips system would be useful 

since it “would encourage them [the students] to use parts of the script they may not 

have before” (Appendix D.2, 08/06/18). 

 

Regarding user control and freedom, practitioner C remarked on MAMIC’s ability to 

provide a space that provides freedom where students can discover processes. 

Practitioner C thought this was a useful concept since students were “always curious 

about how things [MAMIC abstractions] interact” (Appendix C.1). Moreover, in their 

diary entry, practitioner C stated that “both groups worked well together and 
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remapped all the different effects to the controller to see what suited their taste and 

enjoyed the whole experience” (Appendix D.2, 08/06/18). 

 

Consistency and standards received a score of four out of five since practitioner C 

thought that the standards and rule systems that each MAMIC abstraction obeyed 

were consistent throughout the whole library. Practitioner C indicated this by stating 

that “there hasn’t been an instance where I or others have been confused, the 

program does really well in being concise with its object rules” (Appendix C.1). 

Flexibility and ease of use also scored a four out of five as practitioner C could not 

think of an instance (other than error detection) when MAMIC was not easy to use 

(Appendix C.1). The aesthetic and minimalist design of the MAMIC library scored a 

five out of five with practitioner C commenting that “all information is relevant and 

helpful. The built-in information tabs have provided me with excellent help and the 

children are glad they’re there too when creating a musical program” (Appendix C.1). 

The practitioner also scored recognition rather than recall a five out of five. 

Practitioner C commented that the visual aspect of programming and the worksheets 

aided the students that adopted the visual MML mode. “Everything is visual and this 

is a major help for visual learners. There are reading elements which are also useful, 

but the visual aids provided, offer a better memory in step-by-step programming 

method provided by the worksheets” (Appendix C.1).  

 

The lowest scoring elements from the heuristic evaluation came from the error 

prevention and error recovery sections of the model. Both areas scored a two out of 

five. Practitioner C stated that regarding error prevention specifically, it was not 

always clear how errors had taken place or how to resolve them (Appendix C.1). 

However, practitioner C did remark that this situation did encourage a greater 

debugging mindset among the class. “I and the children enjoy finding our own way in 

resolving the program, by debugging where we had gone wrong” (Appendix C.1). 

MAMIC’s ability to help users recover from errors also scored two out of five. 

Practitioner C commented that although plain language was used in the limited 

console messages that did appear, the error prevention and cure scenario was still 

deemed a “personal journey” since MAMIC offered insufficient error detection 

(Appendix C.1). Regarding these error scenarios, practitioner C also noted in their 
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diary entries that when students made many MAMIC patch combinations, they 

(practitioner C) were unable to help when things went wrong. This was attributed to a 

lack of training by practitioner C. “Some children made many different combinations 

of MAMIC objects. This was good but, on some occasions, I couldn’t figure out why 

their programs were not working. I think this was due to my lack of training” 

(Appendix D.2, 07/07/18). Unfortunately, practitioner C did not interact with the 

video-saving capabilities of the MAMIC system; therefore, no video data was 

captured for this case study. 

 

While running the MAMIC project at School B, practitioner C scored a total of 

seventeen marks regarding the MAMIC performance criteria-based questionnaire. 

As a result, the level of analysing in Bloom’s taxonomy was achieved. This placed 

practitioner C in the arrested development section of Ericsson’s three levels of 

performance model (Appendix C.2). Practitioner C also managed to answer a large 

majority of questions on the MAMIC performance criteria-based questionnaire and 

thus scored four out of the ten marks available in the evaluating and creating levels 

of Bloom’s taxonomy. However, a significant amount of detail was missing from 

these answers to justify the full awarding of marks. Missing details included a lack of 

connection knowledge between MAMIC abstractions and abstraction naming 

ambiguities. There was also limited understanding concerning the specific 

programming functionalities for some abstractions. Lastly, there was only partial 

knowledge relating specific abstraction programming functionalities to specific NC 

statutory requirements. Restricted knowledge in all these areas constituted a loss of 

marks in the highest levels of Bloom’s taxonomy and as a result, expert performance 

was not achieved (Appendix C.2).  

 

5.5 In-The-Wild – Case Study Three 
 
5.5.1 Background 
 

Case study three (MAMIC iteration three) was hosted at School C, for twenty five-

weeks (just over two terms) in total. School C comes under the Walsall LEA and is a 

maintained school  

. School C is another example of a medium-sized 
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urban-located primary school which has 348 students enrolled. Additionally, School 

C has nearly double the national average of children eligible for free school meals. 

Some data regarding the school’s current operating background is also reported in 

Table 11. 

 
Table 11 – School C’s operating data measurements, compared to national 

averages in the primary school sector. 

 
Figure 40 – School C, located in the Walsall LEA.  
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From the data in Fig.41, School C has achieved a plus two-point average in maths 

test scores at KS Two for the past three years. This indicates that School C is one 

point behind the rest of the schools in the Walsall LEA. In turn, this places School C 

minus two points behind the national average in England. 

 
Figure 41 – School C’s three-yearly averaged scale score for KS Two maths tests, 

measured against the appropriate LEA and national averages in England. 

 
5.5.2 Study Design 
 

The delivery of this third case study differs from the previous two studies in that this 

case study was undertaken by the previous student teacher composition graduate 

from case study one – practitioner A. Since the completion of case study one, 

practitioner A had managed to secure a peripatetic role within various primary 

schools. One of these primary schools was School C. As a result, the opportunity 

arose to restart the MAMIC project with an experienced practitioner who was not the 

author of the MAMIC project. It was hoped that they could help uncover new insights 

by adopting a more integrated interdisciplinary approach. As a result, the main focus 

was the newly integrated NC-focused worksheets. These worksheets potentially 

provided a greater amalgamation of specific NC statutory requirements from all the 

three subjects of music, maths and computing. Moreover, as outlined in section 4.5, 

these NC-focused worksheets also incorporated multiple learning theories through a 

variety of tasks. These tasks included behaviourist questions as well as tasks 

designed for students to build predetermined MAMIC patches. It was hoped that 

through the building of these predetermined MAMIC patches, students could build 

their own constructivist and constructionist learning schemas through both visual and 

kinaesthetic means. As well as the addition of the NC-focused worksheets, this study 
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also incorporated the new MAMIC abstractions that were made specially to infiltrate 

across the music, maths and computing NC statutory requirements for KS One and 

partial KS Two. These new abstractions were located in the KS incorporation layer of 

the MAMIC library topology model iteration three, as outlined in chapter four. Like the 

other case studies, practitioner A completed their ninety minutes of training with the 

MAMIC author. This included a revisiting of basic MAMIC principles but mainly 

focused on the new KS One NC statutory requirement incorporations into the 

MAMIC library. Practitioner A also used a MAMIC USB stick to complete some 

autonomous learning in their own time. For this third case study, a variety of 

equipment was used. This equipment included a mixture of laptops and desktop 

machines from a variety of makes including Stone, Dell and Hewlett Packard. Most 

of these machines included USB 2.0 ports only. Following on from the previous 

studies, students were randomly chosen and came from Years 3, 4, 5 and 6. 

Sessions were undertaken weekly with up to two sessions per week being 

completed at a time on some occasions. Practitioner A created two classes. Class 

one contained Year 3 and 4 students while the second class contained Year 5 and 6 

students. This case study used the new MAMIC iteration three USB system and all 

its new abstractions and NC-focused worksheets. All previous helpsheets from the 

previous studies were also utilised. 

 

5.5.3 Results 
 

Practitioner A’s diary entries first showed that discovery sessions occurred. These 

discovery sessions were similar in scope and context to sessions from the previous 

case studies. Through these sessions the students from both classes generally 

produced MAMIC patches that covered the external human performance input layer 

of the MAMIC library topology model – iteration three. Student work covered both 

audio file playback and synthesised sound output and incorporated multiple external 

human input devices too (Appendix D.3, 11/10/18; Appendix D.3, 12/10/18; 

Appendix D.3, 18/10/18; Appendix D.3, 19/10/18; Appendix D.3, 25/10/18). For both 

classes, the first few sessions involved connecting the Xbox controllers as well as 

MIDI keyboards to play sounds (Appendix D.3, 11/10/18; Appendix D.3, 12/10/18; 

Appendix D.3, 18/10/18). Practitioner A also took this time to go through MAMIC 

basics and visual programming fundamentals. Moreover, during these sessions, 
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Year 4 students were seen interacting with multiple external human input devices 

(Xbox controllers) and configuring them correctly. Video evidence clearly shows 

students playing the Xbox controllers independently while playing different sounds. 

The students even discuss a competition idea that could relate to pairs of students 

playing Xbox controllers (Appendix E, Video 4, 0.18 to 6.54).  

 

However, during the first few MAMIC sessions, practitioner A also reported that 

errors were occurring. These errors were mainly operating system based and 

concerned the JACK audio server. Even though the starting of JACK was now an 

automated process that overrode the PulseAudio audio server, errors still occurred. 

Practitioner A managed to resolve these issues by speaking to the MAMIC author 

and changing the audio driver priority in the JACK audio server manually (Appendix 

D.3, 11/10/18). As a result, the audio settings needed re-initialising in Pd-L2Ork by 

practitioner A too. By undertaking these operations, practitioner A managed to fix all 

the JACK audio issues (Appendix D.3, 18/10/18). Another reported issue affected 

the [xboxpad] abstraction specifically. Practitioner A reported that they could not 

correctly assign each Xbox controller to a specific [xboxpad] abstraction. To assign 

an Xbox controller to a [xboxpad] abstraction, Pd-L2Ork (via the [hid] object) assigns 

a unique device number to each connected Xbox controller. However, the device 

number selection on [xboxpad] did not provide enough device number address 

spaces. On the school computers, device number sixteen was given to the Xbox 

controller by the embedded [hid] object. Unfortunately, at the time, the [xboxpad] 

abstraction only allowed for a maximum of fourteen devices to be selected by the 

user. To solve this issue, practitioner A contacted the MAMIC author and an 

upgraded [xboxpad] abstraction was installed on each MAMIC USB system stick. 

This upgraded abstraction allowed the computer to be able to assign up to twenty-

four devices at a time, solving the problem (Appendix D.3, 12/10/18).  

 

From the diary entries (Appendix D.3, 19/10/18) onwards, no further MAMIC USB 

system errors were reported. After the JACK and [xboxpad] errors had been 

resolved, student patches from both classes showed working MIDI keyboard, 

webcam and Xbox controller algorithms that could play audio files (Appendix D.3, 

18/10/18; Appendix D.3, 19/10/18). One student in Year 3 showed particular promise 

leading practitioner A to comment that “one particular student had remembered all 
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steps for the Xbox pad and had assigned samples to this as well as the MIDI 

keyboard. I then assigned [the student] to show other members of the class who 

were still learning” (Appendix D.3, 19/10/18). The MIDI keyboard controlled the 

[voicesout] abstraction, while the Xbox pad triggered drum samples that were sent to 

the [soundsout] abstraction. Practitioner A also taught students from both classes 

how to use the MAMIC state-saving algorithm using the [opensave] abstraction 

(Appendix D.3, 25/10/18; Appendix D.3, 09/11/18). During the discovery sessions, 

there was also evidence of practitioner A teaching students how to solve minor 

MAMIC configuration issues. Examples include MIDI keyboard activation (if needed) 

within the Pd-L2Ork IDE’s Edit / Preferences menu. Practitioner A writes that “they 

[the students] were also shown how to fix certain issues with the MIDI keyboard 

connection with the preferences menu if needed” (Appendix D.3, 25/10/18). 

 

Over time, practitioner A changed the focus of the sessions from the discovery type 

to the incorporation of the NC-focused worksheets (Appendix D.3, 09/11/18). It was 

during the first session of this type that practitioner A also revisited the [opensave] 

abstraction with both classes. Just over half of class one (Year 3 and Year 4) 

managed to create the [opensave] abstraction and successfully load the first NC-

focused worksheet’s premade algorithm example independently (Appendix D.3, 

09/11/18). All students from class two (Year 5 and Year 6) managed to complete 

these operations independently (Appendix D.3, 09/11/18). All students from both 

classes attempted and completed most of the main task questions presented by the 

NC-focused worksheet, with some students moving onto the worksheet extension 

task and thus creating the patches themselves (Appendix D.3, 09/11/18). These 

questions were based around symmetric correlations relating to number, musical 

pitch and computational logical reasoning. Examples of student work that interacted 

with these symmetric correlations and the grading grids that practitioners used to 

assess the work against the NC statutory requirements of music, maths and 

computing can be seen in Fig.42. 
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Figure 42 – Examples of Years 3 and 4 students answering the main task questions 

and their assessed grading grids. 

Students from both classes managed to complete the NC-focused worksheets, with 

some students also completing extension tasks. However, practitioner A highlighted 

some domain-specific knowledge barriers relating to the language and symbolism 

used in the NC-focused worksheet questions. For some students, the language and 

symbolism used in the questions was too complicated with these issues reoccurring 

through several diary entries (Appendix D.3, 16/11/18; Appendix D.3, 14/12/19; 

Appendix D.3, 14/06/18). Practitioner A wrote “with further explanation, they [the 

students] figured it out e.g. I had to refer to the sharp symbol as the hashtag. Some 

of the symbols used such as sharps and flats, are not remembered with ease by all 
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students” (Appendix D.3, 09/11/18). With regards to aspects of the MAMIC system 

and library in general, practitioner A also commented that, at times, they had 

forgotten to refer to the MAMIC helpsheets and manual for some aspects of the 

visual programming. Practitioner A remarked that further use of the MAMIC manual 

could have aided progress (Appendix D.3, 09/11/18; Appendix D.3, 16/11/18; 

Appendix D.3, 30/11/18). 

 

After both classes had completed sessions that used the NC-focused worksheets, 

practitioner A ran recap sessions to enable students to catch up with previous work 

and to measure progress (Appendix D.3, 30/11/18; Appendix D.3, 14/12/18). 

Practitioner A noted that in both classes, students seemed very motivated to 

complete the NC-focused worksheets. Additionally, as time went on and with a little 

rewording of questions, students from both classes demonstrated that they could 

answer most questions without difficulty (Appendix D.3, 30/11/18; Appendix D.3, 

14/12/18). Throughout all these sessions though, practitioner A pointed out that 

students experienced additional domain-specific knowledge barriers. These barriers 

included some students having problems spelling out abstraction names and 

accurate number placement within certain abstractions. Practitioner A said that the 

MAMIC abstraction library helpsheet did help to improve student spelling. However, 

practitioner A still had to assist some students with spelling and number range 

placement (Appendix D.3, 14/12/18; Appendix D.3, 22/03/19).  

 

Lastly, practitioner A pointed out that students much preferred the building of MAMIC 

patch algorithms to completing the questions at the beginning of the worksheets 

(Appendix D.3, 14/12/18). As a result, practitioner A recommended reversing the 

order of the worksheets so students could first build the patches as a main task and 

then answer the questions as an extension task (Appendix D.3, 14/12/18). This 

recommendation was as a result of the students preferring to build the patches 

rather than answering the questions. Moreover, practitioner A also recommended 

that future practitioners could use the NC-focused worksheet’s grading table as the 

only piece of paperwork required. Subsequently, this grading table could then be 

used as the basis for formative or summative assessment. However, practitioner A 

noted that this approach might require the future practitioner to acquire more MAMIC 

expertise and experience to be able to assess student outcomes accurately. 
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The last diary entries demonstrate that the sessions took a familiar discovery-based 

approach (Appendix D.3, 08/02/19; Appendix D.3, 22/03/19). However, practitioner A 

used these sessions to see if students from both classes had learnt any additional 

MAMIC skills from undertaking the NC-focused worksheets. As a result, practitioner 

A outlined that these sessions were focused on “creating, manipulating and 

composing, using conductor” (Appendix D.3, 08/02/19). Students were also 

encouraged to “create their favourite things within MAMIC to see if they could get all 

parts working without loading a patch first” (Appendix D.3, 22/03/19). Some of these 

activities involved students programming [conductor] as well as programming the 

Xbox pads to play one-shot drum samples. Therefore, some students excelled at 

these tasks with one Year 4 student recreating an existing song Faded by Alan 

Walker using the MAMIC abstractions (Appendix D.3, 08/02/19). Video five shows 

the student in question manipulating the [conductor] abstraction in the premade 

patch for the Shapes and Pitches NC-focused worksheet. The student used the 

[conductor] abstraction to play a lead melody line for the song. The student is seen 

programming both the [conductor] and [majorscale] abstractions autonomously. 

Some issues with the setting of the global musical key for the whole patch can also 

be seen on the [conductor] abstraction (Appendix E, Video 5, 0.10 to 11.11). 

Generally, practitioner A commented that in these latter discovery-based sessions, 

students could identify problems and input musical data into new instances of 

abstractions such as [majorscale]. Practitioner A saw these actions as positive 

(Appendix D.3, 22/03/19). 

 

As with all the other case studies, practitioner A was asked to complete a heuristic 

evaluation. Since this practitioner also took part in case study one, the results from 

this case study shall first be analysed and then compared to case study one. Case 

study three’s heuristic evaluation can be seen in Fig.43. 
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Figure 43 – Results from practitioner A’s heuristic evaluation for case study three. 

With regards to visibility of system status and the system and the real world, 

practitioner A gave the MAMIC USB system a rating of five out of five. The rationale 

offered for these scores included appropriate abstraction naming for the functions 

they performed. To justify this notion practitioner A stated that “if you would like to 

create an Xbox pad the code is ‘xboxpad’ and once created, the picture is an Xbox 

pad. This is also the same for MIDI keyboard and webcam etc” (Appendix C.1). For 

aesthetic and minimalist design, practitioner A also scored the MAMIC library five out 

of five, stating that the abstractions had been designed so that no superfluous inner 

subpatching was available to confuse students (Appendix C.1). 

 

Practitioner A rated user control and freedom a three out of five since practitioner A 

highlighted that it was sometimes difficult to keep track of open tabs in the Pd-L2Ork 

IDE. This is because MAMIC adopts the internal GUI system for each of its 

abstractions. This approach has been adopted before in previous studies using the 

Pure Data visual programming language (Roels, 2012). Practitioner A rated 

consistency and standards four out of five, stating that once explained, the 

abstraction names “make sense” (Appendix C.1). However, when wishing to save 

patches and thus use the MAMIC state-saving algorithm, having to remember to 

include an ID number for each MAMIC abstraction can “sometimes slow down 

productivity in creating and saving a patch” (Appendix C.1). Practitioner A rated 
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recognition rather than recall four out of five, commenting that the MAMIC 

abstraction names were easy to remember and were visually accurate. Practitioner A 

also noted that on occasions, students could take time to learn how to connect 

abstractions together. However, practitioner A also points out that this “is arguably 

the case with all coding” (Appendix C.1). Practitioner A also rated flexibility and ease 

of use four out of five. Reasons for this score included the hotkeys and shortcuts that 

Pd-L2Ork IDE provided. Practitioner A remarked that using the shortcut (Ctrl + One) 

was particularly useful when loading MAMIC abstractions. Practitioner A stated, 

“hotkeys and shortcuts are great to learn and use to speed up building patches and 

MAMIC has some reliable ones such as Ctrl and One to create an object box etc” 

(Appendix C.1). 

 

Practitioner A rated error prevention five out of five for this case study, commenting 

that the MAMIC USB system itself had not “failed or closed unexpectedly”. The only 

issues were “out of date or damaged computers” (Appendix C.1). Help users 

recognise, diagnose and recover from errors was scored a three out of five. Reasons 

for this score included practitioner A having to ask the MAMIC author to help with 

assigning unique device numbers to Xbox controllers. However, practitioner A also 

pointed out that the MAMIC library does include some limited error messages and 

that these are clear. Lastly, the score for the help and documentation heuristic was 

five out of five. Practitioner A found the MAMIC documentation resources as well as 

the walk-through videos useful. Practitioner A also commented that the NC-focused 

worksheets were easy to follow from a teaching point of view (Appendix C.1). 

 

Since practitioner A in this case study also took part in case study one, it is useful to 

compare the results from both heuristic evaluations. Results from both the heuristic 

evaluations taken by practitioner A are presented in Fig.44. 
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Figure 44 – Comparison of results from both heuristic evaluations for case studies 

one and three.  

From the results in Fig.44, how practitioner A has rated MAMIC has stayed 

reasonably consistent from their first case study (case study one) to their second 

(case study three). The weakest area from both case studies remains helping users 

recover from errors, although a point increase has now been reported from this case 

study’s heuristic evaluation. The main difference in scores relates to the aesthetics 

and minimalist design, with this case study scoring five and case study one scoring 

three. This difference seems to stem from developments made within the MAMIC 

library from iteration one to three. These developments mainly involve the hiding of 

abstraction inner subpatching in this MAMIC iteration when compared to the 

abstractions used in case study one. MAMIC iteration three adopted an enhanced 

inner subpatching engine that hid inner subpatching code from student view in a 

greater number of instances. 

 

As with case study one, in this case study practitioner A was asked to complete the 

MAMIC performance criteria-based questionnaire for a second time. For this case 

study, practitioner A scored a total of fifteen marks (Appendix C.2). This score 

indicated that practitioner A had progressed to the applying level of Bloom’s 

taxonomy and had thus achieved the second stage of Ericsson’s three levels of 

performance model – arrested development. Practitioner A did attempt to answer 
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questions in the MAMIC performance criteria-based questionnaire that covered the 

evaluating and creating levels of Bloom’s taxonomy. However, practitioner A only 

managed to score one point out of the ten total points available. This occurred since 

practitioner A missed out a large majority of details with regards to MAMIC 

abstraction names, their interconnections and how these MAMIC patch 

configurations may help students achieve specific NC statutory requirements across 

the three subjects of music, maths and computing. In some instances, practitioner A 

used the same answer to answer multiple questions (Appendix C.2). As a result, 

practitioner C from case study two scored higher in the last three levels of Bloom’s 

taxonomy. 

 
5.6 In-The-Wild – Case Study Four 
 
5.6.1 Background 
 

Case study four was held at School D, which comes under the Staffordshire LEA. 

School D is a maintained school and thus is not part of a MAT group. It is considered 

a small primary school since it only has 111 students enrolled. Studying the data in 

Table 12, it can be seen that over the past six years the school has had nearly sixty-

six per cent (65.8%) of students receiving free school meals compared to a national 

average of nearly twenty-four per cent (24.3%), demonstrating that this statistic is an 

indicator that the school is in a disadvantaged area. 
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Table 12 – Comparison of School D’s current operating data measurements to 

national averages in the primary school sector. 

 
Figure 45 – School D, located in the Staffordshire LEA. 

Regarding the scaled scores for maths KS Two achievement, School D has scored 

the lowest of all four case study schools. Although over three years, School D has for 

the most part, scored below the expected one hundred scaled score, their three-

yearly average score equals the expected standard at one hundred. However, this is 
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a minus-four contrast to both School D’s respective LEA schools and the national 

average in England. The data for individual maths test scaled scores for the years 

2016, 2017 and 2018 are shown separately in Fig.46. 

 
Figure 46 – School D’s individualised KS Two maths scaled scores and the three-

yearly averaged scale score measured against the appropriate LEA and national 

averages in England. 

