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Abstract 

Commonly, music learners are required to practice with their instrument independently, requiring 

them to critically analyse their own performance. However, most novice musicians often lack the 

necessary auditory skills to make precise judgements of their performance, which may often lead to 

frustration and abandonment of the instrument. In these regards, Computer Assisted Musical 

Instrument Tutoring (CAMIT) systems have demonstrated having positive effects on the enhancement 

of self-analysis and motivation of learners, due to their remarkable use of audio signal processing, but 

primarily, their implementation of appealing interactive elements and multimedia contents which 

deliver the instructional materials and dynamics. Nevertheless, there are evident contrasting views on 

the appropriate balance and integration of the instructional, musical, and playful affordances often 

involved in these systems, as well as a lack of studies that assess how different arrangements of these 

affordances can result in different outcomes on the learning and engagement of users. In this 

dissertation project we offer a Human Computer Interaction perspective on analysing how different 

arrangements of these interactive elements can exert an effect on the perceived learning outcome of 

musical skills from a user standpoint. Thus, by using the Muzicodes system, which allows for strings 

of musical notes to be used as triggers for external media, a high-fidelity prototype of a CAMIT 

system was developed, presenting two different variations of juxtaposed interactive elements applied 

to an ear training task. Subsequently, user testing and semi-structured interviews were conducted with 

10 intermediate musicians, in order to make a qualitative assessment of the advantages and 

disadvantages of each arrangement of interactive elements. Findings revealed a preference for 

cognitive-engaging challenges, which properly aligned the musical skills to be trained with the task to 

be solved. Based on these remarks we offer some design suggestions for similar CAMIT systems in 

the future.   

 

Keywords: CAMIT, interactive elements, effectiveness, learning outcome, musical interaction 
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1 Introduction 

1.1 Background 
Playing a musical instrument is an inherently engaging activity, which is generally associated 

with aesthetically pleasing experiences. Nonetheless, in order to be able to enjoy music playing in this 

manner, most musical instruments require some level of skill in several domains, such as the physical 

control of bodily movements, the ability to sight-read musical notation, among other abilities. 

Therefore, novice musicians must usually undergo through an initial, frequently challenging, learning 

process and gradually built their skills through practice with their instrument, in order to achieve an 

acceptable level of performance. 

However, issues such as poor self-assessment (Pitts, 2007) and low productivity due to a lack 

of motivation (Chow, Feng, Amor & Wünsche, 2013) frequently arise during independent learning 

and practice. Given the serious repercussions of these issues, such as increasing frustration and in 

some cases the subsequent abandonment of the instrument, as well the induction of vitiated habits that 

may hinder the overall musical progress of the learner (Sanchez et al., 1990), many solutions have 

been sought to alleviate the overall problem. In this sense, computer scientists, interaction designers, 

and musicians in collaboration have approached the matter through the development of Computer 

Assisted Musical Instrument Tutoring (CAMIT) systems (Percival, Wang,  & Tzanetakis, 2007). 

Nonetheless, as the instructional dynamics of these interactive music-learning systems 

heavily rely on the presentation of their interactive design elements and their respective combinations, 

the need arises for a well-founded framework of interactive design principles to guide the 

development process of CAMIT systems. Hence, this dissertation project is aimed to contribute to the 

understanding of the effects that different arrangements of interactive elements may exert on the 

training of musical skills. 

 

1.2 Justification 

The need for CAMIT systems emerges from the notion that computer assistance can enhance 

particular processes of music instruction and learning that are often laborious for music teachers and 

challenging for music learners, respectively. Correspondingly, Percival et al. (2007) identify three 

processes of musical instrument learning to be enhanced with CAMIT systems, namely, the 

interaction of the teacher with the student, the student’s self-analysis strategies, and their motivation. 

At present, these particular areas of interest have been permeated and approached by computer 

science, and especially by human-computer interaction to some extent. 

For instance, music-learning aficionados are currently able to search for educational content 

on the Internet, such as online video tutorials and digital music sheets, as well as to make use of a vast 

variety of computer-based technologies to aid their independent learning and practice, such as ear 

training or score writing software. However, the aspect of motivation in learning is much more 
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complex to address and thus to enhance with technology, as it requires a thorough understanding of 

self-determination (Ryan & Deci, 2000; Csikszentmihalyi, 1990; Malone, 1980), instructional 

techniques, and the interaction design principles that integrate these factors in a congruent manner 

(Fishman, Deterding, Vattel, Higgin, Schenke, Sheldon, Ewing, Holman, & Aguilar, 2013; Malone, 

1980; Mayer, 2008). 

Nevertheless, there have been several recent attempts at maintaining the students engagement 

with music learning whilst enhancing the instructional experience with the aid of CAMIT systems, 

which have been deployed across a vast range of platforms, such as websites, mobile applications, and 

standalone systems, with either academic and commercial agendas (Chow et al., 2013; Ferguson, 

Moere, & Cabrera, 2005; Percival et al., 2007; Rogers, Röhlig, Weing, Gugenheimer, Könings, 

Klepsch, Schaub, Rukzio, Seufert & Weber, 2014; Schoonderwaldt, Hansen, & Askenfeld, 2004). In 

this sense, there has been a substantial consensus on the positive effects of CAMIT systems, at least 

when applied to basic learning items, which in some cases have been reported to surpass conventional 

music teaching techniques, although there are not many comparative studies on the subject, as 

Webster (2007) points out. 

 

1.3 Problem Statement  
Due to the aforementioned multitude of interactive design rationales involved in these 

systems, and the contrasting conceptions of what constitutes their success by different stakeholders, 

e.g. music educators and researchers, interaction design researchers, and music technology vendors; 

we must narrow our current investigation to a few particular aspects to explore, in order to approach 

this multifaceted problem. 

Hence, we will be addressing how CAMIT systems can enhance the learning of specific 

music goals (Chow et al., 2013; Ferguson et al., 2005; Percival et al., 2007; Rogers et al., 2014), and 

how different interactive design principles have been implemented throughout several CAMIT 

systems with different results. In addition, we will aim to synthesize the findings of these studies in 

regards of their interaction design affordances. We will also take into account the literature from 

Music Interaction (a subset of HCI), which contrasts traditional HCI principles, when emphasizing in 

particular musical aspects (Holland, Wilkie & Mullholland, 2013). 

Specifically, we will address a particular research question, i.e. how users evaluate two 

different presentations of a set of interaction design elements implemented on a prototype of an 

interactive music learning experience regarding their perceived quality of learning outcome. 
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1.4 Aims and Objectives 
In order to assess the perceived effects that different variations of the interactive elements of 

an interface may exert on the learning of a musical skills, a particular learning item needs to be 

chosen and a high-fidelity needs to be developed to present a learning task that involves such item in 

an interactive manner. In this case, we have chosen the identification of musical intervals as well as 

their performance on the piano for our learning task, and aural and visual cues, as well as the 

presentation of feedback to be the interactive elements to enhance the learning experience. 

To enable the high-fidelity prototype we have primarily used the functionality of the 

Muzicodes system (Greenhalgh, Benford & Hazzard, 2016), which we will introduce in Section 

3.4.4.1 (The Muzicodes Concept and System). Accordingly, we will also discuss how Muzicodes can 

be employed as a tool to prototype this kind of experiences. Therefore, the objectives to achieve these 

aims are: 

1. Review the literature related with the design and implementation of CAMIT systems, and 

assess the findings related with the characterization of the different interactive design 

elements involved as well as their corresponding instructional contributions.  

2. Develop a music-learning task with two different presentations of interactive design 

elements to be displayed in two contrasting variations.  

3. Assess and employ the Muzicodes system functionality to develop a high-fidelity prototype 

for the interactive music learning experience.  

4. Conduct user evaluations with both presentations of the music-learning task in order to 

assess and compare the effects perceived within the different combinations of interactive 

elements through qualitative methods. 

5. Discuss how the results of the evaluation contribute to the understanding of the 

instructional implications that different interactive design elements in CAMIT systems posit 

to music learning.   

 

The following sections assess the proposed objectives of this dissertation project. Hence, in 

Section 2 (Previous Work) a comprehensive review of the literature integrating the diverse competent 

areas involved in the design of a CAMIT system is presented. In Section 3 (Methodology), the 

process of design of our particular CAMIT system is described from envisioning to prototyping, 

particularly by applying the Muzicodes system functionality. The second part of this section consists 

in the evaluation procedure and concludes with the proposed analysis to assess the qualitative data 

obtained from users. Then, Section 4 (Discussion) encompasses the results and findings of the 

analysis and these are derived into design suggestions proposed to guide the design of similar future 

CAMIT systems. In addition, some limitations arising in this particular study are addressed. Lastly, in 

Section 5 (Conclusions), the aims of the project are readdressed and future work is proposed.  
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Figure 2.1. Areas involved in the design rationale of a CAMIT system. 

2 Previous Work 
As previously mentioned, the interaction with a musical instrument generally involves 

alternating between learning, practicing, and performing with the instrument. These activities are 

multifaceted and have been approached from multiple standpoints, such as pedagogy, musicology, 

ethnography, and technology, among others (Bresler, 2007). In this case, we will mainly focus in the 

aspects involved in independent learning and practice, such as the development of self-analysis 

strategies by students when attempting to critique and correct their own performance (Hallam, 1998; 

Pitts, 2007).  

Moreover, we will concentrate on how interactive learning technologies –and particularly 

CAMIT systems– have been used to approach these particular music learning scenarios as well as the 

instructional implications that have been discussed thereof. Lastly, we will assess some arguments 

from Music Interaction as they elucidate some considerations to be taken in the design of CAMIT 

systems. The aim of surveying these perspectives is to provide a well-founded framework to integrate 

the diverse interactive design principles to be applied when developing our own implementation 

(Figure 2.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1 Perspectives from Music Education  
Comprehensively, Murphy (2007) makes a revision of the diverse assessment practices in 

music education, which in general elucidate other relevant aspects related to this area, such as how 

self-assessment (and self-tutoring) is generally carried out (Black & William, 1998), as well as the 

importance of good feedback (Pitts, 2005; Younker, 2003) during this process, and the importance of 

practicing in an authentic musical context (Brophy, 2000). 

Black and William (1998), describe a basic but notable process of self-assessment in music 

learning, which comprehends three elemental activities, namely, (a) beginning with a notion (or 
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redefinition) of the desired musical goal to achieve, (b) acquiring evidence about the present position 

on the mastery of said item, and (c) developing a strategy to bridge the gap between the current 

position and the desired goal. This particular process is noteworthy as it analogously describes an 

instructional design process, starting with the presentation of a learning item, followed by an 

evaluation and implementing a strategy to achieve the particular learning goal. In addition, Black et 

al. (1998) also make emphasis on the importance of feedback on the efforts of the students throughout 

this process. 

Complementary to this notion, Brophy (2000) suggests that any form of evaluation of 

performance should necessarily take place in a musical context (e.g. performing with the instrument), 

in accordance to the notion of situated cognition, as described in constructivist terms (Brown, Collins, 

and Duguid, 1989). 

As the efficiency and efficacy of musical instrument practice relies on the strategies 

employed by the student, particularly on the way that they self-assess their performance (potentially, 

with the aid of technology), it is important to address the fundamental role that self-analysis and 

motivation play during this process, as well as how instructional affordances can be presented in 

authentic musical contexts.  

 

2.2 Interactive Music Learning Technologies 
Throughout the years, the presence of technology in music has permeated most musical 

activities, as it can be evidenced in the continuously expanding field of music technology. As Webster 

(2007) points out, music technology has permanently changed the way music is produced, consumed 

and distributed. In the case of independent instrumental practice, music technology has enhanced the 

practising activities and strategies of students by providing the means for accompaniment (e.g. with 

the use of backing tracks) and timekeeping (e.g. by using metronomes), among other activities.  

In addition, more sophisticated and interactive technologies have been developed to 

complement many kinds of music learning and practicing activities. Since the late 1960s, computing 

technologies have been applied to music learning scenarios, such as interval identification and music 

dictation with computer-assisted instruction systems like the PLATO, developed by the University of 

Illinois (Gooch, 1978; Upitis, 1983). At present, the majority of these instructional technologies are 

more accessible and ubiquitous, and are often equipped with novel hardware and software (Webster, 

2007).  

It is worth noticing, that despite of the constant development of CAMIT systems resulting 

from the adaptation of advancing technologies to educational purposes (Berz & Bowman, 1995; 

Bowyer, 2000), a greater emphasis has been made on studying their feasibility rather than assessing 

their effectiveness (Bowyer, 2000; Green, 2003; Higgins, 1992). However, before addressing this 

issue we will survey some examples of CAMIT systems and their approaches to enhancing music 

instruction.  
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2.2.1 Computer-Assisted Musical Instrument Tutoring Systems. Although there are 

many skills required by music teachers in order to deliver quality instruction, such as specialized 

knowledge of the subject to be taught (e.g. a piano teacher must have extensive knowledge of music 

theory and piano techniques), as well as the ability to put pedagogical techniques into practise 

(Percival et al., 2007), there are many other aspects of music, such as its temporal quality, that may 

posit considerable cognitive demands (particularly on memory), even to the most skilled teachers 

(Smoliar et al., 1995). Therefore, it is reasonable to provide the computational means to both facilitate 

the acoustic analysis of a performance, as well as the means to communicate results to students (i.e. 

whether it was a good or bad performance, according to specific parameters) in a comprehensible 

manner. 