 
5.6.2 Study Design 
 

Case study four was undertaken by a Newly Qualified Teacher (NQT) (practitioner E) 

with three years of teaching experience (two of these years were part of teaching 

training). The graduate background of practitioner E was in SEND education and 

they had no prior experience with regards to teaching visual programming or 

computing generally. Practitioner E was given their ninety-minute MAMIC training 

session and also took home a MAMIC USB stick containing the system and all 

additional resources. The first half of the ninety-minute training session concentrated 

on MAMIC visual programming basics, while the second half focused on the NC-

focused worksheets that were explored in the third case study. Of particular interest 
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was how practitioner E would implement the MAMIC project and the NC-focused 

worksheets specifically in situ, since this specific practitioner did not come from a 

music, maths, or computing background. 

 

The MAMIC project ran over ten weeks and was held in the school’s ICT suite. The 

school’s ICT suite comprised sixteen RM Desktop PCs that were four years old. The 

contents of each MAMIC USB stick were loaded into each machine through the USB 

3.0 ports they provided. As with the previous case studies, students were chosen to 

suit the school’s needs, with teaching commitments meaning that, practitioner E ran 

the MAMIC project with both a Year 5 class and a mixed Reception/Year 1 class. 

MAMIC iteration three was used throughout this study and thus directly mirrored the 

previous study which was housed at School C. This occurred since the resources for 

case studies three and four needed to be identical. This was to ensure an accurate 

comparison could be made regarding the practitioner A from School C and 

practitioner E in this case study. 

 
5.6.3 Results 
 

Unlike the other case studies, the initial diary entries from practitioner E covered 

MAMIC sessions that involved working with KS One Reception and Year 1 cohorts. 

These first few sessions concentrated on increasing the students’ familiarity with the 

MAMIC USB system (Appendix D.4, 28/06/19). The students loaded up the software 

as a collective and managed to start interacting with MAMIC abstractions. Notably, 

practitioner E stated that students managed to work with the [conductor] abstraction 

and enabled it to interact with other abstractions to play chords. Even though some 

students had difficulties with these operations, they collectively seemed to enjoy the 

activities they were doing (Appendix D.4, 28/06/19). The next diary entry revealed 

that the students managed to load the MAMIC USB system autonomously. Students 

were then again able to manipulate [conductor] to play chords. The students then 

changed the chords that were played (Appendix D.4, 12/07/19) and some also used 

the Xbox controllers, although practitioner E stated that “I had to input the icon for 

them [the students]” (Appendix D.4, 12/07/19). The students enjoyed using the Xbox 

controllers and “created rhythms and patterns with the pre-set sounds that were 

linked to the controllers” (Appendix D.4, 12/07/19). Again, practitioner E commented 
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that students enjoyed the activities that they undertook and subsequently enjoyed 

the familiarity of the Xbox controllers (Appendix D.4, 12/07/19). However, practitioner 

E highlighted that students found some operations challenging. Regarding these 

complexities, it was stated across both diary entries that operations needed to be 

simplified, with GUI features such as buttons needing enlargement. These 

alterations were suggested since some students in KS One Reception and Year 1 

struggled with mouse control and thus did not make accurate selections on-screen 

(Appendix D.4, 28/06/19; Appendix D.4, 12/07/19). 

 

The final sessions took place during the start of the academic year 2019/20. One 

diary entry was produced for these sessions that took place with Year 5 students. By 

this stage, practitioner E was able to show the students how to load up abstractions 

and operate them (Appendix D.4, 30/09/19). It was during these sessions that 

practitioner E introduced the NC-focused Interdisciplinary worksheets to the Year 5 

students. Practitioner E commented that “the year 1 worksheets [NC-focused 

Interdisciplinary worksheets] are working very well for year 5 which may show a 

reflection of the level of learning and teaching pitch” (Appendix D.4, 30/09/19). 

Again, practitioner E reported that the students enjoyed using the system and found 

it interesting (Appendix D.4, 30/09/19). During these sessions, students were seen to 

recreate the NC-focused worksheet algorithms. Students managed to connect the 

algorithms together correctly and incorporated a MAMIC state-saving algorithm ID 

number to each MAMIC abstraction they created. The students used the 

behaviouristic step-by-step textual walk-throughs to achieve this. However, the 

spelling of MAMIC abstraction names did hinder progress for some students 

(Appendix E, Video 6, 0.10 to 13.55; Appendix E, Video 7, 0.10 to 08.13). 

Practitioner E’s heuristic evaluation for case study four can be seen in Fig.47.   
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Figure 47 – Results from practitioner E’s heuristic evaluation.  

Practitioner E gave the match between the system and the real-world category a 

score of two out of five, highlighting that the students found the language used 

throughout the MAMIC USB system challenging to interpret at times (Appendix C.1). 

With regards to visibility of system status, practitioner E highlighted the [conductor] 

abstraction specifically, claiming that it enabled students to see what processes were 

happening (Appendix C.1). Students interacted primarily with the [conductor] 

abstraction throughout the sessions as evidenced in the practitioner diary entries 

(Appendix D.4, 28/06/19; Appendix D.4, 12/07/19; Appendix D.4, 30/09/19). With 

regards to user control and freedom, practitioner E noted the students were able to 

complete tasks through a trial-and-error basis and that this formed the basis of the 

consistency and standards judgement too. Flexibility and ease of use scored a two 

out of five with practitioner E stating that “a more expert user is needed” (Appendix 

C.1). However, it was unclear whether their definition of an expert user related to a 

student perspective or a practitioner perspective or both. The practitioner online 

diaries indicate that students did find MAMIC “tricky” and that MAMIC was very 

complicated for Reception and Year 1 students. Reasons for this included the levels 

of mouse dexterity required and the levels of programming skill needed (Appendix 

D.4, 28/06/19; Appendix D.4, 12/07/19). Practitioner E gave the aesthetic and 

minimalist design category a score of four out of five. Practitioner E felt that MAMIC 

provided some opportunities for clarity, although these opportunities were not 
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explicitly highlighted in the heuristic description directly (Appendix C.1). Practitioner 

E scored the recognition rather than recall category a two out of five, stating that 

there was too much information for students to remember. Practitioner E also scored 

the error prevention category a two out of five since MAMIC was seen as “very 

temperamental” (Appendix C.1). However, practitioner E scored the categories of 

helping users recover from errors and help and documentation higher, with reasons 

being that simple language was used within the MAMIC USB system concerning 

these specific heuristics. However, practitioner E also commented that they had not 

encountered the help documentation (Appendix C.1). 

 

After completing the MAMIC performance criteria-based questionnaire, practitioner E 

scored a total of six marks. This was the second lowest score when compared to the 

other practitioners from the other case studies. Only practitioner B scored lower. 

Practitioner E managed to acquire the most marks when answering questions that 

related to MAMIC library operations. These questions related to the understanding 

section of Bloom’s taxonomy specifically (Appendix C.2). As a result, the level of 

understanding regarding Bloom’s taxonomy was achieved, which placed practitioner 

E in the everyday skills section of Ericsson’s three levels of performance model 

(Appendix C.2). Questions that dealt with the Bloom sections of analysing, 

evaluating and creating were not sufficiently answered and thus gained no marks.  

 

5.7 Discussion – Analysing the NC Interdisciplinary MAMIC Library Topology 
Model 
 

This discussion section aims to highlight research parallels that exist across all four 

case studies. These parallels are identified through two thematic maps. The main 

themes in the thematic maps have been created from codes identified in the 

practitioner online diaries, URUT video capture, student worksheets and patches as 

well as the completed heuristic evaluations. These codes have then been organised 

into main themes and are colour coded as per the research questions: 

 

RQ1. How can a visual programming system use the multidiscipline NC 

and music to introduce and interlink mathematical and computing       
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concepts and what are the pedagogical and interdisciplinary 

underpinnings of this approach? 

 

RQ1.1. What are the obstacles for in-the-wild practitioners with minimal 

training and what skills do they demonstrate when using this new 

visual programming system in situ? 

 

RQ1.2. What are the benefits to students when using the new visual 

programming system? 

 

Lines in the thematic maps represent themes that connect to singular themes while 

arrowheads show where a theme transfers to multiple themes. Fig.48 represents 

themes that cover RQ1, RQ1.1 and RQ1.2. 

 
Figure 48 – Thematic map covering RQ1, RQ1.1 and RQ1.2.  

Each research question will now be visited in relation to the results presented in this 

chapter. This is to give the reader a better indication of how these results can be 

subdivided and related to each research question.  

 

Regarding RQ1, across all four case studies, students from KS One and KS Two 

interacted with the MAMIC USB system and its visual programming library. While 
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teaching the MAMIC USB system in situ, two types of sessions emerged – 

discovery-based and NC interdisciplinary-based sessions (Appendix D.1; Appendix 

D.2; Appendix D.3; Appendix D.4). Both these session types encouraged both 

performance and compositional-based work, with the NC interdisciplinary-based 

sessions encouraging a greater interdisciplinary compositional approach. This was 

achieved by utilising the NC KS One statutory requirements from the music, maths 

and computing curricula (Appendix D.1; Appendix D.2; Appendix D.3; Appendix D.4 

Appendix E, Video 5, 0.10 to 11.11). As a result, it can be argued that adopting this 

style of NC interdisciplinary-based session through the NC-focused worksheets can 

orchestrate an interdisciplinary approach for teaching KS One aspects of maths and 

computing through music. This has been achieved through the symmetric 

correlations that exist in a visual programming context between the NC statutory 

requirements of music, maths and computing at KS One. By using the grading tables 

within each NC-focused worksheet, practitioners assessed student work against 

specific NC statutory requirements for music, maths and computing. This, in turn, 

can encouraged interdisciplinary practices to occur through both performance and 

compositional-based means. As a result, music’s interdisciplinary qualities have 

been extended through the NC statutory requirements that relate to music, maths 

and computing. 

 

Both session types across all case studies seemed to adopt mainly constructivist 

and constructionist approaches to learning and, as a result, students seemed to 

develop schemata networks quickly (Wray, 2014). This way of learning could be 

seen in how students took part in the discovery-based sessions as these types of 

sessions naturally embrace both constructivist and constructionist approaches 

(Wray, 2014; Clark, 2018b). Moreover, there was evidence that both session types 

adopted the discovery-based learning principles outlined in chapter two (Clark, 

2018a). As a result, the adoption of a computer rotation system, project orientated 

lesson objectives, as well as other practitioner-led initiatives, yielded positive results 

with regards to peer assessment and encouraged student development of soft skills. 

Examples of these soft skills included troubleshooting, peer help, motivation, 

communication and teamwork. In turn, these skills promoted an environment where 

creative MAMIC patch designing took place (Appendix D.1, 28/02/17; Appendix D.1, 
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21/03/17; Appendix D.3, 19/10/18; Appendix D.3, 25/10/18; Appendix D.3, 22/03/19; 

Appendix D.4, 12/07/19; Appendix C.1; Appendix E, Video 5 0.10 to 11.11). 

 

The content of the discovery sessions ranged from student work focusing mainly on 

the external human performance input layer of the MAMIC library topology model 

during case studies one and three. Through evidence gathered using the multiple 

URUT data collection methods, student MAMIC patches focused on experimentation 

with Xbox controllers, MIDI keyboards, webcams and computer keyboards as ways 

of triggering sound. However, even when only a section of the MAMIC library 

topology model was explored, the majority of students seemed to work through most 

stages of Bloom’s taxonomy up until the analysing stage (breaking material down 

into parts and determining how those parts relate to the whole system) (Anderson et 

al., 2001). The evidence to support this is that most students were able to give 

judgements on individual MAMIC abstractions and create their own original MAMIC 

patch designs (Payne, 2022; Appendix E, Video 1 1.34 to 5.12; Appendix E, Video 2 

1.15 to 9.44; Appendix E, Video 3 1.35 to 9.50; Appendix E, Video 4 0.18 to 6.54; 

Appendix E, Video 5 0.10 to 11.11; Appendix D.1, 28/02/17; Appendix D.1, 21/03/17; 

Appendix D.3, 19/10/18). For case studies two and four, the internal sequencing 

input layer of the MAMIC library topology model was explored. This involved the 

practitioners from both case studies covering material that focused on the 

[conductor] abstraction together with abstractions from the music creation layer of 

the MAMIC library topology model, namely [majorscale] and [makechord] (Appendix 

D.2, 07/07/18; Payne, 2022; Appendix D.4, 28/06/19). Practitioner C made use of the 

MAMIC state-saving algorithm in their discovery sessions. As a result, students’ 

projects were saved and captured for case study two. However, even though 

practitioner A saved student work during case study one and stated that the MAMIC 

state-saving algorithm was used during case study three, no student work from case 

study three was found on the MAMIC USB sticks. No student work was saved on the 

MAMIC USB sticks for case study four either. Therefore, the use of the MAMIC state 

saving algorithm seems to be ineffective for these case studies and was either not 

understood or deemed unimportant in situ. 

 

Concerning the discovery sessions for the Reception / Year 1 class in case study 

four, students were able to interact with the MAMIC USB system and the MAMIC 
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library abstractions. These students were able to interact with algorithms that 

involved the [conductor] abstraction changing chords. However, some students 

found these activities difficult at times. Practitioner E indicated that a lack of dexterity 

in relation to the mouse with most students prohibited them from making further 

progress. A solution was to increase the size of buttons and controls on the relevant 

internal GUIs of the MAMIC abstractions. Moreover, practitioner E stated that for this 

Reception / Year 1 class, the level of algorithmic complexity was too great at times. 

This became apparent when practitioner E stated “the system needs to be a little 

simpler. There are too many steps to complete a job for young children” (Appendix 

D.4, 12/07/19). 

 

From the evidence outlined above, the practitioners recommended that discovery 

sessions should be kept as open as possible, thereby enabling students to make 

discoveries and pursue their own interests with the MAMIC library (Appendix C.1). 

Students should be set targets (or set their own targets) that provide insight into their 

project ideas so they can experiment with broader visual programming tasks 

autonomously if possible. The practitioners noted that this approach enabled 

students to create many original MAMIC patch designs of their choosing (Appendix 

D.1, 28/02/17; Appendix D.1, 21/03/17; Appendix D.2, 08/06/18; Appendix D.3, 

11/10/18; Appendix D.3, 12/10/18; Appendix D.3, 18/10/18; Appendix D.3, 19/10/18; 

Appendix D.3, 25/10/18).  

 

For students that display limited ability to climb Bloom’s taxonomy, the differentiated 

task design DI worksheet from MAMIC iteration two is specifically recommended. 

These worksheets incorporate behaviouristic step-by-step instructions regarding 

MAMIC patch designs and illustrations for visual and kinaesthetic MML modes. 

Practitioners noted that by using a differentiated task design method, student 

understanding increased regarding the MAMIC library (Appendix D.2, 08/06/18; 

Appendix C.1). This increased understanding was especially noted by practitioner C, 

who stated “Everything is visual and this is a major help for visual learners. There 

are reading elements which are also useful, but the visual aids provided offer a 

better memory in the step-by-step programming method provided by the worksheets” 

(Appendix C.1). However, although case study one contained differentiated 

abstraction levels in the MAMIC abstractions themselves, the practitioners from the 
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first case study were unable to capitalise on this. Indeed, within the taught sessions 

the practitioners avoided the differentiated abstraction levels for each MAMIC 

abstraction altogether. This finding was further supported through practitioner A’s 

diary entry which stated “I just can’t get my head around differentiated abstraction 

levels 2 and 3 for most abstractions, even with the instructions. So, I doubt I’ll use 

them in class” (Appendix D.1, 28/02/17). It therefore appears that differentiated 

abstraction levels confuse matters for practitioners and thus may not be workable in-

the-wild. In turn, since the differentiated abstraction levels were created to influence 

the purposeful refocusing of music into both maths and computing, it seems that 

potential opportunities for music to act as an interdisciplinary vehicle are lessened in 

situ. 

 

To further aid DI and to exploit music’s new-found interdisciplinary qualities 

concerning NC incorporation, case studies three and four encompassed the specific 

NC interdisciplinary-based sessions. These sessions utilised the NC-focused 

worksheets as well as all previous help and DI worksheets presented in chapter four. 

By use of the tasks and grading tables within each NC-focused worksheet, it can be 

said that interdisciplinarity was achieved through the premade worksheet algorithms 

and related tasks. These case studies also involved the incorporation of the new 

MAMIC KS-specific abstractions located in the KS incorporation layer of the MAMIC 

library topology model. 

 

Unique to case study three, is that it was run by practitioner A from case study one. 

For this case study, classes one and two interacted with two out of the three given 

NC-focused worksheets. Practitioner A reported that students were able to load up 

the NC-focused worksheet algorithms successfully and complete the behaviourist 

questions (Appendix D.3, 09/11/18; Appendix D.3, 16/11/18; Appendix D.3, 

30/11/18; Appendix D.3, 14/12/18; Appendix D.3, 14/06/19). These questions were 

based around symmetric correlations relating to number, musical pitch and 

computational logical reasoning. As a result, since students answered these 

questions correctly and these questions represented symmetric correlations in 

music, maths and computing NC statutory requirements, it can be argued that some 

evidence of music interdisciplinary practice into the contexts of maths and computing 

has taken place. Moreover, relating to these questions and the activities undertaken, 
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practitioner A formatively assessed the students using the grading table that included 

NC statutory requirements from the music, maths and computing curricula. The NC 

statutory requirements related explicitly to each NC-focused worksheet algorithm 

that featured in each NC-focused worksheet. Some students from both classes also 

managed to attempt the extension tasks which adopted a greater constructionist 

approach, thus enabling more comprehensive incorporation of both visual and 

kinaesthetic MML modes. However, there were multiple instances where some 

students could not interpret the questions correctly. For instance, it was necessary 

for practitioner A to reinterpret the questions for the students so progress could 

continue (Appendix D.3, 09/11/18; Appendix D.3, 16/11/18; Appendix D.3, 30/11/18; 

Appendix D.3, 14/12/18; Appendix D.3, 14/06/19). During case study four, 

practitioner E stated that the Year 5 students were “walked through how to complete 

the first task Year 1 shapes” (Appendix D.4, 30/09/20). Practitioner E claimed that 

the students got on with the NC-focused worksheets very well stating that “the year 1 

worksheets are working very well for year 5 which may show a reflection of the level 

of learning and teaching pitch” (Appendix D.4, 30/09/19). Therefore, it can be 

reasoned that practitioner E had acquired sufficient skills and knowledge to attempt 

these worksheets and that this process achieved a satisfactory outcome.  

 

Overall, the practitioners commented that the NC interdisciplinary-based sessions 

successfully catered for the direct assessment of interdisciplinary subject knowledge 

via the worksheet tasks and grading tables (Appendix D.3, 16/11/18; Appendix D.3, 

30/11/18; Appendix D.3, 14/12/18; Appendix D.3, 14/06/19; Appendix D.4, 30/09/19). 

After the completion of case studies three and four, it was recommended that the 

structure of the NC-focused worksheets should change. These changes included the 

swapping of the main behaviouristic question task (relating to the specific worksheet 

algorithm) with the kinaesthetic-constructionist algorithm recreation task, as outlined 

in Fig.49. 
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Figure 49 – The revised outline of the MAMIC NC-focused worksheets to be used in 

NC interdisciplinary-based sessions. 

Practitioners A and E stated that by revising the ordering of these tasks, student 

participation increased for both the main and extension tasks. Moreover, the 

likelihood of students completing all outcomes assigned to the grading tables of the 

NC-focused worksheets increased (Appendix D.3, 14/12/18). In turn, it can be 

argued that music’s interdisciplinary qualities have been implemented and extended 

through the completed student work and the assessments made through the NC-

focused worksheet grading grids which foster symmetric correlations content. 

Regarding syntegration concept integration specifically, student work undertaken in 

case studies three and four also demonstrates students’ understanding concerning 

sequence numbers and their application through their musical, mathematical and 

computing processes (Appendix D.3, 09/11/18; Appendix D.3, 16/11/18; Appendix 

D.3, 30/11/18; Appendix D.3, 14/12/18; Appendix D.4, 30/09/19). Using the MAMIC 

USB system, it seems there is now some evidence to suggest that music’s 

interdisciplinary qualities now traverse maths and computing’s NC statutory 

requirements prominently at KS One. 

 

From the outlining of the discovery-based and NC interdisciplinary-based sessions 

above, certain pedagogical considerations have been outlined. From these 

discussions, a pedagogical framework has been devised to help with pedagogical 

strategy consolidation. This framework (Table 13) outlines the overarching learning 

theory to be applied to both sessions as well as additional learning theory traits per 

session activities. DI principles and MML mode recommendations are also included. 

It is envisaged that this pedagogical framework can be used to help future in-the-wild 
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practitioners and researchers in planning interdisciplinary sessions using the MAMIC 

USB system or equivalent in situ.







 211 

Lastly, after the use of KS One and Two NC statutory requirements, the MAMIC 

library topology model iteration three is presented. The MAMIC library topology 

model has occurred to show certain aspects of visual programming features across 

the three disciplines of music, maths and computing. Music has the largest presence 

in the model since both practitioners and students saw music as the main 

overarching discipline of intersection in all the case studies (Appendix D.1; Appendix 

D.2; Appendix D.3; Appendix D.4). 

 

As discussed in chapter four, the topology model itself remains hierarchical (as with 

previous iterations) and adopts the syntegration concept the sequence number as 

the primary mechanism for programming/controlling all MAMIC library abstractions. 

In this version of the topology model, the sequence number is depicted as both 

command variables as well as music variables. Music variables are integers that 

control direct musical processes like scale degrees, musical pitches or chord 

voicings. Command variables are integers that allow other MAMIC abstractions to be 

triggered in isolation or in sequence, appropriate to the MAMIC patch in question. 

Methods of external human performance input and internal sequencing input remain 

at the top of this hierarchy. These aspects are significant since practitioners made 

extensive use of MAMIC’s ability to interact with external controllers, especially 

during the start of each case study’s discovery-based sessions (Appendix D.1; 

Appendix D.2, 08/06/18; Appendix D.3, 11/10/18; Appendix D.3, 12/10/18; Appendix 

D.3, 18/10/18; Appendix D.3, 19/10/18; Appendix D.3, 25/10/18; Appendix D.4, 

28/06/19: Appendix D.4, 12/07/19). From evidence resulting from case studies one 

and three, it appears that Xbox controllers and webcams were mainly used to trigger 

one-shot samples which included sound effects and individual drum hits. Students 

tried to play basic rhythms and tried to play together too (Appendix E, Video 1 1.34 

to 5.12; Appendix E, Video 2, 1.15 to 9.44; Appendix E, Video 4, 4.16 to 6.54). 

These activities seemed to be executed with a degree of success. However, even 

though students managed to configure the MIDI keyboards, most students were 

unable to produce musical material of any real tonal value (Appendix E, Video 3 1.35 

to 9.50).  

 

The MAMIC library topology model includes the KS incorporation layer. This layer is 

particularly important since it is here that the interdisciplinary intersections of the NC 
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multidisciplines are integrated (Appendix D.3, 16/11/18; Appendix D.3, 30/11/18; 

Appendix D.3, 14/12/18; Appendix D.3, 14/06/19; Appendix D.4, 30/09/19: Appendix 

D.4, 30/09/19). Within this layer, sequence numbers are still treated as command 

variables, but these variables themselves are manipulated by mathematical means 

as stipulated by various maths-related KS NC statutory requirements. The reason for 

this is that the maths NC statutory requirements allow for basic arithmetic as well as 

written logic to be applied to the sequence number syntegration concept. Using the 

sequence number system syntegration concept, it was found that the maths NC 

statutory requirements for KS One and partially for KS Two could be migrated quite 

effectivity into MAMIC abstractions that correspond to the KS incorporation layer. As 

such, each new abstraction name adopted a prefixed ‘1’ or ‘2’ to identify its 

corresponding KS identity. The MAMIC abstractions [greaterthan1], [lessthan1] and 

[days1] are examples of maths KS One abstractions that manipulate their sequence 

numbers as command variables ready for musical processing in the music creation 

layer.  

 

The music creation layer of the MAMIC library topology model contains MAMIC 

abstractions that use sequence numbers as music variables. Sequence numbers in 

this layer directly influence the sound by either scale degree position as well as pitch 

or chord voicings. It is at this level that students can manipulate the sequence 

number syntegration concept to create music. By interlinking both sequence number 

variable states throughout the MAMIC library topology model, practitioners identified 

that students started to understand the role of this syntegration concept. This 

understanding involved students being able to describe what the sequence numbers 

were doing in their MAMIC patches (Appendix D.2, 07/07/18; Appendix D.3, 

08/02/18; Appendix E, Video 5, 0.10 to 11.11). This was especially notable when 

students and practitioners carried out work during the NC interdisciplinary-based 

sessions. With this context in mind and since the NC-focused worksheets contain 

multiple symmetric correlations, it can be argued that undertaking work using the 

NC-focused worksheets enabled music’s interdisciplinary qualities to occur. These 

qualities were embedded in the questions and captured within the measurable 

grading tables on the relevant NC-focused worksheets. All these characteristics also 

led some students to acquire intimate abstraction knowledge as outlined in the 

thematic map and video five (Appendix E, Video 5, 0.10 to 11.11). 
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Regarding RQ1.2 and from the thematic map in Fig. 52, student-specific benefits 

from using the MAMIC USB system were split into three main themes – initial 

MAMIC usage, MAMIC usage and soft skills. Initial MAMIC usage covered student 

skills that were acquired during the initial sessions of MAMIC. MAMIC usage 

included the student skills that were acquired over the remainder of the MAMIC 

sessions and soft skills encompassed skills that were either acquired or 

demonstrated throughout the MAMIC projects but were not directly linked to session 

outcomes specifically. Regarding initial MAMIC usage, practitioners reported that 

students enjoyed using MAMIC and either found it easy to understand or pick up 

quickly (Appendix D.1, 21/02/17; Appendix D.1, 28/02/17; Appendix D.2, 08/06/18; 

Appendix D.3, 16/11/18; Appendix D.4, 28/06/19). For MAMIC usage, the 

practitioners noticed that students demonstrated the use of multiple external USB-

enabled controllers in their MAMIC patches, developed knowledge of MAMIC 

abstractions, created many MAMIC patch combinations and assessed and aided 

fellow peers (Appendix D.1, 21/03/17; Appendix D.2, 08/06/18; Payne, 2022; 

Appendix D.3, 19/10/18; Appendix D.3, 08/02/19; Appendix D.3, 22/03/19; Appendix 

D.4, 12/07/19). Amongst other soft skills, problem-solving skills were identified during 

MAMIC sessions. These skills mainly occurred during times of troubleshooting with 

regards to MAMIC abstractions and their connections. Students also learnt how to 

use the external USB-enabled controllers and solve problems concerning the Pd-

L2Ork IDE (Appendix D.1, 21/03/17; Appendix D.3, 19/10/18; Appendix D.3, 

25/10/18). Through captured video evidence from all case studies, students also 

developed their communication skills with each other and their designated 

practitioners. All these mentioned student-specific benefits and skills can be viewed 

in the captured video footage (Appendix E, Video 1 1.34 to 5.12; Appendix E, Video 

2 1.15 to 9.44; Appendix E, Video 3 1.35 to 9.50; Appendix E, Video 4 0.18 to 6.54; 

Appendix E, Video 5 0.10 to 11.11; Appendix E, Video 6 0.10 to 13.55; Appendix E, 

Video 7 0.10 to 08.13).  

 

Since the in-the-wild practitioners did not capitalise on possibilities regarding music’s 

potential as an interdisciplinary vehicle through differentiated abstraction levels, it is 

important to examine how the interdisciplinary vehicle of music was accessed by 

students and what music was made by them. Student use of the interdisciplinary 

vehicle of music encompassed the purposeful manipulation of symmetric correlations 



 214 

through the compositional and performance structures that embed MAMIC 

abstractions. To help with this notion, Bloom’s taxonomy can be used which was first 

outlined in chapter two. From reviewing the video capture data, it can be said that 

students operating at the lower levels of Bloom’s taxonomy produced music with 

least purpose. During case study one, students were seen setting up MIDI keyboard, 

webcam and Xbox controller algorithms independently, which does suggest that the 

students were operating at the apply level of Bloom’s taxonomy. However, from a 

musicological point of view, apart from changing sounds, the students seemed not to 

interact with any kind of structured pitching or rhythmical patterns on either the MIDI 

keyboard, webcam or Xbox controllers. Only stochastic rhythmic and pitching 

patterns were produced (Appendix E, Video 1, 1.34 to 5.12; Appendix E, Video 2, 

9.45 to 10.02; Appendix E, Video 3, 1.19 to 10.33). This was equally true in case 

study three. Even though students set up their dual Xbox controller performance and 

changed sounds independently, very little attention was paid to the rhythmic content 

of the performance (Appendix E, Video 4, 4.16 to 6.54). Case study four’s videos 

also illustrate that when using MAMIC’s abstractions, music as an interdisciplinary 

vehicle was somewhat lost. This occurred because students spent most of their time 

on the programming aspects of the MAMIC NC-focused worksheet algorithms rather 

than the compositional and performative aspects of music (Appendix E, Video 6, 

0.10 to 13.55; Appendix E, Video 7, 0.10 to 08.13). Moreover, since students spent 

most of their time interacting with the computational aspects, any purposeful music 

making activities was lost. However, case study three does show a student 

interacting with the music symmetric correlations of pitch and rhythm directly. Here 

the student can be seen recreating the song Faded, using both the [conductor] and 

[majorscale] abstractions (Appendix E, Video 5, 0.10 to 11.11). This was created by 

the student through a melody reconstruction by using the syntegration concept the 

sequence number as a music variable, thus controlling pitches that had been set up 

in the [majorscale] abstraction. Consequently, it can be said that this student was 

working at the analyse level of Bloom’s taxonomy since they were producing 

purposeful musical material using the MAMIC abstractions from both pitch and 

rhythm perspectives. This notion seems to support the suggestion that more-able 

students can capitalise on the purposeful manipulation of symmetric correlations 

sooner than their less-able peers. However, concerning the wider student population 

in all four case studies, it seems that when using MAMIC’s performance and 
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compositional structures directly, music-making opportunities are not fully exploited 

in-the-wild and are somewhat lost among the computational aspects of visual 

programming. Fig.50 illustrates this notion. With regards to less-able students, it can 

be said that the musical aspects of a MAMIC patch are overlooked, with a focus 

placed on computing and mathematical outputs. However, as well as focusing on the 

computing and mathematical aspects of MAMIC, a few more-able learners can 

refocus symmetric correlations towards more purposeful musical outputs. 

  
Music focusing – less-able students Music focusing – more-able students 

Figure 50 – The differences in how music is focused as an interdisciplinary vehicle 

by less-able and more-able students. 

With this in mind, it seems that when using the MAMIC USB system, an uneven 

relationship occurs between the three subjects of music, maths and computing, with 

most students unable to produce purposeful musical outputs. For most students, 

aspects of visual programming and mathematical operations seem to take precedent 

over music. However, throughout all the reviewed evidence, it can be argued that 

music plays an overall enticing role in the MAMIC USB system by allowing students 

to access both maths and computing NC statutory requirements through a collective 

musical interest. Therefore, music forms a valid part of a visual programming 

interdisciplinary agenda.    

 
5.8 Discussion – Analysing In-The-Wild Practitioner Challenges and Skills  
 
To fully answer RQ1.1, the question was split into two thematic themes – practitioner 

skills and practitioner obstacles. Practitioner obstacles dealt with issues that halted 

progress with the MAMIC project case studies. These issues had to be overcome to 

varying degrees. Practitioner skills were competencies that practitioners acquired 
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while undertaking the MAMIC project through either using the supplied help 

resources or through their own autonomous learning strategies. It is important to 

note here that these skills were acquired without any of the practitioners achieving 

MAMIC expert status. The results displayed from the MAMIC performance-based 

questionnaires demonstrate this notion (Appendix C.2). From this premise, it can be 

argued that the skills the practitioners acquired while interacting with the MAMIC 

USB system and running the MAMIC project case studies were achieved by non-

expert in-the-wild practitioners. To help discuss all practitioner expertise levels, a 

summary of all practitioner marker categories, as well a summary of all practitioner 

scores, can be found in Table 14. 

 





 218 

Looking at Table 14, as well as the results from the MAMIC performance-based 

questionnaires, some comparisons can be drawn with regards to the practitioner 

marker categories and MAMIC expertise levels. For example, from the MAMIC 

performance-based questionnaire results, practitioners A and B from case study one 

achieved low scores and thus achieved the lower levels of Bloom’s taxonomy even 

though they both had academic backgrounds in music. These performance levels 

are similar to practitioner E who had a background of SEND education; seemingly 

the furthest removed from music, maths and computing. Practitioner C from case 

study two achieved the highest MAMIC performance-based questionnaire score. 

Given this high score, it seems that an ICT background could be more relevant when 

using and teaching with the MAMIC USB system. However, in the third case study, 

practitioner A did manage to achieve a MAMIC performance-based questionnaire 

score of fifteen and a Bloom’s taxonomy level of applying. However, these statistics 

may have been achieved through DP, since practitioner A completed more MAMIC 

session hours in case study three. Additional data methods also support this notion 

since during the third case study, practitioner A managed to run the NC 

interdisciplinary sessions where students were able to undertake the NC-focused 

worksheets and be assessed. Regarding these aspects, it seems that with greater 

exposure to the MAMIC USB system, practitioner A’s performance and expertise 

levels improved. Practitioner E scored the second lowest MAMIC performance-

based questionnaire score of six. This was coupled with a MAMIC session time of 

two and a quarter hours. Additionally, it can be argued that practitioner E had the 

most remote background of SEND education, and these factors may have influenced 

the low expertise levels achieved. It, therefore, seems that an ICT and/or computing 

background may give non-expert in-the-wild practitioners an advantage with the 

visual programming principles of the MAMIC USB system over music graduates, 

although DP also seems to be a factor that helps practitioners build expertise over 

time. Lastly, in-the-wild practitioners from more remotely related backgrounds to 

computing score lower in MAMIC performance-based questionnaires. It seems that 

in-the-wild practitioners from more remote backgrounds may have to undertake a 

greater amount of DP to gain expertise and skills with the MAMIC USB system. 

 

Regarding the results themselves, some practitioners noted that multiple sessions 

were sometimes captured in one diary entry or that some hours were not recorded at 
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all. For example, practitioner B recorded no diary entries or hours. It therefore seems 

that the results from practitioner B’s heuristic evaluation may be invalidated to some 

degree. However, this lack of session evidence may help to explain the low score 

achieved by practitioner B as a music production graduate regarding the MAMIC 

performance-based questionnaire. Due to practitioners not recording the number of 

sessions accurately, only the hours that were recorded in the diary entries have been 

taken into consideration.  

 

When interacting with the various URUT methods of data capture, not all 

practitioners interacted with all the available data capture methods. Some methods 

were favoured over others. For example, practitioner online diaries were completed 

in all four cases studies but video capture was not used at all in case study two. 

Student work was also not captured in all case studies. The lack of recording of the 

number of MAMIC sessions and practitioner selection of URUT data methods has 

been attributed to the unpredictable nature of school environments and perhaps a 

lack of understanding/communication around the importance of recording session 

data. Although this situation is not ideal, as stated in chapter three, some anomalies 

were expected due to the unpredictable nature of schools. As a result, to avoid this 

situation in future studies, it is recommended that the researcher creates automated 

prompts to ensure session frequency data is gathered from the in-the-wild 

practitioners on a weekly basis. However, despite the partial URUT data capture that 

took place, it can be said that the work undertaken in this thesis has given an insight 

into how the URUT approach might be extended into school settings in situ. 

 

Regardless of expertise levels, through the practitioner online diaries and video 

evidence it has been established that for both session types (discovery-based and 

NC interdisciplinary-based) the practitioners had adequate knowledge to give 

students the starting points they needed to interact with the MAMIC USB system and 

library. Moreover, the skills acquired by practitioners also helped inform student 

usage and understanding of the MAMIC USB system. These skills also fostered the 

teaching of the NC interdisciplinary-based sessions (Appendix D.1; Appendix D.2; 

Appendix D.3; Appendix D.4; Appendix E, Video 1 1.34 to 5.12; Appendix E, Video 2 

1.15 to 9.44; Appendix E Video 3 1.35 to 9.50; Appendix E, Video 6 0.10 to 13.55; 

Appendix E, Video 7 0.10 to 08.13). Additionally, it can be seen from the thematic 



 220 

map in Fig.48 that the practitioner-acquired skills concerning both the subject 

multidisciplines and the Pd-L2Ork IDE helped with student troubleshooting and 

problem-solving. Additionally, the practitioner-acquired skills of MAMIC abstraction 

knowledge and NC interdisciplinary knowledge enabled the practitioners to evaluate 

MAMIC abstractions and understand sequence numbers. All these factors enabled 

the practitioners to teach the NC interdisciplinary-based sessions (Appendix D.1, 

21/02/17; Appendix D.1, 26/02/17; Appendix D.1, 21/03/17; Appendix D.2, 02/03/18; 

Appendix D.3, 08/02/19; Appendix D.3, 22/03/19; Appendix D.4, 28/06/19; Appendix 

D.4, 12/07/19; Appendix D.4, 30/09/19; Appendix E, Video 1 1.34 to 5.12; Appendix 

E, Video 2 1.15 to 9.44; Appendix E, Video 3 1.35 to 9.50). Moreover, the fact that 

the practitioners gained these skills associated with the MAMIC USB system and 

library gives some validity to the practitioner assessment of the NC statutory 

requirements. This practitioner assessment was achieved using the grading tables 

within each NC-focused worksheet. Regarding practitioner A specifically, this notion 

is further ratified by their extended period of DP with the MAMIC USB system over 

case studies one and three as well as their achievement of the second highest 

MAMIC performance-based questionnaire score. 

 

The practitioner obstacles theme is associated with issues that arose while the 

practitioners used MAMIC in their respective case studies. The practitioner obstacles 

theme includes sub-themes that also led directly to improvements to the MAMIC 

USB system and library, which in turn helped inform subsequent iterations. Most 

iteration obstacles and subsequent improvements were related to either the MAMIC 

library or operating system. For example, in the first case study the manual loading 

of the JACK audio server on system start-up was seen as a problematic and 

underreported error that seemed unsolvable to the practitioners. Regarding this, 

system reboots occurred often to try and solve the JACK and PulseAudio loading 

conflicts (Appendix C.1). Similarly, some MIDI keyboards utilised an automatic 

configuration routine while others did not, requiring the manual loading of MIDI 

keyboard configurations within the MAMIC USB system at times. This issue meant 

as well as the loading of JACK, MIDI keyboard integration was not always automated 

correctly, and thus caused problems when MAMIC was used in situ (Appendix C.1). 

Accordingly, in MAMIC iteration two the addition of operating system automatic 

software loading routines for both JACK and MIDI keyboard configurations were 



 221 

incorporated. These processes reduced the number of configuration errors that 

occurred from case study one to case study two, but the detection of errors remained 

an issue. These error detection issues were concerned with programming using the 

MAMIC abstractions themselves and not with the new automation of JACK and MIDI 

processes (as in case study one). As a result, practitioner C commented that more 

training would be advantageous to further explore the capabilities surrounding the 

MAMIC USB system and library (Appendix D.2, 07/07/18). In all case studies, the 

practitioners stated that, in-the-wild, lack of MAMIC error reporting was seen as an 

issue and sometimes caused the practitioners to reboot computer systems as a last 

resort method to fix undiagnosed errors. This problem was particularly evident during 

the heuristic evaluation scores for error prevention and help users recognise, 

diagnose and recover from errors categories specifically (Appendix C.1). With 

regards to the heuristic evaluations generally, practitioner E on average scored the 

MAMIC USB system less than any other practitioner across all case studies. This 

may be since practitioner E’s background was arguably the least closely related to 

the three subjects of music, maths and computing. Scores for visibility of system 

status, user control and freedom and help and documentation scored comparably 

when matched with similar scores across all case studies. Regarding user control 

and freedom specifically, practitioner E noted that for the youngest students 

(Reception and Year 1), the GUIs on MAMIC abstractions were not adequate. As a 

result, it was recommended that buttons on the GUI interfaces be enlarged for future 

studies (Appendix D.4, 28/06/19). 

 

Regarding diagnosing errors, practitioners A and C were self-critical and identified 

themselves as forgetting important aspects of the MAMIC system and library 

(Appendix D.2, 02/03/18; Appendix D.2, 07/07/18; Appendix D.3, 11/10/18). 

Practitioners A and D also pointed out that they failed to access given MAMIC 

resources on occasions (Appendix D.3, 30/11/18; Appendix C.1). Ultimately, a lack 

of debugging skills, coupled with a variety of unstructured sessions where the 

practitioners felt they needed extra guidance, formulated the plans to develop the NC 

interdisciplinary-based sessions and subsequent NC-focused worksheets (Appendix 

D.2, 08/06/18). These changes also drove the adaptations to the MAMIC library 

topology model and thus helped formulate content for each MAMIC iteration. As a 
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result, these MAMIC iteration improvements are identified in Fig.51 in conjunction 

with the obstacles that authored their creation. 

 
Figure 51 – Thematic map covering the practitioner obstacles theme for RQ1.1.  

Practitioners also identified some potential domain-specific knowledge barriers. 

These barriers were identified for both students and practitioners and can be defined 

as barriers where symmetric correlations did not take place between disciplines. 

These problems seemed to occur when the practitioners or students enquired about 

a subject-specific aspect. Some practitioners felt more at ease when dealing with 

these issues than others, and some sought clarity from the MAMIC author with 

regards to missing domain-specific knowledge (Appendix D.3, 14/12/18; Appendix 

D.3, 08/02/19). For example, some students inquired about sharp and flat notes. 

This required practitioner A to explain this knowledge barrier to try and enable 

symmetrical correlations to take place (Appendix D.3, 09/11/18). The spelling of 

MAMIC abstraction names was also a specific knowledge barrier for some students 

(Appendix D.3, 11/10/18; Appendix D.3, 22/03/19; Appendix E, Video 7 0.10 to 

08.13). There was also a need to simplify the phrasing of the questions presented in 

the NC-focused worksheets as students struggled with the understanding of 

meanings (Appendix D.3, 09/11/18; Appendix D.3, 16/11/18; Appendix D.3, 

22/03/19; Appendix D.3, 14/06/19, Appendix D.4, 12/07/19). To try and bridge these 

specific knowledge barriers, the practitioners attempted to rephrase questions and 
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help with the spelling of MAMIC abstraction names. This enabled students to 

complete their work with a greater degree of success (Appendix D.3, 09/11/18; 

Appendix D.3, 16/11/18; Appendix D.3, 22/03/19). Therefore, by eliminating potential 

domain-specific knowledge barriers, it can be argued that through the NC-focused 

worksheets, the non-expert practitioners enabled a slight refocusing of music to 

occur across the NC statutory requirements of music, maths and computing. This 

was achieved by lesson adaptations by the practitioners to better enable student 

understanding concerning the NC-focused worksheets. Concerning this notion, it can 

be argued that by using the MAMIC USB system and adapting teaching methods, 

non-expert practitioners have the potential to slightly manipulate music as an 

interdisciplinary vehicle through the elimination of potential domain-specific 

knowledge barriers. However, to what end music can be purposely moved in and out 

of focus by in-the-wild practitioners into the areas of maths and computing to a 

greater degree remains unclear since all practitioners followed the NC-focused 

worksheets prescriptively. It seems that the main aim of the practitioners was to try 

and limit potential domain-specific knowledge barriers and not purposely refocus 

music as an interdisciplinary vehicle to teach maths or computing concepts. From 

this premise, it seems all in-the-wild practitioners missed opportunities to purposely 

manipulate music as an interdisciplinary vehicle. There is little evidence that the 

practitioners intentionally used multiple symmetric correlations or changed their 

lesson plans to refocus music specifically to teach maths or computing concepts. 

Regarding this, it can be presumed that practitioners with greater levels of expertise 

are required to capitalise on an intentional refocusing of music concerning its 

transportation and potential transdisciplinary integration into both the maths and 

computing NC statutory requirements. Additional training for the non-expert in-the-

wild practitioners by the MAMIC author could potentially solve these issues and thus 

enable a greater number of students to create meaningful musical outputs moving 

forward. 

 

Throughout the MAMIC project case studies, there was also a correlation between 

institutional priorities and the practitioners’ abilities to either complete sessions or 

receive adequate preparation time for using MAMIC. These factors were especially 

evident during the initial stages of the case studies. Since schools are unpredictable 

environments, practitioners did not either interact with all available URUT data 
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collection methods or did not provide an accurate record of all the individual sessions 

undertaken. This has been evidenced with regards to session frequency in all four 

case studies and resulted in some results becoming invalid, namely practitioner’s B 

heuristic evaluation results. Concerning this, a correlation has now been identified 

between low MAMIC project institutionalised priority levels having an adverse effect 

on practitioner preparation time, the number of sessions, the practitioners’ abilities to 

record data and student exposure to the MAMIC projects. It seems, however, as the 

case studies continued, the practitioners developed more MAMIC skills and 

experience and thus needed less time to prepare for classes. The institutional factors 

that affected the MAMIC projects consisted of both operational and regulatory facets. 

As evidenced in the appendices, these included lack of staffing (Appendix D.1.1, 

14/11/16), external curriculum constraints (Appendix D.1.1, 13/10/16; Appendix 

D.2.1, 12/12/17; Appendix D.4.1, 08/10/19; Appendix D.4.1, 19/05/19), school trips 

(Appendix D.2.1, 09/01/18; Appendix D.1.1, 18/05/17), timetabling issues (Appendix 

D.1.1, 17/10/16, lack of preparation time (Appendix D.1.1, 17/10/16) and meeting 

commitments (Appendix D.2.1, 15/09/17). 
 