In essence, CAMIT systems are computer-based artefacts that are created to satisfy this 

purpose by delivering interactive instruction for a particular musical instrument through the use of 

multimedia elements and engaging interaction dynamics. In particular, Percival et al. (2007) describe 

two categories for these systems based on their goals: (a) “General project systems”, which aim to 

provide an integral learning experience that offers sophisticated analysis, feedback and suggestions in 

manner similar to that of a music real teacher, and (b) “Specific-goal project systems”, which are used 

as supporting tools to approach a specific musical learning item. 

A formidable example of an integral learning system was the Piano Tutor (Dannenberg, 

Sanchez, Joseph, Capell, Joseph, & Saul, 1990); an expert system aimed to practice piano tasks for 

basic levels as a way to complement regular lessons with a teacher. This CAMIT, as described by 

Dannenberg et al. (1990), integrated formal instructional design techniques with the presentation of 

instructional multimedia in several forms, such as audio and video, and particularly a series of 

graphics that provided feedback for errors and their possible remediation. In addition the system 

allowed for multiple inputs such acoustic or electronic piano and used music recognition software to 

analyse the students’ performance. 

An interesting feature of Piano Tutor was the hierarchical order in which lessons were 

arranged, so students would need to achieve certain goals in order to meet the necessary requirements 

(i.e. prerequisites) to advance to the next lesson. This scheme resonates with Beckwith’s notion of a 

successful CAMIT system (in terms of improvement in musical abilities): “the program (i.e. the 

system) should provide concrete experiences for the user, (and it) should be hierarchical so that small 

elements can be used as a basis for building larger works” (Upitis, 1983). 

A CAMIT system that followed a similar curricular scheme was the IMUTUS project (Fober, 

Letz, Orlarey, Askenfelt, Falkenberg Hansen & Schoonderwaldt, 2004), which could be regarded as a 

partial successor of the Piano Tutor, but aimed for the recorder as its musical instrument to be trained. 

In the case of the IMUTUS, the interaction between the user and the “virtual teacher” was 

considerably noteworthy, as it not only offered subsequent remediation for any mistakes occurred 

during performance, as the Piano Tutor (Danneberg et al., 1990), but it also identified and praised the 
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merits of the students –e.g. when no error was found during performance– with the intention of 

maintaining their motivation (Schoonderwaldt et al., 2004). 

 

2.2.1.1 The Instructional Affordances of CAMIT Systems. By contrast, specific-goal 

CAMIT systems aim to provide a solution to particular troublesome aspects of music, e.g. tedious 

technical exercises that involve repetitive performance (Percival et al., 2007), e.g. training alternate 

picking in guitar or listening to sequences of intervals for ear training. Although necessary, these 

types of tasks are frequently unmusical and unpleasant to play or hear; hence they are prone to be a 

source of frustration or boredom for music players.   

As a potential solution to this problem, Percival et al. (2007) proposed the MEAWS 

(Musician Evaluation and Audition for Winds and Strings), a system intended for students to train 

technical exercises (such as rhythm and intonation) and receive grades accordingly, as a way to 

optimise the process of individual musical instrument practice at home. As the system provided 

information about the quality of the playing technique according to a particular parameter, e.g. 

visualisations of sound qualities (such as pitch and velocity) and a percentage of correctness (Figure 

2.3), it reportedly assisted beginner learners analyse their own performance. Nevertheless, as 

expressed by the authors, this system was developed to merely provide “an objective self-testing 

tool”, and particularly did not account for offering any other means of instructional affordances (e.g. 

scaffolds or remediation) besides informative feedback, i.e. the resulting grade corresponding to the 

performance of the user.  

 

2.2.1.1.1 Providing Visual Cues. Conversely, the P.I.A.N.O. system (Rogers et al., 2014) 

provided visual cues by overlaying interactive projections on the surface and the keys of a piano with 

the purpose of augmenting the learning experience with the instrument (Figure 2.2). A remarkable 

instructional element of this approach and the main objective of the P.I.A.N.O, as described by 

Rogers et al. (2014), was to provide the user with direct mappings of note visualisations indicating the 

finger positions of relevant notes (as well as other articulations, such as legatos) on top of the piano 

keys, with the aim of facilitating the learning experience for novice musicians lacking sight-reading 

skills. 

With a similar objective but a different implementation, Chow et al. (2013) proposed the use 

of an augmented reality (AR) head mounted display to visualize the sequence of notes to be played 

overlaid on the piano keys using a piano roll visualization (a metaphor also implemented by Rogers et 

al. (2014). With this approach, Chow et al. (2013) aimed to generate a “perceptual and cognitive 

overlap” between the piano keys and the notes to be played as a result of providing visual cues with 

AR (Figure 2.2), as well as to foster motivation and interest in playing the piano.  

Notwithstanding, although both systems offered means to facilitate the task with the use of 
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Figure 2.2 Left: The P.I.A.N.O. Visual cues projected on top of physical piano keys. From Rogers et al. 
(2014). Piano: Faster piano learning with interactive projection. Right: AR Piano. Visual cues overlaid on top 
of physical piano keys with Augmented Reality. From Chow et al. (2013). Music education using augmented 
reality with a head mounted display. 
 

visual cues, Rogers et al. (2014) mentioned how consulted piano teachers differed in regards of the 

advantages of such approach, as it incited “stiff playing” due to the fact that the users had to focus on 

playing the notes exactly as indicated by the visualisation, with limited chance for expression. 

 

 

 

 

 

 

 

 

 

 

 

 

 

This compelling consideration should be taken into account as a precaution when endowing a 

music-learning experience with instructional affordances, such as adding visual cues (e.g. signals for 

finger positions) as means of scaffolding, in order to avoid potential deviations impairing the learning 

process. Nonetheless, the inclusion of visual cues is an essential instructional affordance to take into 

account as the highlighting of key elements of the presented instructional multimedia not only 

facilitates the interaction throughout the learning experience but also engages the user into the 

appropriate cognitive process intended for the learning item (Mayer, 2008).  