Finally, as a result of all these discussions, the MAMIC interdisciplinary model is 

presented in Fig.52. The main aim of this model depicts the discovery and NC 

interdisciplinary-based sessions (as shown previously in the pedagogical framework) 

in relation to the rest of the NC. As a result, this model contains an entry and exit 

point section: the multidisciplinary school NC-integration. This is where the rest of an 

institution’s curriculum can be integrated with the MAMIC discovery and NC 

interdisciplinary-based sessions. It is here where opportunities to support domain-

specific concepts regarding the three disciplines of music, maths and computing 

could be taught in collaboration with and where necessary in isolation from, the 

MAMIC interdisciplinary model. It is envisaged that the multidisciplinary school NC-

integration section could help practitioners transcend domain-specific knowledge 

barriers and thus aid better intentional manipulation of the focusing of music into 

both areas of maths and computing. 
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Figure 52 – The MAMIC interdisciplinary model. 

 
5.9 Chapter Summary 
 

This chapter has presented four case studies. Each case study has varied in length, 

year group interaction and research method utilisation. These factors have occurred 

due to the unpredictable nature of in-the-wild environments concerning institutional 

factors that relate to various operational and regulatory facets. Despite some issues 

with delivery and URUT data collection, valuable information has been gathered from 

a variety of sources in each case study, as detailed in each case study’s study 

design section. All research questions have been revisited in this chapter and two 

thematic maps have been created from the variety of URUT data sources contained 

in each case study. Regarding RQ1, it has been seen that two types of sessions 

resulted – discovery-based and NC interdisciplinary-based sessions. It was found 

that discovery-based sessions should be kept open for students to make their own 

discoveries with individualised targets being set for students or by themselves as 

appropriate. This approach enabled students to make various MAMIC patch designs 

using the MAMIC library. For students that struggled with initial understanding, a DI 

worksheet that covered the knowledge and understanding levels of Bloom’s 

taxonomy enabled students to progress. The DI worksheets enabled students to add 

to their schemata networks through both constructivist and constructionist 

approaches, they also provided behaviouristic step-by-step instructions regarding 
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MAMIC patch design for both the visual and kinaesthetic MML modalities. The NC 

interdisciplinary-based sessions enabled the practitioners to provide students access 

to a thematic-based approach to interdisciplinary task design. These tasks adopted 

many cognitivist and constructivist approaches and included behaviouristic-style 

questions that enabled multiple symmetric correlations across music, maths and 

computing to take place in a visual programming context. Concerning this, the 

practitioners were also able to assess students against NC statutory requirements 

for all three subjects of music, maths and computing on the worksheet grading table 

and measure progress. The practitioners recommended that, to enable increased 

student participation, the original extension task should be swapped with the original 

behaviouristic questions main task. The MAMIC library topology model presented the 

sequence number syntegration concept in both its command and music variable 

roles. These sequence numbers can be seen as the primal language that intersect 

all visual programming processes and promote music’s interdisciplinary qualities 

across all NC statutory requirements for music, maths and computing primarily at KS 

One. As a result, the sequence number syntegration concept now acts as both 

command and music variables throughout the MAMIC library. Music variables are 

integers that control direct musical processes like scale degrees, musical pitches or 

chord voicings. Command variables are integers that allow other MAMIC 

abstractions to be triggered in isolation or in sequence as appropriate to the MAMIC 

patch in question.  

 

Student-specific benefits from using the MAMIC USB system were also outlined for 

RQ1.2. These were split into three categories – initial MAMIC usage, MAMIC usage 

and soft skills. Students acquired skills that involved direct MAMIC usage, including 

knowledge of MAMIC abstractions and the understanding of sequence numbers. 

Students also developed or acquired soft skills that related to peer help and 

assessment and demonstrated additional skills of troubleshooting, communication 

and autonomous working. It seems, however, that when undertaking musical 

activities through MAMIC abstractions, more-able students can capitalise sooner on 

creating valid musical outputs by purposefully refocusing symmetric correlations to a 

greater extent than their less-able peers. Consequently, even though it can be 

argued that music plays an overall role in a visual programming interdisciplinary 
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curriculum, when it comes to purposefully refocusing symmetric correlations, it 

seems music as an interdisciplinary vehicle loses accessibility to some students. 

 

Regarding RQ1.1, a final thematic map was created that depicted the obstacles 

practitioners faced while undertaking all MAMIC project case studies. Importantly, 

some aspects of this research question enabled the MAMIC USB system to gain vital 

new iterative features. The practitioners were also self-critical and thus highlighted 

issues relating to a lack of debugging skills which led to some unstructured sessions. 

From this standpoint, the NC interdisciplinary-based sessions were developed to 

better guide the practitioners and their sessions. The practitioners, though, did pick 

up skills while undertaking their respective MAMIC projects. It is important to note 

here that these skills were acquired without any of the practitioners achieving 

MAMIC expert status, since the results from their MAMIC performance-based 

questionnaires demonstrate this notion. As a result, these practitioners can be 

referred to as non-experts. However, it seems that the skills acquired by these non-

expert practitioners are not adequate to purposely refocus music through either 

visual programming or the re-evaluation of lesson planning into the areas of music, 

maths and computing. Instead, practitioners tended to concentrate on dismantling 

domain-specific knowledge barriers. However, by dismantling of domain-specific 

knowledge barriers, arguably practitioners did refocus music into the areas of maths 

and computing to a small degree. That said, the non-expert practitioners still have 

limited abilities when it comes to purposefully manipulating music as an 

interdisciplinary vehicle for lesson-planning purposes and as a result must rely on 

MAMIC resources specifically. 

 

Another factor that affected all MAMIC case studies was the correlation between 

institutional priorities and the practitioner’s abilities to receive adequate preparation 

time for using MAMIC. However, it is also important to note here that despite the 

institutional factors affecting the frequency of MAMIC sessions, the more experience 

with the MAMIC USB system the practitioners had, the more confident they became 

at using it. 

 

Finally, the MAMIC interdisciplinary model was presented. This can be seen as the 

overarching model that depicts how MAMIC can be integrated into the wider NC. As 



 228 

well as demonstrating a clockwise motion of delivery through the discovery and NC 

interdisciplinary-based sessions, the MAMIC interdisciplinary model also highlights 

the multidisciplinary school NC-integration section. It is here that MAMIC can further 

interact with the rest of the NC, and where practitioners could dismantle domain-

specific knowledge barriers and thus aid better intentional manipulation of the 

interdisciplinary vehicle of music.  
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Chapter Six – Conclusions and Future Work 
6.1 Chapter Overview 
 

This thesis has investigated how in-the-wild practitioners using the multidisciplined 

NC have used music’s interdisciplinary qualities to synthesise the disciplines of 

maths and computing using a visual programming environment. To gain insight into 

how these ideas work in practice, the MAMIC USB system and library was 

developed and tested in multiple iterations in four primary school locations over a 

period of three years. The results of this in-the-wild testing have informed the 

development of the MAMIC library topology model. Through three iterations, this 

model has informed the design of the MAMIC USB system and library. The MAMIC 

library topology model also enforces and extends Yakman’s (2008) notion of a primal 

language that interconnects various disciplines through symmetric correlations. In 

the case of MAMIC, its primal language is the syntegration concept the sequence 

number, in both its command and music variable forms.  

 

This chapter pulls together the myriad strands of this thesis and locates them in a 

wider context. The research questions (as set out in the thesis Introduction) are re-

examined in light of the preceding chapters. From the results presented in chapter 

five, conclusions are then formed and discussed in relation to their relevance to 

wider research communities. Limitations of the project are also highlighted in relation 

to each conclusion so that a better scope of significance concerning the overall 

research can be grasped by the reader. Following the conclusions, the contribution 

to knowledge is discussed and recommendations are made for government and 

education stakeholders. These recommendations suggest positing music in a new 

interdisciplinary space within the NC and allowing teachers of music, maths and 

computing to work together to establish a new interdisciplinary curricula in a visual 

programming context. Finally, a range of possibilities for future work are also 

outlined. 

 

6.2 Research Summary 
 

The purpose of designing, developing and testing three iterations of the MAMIC USB 

system in four schools was to test the following research questions: 
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RQ1. How can a visual programming system use the multidiscipline NC 

and music to introduce and interlink mathematical and computing       

concepts and what are the pedagogical and interdisciplinary 

underpinnings of this approach? 

 

RQ1.1. What are the obstacles for in-the-wild practitioners with minimal 

training and what skills do they demonstrate when using this new 

visual programming system in situ? 

 

RQ1.2. What are the benefits to students when using the new visual 

programming system? 

 

It is important to note here that chapter five framed the case study results around the 

research questions. In this chapter, each research question will now be revisited in 

conjunction with the context of the whole thesis.  

 

Regarding RQ1 and to illustrate music’s interdisciplinary qualities, the reader was 

introduced to the interdisciplinarity possibilities concerning music, maths and 

computing in chapter one. This first commenced through a historical narrative that 

highlighted ways in which all three subjects have amalgamated over time. 

Interdisciplinary qualities concerning music’s dissemination into other subjects were 

then explored.  

 

Concerning the NC directly, changes to the maths and computing NCs were 

explored and compared against the previous 2000 NC. Changes to maths and the 

transformation of the ICT NC from a software competency approach to the 

computing agenda were also highlighted. Music’s place in the NC was reviewed and 

the music curriculum was found to be largely unchanged and out-dated, especially 

when aligned with the new computing and maths agendas. Sloboda (2001) revealed 

a classical music dominated curriculum ideology, which constituted an unfit modern 

music education. The role of technology within music was then explored, with 

various authors giving suggestions for its use (Innes, 1997; Sloboda, 2001; Cain, 

2004; Henley, 2011). To counter the lack of technological integration and 

interdisciplinary exploration in the music NC, the STEAM curriculum model was then 
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presented. Further clarification of interdisciplinary curricular connections was then 

provided through the work of Barrett and Veblen (2018) and Russell-Bowie (2009) 

with regards to thematic-based, process-based and work-based interdisciplinary 

curriculum approaches. Lastly, a review of the literature involving music and 

computers in education was then introduced to further demonstrate music’s 

interdisciplinary qualities. These projects included the incorporation of visual 

programming as a mechanism to incorporate music, maths and computing into a 

coherent workspace.  

 

Chapter two outlined pedagogical approaches that, in turn, developed some of the 

premises and prospects first highlighted in RQ1. These pedagogical approaches 

were then discussed in conjunction with the literature review. Constructivist and 

constructionist learning theories then laid the foundations for subsequent chapters, 

particularly chapter four. Discovery learning, aspects of behaviourism, DI and MML 

modes were also taken forward. These featured prominently in the literature review 

(chapter one). The literature review and survey of pedagogical approaches informed 

the design of both the MAMIC library and DI worksheets for MAMIC iteration two and 

the NC-focused worksheets for MAMIC iteration three. Example considerations 

included the creation of differentiated abstraction levels, differentiation by task 

difficulty levels, student worksheet behaviouristic step-by-step instructions, the 

identification and inclusion of various symmetric correlations and the measurement 

and assessment of NC statutory requirements for music, maths and computing. 

Ultimately, from the pedagogical foundations outlined in chapter two and the work 

carried out in the subsequent chapters, a pedagogical framework was established. 

This framework outlines all the principles that need to be considered when delivering 

both the discovery-based and NC interdisciplinary-based sessions, since these 

strategies benefited students the most.  

 

Chapter four encapsulates the iterative practical work contained within this thesis. In 

chapter four, the construction and revisions of the MAMIC library topology model 

was covered. The MAMIC library topology model is seen as the primary way to use 

music to introduce and interlink mathematical and computing concepts through 

visual programming. The interdisciplinary and pedagogical underpinnings of the 

MAMIC library topology model include its support materials as well as its layers and 
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iterations. The syntegration concept the sequence number, in both its command and 

music variable forms, is positioned as the most important aspect of the MAMIC 

library topology model’s primal language. The sequence number extends both the 

thematic-based interdisciplinary curricular connections and Yakman’s (2008) findings 

in a visual programming context. The MAMIC library topology model also informs a 

new visual programming interdisciplinary model: the MAMIC interdisciplinary model.  

 

Chapter four’s three iterations of the MAMIC USB system were tested to gather data 

for chapter five’s MAMIC project case studies. The three iterations of the MAMIC 

USB system were also used to investigate RQ1. Each new iteration incorporated 

changes informed by the previous iteration and then the final iteration informed the 

MAMIC library topology model presented in section 4.5. These changes can be split 

into three categories, namely, MAMIC USB system changes, MAMIC library changes 

and interdisciplinary pedagogical modifications. MAMIC USB system changes 

involved alterations to the construction of the USB system from live persistent 

storage to a full USB installation as well as the addition of operating system 

automatic loading routines. MAMIC library changes included changes to MAMIC’s 

differentiated abstraction levels, the addition of the MAMIC state-saving algorithm 

and upgrades to CPU demand reduction algorithms. The interdisciplinary 

pedagogical modifications involved the various worksheet resources that were used 

by students and in-the-wild practitioners. These were updated through each of 

MAMIC’s iterations and (coupled with the MAMIC library abstractions) enabled 

symmetric correlations to occur across the music, maths and computing NC statutory 

requirements at KS One. All these three change categories impacted not only the 

MAMIC USB system and MAMIC library but also the layers that featured in the 

various iterations of the MAMIC library topology model. These changes were 

reflected in the MAMIC library topology model presented in section 4.5. The various 

pedagogical changes featured throughout the MAMIC iterations also influenced 

many aspects of the pedagogical framework, which is outlined in section 5.7.  

 

The foundations for RQ1.1 are based in the pedagogical material outlined in chapter 

two and chapter three. Chapter three portrayed fundamental details that defined the 

in-the-wild practitioner and produced a performance criteria-based questionnaire to 

measure the expertise levels of each in-the-wild practitioner that took part in the 
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MAMIC projects. Expertise measurement in-the-wild was seen as fundamental to 

this thesis since previous studies had highlighted a need for experts to be in a 

laboratory situation with specialist equipment. These experts were either placed 

nearby student participants or taught students directly. From the results presented in 

chapter five, it appears that through taking the MAMIC performance-based 

questionnaires, all practitioners ran the MAMIC projects in-the-wild without achieving 

MAMIC expert status. This means that non-expert practitioners can still run MAMIC 

projects in situ and demonstrate a range of skills without the need for achieving 

MAMIC domain-specific expertise. 

 

Chapter five also highlighted the obstacles encountered by practitioners. 

Correlations between these findings were then outlined in the second thematic map 

presented in section 5.8. As well as highlighting practitioner obstacles, it was also 

noted that the second thematic map fed the MAMIC iteration improvements. Lastly, 

this thematic map also acted as the foundation for the institutional factors highlighted 

later in chapter five. It was here where in-the-wild practitioners first started 

highlighting institutional factors that affected performance. 

 

The beginnings for RQ1.2 principally lie in the results section of each MAMIC project 

case study in chapter five. Here, quotes are taken from in-the-wild practitioners that 

surround issues relating to system usage and students benefits. Using URUT 

techniques, data is also drawn from video evidence as well as student work 

(although the availability of this is limited to a modest number of examples). 

Fundamentally, chapter five includes the first thematic map that splits the student 

benefits of using the MAMIC USB system into three main categories – initial MAMIC 

usage, MAMIC usage and soft skills. These areas were then expanded upon in 

section 5.7. After reviewing the summarised points above concerning this thesis’s 

body of work, conclusions can now be drawn and are presented below. 

 

6.3 Conclusions’ Discussion and Summary  
 

The three iterations of the MAMIC USB system developed in chapter four have been 

adopted to investigate the research questions as set out in chapter one. Leveraging 

theory relating to both pedagogical and expertise perspectives, as outlined in 
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chapters two and three, non-expert in-the-wild practitioners have been defined and 

their expertise levels measured at the end of each case study. Utilising URUT 

multiple data-capture techniques in schools in situ, this thesis has been able to 

provide an insight into the challenges that non-expert in-the-wild practitioners have 

faced while undertaking the MAMIC project case studies. Additionally, some benefits 

of the MAMIC project for students have also been identified. This thesis can now 

draw several conclusions, considering a range of stakeholders. The limitations and 

contexts of the conclusions are also highlighted.  

 

Chapter one highlighted that previous relevant projects involving music and 

computers in education adopted specialist computer systems to undertake the 

project work and research required (Trueman et al., 2006; Bukvic et al., 2010; 

Sawyer et al., 2013; Hayes, 2017; Funke, Geldreich and Hubwieser, 2017). 

Therefore, the need to adopt a homogeneous resource environment seems to 

counteract an in situ scenario since in-the-wild settings typically contain resource 

environments of varying hardware configurations. Furthermore, the previous music 

and computers in education-related projects also highlighted that expert practitioners 

and/or project authors were involved in the delivery of the educational programmes. 

The only real exception to this notion was the Sound, Electronics and Music Project, 

where teachers undertook project delivery (Hayes, 2017). However, the teachers in 

this project were closely supported by the project’s author, expert researchers and 

musicians from the field of computer music.  

 

With these aspects in mind, the MAMIC USB system outlined in chapter four has 

addressed issues surrounding additional equipment needs as well as technical and 

operating system version stability on a variety of systems. This has been achieved 

by providing a bootable USB solution that can be run on PC hardware typically found 

in primary schools. The use of the MAMIC USB system was undertaken by in-the-

wild practitioners who (through the MAMIC performance criteria-based questionnaire 

as well as various other marker categories outlined in chapter three) were deemed 

MAMIC non-experts in chapter five. From this premise, it can be concluded that 

unlike previous studies where a combination of experts working in laboratory 

situations with specialist equipment has been the norm, the MAMIC USB system and 

library has enabled non-expert in-the-wild practitioners to deliver the MAMIC to 
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primary school year groups ranging from Reception to Year 6 in situ. It is therefore 

necessary for software-based learning delivered in-the-wild to be able to make use 

of typical school computing hardware as necessary in situ.  

 

Looking in more detail at practitioner expertise specifically, it seems that practitioners 

from an ICT or computing background may initially achieve expertise levels faster 

than practitioners from musical or other less closely related backgrounds. Since non-

expert practitioners from various backgrounds can deliver a MAMIC project and the 

MAMIC USB system can run on a variety of typical school computing hardware 

systems, the MAMIC USB system has certain attributes that could potentially allow 

its incorporation into wider school curriculum agendas internationally. This could 

potentially mean that the MAMIC USB system could be used internationally in 

primary schools that contain resource environments of varying hardware set-ups. For 

example, international relevance could be achieved by incorporating MAMIC within 

certain STEAM curriculum projects. These STEAM projects could be similar in scope 

to those outlined in the literature review (Quigley, Herro and Baker, 2019, p.157). 

Moreover, the possible national deployment of the MAMIC USB system across 

England would also help to build upon Hayes’s (2017) ambitions to take HE 

computer music approaches and provide relative experiences to primary school-age 

children. This ambition could be achieved by allowing a much larger range of non-

expert in-the-wild practitioners to undertake music and computers in education-

related activities in situ with minimal equipment needs. From these standpoints, 

through the use of the MAMIC USB system, an extension of the traditional music 

teacher education model as identified by Sloboda (2001) is justified. However, there 

have been limitations to both practitioner expertise measurement and the MAMIC 

USB system’s deployment across many schools. Limitations in measuring 

practitioner expertise included the practitioners’ lack of ability to record data 

concerning the amount of MAMIC sessions that took place. This resulted in some 

results becoming invalid. For example, practitioner B did not manage to complete 

any practitioner diary entries or formally record how many sessions they took part in. 

Due to this situation, their heuristic evaluation lost some validity. As a result, a more 

formalised approach where the researcher actively seeks this data was 

recommended for future research. However, although practitioners missed 

opportunities to capture data in situ, it can be argued that the very nature of this 
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situation gives an insight into how URUT data capture operates in an unpredictable 

school environment. Moreover, formalising the URUT data capture methods in future 

projects could also help extend URUT’s reach into future in-the-wild school contexts.  

 

The MAMIC USB system’s deployment limitations were mainly highlighted in chapter 

three. Here it was noted that the MAMIC USB system can currently only run on PC 

hardware, thus limiting schools that have invested in the Apple platform or mobile 

technology (such as smartphones and tablets). Regarding these hardware limitations 

it seems the opportunities to interlink the MAMIC interdisciplinary model and thus 

take advantage of music’s interdisciplinary qualities into a wider school network are 

missed. Therefore, the portability options that mobile technology offers have not 

been explored by the MAMIC USB system. Moreover, using the Linux operating 

system to host the MAMIC USB system also produced limitations. These issues 

caused practitioners problems when loading the MAMIC USB system on various PC 

hardware. These issues were, for the most part, solved by the creation of a bash 

shell script. However, even when this script was deployed on the MAMIC USB 

system, some issues were still reported. A future solution regarding operating 

system problems may involve Pure Data’s integration into web browser technology. 

This integration has just occurred in alpha development through Purr-Data (Kirn, 

2020). Since this deployment has only just been published, the MAMIC USB system 

was unable to capitalise on these recent developments. 

 

Beyond the MAMIC USB system itself, the MAMIC interdisciplinary model can be 

discussed from a pedagogical point of view. The origins of the MAMIC 

interdisciplinary model were defined in chapter two. It was determined that the music 

and computers in education-related projects outlined in the literature review adopted 

mainly constructivist, social-constructivist and constructionist learning approaches. 

Learning dimensions from both social-constructivist and constructionist learning were 

also identified. There was also evidence that some of these projects incorporated DI 

techniques, behaviouristic objectives and MML mode approaches. These 

pedagogical foundations informed the design of the MAMIC USB system and its 

iterations, as detailed in chapter four. This influence can be seen in the inclusion of 

differentiated abstraction levels, DI worksheets that included behaviouristic principles 

and DI by task as well as the NC-focused worksheets of MAMIC iteration three. 
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From the results presented in chapter five, two session types emerged across the 

MAMIC project case studies – discovery-based and NC interdisciplinary-based – 

with evidence suggesting that both types should be included in delivery. The 

pedagogical framework outlined in chapter five gives a deeper insight into 

techniques that can be employed when delivering both session types. Both session 

types are seated in constructionism since in-the-wild practitioners naturally gravitated 

towards several learning dimensions autonomously. Moreover, it can be argued that 

the pedagogical framework also gives a broader view of the pedagogical elements 

that should be implemented in both session types. Examples of such pedagogical 

elements include additional learning traits, DI principles and MML mode strategies. 

These elements are also linked to the layers of the MAMIC library topology model to 

which they apply. 

 

Due to its flexible project objective of sound manipulation, it can be argued that the 

discovery-based session offers a greater flexibility to the wider research community 

out of the two session types. However, this greater flexibility surrounding the 

discovery-based session was less assigned to specific NC statutory requirement 

measurements. Comparisons can therefore be drawn here between this discovery-

based session and the session structures previously undertaken in the music and 

computers in education-related projects outlined in literature review in chapter one. It 

can be argued that this discovery-based session, coupled with the pedagogical 

framework, could be used in a wider variety of in-the-wild settings. This could give 

future researchers a solid structure to undertake further research with the MAMIC 

USB system. This research could also be undertaken both nationally and 

internationally since the discovery-based session offers flexibility.  