 

2.2.1.1.2 Providing Feedback. Aside from arranging and delivering learning content in a 

structured and orderly manner, the manner in which the assessment of instrument performance is 

communicated through CAMIT systems is indispensable to ensure a fruitful learning experience. 

Traditionally such endeavour is usually carried out by music teachers when verbally communicating 

their assessment of the student’s performance (Smoliar et al., 1995), and it is an essential factor 

accounting for the quality of the learning outcome, in addition to the receptiveness of the student to 

these messages. 

To address the question of feedback in music education, Pitts (2005) conducted a survey 

about this topic with several students, where she found that they preferred that their teachers’ 

comments were brief, fair and helpful. In addition, Younker (2003) described a striking framework 

for the interaction between the teacher and the student, in which they would respectively assume the 

roles of listener and responder. In other words the teacher monitors the performance and offers 

feedback as required, whilst the student is engaged on achieving his or her musical goal 
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Figure 2.3 Left: The MEAWS system. Informative feedback is presented through visualisations of sound parameters after 
performance. From Percival et al. (2007). Effective use of multimedia for computer-assisted musical instrument tutoring. 
Right: Real-time feedback. Visualisations of sound paramemters during performance are presented. From Ferguson et al. 
(2005). Seeing sound: Real-time sound visualisation in visual feedback loops used for training musicians. 
 

 
 

independently. Based on these views, we can observe that well presented feedback from tutors is 

crucial to assist the learner when trying to achieve a musical goal, and should be taken into 

consideration when providing feedback with a CAMIT system. 

An interesting issue to explore is how different presentations and modalities of feedback, such 

as the choice of media, as well as the amount and depth of information given, may exert an effect the 

on a student's self-analysis of their performance. For instance, the IMUTUS system aimed to provide 

qualitative and constructive information by offering two levels of depth, i.e. “hints” at a more 

superficial level (e.g. providing annotations on a staff), and “help” at more in-depth level (e.g. 

offering predefined textual messages with “personalised” advice). To conclude, the authors claimed 

that these interactive elements “could enhance the efficiency of practising” (Fober et al., 2004; 

Schoonderwaldt et al., 2004). 

Likewise, based on results from multimedia instruction experiments, Mayer (2008) has 

described the “personalisation principle”, which indicates that providing feedback messages with a 

“conversational” vocabulary is more beneficial for the learner than formal vocabulary.  

Alternatively, Chow et al. (2013) provided real-time feedback by changing the colours of note 

attempts according to the user’s performance, i.e. green for a correctly hit note and conversely, red for 

a missed note. The authors claimed that these colours intuitively conveyed the informative feedback 

they intended to provide, as they were less prone to generate distraction in comparison to other visual 

attributes. In this sense, informative feedback has the purpose of simply verifying whether the 

attempts were right or wrong.  

Furthermore, Ferguson et al., (2005), offer yet another perspective of what constitutes real-

time feedback. In their work, they implemented “instantaneous feedback via real-time visualisations” 

(Figure 2.3) particularly when practising with wind instruments. Ferguson et al. (2005) claimed that 

verbal feedback –e.g. the advice of a music teacher– during and after performance is not suitable 

when the task demands the student to analyse subtle but critical changes in their sound in real time, 

e.g. blowing the right amount of air through a clarinet in order to avoid unpleasant sounds. 
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Figure 2.4. A classification of feedback according to levels of tutoring and levels of 
pervasiveness. 

Remarkably, Percival et al. (2007) argued that Ferguson et al. (2005) approach of providing a 

continuous visual representation of an instrument’s sound in order to help the learner assess his or her 

performance, could potentially hinder the development of self-analysis strategies in learners, as 

greater attention may be directed towards the visualisations rather than honing their finer auditory 

capabilities. Hence, Percival et al. (2007) suggest that feedback provided by a CAMIT system should 

rather offer verification and remediation (if needed) as means of judging a learner’s performance, 

particularly, after the performance is finished. Nevertheless, although the authors advised precaution 

with such approaches, they acknowledged that real-time feedback could be useful as a short-term 

scaffold, particularly when applied to technical exercises (e.g. calisthenics) with a musical instrument. 

Based on these remarks we could classify feedback (Figure 2.4) according to its level of 

tutoring, where the lowest level would be informative feedback, which is provided as a mean of plain 

verification (Mason & Bruning, 2001), then, further down the continuum we would have elaborative 

feedback, which can be observed on the implementation of feedback that provides more 

comprehensive guidance towards a better performance (Mason et al., 2001), which in some occasions 

can display more personalised, as well as motivational vocabulary if texts are presented (Mayer, 

2008). The most sophisticated level of tutoring would involve offering strategies for remediation 

(Dannenberg et al., 1990), which is one of the main advantages that traditional one-on-one instruction 

possesses over most CAMIT systems. 

Another dimension in which feedback could be classified is according to its level of 

pervasiveness during performance. In this case, the least pervasive manner in which feedback could 

be presented is after the whole performance has finished, or in some more pervasive cases after each 

trial has finished (Percival et al., 2007). Lastly, the most pervasive presentation of feedback involves 

having constant information about the performance, which may be useful in scenarios where the 

quality of sound requires the musician to exert a constant physical effort, such as in wind and bowed 

instruments (Ferguson et al., 2005).  
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Figure 2.5. Flow as a result of the balance of challenges and skills. From 
Denis et al. (2004). Building the case for video games in music education.  

 
 

2.2.1.2 The Playful Affordances of CAMIT Systems. As previously addressed, an 

additional goal of CAMIT systems besides enhancing the instructional elements of a learning 

experience, is to foster engagement on the music-learning task. A common approach to achieve this 

objective is the inclusion of playful affordances (Denis & Jouvelot, 2005; Popa, Boyd & Eagle, 2015), 

mostly from game design elements (Deterding, Dixon, Khaled & Nacke, 2011) in conjunction with 

the necessary instructional affordances. 

One of the earliest proposals of exploiting the intrinsically motivating elements of games to 

generate engagement on instructional scenarios is presented in the seminal work of Thomas Malone 

(1980) on heuristics for designing instructional computer games. A particular element that stands out 

from this work and is usually applied to learning scenarios is the concept of Challenge (Charsky, 

2010; Malone, 1980; Mildner, Stamer & Effelsberg, 2015), which is often regarded as an elemental 

driving force of motivation in games.  