 

In contrast, the NC interdisciplinary-based session incorporates the NC-focused 

worksheets that enable (through various symmetric correlations) measurement and 

assessment of NC statutory requirements for music, maths and computing. These 

sessions are more prescriptive than the discovery-based session, since they are 

based around project goals set out in the various NC-focused worksheets. While 

these sessions contain additional tools to measure music’s interdisciplinary qualities 

through NC statutory requirements symmetric correlations, these sessions may 

seem less attractive to the international research community and therefore seem 
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only nationally relevant. The case for this argument is centred around the notion that 

the NC interdisciplinary-based session and the MAMIC library are based solely on 

the NC statutory requirements for music, maths and computing at KS One. From this 

standpoint, the NC interdisciplinary-based session seems only directly relevant to 

English maintained schools since the NC statutory requirements must be taught in all 

maintained schools in England. Thus, the number of maintained schools where the 

NC interdisciplinary session could be relevant for in-the-wild implementation and 

further research includes 11,757 out of 20,591 schools in England (DFE, 2019a). 

 

Lastly, the MAMIC interdisciplinary model highlighted where the MAMIC sessions 

could interact with the rest of an institution’s curriculum. This was achieved through 

the identification of the multidisciplinary school NC-integration section. Once more, it 

can be argued that this model best serves a national research community since the 

NC is implemented in English maintained schools. However, some relevance 

remains for a wider research audience since the model identifies the importance of a 

multidisciplinary school NC-integration section where the MAMIC sessions (or 

something similar) could connect to a broader alternative curriculum agenda. Since it 

has been established that the MAMIC USB system and library has enabled non-

expert in-the-wild practitioners to deliver the MAMIC sessions, it now seems 

appropriate to discuss if the MAMIC USB system and library has manipulated 

music’s interdisciplinary qualities to enable students to achieve measurable 

outcomes. Music’s interdisciplinary qualities in previous studies were first outlined in 

chapter one. While Yakman’s (2008) claim of maths as the primal language across 

the STEAM curriculum was given some prevalence and some examples of music 

interdisciplinary learning opportunities were given, no previous study adopted 

symmetric correlations to measure these interdisciplinary learning opportunities 

specifically in a visual programming context. Through chapter two it was suggested 

that previous studies had missed opportunities to measure music’s interdisciplinary 

qualities in a visual programming context, and that this could be achieved by using 

behaviouristic objectives. Additionally, through the pedagogical conclusions reached 

in chapter two, chapter four then presented various ways by which music’s 

interdisciplinary qualities could be embedded in a visual programming context using 

the MAMIC USB system and library. It was here where the iterative MAMIC library 

topology model and the NC-focused worksheets were developed. By use of the 
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MAMIC library abstractions, symmetric correlations were established, connecting the 

NC statutory requirements of music, maths and computing at KS One. Yakman’s 

(2008) notion of the primal language was also developed further into the syntegration 

concept the sequence number (in both its command and music variable forms). The 

sequence number is the primal language of the MAMIC library topology model. 

Consequently, with the results outlined in chapter five, it can be concluded that by 

expanding on Yakman’s (2008) notion of a primal language, the sequence number 

(in both its command and music variable forms) can be used in conjunction with NC 

statutory requirement symmetric correlations, the MAMIC library topology model, NC 

interdisciplinary sessions and the NC-focused worksheets to exploit music’s 

interdisciplinary qualities. This enables students to meet NC statutory requirements 

for music, maths and computing at KS One. 

 

As a result, non-expert in-the-wild practitioners could use the MAMIC USB system, 

library and NC-focused worksheets on a larger national scale. This notion is further 

justified since the non-expert in-the-wild practitioners were able to assess students 

against the NC statutory requirements of music, maths and computing by using the 

NC-focused worksheets and the symmetric correlations they exploit. It seems 

reasonable to suggest that by undertaking the NC interdisciplinary sessions and 

using the NC-focused worksheets, the assessments of students could be taken into 

a wider national context. Additionally, from this premise it now seems that through 

the integration of visual programming, music may have a new interdisciplinary space 

to sit and thrive in the NC. However, as with the previously mentioned NC 

interdisciplinary session, a limitation to this use is the fact that the MAMIC library and 

NC-focused worksheets are only valid in maintained schools where the NC is 

delivered in England. While this is arguably still a sizeable number of schools, it 

seems that music’s interdisciplinary qualities and the direct measurement of these 

against the NC statutory requirements for music, maths and computing are restricted 

to England predominantly. 

 

Moreover, while the MAMIC library was able to represent the NC statutory 

requirements for all three subjects at KS One, KS Two proved more difficult to 

embody. This was due to two main factors which included the vast number of maths 

NC statutory requirements at KS Two and time. At KS Two the sheer number of 
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maths statutory requirements increases twofold. In addition to this, the ability to 

enable the syntegration concept the sequence number to represent many of the 

mathematical attributes contained within the KS Two NC statutory requirements 

diminishes. As a result of these factors, the time needed to create MAMIC 

abstractions for KS Two maths ran out. To resolve this time issue, either a greater 

amount of time would be needed to investigate, or the NC statutory requirements for 

maths at KS Two would need to be condensed into less prescriptive outcomes to 

reduce their number. However, even though it has been established that the 

application of the NC interdisciplinary session rests predominantly in English 

maintained primary schools, by use of the MAMIC library topology model, future 

researchers can further the horizons of music’s interdisciplinary qualities in other 

curriculum agendas both nationally and internationally. 

 

Lastly, it also must be noted that only practitioner A in case study three provided 

evidence of completed NC-focused worksheets questions. It is in these questions 

where the symmetric correlations are situated. Moreover, at the end of case study 

three, practitioner A also scored the second highest score regarding the MAMIC 

performance criteria-based questionnaire. As a result, it can be said that accessing 

symmetric correlations may be limited to practitioners that demonstrate higher levels 

of expertise concerning music and visual programming. Accessing symmetric 

correlations may be more challenging for practitioners from more diverse 

backgrounds. From this premise, it should be assumed that non-expert practitioners 

may need guidance from a MAMIC domain expert to achieve levels of 

interdisciplinarity in sessions.  

 

After analysing the opportunities and limitations of the MAMIC library topology 

model, the NC interdisciplinary sessions and the NC-focused worksheets, it is now 

appropriate to discuss the development of student soft skills. From analysing the 

qualitative data from all MAMIC project case studies in chapter five, a variety of 

student soft skills were observed. These skills were highlighted in the first thematic 

map outlined in chapter five and included confidence, motivation process recall, 

teamwork, communication, peer help, problem solving and independent working. 

These soft skills were identified in the practitioner online diaries and URUT video 

capture. It therefore seems that as well as achieving the more specific NC statutory 
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requirements of music, maths and computing in MAMIC sessions, students also 

demonstrated competency in several soft skill areas. However, when participating in 

both the discovery and NC interdisciplinary sessions, most students across all case 

studies failed to purposely refocus music as an interdisciplinary vehicle by 

manipulating symmetric correlations using the performance and compositional 

structures supplied by the MAMIC library. Concerning this, it seems appropriate to 

conclude that as well as meeting NC statutory requirements, students develop 

relevant soft skills when using the MAMIC USB system. However, there is some 

evidence to suggest that music’s potential as an interdisciplinary vehicle cannot be 

purposely refocused easily by less-able students compared to their more-able peers 

in situ.  

 

Considering this conclusion in relation to a wider context, if students can develop 

several soft skills across all the MAMIC project cases studies, it seems reasonable to 

suggest that this soft skills development could endure on a larger scale. Moreover, if 

students were taught by MAMIC practitioner experts, then the assumption can be 

made that these skills would potentially develop further. Regarding this potential skill 

development, it can be said that these soft skills operate in a wider curricular context 

when compared to the specific skills required to undertake NC interdisciplinary 

sessions. From this premise, it seems that the discovery-based sessions in the 

MAMIC interdisciplinary model would offer the best opportunity for student soft skills 

to be further developed. This is especially true when considering student soft skill 

development in international studies similar in scope and focus to the music and 

computers in education-related projects originally outlined in the literature review.  

 

However, it seems that even though the MAMIC library incorporates symmetric 

correlations and performance and compositional structures designed for the 

purposeful refocusing of music as an interdisciplinary vehicle, the majority of 

students across all four MAMIC project cases studies were unable to purposely 

refocus music using these mechanisms. It seems for many students, music-making 

opportunities are not fully exploited in-the-wild and are somewhat lost among the 

computational aspects of visual programming. Only more-able students seem to 

refocus musical activities into their work to make more purposeful musical 

explorations. Although an increased time with the MAMIC author may have helped 
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the in-the-wild practitioners refocus their lessons to more purposeful musical 

activities, in a wider context, without MAMIC author support, it seems this landscape 

would retain a similar story. It seems a broader expertise, like that stated by the 

extension of the traditional music teacher education model (Sloboda, 2001; Crow, 

2006), may be required for in-the-wild practitioners to fully aid the student refocusing 

of music as an interdisciplinary vehicle within MAMIC sessions. Furthermore, 

capitalising on this further research opportunity by both national and international 

communities would be advantageous, especially if future transdisciplinary goals are 

to be realised.  

 

When analysing the non-expert in-the-wild practitioners specifically, chapter five 

provided insights into how the practitioners influenced sessions and the knowledge 

they gained from them. All the practitioners experienced challenges; however, these 

challenges were overcome in various forms and thus, every MAMIC project case 

study continued to run and produced a variety of results and data (albeit with some 

inconsistency). However, it can also be stated that from the results outlined in 

chapter five, the non-expert practitioners were unable to purposely refocus music as 

an interdisciplinary vehicle through lesson-planning activities. Only a slight 

refocusing was achieved through the removal of potential domain-specific knowledge 

barriers. From this premise, it can be concluded that non-expert in-the-wild 

practitioners gain knowledge to influence sessions. When challenges are 

experienced, there is sufficient provision to enable non-expert practitioners to 

overcome them. This provision relates to resources coupled with the MAMIC USB 

system such as the MAMIC manual, NC-focused worksheets, MAMIC helpsheets 

and video demonstrations. However, despite these provisions, evidence suggests 

that non-expert practitioners are unable to purposely manipulate music as an 

interdisciplinary vehicle since little evidence exists that they intentionally change 

lesson plans to refocus music specifically to teach maths or computing concepts. It is 

important here to remember that the practitioners in this thesis have been deemed 

as non-experts in the MAMIC domain but could be expert teachers in their originally 

identified domains. However, despite this, it still seems that although practitioner A 

and C achieved the arrested development phase of Ericsson’s three levels of 

performance and practitioner A accumulated the most documented session time of 



 243 

all practitioners, the realms to purposefully refocus music to teach maths and 

computing concepts lie beyond current practitioner capabilities. 

 

Considering this conclusion from a wider perspective, it can be argued that the use 

of the MAMIC USB system by a wider variety of non-expert in-the-wild practitioners 

should enable them to gain the knowledge needed to influence sessions. From this 

standpoint, it is reasonable to expect that the MAMIC USB system could support a 

similar kind of system deployment nationally. However, when applying the MAMIC 

interdisciplinary model in wider contexts, many non-expert in-the-wild practitioners 

would still not be able to purposely manipulate music as an interdisciplinary vehicle 

into maths and computing through lesson planning. This is further compounded by 

the fact that non-expert in-the-wild practitioners did not use the differentiated 

abstraction levels provided by the first iteration of the MAMIC library. It therefore 

seems that the notion of tiered object granularity suggested by Bukvic et al. (2012) 

did not hold for this in-the-wild study. As a result, to further able non-expert 

practitioners to purposely refocus music as an interdisciplinary vehicle into both 

maths and computing, more lesson resourcing may be required or more training may 

need to be supplied. 

 

Furthermore, when looking at the lack of ability of both students and non-expert 

practitioners to purposely manipulate music as an interdisciplinary vehicle, it seems 

that the MAMIC USB system offers an unbalanced relationship between music, 

maths and computing. There is evidence to suggest that most less-able students 

focus more on the complexities of visual programming and mathematical operations 

than the purposeful creation of music content. It therefore seems reasonable to 

suggest that wider audiences may be able to interact with the visual programming 

and mathematical operations of the MAMIC USB system to a greater extent when 

compared to its music making attributes. Moreover, it can be argued that without the 

purposeful refocusing of music within the MAMIC USB system, a transdisciplinary 

landscape within this visual programming context may still be out of reach. 

 

Finally, a known feature of in-the-wild studies is that they can run for various 

amounts of time. For this purpose and as stated in chapter three, all MAMIC project 

case study lengths were dictated by their primary school environments. Chapter five 
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contained details that depicted study lengths and gave details about the institutional 

factors that can affect the running of MAMIC project sessions. It was determined that 

since the school environments were unpredictable, URUT data collection methods 

were affected. This resulted in practitioners not recording data through all the 

available URUT data collection methods. Moreover, MAMIC session frequency was 

not always accurately recorded in the practitioner dairy entries. As a result, it can be 

concluded that over the duration of a case study (multiple weeks or months) – 

unanticipated institutional factors can impact delivery and adoption of the MAMIC 

project case studies. Since these unanticipated institutional factors happened in all 

MAMIC project case studies, it is reasonable to suggest that in a wider context, 

these factors would still occur. It seems that the length and durability of a MAMIC 

project is determined by the individual primary school environment. Moreover, due to 

these unanticipated institutional factors, practitioners chose some URUT data 

collection methods over others. This in turn, has inevitability invalidated some 

results. Namely a heuristic evaluation was produced by practitioner B, but no 

practitioner diary entry was recorded. Practitioner C also commented in their diary 

entry that students interacted with the MAMIC state saving algorithm by the 

[opensave] abstraction. However, no student work was found on the MAMIC USB 

system USB sticks. As a result, when undertaking similar studies in-the-wild, future 

researchers should be aware of such factors and take these into consideration when 

designing their research methodologies. As well as the unanticipated institutional 

factors that occurred during the MAMIC project case studies, it is also worth noting 

that an overarching limitation with this research involved the limited number of in-the-

wild practitioners that took part. This should be taken into consideration by the 

reader when considering the conclusions. 

 

6.4 Contributions to Knowledge 
 

The research contributions to knowledge that this thesis claims can be directly 

related back to the research questions presented in the Introduction section. 

Additionally, as a product of the work carried out in the previous chapters the 

contributions to knowledge are outlined below. These contributions should be 

considered in the light of the preceding research successes and limitations as 

outlined during the conclusions’ discussion. 
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There is a long history of the intertwining of music, maths and computing. With the 

advent of visual programming in the primary school sector, a new horizon exists to 

further explore music’s interdisciplinary qualities in visual programming into the 

realms of both maths and computing. In this thesis, within the context of visual 

programming, music has adopted a new interdisciplinary place in the NC. This first 

contribution has been achieved by the models that have come out of the research. 

Since previous studies give little insight into visual programming design regarding 

music’s interdisciplinary qualities, this research has presented the MAMIC library 

topology model. In a visual programming context, this model extends Yakman’s 

(2008) concept of the mathematical primal language of the STEAM curriculum since 

the MAMIC library topology model uses the syntegration concept the sequence 

number as the connecting mechanism throughout its layers. The sequence number 

enables music’s interdisciplinary qualities to occur in both mathematical and 

computing directions in a visual programming context. These music interdisciplinary 

qualities are both the syntegration concept the sequence number and visual 

programming symmetric correlations of the NC statutory requirements of music, 

maths and computing at KS One. These thematic-based interdisciplinary curricular 

connections have then been assessed by non-expert in-the-wild practitioners 

through NC-focused worksheets. These various undertakings constitute the NC 

interdisciplinary sessions which are seated (with the discovery-based sessions) 

within the MAMIC interdisciplinary model. Concerning the discovery and NC 

interdisciplinary sessions themselves, a pedagogical framework revealing the 

pedagogical make-up of both session types has been presented. It is anticipated that 

this framework could be used by in-the-wild practitioners to further design project 

ideas that adopt the constructionist nature of both the discovery and NC 

interdisciplinary sessions outlined in this thesis. It is thought that these sessions 

could be used with or without the MAMIC USB system and could be equally placed 

to support another visual programming library. The MAMIC interdisciplinary model 

provides an overview of how the discovery and NC interdisciplinary-based sessions 

can interact with the rest of an institution’s curriculum. The previously mentioned 

pedagogical framework for both session types gives a further insight into the 

pedagogical make-up of each session. Moreover, the MAMIC library topology model 

is further utilised by the framework to indicate the suggested navigation of visual 

programming library layers throughout the sessions. 
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Relating to these findings, previous studies did not adopt an in-the-wild research 

design and were undertaken in specially designed environments. This was 

accomplished with either project authors involved in student delivery or their close 

colleagues. As a result, a secondary contribution made by this thesis addresses this 

notion by using the MAMIC USB system on typical school hardware computing 

systems to draw together music, maths and computing by the means of visual 

programming in situ. The MAMIC USB system has been used by non-expert in-the-

wild practitioners in four primary school locations. The research carried out in this 

thesis should enable researchers to build on the outcomes presented here to create 

visual programming systems that are compatible with typical school hardware 

computing systems that can be used by various practitioners from a variety of 

backgrounds. Technical aspects of the iterative MAMIC USB system are outlined in 

detail in chapter four.  

 

6.5 Recommendations 
 

It is expected that this thesis will engage and speak to a wide audience that includes 

government and the DFE, primary school teachers of music, maths and computing 

and future work researchers from both interdisciplinary visual programming and in-

the-wild backgrounds. These recommendations should be read in the light of the 

conclusions, the contributions to knowledge and the limitations that have already 

been presented. 

 

6.5.1 Recommendations to Government and the DFE 

 

While the 2014 NC has revised both maths and computing curricula at KS One and 

KS Two, the 2014 music NC has seen little revision. Due to the work carried out in 

this thesis (as well as the work from previous research projects), it is recommended 

that the 2014 music NC be revised to include a greater scope of technology-based 

NC statutory requirements. It seems especially apt to incorporate technology into the 

music NC since technology is part of the everyday classroom environment and is 

relatively inexpensive in most regards. 
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Relating to the above recommendation and from the work carried out in this thesis, 

music should also adopt a new STEAM-based interdisciplinary space within the NC. 

This could be achieved in the NC statutory requirement documents supplied for 

music, maths and computing. Moving forward, an interdisciplinary section of NC 

statutory requirements should be produced for the subjects of music, maths and 

computing. This interdisciplinary section should be based on visual programming 

and should first occur at KS One. Moreover, these NC statutory requirements could 

embrace the MAMIC library topology model (or one similar) to enable a relationship 

to occur between all three subjects’ NC statutory requirements.  

 

6.5.2 Recommendations to Primary School Teachers of Music, Maths and 
Computing 
 

At primary school level, music and music technology should be more closely 

intertwined. Individual schools should use the individual skillsets of their music 

teachers to include technology not just as a supporting mechanism (as stated in the 

NPME document), but to introduce music technology as a subject from KS One. 

 

Through visual programming, music, maths and computing teachers should work 

together to establish interdisciplinary curricula that promote all three subjects and 

reap the benefits of collaborative working.  
 

Music hubs should embrace visual programming languages and their abilities to 

interlink music, maths and computing into interdisciplinary curriculum strategies. As a 

result, training programmes should be developed where music hubs can directly train 

and influence music teachers to embrace such strategies. If music teachers do not 

come from a computing background, then they should first prioritise CPD around 

visual programming and its mathematical operations. Subsequently, work should 

then concentrate on utilising visual programming to create quality musical outputs. 

 

6.5.3 Recommendations for Future Work 
 

With regards to future work, five main further lines of inquiry can be immediately 

drawn from the findings of this thesis. 



 248 

Case study four already contained an NQT practitioner as the main participant, but it 

would be useful to further explore how qualified teachers use the MAMIC USB 

system in-the-wild. Of particular interest would be testing Innes’s notion of “forward 

looking teachers” to see whether the MAMIC USB system and its interdisciplinary 

curriculum model could help foster a greater number of “forward looking teachers” 

(Innes, 1997, p.1). This could be achieved by measuring practitioner competencies 

using the MAMIC performance-based questionnaire outlined in chapter three. Since 

a limitation of the MAMIC project case studies was the low number of in-the-wild 

practitioners that took part, it would also be interesting to run a greater number of 

case studies. These case studies could involve a greater number of teachers from a 

wider variety of subject disciplines and backgrounds. This might involve finding out if 

a greater number of teachers could benefit from adopting the MAMIC 

interdisciplinary model as detailed in chapter five. This, in turn, would enable 

potential investigation into the use (or not) of various symmetric correlations across 

the NC statutory requirements for music, maths and computing in situ. Moreover, by 

use of the MAMIC USB system, it would be interesting to see if a greater range of 

teachers could refocus music into both maths and computing through purposeful 

lesson-planning strategies.  

 

The second line of enquiry would be to take the MAMIC interdisciplinary model and 

the MAMIC library topology model and apply them to other visual programming 

languages. Different programming languages may offer many different possibilities in 

situ, which may include a faster/better integration period compared to the case 

studies contained in this thesis. Max (alongside Pure Data) already belongs to the 

Max paradigm of programming languages, so direct portability of the MAMIC 

abstractions would be quite possible for someone used to writing externals or porting 

abstractions. Since Max is the commercial counterpart to Pure Data, Max currently 

offers a professional support network as well as some other interesting hardware tool 

capabilities. Such hardware interfaces associated with Max include the ROLI 

Lightpad Block (Grosse, 2018; Cycling74 Inc., 2019). This device could easily fit into 

the external human performance input and internal sequencing input layers of the 

MAMIC library topology model. Moreover, since Pure Data and Max share many 

commonalities, devices such as the ROLI Lightpad Block offer portability 
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configuration. This portability is achieved through the [blocks] object provided by 

UrbanLienert (UrbanLienert, 2020).  

 

The MAMIC interdisciplinary model and MAMIC library topology model could also be 

implemented in the Scratch visual programming environment. Reasons for this 

include the notion that Scratch is already substantially embedded across many 

primary schools in the UK. Scratch also runs on a variety of hardware and browser-

based interfaces (Moreno-Leon, Robles and Roman-Gonzalez, 2015; Edmondson, 

2017). Scratch is not a dedicated audio/music programming language and so work 

may be needed to embed the MAMIC library topology model to see if Scratch could 

accurately support the MAMIC interdisciplinary model.  

 

As stated in the conclusions of this thesis, a limitation of the MAMIC USB system is 

that it does not take advantage of mobile technology integration. Using web browser 

integration would arguably provide a better transition in-the-wild since web browser 

integration would enable greater transference across a plethora of technological 

platforms. As mentioned in chapter three, an in-the-browser version of Purr-Data has 

been released. It is in alpha development and does not include many of the external 

libraries currently bundled with the Purr-Data IDE, such as the GEM library (Kirn, 

2020). This version does though give researchers the potential to develop new visual 

programming libraries using the MAMIC library topology model through both mobile 

technology and browser-based application integration. 

 

The third area of consideration for future work includes taking the MAMIC 

interdisciplinary model and MAMIC library topology model and utilising them to build 

new MAMIC visual programming abstractions for the higher NC key stages. This is 

especially relevant for the upper levels of KS Two and beyond in all three disciplines. 

It would be beneficial to explore whether the syntegration concept the sequence 

number could still find relevance within the upper levels of KS Two for music, maths 

and computing. This would provide a deeper insight into music’s interdisciplinary 

qualities regarding maths and computing at these higher key stages. Running these 

studies in situ would also enable practitioners to test the MAMIC USB system, its 

MAMIC library topology model and the wider MAMIC interdisciplinary model to see 

whether these structures remain relevant.  
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The fourth area concerns music as an interdisciplinary vehicle. During the research, 

evidence showed that when using the MAMIC library, most students could not use 

the MAMIC abstractions to make purposeful musical outputs. Only more-able 

students were able to refocus music into their work and create purposeful musical 

outputs. Moreover, apart from making small adjustments to the refocusing of music 

to limit potential domain-specific knowledge barriers, the non-expert in-the-wild 

practitioners were also unable to purposely plan their lessons to refocus music-

related activities as the main aim. It would, therefore, make sense to design future in-

the-wild studies that aim to analyse musical output and lesson planning strategies 

specifically.  

 

Lastly, with all future study designs, implementing institutional factor considerations 

into the methodological approach could allow for a more refined choice of in-the-wild 

location. The identification of appropriate data sets and the gathering of this data by 

the researcher may also aid the confirming of a greater number of results. Examples 

of these data sets include the number of in-the-wild sessions that take place and 

their lengths in time. This data (as well as the various methods of data capture 

offered by URUT) should be gathered by the researcher periodically. As a result, 

these activities could possibly extend the use of URUT in such school contexts in 

situ. Within the scope of this thesis, all these suppositions are yet to be explored 

which demonstrates there is still much work to be done in this field of enquiry. 
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Appendix A – Ethical Consideration Mechanisms 
 

The following aspects are contained in – Chris Payne Thesis Appendix.zip.  

 

A.1 Parental Permission Letter Example 

 

A.2 Practitioner MAMIC Fact Sheet 

 

A.3 Ethical Approval Letters 
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Appendix B – MAMIC and the NC Mapping Documents 
 

Computing NC Statutory 
Requirements 

MAMIC Evidence MAMIC Topology Model 
Layer or USB System 

Feature 
Key Stage 1 

understand what algorithms are; how 
they are implemented as programs on 
digital devices; and that programs 
execute by following precise and 
unambiguous instructions 
 

MAMIC structure adopts algorithmic structures by 
nature. Abstractions connect together using the 
sequence number system throughout the library. 

All Layers 

create and debug simple programs MAMIC allows users to create simple visual 
algorithms  

All Layers 

use logical reasoning to predict the 
behaviour of simple programs 

MAMIC allows prediction of behaviour by using 
musical scales, harmony and pitches to create 
predictable patterns. 

Music Creation Layer 

use technology purposefully to create, 
organise, store, manipulate and retrieve 
digital content 
 

MAMIC allows prediction of behaviour and storing of 
digital data variables in programs. MAMIC also allows 
students to save their MAMIC patches.   

External Human 
Performance Input Layer, 
Internal Sequencing Layer 
and Music Creation Layer   

recognise common uses of information 
technology beyond school 

MAMIC promotes both computer composition as well 
as music instrument design 

All Layers 

use technology safely and respectfully, 
keeping personal information private; 
identify where to go for help and support 
when they have concerns about content 
or contact on 
the internet or other online technologies. 
 

MAMIC worksheets contain questions regarding these 
subjects and children are asked questions on these 
subjects in the MAMIC worksheets too. 

External Human 
Performance Input Layer, 
Internal Sequencing Layer 
and Music Creation Layer   
Visual Output Layer – 
MAMIC Score and Shape 
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Key Stage 2 
design, write and debug programs that 
accomplish specific goals, including 
controlling or simulating physical 
systems; solve problems by 
decomposing them into smaller parts 
 

MAMIC allows students to make programmes with 
specific goals using sound and musical compositional 
abstractions. These can be broken down to pitch level 
if and when required.   

External Human 
Performance Input Layer, 
Internal Sequencing Layer 
and Music Creation Layer   

use sequence, selection, and repetition in 
programs; work with variables and 
various forms of input and output 
 

MAMIC uses sequence, selection, and repetition in 
programs; work with variables and various forms of 
input and output 
  

External Human 
Performance Input Layer, 
Internal Sequencing Layer 
and Music Creation Layer   

use logical reasoning to explain how 
some simple algorithms work and to 
detect and correct errors in algorithms 
and programs 
 

MAMIC allows students to build algorithms and detect 
errors when sound does not play. 

External Human 
Performance Input Layer, 
Internal Sequencing Layer 
and Music Creation Layer   

understand computer networks including 
the internet; how they can provide 
multiple services, such as the world wide 
web; and the opportunities they offer for 
communication and collaboration 
 

The MAMIC USB system also includes a browser so 
students can search for sound and additional musical 
content and incorporate this into their MAMIC 
patches. 

MAMIC USB System 
Chromium Browser 

use search technologies effectively, 
appreciate how results are selected and 
ranked, and be discerning in evaluating 
digital content 
 

The MAMIC USB system also includes a browser so 
students can search for sound and additional musical 
content and incorporate this into their MAMIC 
patches. 

MAMIC USB System 
Chromium Browser 

select, use and combine a variety of 
software (including internet services) on a 
range of digital devices to design and 
create a range of programs, systems and 
content that accomplish given goals, 

The MAMIC USB system also includes a browser so 
students can search for sound and additional musical 
content and incorporate this into their MAMIC 
patches. MAMIC also includes software that interacts 
with hardware components like xbox controllers, 

MAMIC USB System 
Chromium Browser 
 
External Human 
Performance Input Layer, 
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including collecting, analysing, evaluating 
and presenting data and information 
 

webcams, computer keyboards and midi keyboards. 
All these peripherals create a variety of programs and 
systems for students to create use and explore. 

 
 

use technology safely, respectfully and 
responsibly; recognise 
acceptable/unacceptable behaviour; 
identify a range of ways to report 
concerns about content and contact. 
 

MAMIC USB system includes a browser history where 
students' search history can be accessed. 
 
MAMIC USB system also includes firewall protection 
to ensure students are safe when browsing the 
internet whilst using the MAMIC USB system. 

MAMIC USB System 
Chromium Browser 
 
Ubuntu Studio UFW Firewall 
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Maths NC Statutory Requirements MAMIC Evidence MAMIC Topology Model 
Layer or USB System 

Feature 
Key Stage 1 

Number and Place Value   
count to and across 100, forwards and 
backwards, beginning with 0 or 1, or from 
any 
given number 
 

MAMIC [singlepitch1] now does this  KS Incorporation Layer 

count, read and write numbers to 100 in 
numerals; count in multiples of twos, fives 
and tens 
 

MAMIC [singlepitch1] now does this  KS Incorporation Layer 

given a number, identify one more and 
one less 

MAMIC [singlepitch1] now does this  
MAMIC can show this in [majorscale] as well as the 
use of sequence numbers in [conductor] 

KS Incorporation Layer 
Music Creation Layer 

identify and represent numbers using 
objects and pictorial representations 
including 
the number line, and use the language of: 
equal to, more than, less than (fewer), 
most, least 
 

MAMIC [conductor] uses a number line. New 
abstractions including [morethan] and [lessthan] have 
now been created so students can separate 
sequence number streams with these new 
abstractions. 

KS Incorporation Layer 

read and write numbers from 1 to 20 in 
numerals and words. 

[conductor] now goes up to 20.  Internal Sequencing Layer 

Number – addition and subtraction 
read, write and interpret mathematical 
statements involving addition (+), 
subtraction (–) and equals (=) signs 

[Sum1] now does this KS Incorporation Layer 
 

represent and use number bonds and 
related subtraction facts within 20 

[Sum1] now does this KS Incorporation Layer 
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add and subtract one-digit and two-digit 
numbers to 20, including zero 

MAMIC [singlepitch] now does this  Music Creation Layer 

solve one-step problems that involve 
addition and subtraction, using concrete 
objects and pictorial representations, and 
missing number problems such as 7 = – 
9. 

[Sum1] now does this KS Incorporation Layer 
 

Number – multiplication and division   
solve one-step problems involving 
multiplication and division, by calculating 
the answer using concrete objects, 
pictorial representations and arrays with 
the support of the teacher. 

MAMIC [singlepitch] now does this in combination 
with [shapes1] 

Visual Output Layer – 
MAMIC Score and Shape 
KS Incorporation Layer 
Music Creation Layer 
 

Number – fractions   
recognise, find and name a half as one of 
two equal parts of an object, shape or 
quantity 

[voicesout] and [soundsout] now do this for volume 
and note sustain. 
Note values are also broken down into 1/1 1/2 1/4 1/8 
1/16 in [conductor] 

Internal Sequencing Layer 
Sound Output Layer 
 

recognise, find and name a quarter as 
one of four equal parts of an object, 
shape or quantity. 

[voicesout] and [soundsout] now do this for volume 
and note sustain. 
Note values are also broken down into 1/1 1/2 1/4 1/8 
1/16 in [conductor] 

Internal Sequencing Layer 
Sound Output Layer 
 

Measurement    
compare, describe and solve practical 
problems for: 
lengths and heights [for example, 
long/short, longer/shorter, tall/short, 
double/half] 
mass/weight [for example, heavy/light, 
heavier than, lighter than] 
capacity and volume [for example, 
full/empty, more than, less than, half, 

MAMIC [conductor] deals with: 
Pattern lengths. 
Note values (in fractions) 
Tempo in BPM 
Pattern selections 
 
 
 

Internal Sequencing Layer 
KS Incorporation Layer 
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half full, quarter] 
time [for example, quicker, slower, 
earlier, later] 
 
measure and begin to record the 
following: 
lengths and heights 
mass/weight 
capacity and volume 
time (hours, minutes, seconds) 
 
 
 

[clock1] students can measure realtime including hrs 
mins and seconds.. [conductor] allows students to 
measure patterns 
 
MAMIC [conductor] deals with: 
Pattern lengths. 
Note values (in fractions) 
Tempo in BPM 
Pattern selections 

Internal Sequencing Layer 
KS Incorporation Layer 
 

recognise and know the value of different 
denominations of coins and notes 

MAMIC [majorchords], [minorchords], [makechord] 
make different harmonies and adopt differing musical 
values/harmonies. 

Music Creation Layer 
 

sequence events in chronological order 
using language [for example, before and 
after, next, first, today, yesterday, 
tomorrow, morning, afternoon and 
evening] 
 

MAMIC [conductor] is sequencer and sequences 
events in a chronological order  
Note values in [conductor] are also placed in 
chronological order. 
[days1] also uses week days, day of the month, 
month and year. 

Internal Sequencing Layer 
KS Incorporation Layer 
 

recognise and use language relating to 
dates, including days of the week, weeks, 
months and years 

[days1] now does this by generating sequence 
numbers from the date to be used in the rest of the 
MAMIC system 

KS Incorporation Layer 
 

tell the time to the hour and half past the 
hour and draw the hands on a clock face 
to 
show these times. 
 

[clock] now created where students can tell the time 
and assign the hands to music parameters 

KS Incorporation Layer 
 

Geometry – properties of shapes   
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Pupils should be taught to: 
recognise and name common 2-D and 3-
D shapes, including: 
2-D shapes [for example, rectangles 
(including squares), circles and triangles] 
3-D shapes [for example, cuboids 
(including cubes), pyramids and 
spheres]. 
 

[shapes1] now produces the shapes required. The 
MAMIC system also includes the MAMIC shape 
graphic score system. 

Visual Output Layer – 
MAMIC Score and Shape 
 

Geometry – position and direction   
describe position, direction and 
movement, including whole, half, quarter 
and three- 
quarter turns. 
 

[Clock1] now enables clock hands to half, quarter 
past, and quarter to (3 quarters round) 

KS Incorporation Layer 
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Music NC Statutory Requirements MAMIC Evidence MAMIC Topology Model 
Layer or USB System 

Feature 
Key Stage 1 

use their voices expressively and 
creatively by singing songs and speaking 
chants and rhymes 
 

MAMIC creates algorithms that allow children to sing 
along to. MAMIC can also offer harmonic backing for 
each student’s project through abstractions such as 
[makechord] and [majorscale]. 

All Layers 
Music Creation Layer 

play tuned and untuned instruments 
musically 

Currently, MAMIC allows webcam, XBOX controllers 
as well as MIDI Keyboard integration 

External Human 
Performance Input Layer 

listen with concentration and 
understanding to a range of high-quality 
live and recorded music 
 

MAMIC allows students to program sounds. These 
sounds can be either programmed synthesised 
sounds as well as audio files. 

Music Creation Layer 
Sound Output Layer 

experiment with, create, select and 
combine sounds using the inter-related 
dimensions of music. 
 

MAMIC allows students to select and combine 
sounds  

All Layers   

Key Stage 2 
play and perform in solo and ensemble 
contexts, using their voices and playing 
musical instruments with increasing 
accuracy, fluency, control and expression 
 

Currently, MAMIC allows webcam, XBOX controllers 
as well as MIDI Keyboard integration 

External Human 
Performance Input Layer 

improvise and compose music for a 
range of purposes using the inter-related 
dimensions of music 
 

Currently MAMIC [majorscale] [makechord] 
abstractions use pitches grouped in scales 
 
MAMIC’s [singlepitch] abstraction shows music pitch 
letters and MIDI numbers.  

Music Creation Layer 
Sound Output Layer 
External Human 
Performance Input Layer 
Internal Sequencing Layer 
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listen with attention to detail and recall 
sounds with increasing aural memory 

MAMIC allows students program sounds whether 
programmed synthesised sounds as well as WAV 
files 

Music Creation Layer 
Sound Output Layer 
External Human 
Performance Input Layer 
Internal Sequencing Layer 
 

use and understand staff and other 
musical notations 

MAMIC has a scoring system (MAMIC score) 
integrated into its abstractions. MAMIC shape also 
allows the use of graphic score capabilities too. 

Visual Output Layer – 
MAMIC Score and Shape 
 

appreciate and understand a wide range 
of high-quality live and recorded music 
drawn from different traditions and from 
great composers and musicians 

MAMIC allows for composed music to be played 
back. 
 
MAMIC allows for recorded music to be played 
through [xboxpad], [compk], [webcam] and 
[midikeyboard]. 
 
MAMIC also enables students to perform and play 
music live as a soloist or in a group  

All Layers   

develop an understanding of the history 
of music. 

MAMIC includes both diatonic harmony and pitches 
that adopt equal-tempered tuning to the semitone. 
History of music can be based around these features 
of music theory.  
 
Students can also research music history using the 
Chromium browser which is included in the MAMIC 
USB system. 

Music Creation Layer 
MAMIC USB System 
Chromium Browser 
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Appendix C – Heuristic Evaluation and Questionnaire 
Results  
 

C.1 Heuristic Evaluation Questionnaires  
 

Heuristic Descriptor Evaluation 

Please fill out this questionnaire to evaluate how MAMIC interacts with the standard Heuristic 

Descriptors. You do not have to participate in this questionnaire if you do not wish to 

 

Visibility of System Status - below please rate 1 - 5 MAMIC's ability 

of interactivity with Visibility of System Status 
Visibility of System Status - "The system should always keep users informed about what is going on, 

through appropriate feedback within reasonable time." 

 

 

Please write any evidence here to back up your score rating above 

 

Match between system and the real world - below please rate 1 - 5 

MAMIC's ability of interactivity with Match between system and the 

real world 
Match between system and the real world- "the system should speak the user's language, with words, 

phrases and concepts familiar to the user, rather than system-oriented terms. Follow real-world 

conventions, making information appear in a natural and logical order." 
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Please write any evidence here to back up your score rating above 
 

User control and freedom - below please rate 1 - 5 MAMIC's ability 

of interactivity with User control and freedom 
User control and freedom - "Users often choose system functions by mistake and will need a clearly 

marked "emergency exit" to leave the unwanted state without having to go through an extended 

dialogue. Support undo and redo." 

 

 

Please write any evidence here to back up your score rating above 

 

Consistency and standards - below please rate 1 - 5 MAMIC's ability 

of interactivity with Consistency and standards 
Consistency and standards - "Users should not have to wonder whether different words, situations, or 

actions mean the same thing. Follow platform conventions." 

 

 

Please write any evidence here to back up your score rating above 

 

Error prevention - below please rate 1 - 5 MAMIC's ability of 

interactivity with Error prevention 
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Error prevention - "Even better than good error messages is a careful design which prevents a 

problem from occurring in the first place. Either eliminate error-prone conditions or check for them 

and present users with a confirmation option before they commit to the action." 

 

 

Please write any evidence here to back up your score rating above 

 

Recognition rather than recall - below please rate 1 - 5 MAMIC's 

ability of interactivity with Recognition rather than recall 
Recognition rather than recall - "Minimize the user's memory load by making objects, actions and 

options visible. The user should not have to remember information from one part of the dialogue to 

another. Instructions for use of the system should be visible or easily retrievable whenever 

appropriate." 

 

 

Please write any evidence here to back up your score rating above 

 

Flexibility and efficiency of use - below please rate 1 - 5 MAMIC's 

ability of interactivity with Flexibility and efficiency of use 
Flexibility and efficiency of use - "Accelerators unseen by the novice user—may often speed up the 

interaction for the expert user such that the system can cater to both inexperienced and experienced 

users. Allow users to tailor frequent actions." 
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Please write any evidence here to back up your score rating above 

 

Aesthetic and minimalist design - below please rate 1 - 5 MAMIC's 

ability of interactivity with Aesthetic and minimalist design 
Aesthetic and minimalist design - "Dialogues should not contain information which is irrelevant or 

rarely needed. Every extra unit of information in a dialogue competes with the relevant units of 

information and diminishes their relative visibility." 

 

 

Please write any evidence here to back up your score rating above 

 

Help users recognize, diagnose and recover from errors - below 

please rate 1 - 5 MAMIC's ability of interactivity with - Help users 

recognize, diagnose and recover from errors 
Help users recognize, diagnose and recover from errors - "Error messages should be expressed in 

plain language (no codes), precisely indicate the problem and constructively suggest a solution." 

 

 

Please write any evidence here to back up your score rating above 
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Help and documentation - below please rate 1 - 5 MAMIC's ability of 

interactivity with - Help and documentation 
Help and documentation- "Even though it is better if the system can be used without documentation, 

it may be necessary to provide help and documentation. Any such information should be easy to 

search, focused on the user's task, list concrete steps to be carried out and not be too large." 

 

 

Please write any evidence here to back up your score rating above 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 299 

Case Study One Heuristic Evaluation Results 
Practitioner A Heuristic Evaluation Responses 

Visibility of System Status  There are visual representations on screen when external devices are being used.  

Match between system and the real world Each patch has a different name such as Xbox pad alongside an image which clearly 
states what it is. Volume and load trigger buttons are just a couple of examples of items 
which without correct labelling would be difficult to work with. MAMIC is clearly labelled 
and easy to use.  

User control and freedom Students occasionally strayed out of MAMICs main window however, they managed to 
find their way around quite easily.  

Consistency and standards  As mentioned before MAMIC is clearly labelled However, it may be because MAMIC is 
new to the students or that voices out and midi out are often confused although always 
solved.  

Error Prevention  Previous testing resulted in some unstableness with JACK not loading and crashing 
however, an updated version "16" has cleared the issues.  

Recognition Rather than Recall  Very easy to use object names with clear images. Students needed little guidance once 
shown the basics to create and link patches.  

Flexibility and Efficiency of Use The endless possibilities are available to edit in the patch however, more detailed 
knowledge would be needed in order to customise these. Very possible  

Aesthetic and Minimalist Design  We found that the coding was hidden however, some students did stumble upon it and 
this may cause an issue if accidentally altered.  

Help Users Recognize, Diagnose and Recover from Errors  The best way once there was an error was to close the MAMIC system and reload it 
however, sometimes was costly to time.  

Help and Documentation  There are copies of detailed manuals, these state what each object does and how it 
corresponds with the other. Very well explained and easy to understand.  

RQ1. – abstraction names and matching images match well.  

RQ1.1. – Errors are costly regarding time. Students find source code which causes issues to practitioners.   
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Practitioner B Heuristic Evaluation Responses 

Visibility of System Status  Visuals on screen clearly show what is happening in regards to what the user is 
playing/doing. 

Match between system and the real world The software is very market friendly, the terminology used is perfectly matched to the 
target market (primary school children) in order for them to correctly and efficiently use 
any part of the software.  

User control and freedom There are very clear buttons to allow the users to escape or undo functions within the 
software when in use. 

Consistency and standards  The system is very straight forward, there is very little room for users to make errors due 
to the names of modes and functions being as clear as possible. 

Error Prevention  Some JACK loading errors at times. Other than that straight forward interface leaves 
little room for error.  

Recognition Rather than Recall  Within the users interface the parts that make the software are clearly labelled and there 
are graphics that represent what that part of the software does/is. 

Flexibility and Efficiency of Use There seems to be loads of poss bilities when using MAMIC objects, since they interact 
with the outside world. I would need more training to be able to access these possibilities 
though.   

Aesthetic and Minimalist Design  The user interface in my opinion has the best look for the market it is aimed at. the no 
frills design is perfect for school children because it offers nothing to distract the user 
and everything on screen is relevant to tasks.   

Help Users Recognize, Diagnose and Recover from Errors  Some errors are clear and concise with some production knowledge they are easy to 
diagnose  

Help and Documentation  The builder of the software supplies the user handbook that is very clear and easy to 
follow. there is a step by step tutorial to build a simple patch and then the users can build 
from that.  

RQ1.1. – Errors generated from JACK. Practitioners need more training   
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Case Study Two Heuristic Evaluation Results 
Practitioner C Heuristic Evaluation Responses 

Visibility of System Status  If there is the pure-data console where you can see all commands and processes that are happening 
while you create your music program. For teaching elements it's difficult to have children understand 
what the errors may mean as they are unfamiliar with error consoles, however this is a great 
introduction. 

Match between system and the real world Uses commands that are familiar and easy to use such as "xboxpad", "midikeyboard", "voicesout" 
and "conductor". These commands make it easier for pupils and myself to remember and program a 
song seamlessly without any memory issues. 

User control and freedom You're completely free to do what you want and there are no limitations that I have found. All 
processes work together how they're designed and no less. I found that this is extremely pleasing to 
the children I teach as they are always curious about how things interact. 

Consistency and standards  There hasn't been an instance where I or others have been confused, the program does really well in 
being concise with its object rules 

Error Prevention  When error's occur there isn't much indication or direction where to go after a mistake has taken 
place. I assume his will be a functionality in the future but I and the children enjoy finding our own 
way in resolving the program, by debugging where we've had gone wrong.  

Recognition Rather than Recall  Everything is visual and this is a major help for visual learners. There are reading elements which are 
also useful but the visual aids provided offer a better memory in the step by step programming 
method provided by the worksheets 

Flexibility and Efficiency of Use Can't think of an instance. 

Aesthetic and Minimalist Design  All information is relevant and helpful. The built in information tabs have provided me excellent help 
and the children are glad they're there too when creating a musical program.  

Help Users Recognize, Diagnose and Recover from Errors  Plain language is present in the console but still recovering from errors seems to be a personal 
journey rather than seeing where they and I went wrong. 

Help and Documentation  The documentation is straight forward and easy to follow. Though it's lengthy it explains in great 
detail how systems work and even breaks down definitions and explains how they function. The 
children haven't yet looked at the manual but I suspect they won't both reading it and will continue 
finding their way. 