 

2.2.1.2.1 Providing Challenge. Essentially, challenge in games emerges from the adversities 

that prevent the player from achieving their goals (Charsky, 2010), and when it is properly balanced 

with the level of skill of the player it can give rise to a state of “flow” (Figure 2.5), i.e. a sense of 

immersion, focus and enjoyment of an activity (Csikszentmihalyi, 1990), which is particularly desired 

in instructional scenarios, including music learning (Denis et al., 2005; Addessi & Pachet, 2003). 

 

 

 

 

 

 

 

 

 

 

   

 

The strategy of including game elements in non-game contexts as a way to engage the users is 

frequently referred to as “gamification” (Deterding et al., 2011), and it is frequently applied to 

learning scenarios. According to Deterding et al. (2011), game elements can be implemented at 

various levels of abstraction, in other words, the amount of “gamification” that is infused to a 

particular artefact or experience. In this sense, the lowest level would be adding few concrete game 

elements such as scores, whereas the highest level would be having a full on game design 

methodology guiding the design of an experience.  
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An instance of a CAMIT system that included superficial game elements (i.e. a low level of 

gamification) was developed by Volioti, Hemery, Manitsaris, Teskouropoulou, Yilmaz, Moutarde, 

and Manitsaris (2015), which aimed to train musical gestures, such as hand and finger motions 

through a “Serious Game” (Abt, 1970), which required the users to observe a 3D avatar perform a set 

of gestures and then reproduce them by using motion sensors which captured their movements and 

analysed their performance. The main challenge of the game was reproducing the gestures exactly as 

the avatar performed them. Additionally real-time feedback was provided to assist the learner on 

analysing their performance. 

By contrast, the Music Sandbox Experience (MUSE) developed by Popa et al. (2015), 

adopted a “play-centric” design framework based off the “Mechanics, Dynamics and Aesthetics” 

(MDA) framework proposed by Hunicke, LeBlanc and Zubek, 2004. The MDA framework proposes 

that the underlying mechanics of a game set by the designer, as well as the resulting dynamics from 

these interactive elements should be arranged with the aims of providing the player with specific 

aesthetic experiences, which elicit emotional responses.  

In the case of the MUSE, the authors aimed to provide an engaging musical experience for 

users with little or no experience with music, in which melodies could be created collaboratively by 

moving musical blocks around with a gamepad controller. Although not implemented, Popa et al. 

(2015) envisioned a “learner mode” for their game, which would require users to progress through a 

series of levels with a gradual increase in complexity, a notion that resonates with the concept of 

challenge and progression in games. 

 

2.3 Considerations for integrating Instructional and Playful Affordances  
Albeit the use of playful affordances from games appears to be a favourable strategy to 

engage the users with learning activities and there is a widespread interest in the subject of 

gamification, the effectiveness of this approach is still questionable and largely debated (Steinkuehler 

& Squire, 2014). For instance, Kirriemuir and McFarlane (2004) have pointed out, that one of the 

main issues when designing playful learning experiences is matching the affordances provided by 

game design with those of instructional design. In this sense, Steinkuehler et al. (2014) identify that 

research on this subject falls short when assessing how specific game elements can result in particular 

learning outcomes.   

Hence, it is important to understand how playful affordances can be arranged along with 

instructional affordances in order to avoid potential pitfalls that emerge when game elements are 

poorly adapted, such as the trivialization of the learning item due to extraneous stimuli, or in the case 

of instruction of musical instruments, the induction of vitiated playing habits. For example, during the 

user evaluation stage of the previously mentioned CAMIT implementation by Chow et al. (2013), the 

“gamified” learning task, which consisted on playing the right keys on a piano according to overlaid 

note visualisations with AR, relegated the presence of music notations that accompanied them, as the 
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users seemed to focus on playing the notes correctly (i.e. winning the game) rather than on learning 

notation literacy.  

This resonates with the analogy of “the carrot in the stick” as described by Charsky (2010), in 

which the inclusion of certain game elements intended to create a more engaging learning experience 

are rather used as bait to keep the learner motivated, in an approach similar to that of operant 

conditioning, as noted by Songer and Miyata (2014). Therefore, the possibility of entertainment 

overtaking the intended learning premise should be borne in mind with caution. In contrast, the 

possibility of mastering skills as a source of satisfaction existing in games (Fullerton et al. 2004), can 

be transposed to musical scenarios, such as learning to play a musical instrument, and should be 

exploited in CAMIT systems. 

An example of an appropriate balance between instructional affordances for music learning 

and playful affordances from games is the aforementioned P.I.A.N.O system (Rogers et al., 2014). In 

this case the authors implemented a set of instructional elements, such as note visualisations and real-

time feedback. Furthermore, these note visualisations were projected over the keys of a piano with a 

layout that closely resembled the “game-orientated” (as referred to by Rogers et al., 2014) piano roll 

notation observed in videogames like Synthesia and Guitar Hero. 

Additionally, the P.I.A.N.O. offered different instructional modalities with aims of engaging 

the user in various learning processes, namely a “listen” mode, a “practice” mode and a “play” mode, 

to respectively exert attention, retention and reproduction (with added motivation). The notion of 

presenting these particular modalities of interaction is observed across several CAMIT systems 

(Chow et al., 2013; Dannenberg et al., 1990; Popa et al., 2015; Rogers et al., 2014, Volioti et al., 

2015) and is a remarkable example of how instructional design and game design can be integrated in a 

single system.  

 

2.4 Additional Music Interaction Considerations 
The study of traditional musical activities and the consequent exploration of new kinds of 

musical activities with the aid of computer technology (such as music learning and practicing), 

involves substantial interdisciplinary collaboration between computer scientists, interaction designers, 

and musicians (Holland et al., 2013). A particular field that addresses the issues involved with the 

creation of computer-based interactive musical systems, by applying many of the methods of Human 

Computer Interaction (HCI) like the analysis of interaction styles or user evaluation, has been labelled 

as Music Interaction (MI), and is often regarded as sub-set of HCI (Holland et al., 2013).  

Conversely, MI projects have extensively contributed to the creation of new HCI research 

enquiries, as it has been the case with the reacTable project (Jordà, Geiger, Alonso, & Kaltenbrunner, 

2007), a tangible tabletop synthesizer that led to development of innovative techniques and 

methodologies for the use of touch-based experiences and tangible interaction.  

Yet in some cases MI research has given rise to many issues that reach out of the scope of 
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HCI, as the subject of study delves deeper into musical needs, rather than usability needs. In this 

sense, it is worth noticing that when conflicts on perspective arise between both fields (i.e. HCI and 

MI), priority is given to the judgements of the music community, as any progress made seeks to 

support and satisfy the practices and needs of this particular community (Holland et al., 2013).  