RQ1. – visual images and visual programming provide a means to remember programming in a step by step method. 

RQ1.1. – Limited information on errors for users. Practitioners develop debugging skills.     
RQ1.2. – Students develop debugging skills.  
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Case Study Three Heuristic Evaluation Results 
Practitioner A Heuristic Evaluation Responses 

Visibility of System Status  Clear and correct labels on all parts  

Match between system and the real world Very clear with visuals and names such as, if you would like to create an Xbox pad the code is 
“xboxpad” and once created the picture is an Xbox pad. This is also the same for midi keyboard and 
web cam etc 

User control and freedom Sometimes it is difficult to find a tab which has been minimised in order to maximise it. This is usually 
as there are many tabs open. If you close a tab by accident it can be very difficult to work out what 
one it was.  

Consistency and standards  Once explained the names of objects make sense however, having and remembering to number 
them sometimes slows down productivity in creating and saving a patch.  

Error Prevention  So far whilst using MAMIC the system has not failed or closed unexpectedly. The only issues were 
out of date or damaged computers.  

Recognition Rather than Recall  Objects themselves are easy to remember and visually accurate however, remembering all of the 
objects and in what order to make a patch, takes a prac ice for children to learn. This however, is 
arguably the case with all coding. The worksheets can help with this. 

Flexibility and Efficiency of Use Ho keys and shortcuts are great to learn and use to speed up building patches and MAMIC has some 
reliable ones such as CTR and 1 to create an object box etc.  

Aesthetic and Minimalist Design  The objects have been neatly made hiding the inner code it only shows what is needed to operate by 
the user.  

Help Users Recognize, Diagnose and Recover from Errors  Sometimes error messages have shown and it’s very clear what’s needed however, there has been a 
few cases that I have had to seek the creators (XXXX) expertise to solve.  

Help and Documentation  We completed modules which were clear and easy to follow. I was also given a document detailing 
what each object does and how to create and link them. This was clear and easy to understand.  

RQ1. – abstraction names and matching images match well.  

RQ1.1. – Remembering abstraction names for students and practitioners can be difficult. Too many tabs in IDE open can be 

confusing. Error messages are not clear. 
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Case Study Four Heuristic Evaluation Results 
Practitioner E Heuristic Evaluation Responses 

Visibility of System Status  Using the conductor the children could see what was happening  

Match between system and the real world Children found the language a little tricky 

User control and freedom Children were working through trial and error 

Consistency and standards  Children were working through trial and error 

Error Prevention  Very temperamental 

Recognition Rather than Recall  Lots for the children to remember  

Flexibility and Efficiency of Use A more expert user is needed 

Aesthetic and Minimalist Design  Very to the point 

Help Users Recognize, Diagnose and Recover from Errors  Plain English used 

Help and Documentation  Didn't really come into contact with this 

RQ1.1. – Students found MAMIC language tricky. MAMIC is temperamental and gives students a lot to remember.     
RQ1.2. – Students develop trial and error soft skills.  
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C.2 The MAMIC Performance Criteria Based Questionnaires 
 

Practitioner Introduction Questions 
 
Firstly, please can you define yourself as a classroom practitioner. These first three 

questions (i, ii, iii) are not graded. As a classroom practitioner what is your mission?  

  
i) Mission - being what it is deep inside you that moves you to teach? What is at the root of 

your personal inspiration? 

 

ii) Identity - Who are you as a classroom practitioner / teacher? What is your professional 

identity? How do you see your role?  

 

iii) Beliefs - Who are your strongest beliefs with regards to teaching? These could be earlier 

experiences, role models, needs, values, feelings, images and routines 
 

MAMIC Test 

These questions are graded try your best and good luck ! :) 

 

Question 1 Which term best describes the MAMIC building blocks called that students 

program with? 1 mark 

Boxes 

Objects 

Functions 

Features 

 

Question 2 How do students connect together MAMIC processes? 1 mark 

Voice recognition keywords 

Computer keyboard written commands 

Virtual wires 

Image pattern matching 
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Question 3 Which external hardware devices can students use as controllers in MAMIC? 1 

mark 

Question 4 Which MAMIC building blocks allow the student to play audio files? (select 3 

answers)? 1 mark 

[makechord] 

[voicesout] 

[xboxpad] 

[compk] 

[majorscale] 

[webcam] 

Question 5 How does the [opensave] MAMIC building block allow students and practitioners 

to save their work ? 2 marks 

 

Question 6 What are sequence numbers used for in [conductor]? 2 marks 

 

Question 7 Observe the Graphic User Interface (GUI) on the MAMIC building block below. 

What does the building block do? 2 marks 
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Question 8 In the text box below, describe how you would respond to the scenario below 

using the MAMIC building blocks. 5 marks 
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Question 9 In the text box provided below, describe how you would respond to the scenario 

below using the MAMIC building blocks. 5 marks 

 

 

Question 10 Reviewing your answer from scenario 2 below from question 10, please outline 

below any interconnecting qualities (i.e., subject specific connections, MAMIC visual 

programming interactions) that exist in your patch narrative. Try to answer: How does 

MAMIC represent a major scale? How are sound events triggered? How are the MAMIC 

building blocks in your patch interrelated? 5 marks 
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Question 11 Below you have been given some National Curriculum statutory requirement 

statements that cover the music, maths and computing curriculums. Using these statements, 

write a narrative that describes how you would build a MAMIC patch that would represent 

these statutory requirements. Remembering that students should be able to use your patch 

to achieve the outlined statutory requirements, you should detail the MAMIC building blocks 

used, how you connect them together and the overall working of your patch design. 5 marks 
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Case Study One – MAMIC Performance Based Criteria Questionnaire Results 
Practitioner A  
Questions 

Answer Bloom’s 
Taxonomy 

Mark 
Given  

1. Objects Remembering  1/1 

2. Virtual wires Remembering 1/1 

3. Xbox pad, comp K, web cam and midi keyboard Remembering 1/1 

4. [voicesout], [xboxpad], [webcam] Remembering 1/1 

5. You can save or open new or pre or existing patches   Understanding 1/2 

6. To create a melody or pattern which you can send to other objects  Understanding 1/2 

7. This plays a C major scale of one octave.  Understanding 2/2 

8. Compk to major scale to voices out  Applying 1/5 

9. I will need further training from Chris Payne  Analysing 0/5 

10. Further training needed  Evaluating 0/5 

11. I will need further training from Chris Payne  Creating 0/5 

Mission I would like to become a college lecturer after more studying.    

Identity I look up to my university lecturers and hope one day I can become as 
good as them  

  

Beliefs If I can learn it myself I can teach it to others.    
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Practitioner B  
Questions 

Answer Bloom’s Taxonomy Mark 
Given  

1. Objects Remembering  1/1 

2. Virtual wires Remembering 1/1 

3. Keyboard Remembering 1/1 

4. [makechord], [voicesout], [majorscale] Remembering 0/1 

5.  Understanding 0/2 

6.  Understanding 0/2 

7. Play a scale  Understanding 1/2 

8. Midi in, seq input, audio output  Applying 0/5 

9.  Analysing 0/5 

10.  Evaluating 0/5 

11.  Creating 0/5 

Mission I am XXXX, students can come to me with any problem whatsoever and I will do my best to fix 
it for them. My role is very flexible l ke that because I am not a suited teacher but I am still a 
prominent member of the team who every student knows. 

  

Identity nobody is Inherently bad, classroom behaviour is never personal and should be treated as a 
cry for help more than a negative towards me as a person. If you can get to the bottom of the 
negativity then you'll find you have a much better student to work with. My role model has 
always been my previous teacher James Stanley since I was a student, he showed me how to 
deal with disruption (me) and how to overcome these obstacles in a firm but fair way 

  

Beliefs although data is very important in teaching I believe that some may take the need for data too 
far, for me the journey of learning is just as if not more so important than the final product 
because you can see the individual making progress through the journey, the product is just 
the thing you have left at the end. 
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Case Study Two – MAMIC Performance Based Criteria Questionnaire Results 
Practitioner C  
Questions 

Answer Bloom’s Taxonomy Mark 
Given  

1. Objects Remembering  1/1 

2. Virtual wires Remembering 1/1 

3. USB Remembering 0/1 

4. [voicesout] Remembering 0/1 

5. By implementing the object first thing, the project can be saved to a destination while also ensuring 
when pressed the work is overwritten to the destination Understanding 2/2 

6. These sequence numbers allow you to connect objects and allow a sequence number match up with 
a process. A good example would be having the button "X" on a controller send a sequence number 
of one and having the conductor reactor to this sequence and perform a process. 

Understanding 2/2 

7. This plays a major scale that can be set and tweaked at any degree throughout the 8 notes within the 
major scale Understanding 2/2 

8. Starting off I will need my external output which I will choose the "Xbox controller" object. I can wi hin 
here set different buttons to match different sequences which I will connect to another object. The 
next object I will choose is my "Major Scale" object which will be placed after the "Xbox controller". 
After I have chosen what button matches which sequence, I will then connect with "virtual wires" the 
Xbox's "Sequence output" to the Major's "Sequence input". 
 
Now I have done this, I can configure the two how I chose. I will now to harness the audio portion of 
my script, by choosing the Guitar symbol and connecting the MIDI output of he "major scale" object 
to the MIDI input of the guitar.  

Applying 3/5 

9. The two forms of external input we have on offer would be the "Webcam" and "F" keys. I would place 
both of these objects down and configure their sequences. I would choose the webcam to select a 
corner of the screen to output to the "Major scale" by connecting Sequence output to the "Major 
scales" Sequence input as well as chord. One handy thing I can do is have a virtual wire connect from 
one point of my webcam object connect to two different objects: being "Major scale" and "Chord" 
 
With my "F" keys object I will be able to configure and map a WAV file to a key and this will produce 
the sound I am looking for (drum kit). Once all are configured, I will need to create one "guitar" object 
and have all the objects connected it to listen to my new song.  

Analysing 2/5 

10. MAMIC create a unique method of using visual and numbers, incorporating mathematics to 
understand music and create songs; filled with different hurdles that the user has to overcome, 
introducing bugs that needs to be fixed. The major scale that is used can be automated with a 
"conductor" and cam tweaked with different degrees, giving the user who may not understand music a 

Evaluating 2/5 
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way of creating music. 
 
Sound events can be triggered through external components and in theory, different peripherals can 
be used to output sequences. These sound events can also be triggered automatically, arranged 
within the conductor to output sequences over different ime signatures and BPM. 
 
All of these objects can work with each other and can be made simply by having one object complete 
many tasks. An output from one external device can speak to different objects producing different 
sounds. You can have "1" as sequence number represent different processes in different objects. 

11. The maths statutory requirement can be mapped multiple times within a single project. Having to use 
sequences you need to be vary not to use the same each time, so I pupil would recognise they need 
to increase their value. They can also change pitch and volume within objects allowing them to drag 
the value higher. They will understand the higher the given number the larger the different will be from 
their original value. 
 
Within the Music statutory requirements, students are constantly reminded the names within music 
theory. Notations can be found within the objects and pupils are free to explore what difference note 
values and how they affect the sound. Students are given free reign to explore different music styles 
by crea ing their own style from scratch. Using the composer object they can compose music 
automatically 
 
The computing statutory requirements are met here as a users algorithms are the steps they take to 
create their music. They are met with challenges that they over come by changing aspect of their 
script. It's necessary for areas to be changed and this mimic debugging that you would have within an 
algorithm. Problems are constantly solved as a user will need to go through each of their steps and 
check each aspect of their objects to obtain the sound they intend. 
 
I can say all of these areas are met and a users learning is extended beyond these requirements. 
Young children and above can benefit from using MAMIC as it doesn't feel when using the software 
that you're forced to learn. A child's curiosity is really brought out when using MAMIC and they learn 
on their own accord through this software.   

Creating 2/5 

Mission Developing he mind of other people and sharing your skills and experiences I find is a natural side of 
myself. I love learning as a whole and giving insight to people who aren't aware of the same things. 

  

Identity My identity as an IT technician with a role of providing assistance in IT lessons gives me access to 
teaching. I am someone who takes small groups at a time and introduces them to new technologies 
and different ways of learning. 

  

Beliefs My strongest belief is that despite how reluctant someone may be to teach, the delivery of teaching 
can be altered to suit them and make it enjoyable 
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Case Study Three – MAMIC Performance Based Criteria Questionnaire Results 
Practitioner A 
Questions 

Answer Bloom’s Taxonomy Mark 
Given  

1. Objects Remembering  1/1 

2. Virtual Wires Remembering 1/1 

3. Midi keyboard, Xbox pad, web cam, compk which is the keyboard on the computer Remembering 1/1 

4. [voicesout] [xboxpad] [webcam] Remembering 0/1 

5. By individually numbering each object users are able to save the edited settings of all parts of 
their patch. Also using open save you are able to reload all of the presets from an existing 
MAMIC (p.d) file of module. 

Understanding 2/2 

6. These range from 1 to 20 and can be arranged to make a pattern or melody. The numbers are 
going to be sent from conductor to another object. 

Understanding 2/2 

7. This will play a C major scale of 1 octave. Again it is poss ble to change the notes and 
numbers to customise what sounds are triggered and by what number.  

Understanding 2/2 

8. Using Xbox pad with sequence out connected to major scale and major scale connected to 
voices out. You can then assign sequence numbers within the Xbox pad gui to trigger major 
scale notes. Again fully customisable with what number triggers what note.   

Applying 2/5 

9. Xbox pad connected to sounds out and midi keyboard connected to voices out is one way to 
create drums and notes / chords. However, the question asks for major scale and chords so I 
would use compk to makechord connected to voices out and also use major scale in the 
middle connected from the same seq out from compk  

Analysing 2/5 

10. Already answered within scenario 2 Evaluating 0/5 

11. All objects will be individually numbered for open save. Create opensave object. Create 
conductor connected to major scale major scale to voices out. Create custom or pre existing 
song using conductor and also conductors pattern bank if it’s on the short side. Create Xbox 
pad connect to sounds out. Create assign multiple audio files to controls. Create compk 
connect sequence output to makechord sew input and connect midi out to voices out. Create a 
custom song using and editing the GUIs until happy. Two lessons can be spent on task. 
Performance or trigger patch for assessment. 

Creating 1/5 
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Case Study Four – MAMIC Performance Based Criteria Questionnaire Results 
Practitioner E 
Questions 

Answer Bloom’s Taxonomy Mark 
Given  

1. Objects  Remembering  1/1 

2. Computer keyboard written commands Remembering 0/1 

3. Xbox controllers  Remembering 0/1 

4. [makechord] [voicesout] [majorscale] Remembering 0/1 

5. The open save function records what has happened and what the 
children did 

Understanding 1/2 

6. Notes played Understanding 1/2 

7. change the scale of the notes being played and what notes in the scale 
are played 

Understanding 2/2 

8. major scale guitar and xbox controller Applying 1/5 

9. conductor links to the major scale linked to the guitar. then link in 
webcam and keyboard 

Analysing 0/5 

10.  Evaluating 0/5 

11.  Creating 0/5 

Mission To help others    

Identity Class teacher   

Beliefs Making sure every child feels safe and looked after   
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Appendix D – Practitioner Diary Entries and Evidence 
of Unanticipated In-The-Wild Factors that Affected 
the MAMIC Projects  
 

D.1 Case Study One Diaries 
 

Date of session:21/02/17 

Time of session:13:00 

Length of Session:1 ½ hrs 

 

Brief description of session: 

During the first session students had a basic premade patch. The patches were a 

Xbox pad, cam or midi keyboard. The students were shown how to access the load 

sample section of each patch and began customising their digital instruments. 

Towards the end of the session the students had grasped the basic concept of what 

each patch needed in order to work i.e. Out put, volume adjustments and connection 

between each part of the patch. So students could also use the interfaces of each 

object really well.  

 

/////////////////////////////////////////////// 

 

What went well: Students grasped a basic concept of MAMIC and found it easy to 

use 

 

What didn’t work well: 

Had some problems booting at start of class 

 

Possible improvements:  

 

Discovery based sessions 

Pre Made Patches 

Performance instrument based 
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Initial MAMIC Usage  
Students grasped basic concepts - patch connections volume levels 

Students found it easy to use  

 
Issues 
BIOS USB Booting issues 

Practitioner Skills 
Practitioner skills loading audio files 

 

Date of session:28/02/17 

Time of session:13:00 

Length of Session:1hr 

 

Brief description of session: 

During the second session students were shown how to build their patches from 

scratch. This includes creating the object box and typing in the desired outcome i.e. 

Voicesout etc. The class then rotated between all the computers in order for them to 

have a go at creating different patches. Students started connecting objects together 

correctly and by the end of this session most students were very confident with what 

was needed to make objects work and even began sabotaging other students out 

put connections if they were too loud (this was quite amusing). This showed to me 

that they had grasped the goal of creating patches and what was needed for them to 

work. 

/////////////////////////////////////////////// 

 

What went well: students found it easy to build and understand basic patch and 

creating new objects from scratch 

 

What didn’t work well: would like back button when loading samples to make easier  

 

 

 

Possible improvements: 
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Identify different load path for samples 

I just can’t get my head around differentiated abstraction levels 2 and 3 for most 

abstractions, even with the instructions. So I doubt I’ll use them in class 

 

/////////////////////////////////////////////// 

Discovery based sessions 
Building patches from scratch 

Computer rotation system 

Performance instrument based 

 

Practitioner Issues 
Can’t use differentiated abstraction levels   

 

Practitioner Skills 
Building patches from scratch 

 

Initial MAMIC Usage  
Edit each other's work 

Create new abstractions from scratch  

Easy to create and understand 

Felt confident to use MAMIC  

 

Date of session:21/03/17 

Time of session:10:45 

Length of Session:1 Hr 

 

Brief description of session: 

Students loaded “Jack” and connected Xbox controller and midi keyboards. They 

can now identify USB one and two cables. They then loaded “MAMIC” and selected 

settings to enable midi keyboard connections with “Jack” 

Next students connected MIDI keyboard with pure dater in jack. They then created 

individual patches and problem solved helping each other. Only teacher intervention 

was refreshing memory of short cut to change between edit and play mode and 

changing Xbox controller setting so they triggered samples.  
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/////////////////////////////////////////////// 

 

What went well: Students connected all necessary equipment including USB stick 

(did not let the boot from USB) they started up necessary software and connected 

hardware as well as show understanding when creating individual patches.  

 

What didn’t work well: 

Audio bleed distracting other students  

 

Possible improvements: 

Individual headphones as students request due to bleed from other computers audio 

disturbs students.   

Discovery based sessions 
Building patches from scratch 

 
External Hardware Setup  
Students setup external external independently MIDI keyboard and XBOX controller 

 

Soft Skills 
Communication helping others 

Problem solving  

 

Practitioner Skills 
Building patches from scratch 

Knowing Pd-L2Ork IDE shortcuts 

Knowing how to activate MAMIC Audio file playing and synthesised sound playing 
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D.1.1 Case Study One Evidence of Unanticipated In-The-Wild Factors 
 

Email stating that staff were finding it difficult to fit the MAMIC project into their 

teaching schedules due to a tight curriculum. 

 

Thu 13/10/2016 08:11 

XXXX 

 

I have been speaking to staff and finding the time in a tight curriculum to fit this in, is 

proving difficult at the moment; especially as we are teaching the curriculum 

computing and developing these skills.  

 

After some discussions with XXXX it maybe beneficial if we could use your expertise  

to initially start this pilot group - perhaps over a lunchtime or an after school club. 

 

Next time you are at school - I will speak to you about this further. 

 

XXXX 

XXXXX 

Head teacher. 

 

Email highlighting that staffing was an issue. Moreover, the solution of 

undergraduate practitioners to deliver the MAMIC project was also suggested. 

 

Mon 14/11/2016 10:55 

Hi XXXX 

 

Sorry I didn't get back end of week. 

 

I did speak about this to staff at our staff meeting and TA’s but haven't had any 

responses as yet.  Unfortunately, we only have 4 full time TA's, one is in reception & 

the other three have families, so are limited what they stay for and many of them 

already carry responsibilities.  (Being a small school - means we have to take on 

more roles) 
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XXXX is happy to continue with current arrangement, where XXX is about to offer 

support on a Friday afternoon, if you are happy to attend.  Another idea I had, was 

do you know any undergraduates who you lecture who would be willing to do this as 

part of their degree?  I am still trying to think of solutions, but again if you can 

suggest anything else.  

 

Let me know your feelings moving forward.. 

 

Thank you 

XXXX    

 

Email evidencing that Year 5 students needed to attend a trip and that the MAMIC 

session would have to be undertaken another time 

 

Thu 18/05/2017 14:15 

XXXX, 

 

That is fine for us.... 

However, Y 5 are out on a trip on Tuesday. 

 

Sorry 

 

Thanks 

XXXX 

XXXX  

 

Email from a potential practitioners explain that timetabling, preparation time and 

additional qualifications were getting in the way of the delivery of the MAMIC project. 

 

Mon 17/10/2016 20:09 

Hi XXXX,  

This Friday is not good for me as I have an appointment with our IT technicians. 
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I am more than happy for you to work with the 4 children on Friday and I will be 

around but can't commit to being there for the hour. 

 

It is difficult for me to commit to 'team teach' with you on a Friday as I am responsible 

for the class. Again I can allow the children to work with you and be around to help. 

In my opinion, it would be best for you to run the pilot with me supporting where 

possible, this gives you regular time to complete tasks, instant feedback from the 

children and I will support where possible. 

 

My apologies I've not started this, the timetable is so tight and full and my PPA time 

is taken up planning and completing IT and other e-safety responsibilities I have. 

 

Let me know about Friday, I can get Laptops etc ready for you 

 

XXXX  
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D.2 Case Study Two Diaries 
 

Date of session: 02/03/2018 - Individual CPD on MAMIC   

Time of session: 12:30 

Length of Session: 45 mins 

Brief description of session: 

 

Brief description of session: I put into place the information I learnt with the one to 

one I had with XXXX. I played around with the conductor tool and had the conductor 

play a low tempo major scale, in which I had set in the key of C. The results were 

satisfying and sounded very pleasing. 

 

/////////////////////////////////////////////// 

 

What went well: The one to one with XXXX had proven to be very useful. Using the 

conductor I had great fun and didn’t find getting around too difficult, except I had to 

refer to an image of my last lesson to just remind me on the steps involved. When I 

did struggle I referred to the help guide already built into the MAMIC program. 

 

What didn’t work well: Though I created what I found to be good there was a single 

hurdle in my way and that would have to be my memory. Because I’ve only had one 

experience using the conductor tool I was still unsure of where to go, however this is 

to be expected since this program in my opinion relies on experience and errors that 

you make. 

 

I also didn’t make a save which again was due to memory but I remembered after 

my session that I can use the built in save, that’ll remember all the data I had 

created. 

 

Possible improvements: A possible prompt when beginning to remind you to include 

the save function so you are not to forget. 
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Practitioner Skills 
Use of [conductor] 

Evidence of music terms major scale / tempo 

Use of MAMIC help resources 

 
Issues 
Lack of formal training 

 

Date of session: 08/06/2018 

Time of session: 13:20 

Length of session: 2 hours 

 

Brief description of session: The children in year five had their first introduction to the 

MAMIC program. I took two groups (years 4, 5 + 6) and shown them how to 

navigate, set up the peripherals, produce music as well as change the sounds effect 

and remap them to other areas. Using the task sheets, we used the controller and 

MIDI keyboard and had them work together to create a short song. 