Such is the case when attempting to create CAMIT systems that facilitate the understanding 

of abstract structural properties of music, in order to reduce the potential displeasure that emerges 

from not possessing prior detailed knowledge of the domain (Denis et al., 2004; Wilkie, Holland & 

Mullholand, 2013). Achieving this goal posits a trade-off between particular aspects of usability, 

notably, between ease of learning and long-term engagement (Gentner & Nielsen, 1996). 

These notions differ with the common pedagogical strategy in music of creating enough 

cognitive challenge (i.e. making tasks harder to achieve), in order to demand a certain amount of 

effort by the student and, hence encouraging their learning, as Beckwith (1992) recalled from personal 

experience with his piano teacher. Correspondingly, McDermott, Gifford, Bouwer and Waggy (2013), 

describe that musical pedagogy, including the area of musical instrument instruction, is concerned 

with helping beginners confront such challenges (or “learning humps”), and appoint that satisfaction 

in musical activities stems from overcoming said challenges in order to accomplish a learning goal 

(e.g. mastering a skill). Hence, they suggest that for a music learning experience to remain engaging  

–or “flow-like” (Csikszentmihalyi, 1990)–, constant challenges should be presented at appropriate 

levels of difficulty.  

 

2.5 Addressing the Issue 
Based on our review of the literature from the pertaining areas involved in the development of 

a CAMIT system, such as the particular contributions from research on music instruction, as well as 

the competent remarks from interactive music learning with CAMIT systems, and the area of musical 

interaction, we have selected a particular set of interactive design elements to be included in a 

prototype for specific-goal CAMIT system for piano (as categorised by Percival, 2007), which will be 

further addressed in Section 3.1 (Design Process).  

We have classified these elements according to (a) instructional affordances, (b) playful 

affordances and (c) musical affordances, and we have balanced them according to the premise that 

effective music learning is levered by “the subjective experience of engaging with just-manageable 

challenges by tackling a series of goals, continuously processing feedback about progress, and 

adjusting action based on this feedback” (Nakamura & Csikszentmihalyi, 2002).  

Furthermore, the particular affordances selected for the prototype were juxtaposed in order to 

give rise to two different variations with the intention of assessing observe how different presentations 

of design elements can exert an effect on the perceived quality of learning outcome according to a 

group of participants. The objective of conducting such assessment is to contribute to the less 

emphasized area of evaluation of effectiveness observed in CAMIT systems literature (Bowyer et al., 
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2000), as well as to offer a user perspective, and coincidentally, an HCI perspective on this matter. 

Yet another objective of this dissertation project is to apply the Muzicodes system 

(Greenhalgh et al., 2016) to a particular music learning scenario, as the system’s particular approach 

and functionality offers a potential tool to easily enable and prototype CAMIT systems as it will be 

mentioned in Section 3.4.4 (Using Muzicodes to enable the Prototype). 

 

3 Methodology 
The methodology described herein is conformed by two complementary parts. Firstly, the 

design process of a music learning experience and its subsequent implementation is described in 

detail, from envisioning to prototyping. Then, the user evaluation procedure as well as the proposed 

qualitative methods and analyses to assess the effects that different combinations of interactive 

elements exert in the perceived quality of learning outcome are addressed.  

 

3.1 Design Process 

3.1.1 The PACT Framework. A useful starting point to envision the user-centred design 

of a CAMIT system is to elucidate what are the most relevant aspects that concern the implementation 

of such an artefact. Based on the PACT (People, Activities, Context, Technologies) framework by 

Benyon (2010), the users, and their context of use, as well their objectives and the corresponding user 

requirements of our prototype can be summarized and understood in the following way: 

• People: Intermediate to advanced musicians who have sufficient knowledge of music to 

be able to swiftly grasp basic concepts of music as well as the basic techniques of a 

musical instrument. These musicians are particularly unmotivated or lack consistency on 

their daily practice with the instrument due to various reasons. 

• Activities: The objective of the system is to practice technical exercises that require 

extensive repetition and are necessary to improve instrumental techniques (e.g. 

calisthenics).  

• Context: As these exercises are particularly tedious for most musicians, they tend to be a 

source of frustration and lead to less consistent practice habits. Hence, these exercises 

should be presented in an interactive and engaging manner. 

• Technologies: In order to enable this sort of learning experience Music Information 

Retrieval technology is necessary to extract pertinent features of sounds from a musical 

instrument, and hence provide an accurate analysis of performance. In addition, the 

system should be able to provide analyses for both acoustic and MIDI instruments.  
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3.1.2 The Concept of Feedback Cycles. In order to provide a truly interactive and 

instructional experience with our CAMIT system, we must understand how the interaction between 

the learner and the instruction is generally structured. In this regards, Ferguson et al (2005) introduce 

the notion of feedback cycles (or “iterative feedback loops”, which in essence describe how one-on-

one music tuition –and self-learning– are carried out.  

Basically, the interaction starts with the tutor (i.e. the music teacher, the self-tutored student, 

or in our case, the CAMIT system) presenting a task to be performed by the student (presumably after 

the task has been introduced and understood conceptually). Consequently, the student performs the 

task with his or her instrument. The resulting performance is then assessed by the tutor who in turn 

provides feedback accordingly, then based on this feedback (which can be the advice of a teacher, the 

student’s self-analysis or information presented by a computer) the student makes a judgement on 

how they should improve their performance. In essence, our CAMIT system portrays the role of the 

tutor as observed in this cycle, and basically must carry out four activities: (a) present the music 

learning task, (b) listen to the performance of the student, (c) analyse the performance, and (d) 

provide feedback accordingly. 

 

3.2 Envisioning the Design 
Before setting to develop a prototype, many possible applications were premeditated, such as 

a general music learning system for guitar, which would include several learning activities, such as 

ear training, triad memorisation, and scale practicing. However, as these possibilities were explored 

conceptually it was clear that prototyping a single experience, i.e. a specific-goal CAMIT system 

(Percival, 2007) would be a more feasible task given the scope of the project and the amount of time 

available.  

Additionally, as Muzicodes was employed as the main enabling technology, which fostered 

our particular functional requirements, the technical scope of the project was delimited by the 

system’s capabilities as well as my personal programming skills. In particular, an issue that was 

encountered with the version of Muzicodes used during the time of this project was the fact that audio 

signals were prone to be ambiguously detected by the system, as there are many acoustic nuances 

(e.g. overtones) that emerge when playing the strings of a guitar. 

Therefore, MIDI instruments presented a more suitable alternative to present an univocal 

learning task, due to the fact that MIDI messages are fed directly from the MIDI controller to the 

Muzicodes system, thus, a MIDI keyboard was selected as the principal instrument to be trained. 

Additionally, the layout of musical notes on piano keyboards allows for easier recognition of musical 

patterns. For instance, a student with previous music knowledge can rapidly associate that all natural 

notes are laid out on the white keys, whereas the flat or sharp notes are laid out on the black keys. 

Lastly, as keys are capable of producing sounds with minimal physical effort, and requires less initial 
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dexterity from the inexperienced player (in comparison with the guitar), the piano keyboard proved to 

be a more versatile instrument to account for most participants.  

Thus, for the interactive music learning task for this project, it was decided that the most 

parsimonious learning item to be trained with the prototype of a specific-goal CAMIT system, would 

be musical intervals, since they can be easily understood in terms of music theory performed as well 

as performed in the piano, due to the fact that they only require two notes to be played. In addition, it 

was also taken into account that such basic task may be trained in order to achieve other more 

complex goals such as understanding scales, triads or chord progressions, rather than for its own sake 

(Mcdermott, 2013), which is a common objective of specific-goal CAMIT systems. 

Furthermore, due to their simplicity, intervals can be employed in various musical tasks, such 

as ear training, sight-reading and performing. In this case they were used in an interval identification 

task enhanced with visual and aural cues, which required the users to perform the intervals with a 

MIDI keyboard. In other words, the users would have to put their aural skills into practice as well as 

analyse their own performance when playing the notes in the instrument.  

 

3.2.1 Heuristic Analysis of Commercial Implementations. In accordance to Mildner 

et al. (2015), as well as Mitgutsch and Alvarado (2012), the aesthetic appearance of the interface (i.e. 

its presentation) and the first-impression it causes is crucial to engage the user and appropriately 

convey the objectives of the learning experience. Therefore, several web-based commercial 

implementations designed to train the chosen learning item were surveyed, as websites are a current 

popular choice to implement interactive music learning systems due to their ubiquity and low 

development cost (Green, 2003; Webster, 2007).  

In addition to this heuristic, the systems were inspected in accordance to our affordances 

classification (i.e. instructional affordances, playful affordances and musical affordances). Principally, 

it was observed how interactive elements, such as visual and aural cues, feedback, and the amount of 

challenge were integrated in the interfaces, as well as the overall usability of their game mechanics. 

Three particular web-based implementations, were regarded as the most engaging, and served as the 

main inspiration for the prototype’s design. These were, the piano-based interval identification 

interfaces observed in Music Theory Net, EarBeater, and Pitch Improver, each making use of 

distinctive combinations of interactive elements.  

 

3.2.1.1 Music Theory Net. Notably, Music Theory Net offers an extensive range of 

exercises, as well as the possibility for the user to customize different parameters of the exercises 

(potentially a function intended for instructors), such as the amount of scaffolds, challenge and other 

contextual cues available. Particularly, the keyboard interval identification exercise recalled our 

attention, especially for its implementation of visual cues. The main task of the exercise was to click 
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Figure 3.1. Keyboard Interval Identification task ‘A’. Visual cues are displayed to 
indicate note positions of an interval. From Music Theory Net. Retrieved from: 
https://www.musictheory.net/exercises/keyboard-interval 
 

on one of several possible options of intervals to indicate which one was being signalled by two dots 

on top of the keys of a graphic representation of the piano (Figure 3.1). Additionally, depending on 

the user’s choice, the interface could provide informative feedback by “marking” each wrong attempt 

if multiple attempts were allowed, or conversely, it could skip to the next trial in the opposite case. 

 

 

 

 

 

 

 

 

 

 

 

 

A peculiar aspect of this website is the way it presents aural and visual interval identification 

as two separate process, i.e. completely isolating the sound in one modality (without any visual cues) 

and vice versa. Although it may be a good practice to present isolated sounds as a way to train aural 

skills, it seems counterintuitive to separate the visual aspect of intervals (i.e. their positions in the 

keyboard) from its musical context. Nevertheless, a positive aspect of this modality is that it allows 

the user to open a separate window with an interactive keyboard which can be played (by clicking on 

each key) and can also be marked with visual cues by the user, hence providing a useful reference 

tool. 

3.2.1.2 EarBeater. By contrast, EarBeater’s interval identification task integrates many of 

the aforementioned elements in a single interface. Thus, intervals are first presented aurally and 

subsequently the user has to click on one of two options (in the initial levels). Then, if for instance the 

user’s attempt is wrong, the interface will indicate both the correct and incorrect position of the notes 

(with green and red colouring, respectively) on a graphic of a keyboard, as well as the corresponding 

notation on a staff, as a way to provide informative feedback. In this case, the graphic of the keyboard 

is also interactive allowing the user to test out other possibilities.  

Other additional useful elements provided by EarBeater are a progress bar, which displays the 

total number of trials to be accomplished to finish the lesson as well as highlighting whether the ones 

that have been attempted were correct or incorrect. It also integrates a score bar, which displays a 

percentage according to the amount of right answers as playful affordances. Other features include a 

repeat button (to hear the intervals one more time) and a skip button (to skip to the next trial after a 

wrong attempt), as a way to give the user some control over the lesson. 
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Figure 3.2. Keyboard Interval Identification task ‘B’. Visual cues are displayed to indicate 
possible answers for an interval, in addition to elaborative feedback. From Pitch Improver. 
Retrieved from: http://www.earbeater.com/online-ear-training 
 

3.2.1.3 Pitch Improver. Yet another approach to instructional affordances (in this case 

visual cues and feedback) is observed in Pitch Improver’s interval recognition task. In this, case after 

the sound of the interval is presented; several keys in a playable keyboard graphic are highlighted as a 

way to provide visual cues. For example, in the first level, the visual cues indicate the positions of 

either a perfect fifth or an octave, in both ascending and descending manner (Figure 3.2). In order to 

facilitate the task, the root note is shown as a way to signal the user where to begin each interval. 

When the user clicks on the root note textual feedback is displayed prompting that the first note onset 

has been played correctly and encourages the user to play the second note in a conversational 

vocabulary. Depending on the second note onset the interval is marked as correct or incorrect. In the 

latter case, the textual feedback indicated what notes were played incorrectly and what could have 

been the right pair of notes.  Similar to EarBeater, a progress bar as well as a high score is included as 

playful affordances. In addition, a button to play and repeat each interval is included as well.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on these observations we adopted several features from these web-based music-

learning experiences, particularly, the way visual and aural cues are provided, as well as how 

feedback is communicated. Further details about the implementation of the distinct affordances and 

how they were juxtaposed are provided in the following section (Design rationale). 