/////////////////////////////////// 

 

What went well: The children really got stuck in with the program and had a lot of 

fun. The second group had no problems when creating new MAMIC programs. Both 

groups worked well together and remapped all the different effects to the controller to 

see what suited their taste and enjoyed the whole experience. 

 

What didn’t work well: The first group, I had problems with their attention and they 

found the beginning unsatisfying. They wanted to immediately use the music and not 

have to go through the process of setting up the script. They also felt limited in what 

they could do with just learning the beginning and they wanted more options that 

include the beginning part (setting up the objects having the sounds produced). 

Another part they struggled with was creating their script and what command to use 

to edit as well as how to put objects. 

 

Possible improvements: To gain their attention, there needs to be more of a 

seamless start and finish, one that makes it more interactive and rewarding. In the 
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beginning, learning all about how to bring objects together; there should be a more 

extensive range of options for them to play with for them to be more familiar with the 

beginning. At the beginning of the script, if possible then small tips would be 

extremely useful for the students and hints too would encourage them to use parts of 

the script they may not have before. 

 

Discovery based sessions 

Hostistic targets based 

Song - composition based 

 

Initial MAMIC Usage  
Students had fun 

Found it easy 

Remapping of parameters  

 
Issues 
Student attention problems 

Students want to make music not scripts 

Lack of knowledge of MAMIC basics  

Practitioner Skills 
Interdisciplinary skills 

External hardware controller skills 

 

MAMIC Library Improvements 
More interactive projects needed 

More structured-sessions  

Greater interdisciplinary  
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Date of session: 7/7/18 

Time of session: 09.30 

Length of Session: 11.30 

Brief description of session: 

 

Today I used the MAMIC system as part of the code lab curriculum. I worked with 

children from year 4 up to year 6. We focused mainly on using the conductor object 

to control the makechord object. The children's projects used the open save object to 

that their projects could be saved with their settings. I demonstrated concepts on the 

overhead projector 

 

/////////////////////////////////////////////// 

 

What went well: The children understood how to connect the objects together and 

could work with the conductor object. They understood that the numbers set in 

conductor could program makechord. The overhead projector demonstration went 

well with the webcam object.   

 

What didn’t work well: 

 

Some children made many different combinations of MAMIC objects. This was good 

but I on some occasions I couldn’t figure out why their programs were not working. I 

think is was due to my lack of training. I think that if I was more experienced with 

using MAMIC I would have been able to help with debugging the children’s projects 

and providing them with more support.  

 

Possible improvements: 

 

Greater support materials or a greater amount  of training needed.  

 

Discovery based sessions 

Hostistic targets based 

Song - composition based 
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Issues 
Lack of debugging skills  

Lack of knowledge of MAMIC 

Practitioner Skills 
MAMIC object skills - [conductor] [makechord] [opensave] 

MAMIC state saving algorithm 

Overhead Project use 

 

Initial MAMIC Usage  
Connect object together 

Coding Fundamentals 
Students understood use  sequence numbers as integer programmable variables 
Many combinations of patches being created   
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D.2.1 Case Study Two Evidence of Unanticipated In-The-Wild Factors 
 

Meetings that staff had to attend needed to take priority over MAMIC training 

sessions 

 

Fri 15/09/2017 15:40 

 

Thanks XXXX, no 11 would be better as I have an SLT meeting after school. 

 

XXXX 

XXXX  

Vice Principal 

XXXXXXXXXXXXXX 

XXXXXX 

XXXXXXX 

XXXXXXXX 

 

XXXX  

XXXX 

 

Email stating that MAMIC sessions and extra support could not take place due to the 

Christmas play taking over the curriculum  

 

Tue 12/12/2017 17:09 

 

Hi XXXX, 

 

No - we are completely taken over with Christmas rehearsals at the moment so not 

likely to get anything done tomorrow I'm afraid. We have been taking the small group 

out for sessions in the afternoon but it is slower progress than we had hoped. No 

problems though it is all working fine. I have realigned my thoughts as to when they 

will be able to perform and decided not to stress about it being in the Christmas 

concert to take the pressure off. They are making progress but have found it harder 

than anticipated so it is just slower. 
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XXXX 

XXXX  

Vice Principal 

 

XXXX  

XXXX 

 

MAMIC project sessions could not take place due to students being on a trip.  

 

Tue 09/01/2018 15:06 

 

XXXX, 

 

Happy new year to you too! 

 

 

Year 6 are away at Dol-y-moch this week so we hope to restart the project next 

week. I will ask XXXX to complete the link and yes we can sort out a date after that. 

 

Congratulations on the book chapter. 

 

XXXX 

XXXX  
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D.3 Case Study Three Diaries 
 

Date of session:11/10/18 

Time of session:15:15 

Length of Session:1 hour 

Brief description of session: 

1st session  

Year 5/6 class of approximately 15 pupils. 

Pupils were shown how to create xbox pad and connect it to sounds out. 

They understood the task after being shown only once. Most of the students had no 

issue creating objects however, some struggled with spellings. This was not a large 

issue after helping them. Going forward I will print off a list of objects so they can 

copy spellings if needed. 

 

/////////////////////////////////////////////// 

 

What went well:  

A speedy understanding of the task and what seemed to be easily remembered.  

 

What didn’t work well: 

 

Some students had issues with spelling. Teething problems on my side as “Jack” 

had some starting problems which limited computers down however, after one quick 

call to Chris we were up and running. There was one computer that would not work 

however, this was down to a password protect problem on the BIOS not MAMIC.  

 

Possible improvements: 

 

Print off object lists so pupils can copy spellings. Obtain more computers and 

memory sticks as we only had six. 

 

Issues 
Students struggled spelling object names  

Wider operating system issues 
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Need for greater prep time 

Practitioner Skills 
MAMIC object specific knowledge  

General classroom preparation time 

 

Soft Skills 

Use of short term memory 

 

Date of session:12/10/18 

Time of session:15:15 

Length of Session:1 hour 

Brief description of session: 

First session for year 3/4. 

A small class of only 10 pupils made explaining the tasks very easy. We had all 

computers up and running and managed to compete making an xbox pad patch. 

Three videos of the students screen were taken showing three different students 

completing this task. Other students were capable however, time ran out for them to 

be recorded.  

 

/////////////////////////////////////////////// 

 

What went well:  

Xbox pad patch made and video evidence captured 

 

What didn’t work well: 

Only six computers however, as the class size was small this wasn't a large issue. 

Xbox pads were device 16 and there were only 14 options to assign. 

 

Possible improvements: 

More computers and usb sticks. Informed Chris of xbox pad limitation. He provided a 

new xboxpad object with more device numbers. 

 

Issues 
HID device number allocate on external devices 
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Practitioner Skills 
MAMIC object specific knowledge  

General classroom preparation time 

 

Date of session:18/10/18 

Time of session:15.15 

Length of Session:1 hour 

Brief description of session: years 4/5/6 

Students were shown how to create a midi keyboard patch and connect to a midi 

keyboard. Quite a lot of sound issues as “Jack” was connected however no sound.  

After speaking to Chris a solution was given by going in to preferences in Pd and 

clicking apply on the audio in and out etc. This worked, again teething problems but 

nothing major to do with MAMIC.They managed to complete the tasks however, no 

video evidence as I ran out of time. 

 

/////////////////////////////////////// 

 

What went well:  

Pupils created a patch connecting to a MIDI Keyboard 

 

What didn’t work well: 

Some audio issues - however they were solved. 

 

Possible improvements: 

Next week I will test the computers early on before lessons take place to ensure 

audio settings are the solution. 

 

Discovery based sessions 
Performance based patches 

 

Issues 
Speak to MAMIC author for issues  
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Practitioner Skills 
MAMIC object specific knowledge  

General knowledge of Pd-L2Ork IDE 

General classroom preparation time 

 

Date of session:19/10/18 

Time of session:15.15 

Length of Session:1 hour 

Brief description of session: 

Students year 3/4  were shown how to create a midi keyboard patch like yesterday’s 

class. Again pupils managed to complete the tasks, no video evidence.one particular 

student had remembered all steps for the XBOX pad and had assigned samples to 

this as well as the MIDI keyboard. I then assigned [the student] to show other 

members of the class who were still learning. 

 

/////////////////////////////////////////////// 

 

What went well:  

All students managed to create MIDI keyboard patch and connect also created xbox 

pad and assigned samples. 

What didn’t work well: 

I couldn’t get Xbox pad and MIDI keyboard to work together. Then I found it was 

because I needed to plug the midi keyboard in before opening the midiboard object.  

 

Possible improvements: 

Make it so you can plug in the midi keyboard after you create the object as well.  

 

Soft Skills 

Peer help and assessment  

Creating own discovery-based patches 

Multiple external human input instrument creation  

 

Date of session:25/10/18 

Time of session:15.15 
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Length of Session:1 hour 

Brief description of session: 

Students year 3/4/5/6  were asked to start from the beginning, opening Mamic, 

creating new PD window and closing the intro. They were also shown how to fix 

certain issues with the midi keyboard connection within the preference menu if 

needed. Once students had successfully completed the tasks some were shown how 

to create the “open save” object and open the first objective ready for next session.   

 

/////////////////////////////////////////////// 

 

What went well:  

Students managed successfully create a new patch and troubleshoot issues with 

midi keyboard connections. Some students helped others with work as well. 

Successful students then had their screen movements recorded as evidence. 

Around 8 out of 15 students had completed the task and created opensave object, 

then opening Module 1 task one. 

 

Possible improvements: 

 

Discovery based sessions 

Hostistic targets based 

Differentiated task design  
 
Issues 
Speak to MAMIC author for issues  

 

Practitioner Skills 
MAMIC object specific knowledge  

General knowledge and troubleshooting of Pd-L2Ork IDE 

Soft Skills 

Troubleshooting skills 

Peer help 
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Date of session:9/11/18 

Time of session:15.15 

Length of Session:1 hour 

Brief description of session: 

class 1 Students year 3 / 4 and class 2 years 4/5/6. Started module 1. Multiple 

students computers captured screen movements as they answered the questions. 

Students were shown how to open module 1 and how to navigate around the patch 

as well as use opensave.  Students from year 3 / 4 created patches similar to years 

4/5/6 

 

/////////////////////////////////////////////// 

 

What went well:  

Students easily remembered how to open Module 1 and found it easy to navigate 

and use the patch. Just over half of year 3 / 4 class managed to load and use 

opensave on there own. years 4/5/6 worked independently  Some students from 

both classes made the worksheet patch themselves 

 

Possible improvements: 

Some students did not understand the questions however, with further explanation 

they figured it out e.g. I had to refer to the sharp symbol as the hashtag. Some of the 

symbols used such as sharps and flats, are not remembered with ease by all 

students. 

 

NC-Focused Interdisciplinary Sessions 
NC focused interdisciplinary worksheets 

Differentiated task design  
 
 
Issues 
Student worksheet question understanding  

Practitioner Skills 
Basic NC focused interdisciplinary knowledge 

Interdisciplinary question re-phasing 
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Multidisciplinary knowledge required 

 

MAMIC Usage  
Opening and saving patches using the MAMIC SSA 

Easy to sue 

Easy to navigate  

Soft Skills 

Troubleshooting skills 

 

Date of session:16/11/18 

Time of session:15.15 

Length of Session:1 hour 

Brief description of session: 

Students year 3 / 4 class 1 and class 2 years 4 / 5/ 6  did module two and answered 

questions whilst some screens were captured of there movements on screen.  

 

/////////////////////////////////////////////// 

 

What went well:  

The students enjoy using MAMIC. One pupil said to me that he has something to 

look forward to at the end of Fridays school day (our session is after school). 

Students from both classes answered questions and some students from both 

classes did the extension activities - made the patch from scratch.   

 

Possible improvements: 

Again rephrasing of questions was needed quite a lot. I think some questions are 

worded using words that are not in the children’s vocabulary or the way in which the 

question are asked may be too complicated.  

 

Practitioner issues 

Student worksheet question understanding 
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Date of session:30/11/18 

Time of session:15.15 

Length of Session:1 hour 

Brief description of session: 

A recap session to see what students remember about creating patches and 

answering the questions from module 1 and 2 for both classes . 

 

/////////////////////////////////////////////// 

 

What went well:  

The pupils from both groups were very excited to be (hacking as they put it) creating 

patches and could recall (almost) every step for the worksheet objectives to create 

objects including Webcam  

 

Possible improvements: 

Only improvements would be made on my behalf to check Internet connection for my 

own computer to access teaching resources and to make sure most laptops have a 

webcam in built.  

 

MAMIC Usage  
Process recall 

 

Practitioner issues  
Failure to access MAMIC resource when required 

Lack of classroom prep 
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Date of session:14/12/18 

Time of session:15.15 

Length of Session:1 hour 

Brief description of session: 

The classes was divided with some recapping module 1 and some moving on to 

module 2 

 

 

/////////////////////////////////////////////// 

 

What went well:  

Children from both groups answered questions. Went I reworded some of them they 

started to find the answers easier with not too much difficulty. The class were very 

motivated, one main thing I observed was that the children preferred to create the 

patches over interacting with them. They enjoy both however, building the patches 

things were said such as “oh yes i've finished the questions now I can build it!”. 

Other students then went on to comment that they wanted to see if they could make 

the patches. 

 

Possible improvements: 

Reversing which objectives the children are required to do first may have some 

positive outcomes.Building patches first answerings questions after.  A meeting is 

needed with Chris as there is some confusion regarding the questions within module 

1 and 2 I can’t figure out. Some children still had problems with spellings. MAMIC 

worksheet does help with this. 

 

Discovery based sessions 

NC-focused worksheets - use constructivist-based task then behavoursitic based 

extension task  
Practitioner issues 
missing disciplinary specific knowledge 
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Date of session:08/02/19 

Time of session:15.15 

Length of Session:1 hour 

Brief description of session: 

Year 4 /  5/  6 Creating, manipulating and composing, using conductor. Children 

were asked to create any original or existing song after building a patch from the 

beginning. 

 

/////////////////////////////////////////////// 

 

What went well:  

Some children excelled at the task with one child correctly building and writing the 

melody of an existing song by Alan Walker entitled “Faded”. child  shows knowledge 

of even the most advanced areas of Conductor as shown within the video evidence 

(video1-2019-02-08_15.55.46)    

 

Possible improvements: 

When explaining how conductor works all children had issues identifying the 

difference between the “Pattern” window within conductor. After opening both 

conductor and Pattern windows the children could only see minimal differences and 

would easily get confused. If the Pattern window were to be a different colour, using 

conductor would be easier. Within “conductor” some of the faders such as “Scale” 

are very difficult to alter with precision. If a child accidentally alters the position it is 

often quite time consuming to correct.  

 

MAMIC Usage  
Advanced skills - coding existing songs in [conductor] 

Explaining music by coded means  

 
Practitioner issues  
Student interpretations of MAMIC objects 

Practitioner Skills 
Analysing MAMIC object effectiveness 
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Date of session:22/03/19 

Time of session:15.15 

Length of Session:1 hour 

Brief description of session: 

year 3 / 4 Students were asked to create their favourite things within MAMIC to see if 

they could get all parts working without loading a patch first.  

 

/////////////////////////////////////////////// 

 

What went well:  

Children showed knowledge within problem identification, such things as 

unprompted data input for major scale as no presets load from a worksheet when the 

patch is freshly created.  

 

Possible improvements: 

Some children found spelling certain words difficult. They have a sheet given to them 

with objects on however, for low ability children creating objects with precision 

spelling and numbers sometimes proved difficult.    

 

Advanced MAMIC Usage 

Patch  problem identification 

Independent variable input for MAMIC objects - [majorscale]  

 

Practitioner issues  
Low ability students - spelling issues 

 

Date of session:14/06/19 

Time of session:15.15 

Length of Session:1 hour 

Brief description of session: 

Shapes and pictures Module. Both classes Children were asked to complete the 

shapesandpictures worksheet 

 

/////////////////////////////////////////////// 
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What went well:  

Children remembered how to open patches correctly and with a little rewording of the 

questions were able to answer them with little difficulty.  

 

Possible improvements: 

Questions on the module papers often confused children. They easily misunderstood 

by looking to deep in to what the questions were asking. Simplifying some questions 

to a very low level would solve simple confusions which could throw them off.  

 

MAMIC Library Improvements 
Simplify questions for students 
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D.4 Case Study Four Diaries 
 

Reception / Year 1 

Date of session: 28th June 

Time of session: 1:30 -2:30 

Length of Session: 1 hour  

 

Brief description of session: 

We loaded the software up as a collective. The children were very excited. We then 

selected the conductor and tried to change the chord it was using. The children 

found this tricky but enjoyed it. We struggled to get the sound working on some 

computers.  

 

What went well:  

The children enjoyed the new challenge. They liked the idea.  

 

What didn’t work well: 

The children found the buttons too small. They don’t have the control of the mouse to 

make accurate selections.  

 

Possible improvements:  

Larger/ colourful buttons  

e.g. red button for conductor, yellow button for guitar etc  

 

Practitioner issues  
Struggled to get sound working 

 

Discovery based sessions 
Using conductor to change chord selection 

 

MAMIC Library Improvements 
Some buttons too small - not enough control over mouse  
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Date of session: 12/07/19 

Time of session: 2.00 

Length of Session: 30 minutes  

Brief description of session: 

The children loaded the software themselves. They then use the conductor to 

manipulate the sound. They also changed the sounds by changing the chords. 2 

pairs then went on to use the Xbox controllers. I had to input the icon for them. They 

enjoyed the practicality of the controllers. They created rhythms and patterns with 

the pre-set sounds that were linked to the controller.  

 

What went well:  

The children enjoyed the practicality of the Xbox controllers they enjoyed the 

familiarity of these.  

 

What didn’t work well: 

The system is very complicated and there are a lot of processes to get one new item. 

The children found this challenging.  

 

Possible improvements:  

The system needs to be a little simpler. There are too many steps to complete a job 

for young children. 

 

Discovery based sessions 
Used conductor to change to different chords 

Used Xbox controllers to play a variety of  rhythms   

 

MAMIC Library Improvements 
Some system processes are too complicated for children  
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2019-2020 

Year 5 

Date of session: 30/09/2019 

Time of session: 1:30 

Length of Session: 45 mins  

Brief description of session: children were introduced to MAMIC and then showed 

how to input objects and run them.  

 

Brief description of session here 

Children were introduced to MAMIC and walked through how to complete the first 

task Year 1 shapes.  

They then began to input objects and join them together. Their next step will be to 

edit the conductor to play the correct sounds.  

 

What went well:  

The children enjoyed the system and found it very interesting.  

 

What didn’t work well: 

The children found the need to shabby the conductor fiddly and hard work.  

 

Possible improvements:  

Make the system simpler by using more straight forward objects/ buttons.  

 

The year 1 worksheets are working very well for year 5 which may show a reflection 

of the level of learning and teaching pitch. 

 

NC-Focused Interdisciplinary Sessions 
NC-Focused Interdisciplinary Worksheet - Shapes  

 

Initial MAMIC Usage 
Found system enjoyable   

 
Issues 
Student interpretations of MAMIC abstractions - found [conductor] difficult 
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MAMIC Library Improvements 
Make abstractions more simple - buttons etc   
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D.4.1 Case Study Four Evidence of Unanticipated In-The-Wild Factors  
 

Curriculum Constraints  

19/05/19 

Hi XXXX 

Unfortunately I haven’t had the chance to try the MAMIC software out with my class 

yet. I have recently found out I am going to be moderated so a lot of my focus has 

been on this.  

My moderation for reception and phonics testing for year 1 should be finished by mid 

June. After that I will try it with my class.  

Sorry for any inconvenience.  

Kind regards  

XXXX 

 

08/10/19 

Hi XXXX 

I wouldn’t worry about the USBs we won’t be doing it after half term as we have 

other topics we need to cover. 

They like the sheets. We haven’t written anything yet but when we do I’ll let you 

know. 

Thanks XXXX 

 

Timetabling issues  

 

20/03/19 

Hi  

 

You can come in to test the sticks this morning however I need a weeks notice to 

release the staff without it affecting anything else. , we won’t be able to do the 

training today sorry.  

 

Thanks XXXX 
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Appendix E – Practitioner Video Evidence 
 

The following aspects are contained in – Chris Payne Thesis Appendix.zip.  

 
Video 1 – First diary entry from MAMIC In-The-Wild Case Study One. Students can 

be seen connecting MAMIC abstractions [webcam] and [soundsout] together, aided 

by student teacher instruction and worksheet. 1.34 - 5.12  

 

Video 2 – Fourth diary entry from MAMIC In-The-Wild Case Study One. Student can 

be seen connecting MAMIC abstractions [xboxpad] and [soundsout] together, aided 

by student teacher instruction and worksheet. 1.15 - 9.44  

 

Video 3 – Fifth diary entry from MAMIC from In-The-Wild Case Study One. Student 

can be seen connecting MAMIC abstractions [midikeyboard] and [soundsout] 

together correctly. The student then plays the MIDI and controls the [soundsout] 

object and sound plays as aided by student teacher instruction and worksheet. 1.35 - 

9.50.  

 

Video 4 – Third diary entry from MAMIC In-The-Wild Case Study Three. Students 

can be seen connecting two [xboxpad] MAMIC abstractions into a [soundsout] 

correctly. The students correctly configure both XBOX pads and talk through the 

process on camera. Both students can then play the XBOX pads independently from 

each other. 0.18 - 6.54.    

 

Video 5 – Tenth diary entry from MAMIC In-The-Wild Case Study Three. Video five 

shows a child manipulating the [conductor] abstraction in the pre-made patch for the 

Shapes and Pitches NC-focused worksheet to play the introduced lead melody line 

for the song Fader by Alan Walker. The child then makes a patch from scratch and is 

seen programming the [conductor] and [majorscale] abstractions autonomously. 

Some issues with the setting of the global musical key for the whole patch can also 

be seen on the [conductor] abstraction. 0.10 - 11.11.   
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Video 6 – Second diary entry from MAMIC In-The-Wild Case Study Four. Video six 

shows Year 5 children working in collaboration. The students are reconstructing the 

NC-focused worksheet algorithm Shapes and Pitches. The students manage to add 

an ID number next to each MAMIC abstraction. This ID number can then be used for 

saving MAMIC patches using the MAMIC state saving algorithm. Students also 

connect the MAMIC abstractions to each other correctly. 0.10 - 13.55. 
 

Video 7 – Second diary entry from MAMIC In-The-Wild Case Study Four. Video 

seven shows Year 5 children working in collaboration. The students are 

reconstructing the NC-focused worksheet algorithm Shapes and Pitches. The 

students manage to add an ID number next to each MAMIC abstraction. This ID 

number can then be used for saving MAMIC patches using the MAMIC state saving 

algorithm. Students do not manage to connect the MAMIC abstractions to each other 

correctly. Spelling errors also hinder progress 0.10 - 08.13. 
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Appendix F – Copyrighted Material Permissions 
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