 

3.3 Design Rationale  
For our design rationale two main design frameworks, principally from the game-design field, 

served as guidelines to arrange the interactive elements in a coherent and structured manner, in 

addition to our affordances classification. Firstly, following Popa et al. (2015) proposed approach to 

Hunicke et al. (2004), aforementioned MDA framework, where according to the desired dynamics, 
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different design approaches are implemented. Extending and adapting this approach we have decided 

to arrange our interactive elements according to each affordance type and indicating how they were 

implemented, as well as their intended instructional dynamic in our interactive music-learning 

experience (Table 1).  

The second game-design contribution to the design rationale of our prototype was Deterding 

et al. (2011) classification of different levels of “gamification”, in other words how extensively are 

game elements infused in a non-game context (in this case, music instruction). Taking this 

classification into account, we have only explored a superficial level of gamification, i.e. game design 

patterns and mechanics, such as the challenges that emerged from our particular combinations of 

affordances.  

 

Table 1 
Interactive elements implemented in our music-learning experience classified by affordance type 
 
Instructional affordances 
Interactive element Implementation Desired dynamic 
Visual cues Highlighting keys on a graphical 

representation of a piano. 
To scaffold the interaction by providing 
references that indicated where to play. 

Feedback type a) Informative (colour coding). 
b) Constructive (symbols and texts). 

To inform: 
a) Whether an attempt was correct or not. 
b) What the error was more precisely. 

Feedback amount a) After performance. 
b) During performance. 

To assess the performance: 
a) After each attempt. 
b) During the attempt. 

Playful affordances 
Interactive element Implementation Desired dynamic 
Amount of challenge By reducing or augmenting the number 

of attempts of: 
a) Visual cues. 
b) Chances. 

a) To make the task more aurally demanding 
when less visual cues were provided and vice 
versa. 
b) To increase self-awareness of own 
performance when fewer chances were 
available and vice versa. 

Musical affordances 
Interactive element Implementation Desired dynamic 
Aural cues Providing the sound of each interval. To indicate the sounds to be reproduced by 

the performer. 
Playable keyboard Providing a MIDI keyboard to interact 

with. 
To set the interaction in an authentic musical 
context. 

 

Although ideally, playful affordances such as progression bars and scores would have been a 

fair addition, we have rather adopted a minimalistic approach for our design, based on the premise 

that the mere presentation of a “seemingly laborious task” (i.e. a challenge) is enough to provide the 

extra motivation needed for the user to persevere with the learning task (Percival et al, 2007).  

In this particular project two types of challenge emerged from the juxtaposition of 

instructional affordances and playful affordances, particularly, the amount of visual cues (or hints) 

given versus the amount of chances available to attempt each trial (Figure 3.3) presented in two 

variations of a music learning task. Conversely, musical affordances, such as providing aural cues 
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Figure 3.3. Different challenges in each condition. In Condition A, three visual cues are 
provided but only one opportunity to attempt each interval, whereas in Condition B, only 
one visual cue is displayed but three chances to attempt are available.  

accompanying each interval as well as a MIDI piano keyboard to perform the musical learning task 

were provided in both conditions as means to supply an authentic musical context. In the following 

section, the learning task per se is explained, whereas the two variations of the task presented to the 

users are thoroughly described in Section 3.4.6 (Evaluation Conditions).  

 

 

 

  

 

 

 

 

 

 

 

 

3.3.1 The Music Learning Task. In essence, the music-learning task consisted of 

integrating two distinct learning processes into one experience. Firstly, the users were required to 

listen to an interval accompanied with aural and visual cues; subsequently, they would perform the 

notes on a keyboard, based on the indications of the cues. Consequently, they would get feedback 

corresponding to their performance and the sequence would start over. However, according to each of 

the two conditions the users were presented with different variations of interactive elements that were 

counterbalanced in order to present two contrasting versions of the same task.  

 

3.4 Implementation 
The process of implementation of the music-learning task began with the creation of a 

sequence of intervals to be presented as the principal learning item through multimedia elements. In 

order to display the sequence of instructional materials in an interactive manner, the functionality of 

the Muzicodes system was employed, in order to enable the dynamics of a web-based interface that 

served as our implementation of a CAMIT system.  

 

3.4.1 Creating the Sequences of Musical Intervals. As previously mentioned the 

learning task was presented with two different variations of interactive elements, i.e. two different 

conditions. Hence, in order to avoid a practice effect (Heiman, 2002) to emerge from the exposure to 

the same sequence of musical intervals for a significant amount of time, two different sequences of 

intervals were created.  
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Figure 3.4. Web-based interface for our interactive music learning experience.  

Each of these sequences consisted of 18 randomized intervals (Annex A), which could be 

presented in one of three presumably easily recognizable forms (i.e. unisons, minor thirds and major 

thirds) in an ascending fashion (i.e. low pitch note first followed by the high pitch note). The intervals 

were extracted from a list of 60 intervals, which were the total number of unisons, minor thirds and 

major thirds available in a three-octave range (from C3 to C5, or 130.813 Hz–523.251 Hz).  

 

3.4.2 Creating the Media. In order to present the sequences of intervals accompanied with 

both visual and aural cues, a series of YouTube videos were created. Each of these videos were one 

minute long and were created using the iMovie software (v10.0.6) for Mac OS and displayed both the 

sound of the intervals as well as a graphic of a piano1 with 25 keys which was overlaid with 

corresponding visual cues.  

The 36 sounds for the total of intervals presented in both sequences were created using 

GarageBand (v10.0.3) for Mac OS with the grand piano sound patch. Moreover, the 26 images 

providing visual cues for each of the intervals were created with SketchBook Express (v5.0.1). 

Additionally, seven images were created in the same fashion to provide feedback according to each 

variation. Further details about the presentation of visual cues and feedback in both conditions are 

provided in Section 3.4.6 (Evaluation Conditions). 

 

3.4.3 Creating the Static Webpage. To present each of the videos along with the 

corresponding feedback according to the response of the users, a static webpage was developed to 

display the music learning experience. In this case, a basic HTML script was written to display two 

iframes (Annex B), which were positioned one on top of the other using CSS functions, as a way to 

provide a stimuli channel on the top, and a feedback channel on the bottom. In addition, the main 

instruction of the task was fixed at the bottom of the frames as a way to signpost the goal of the 

learning experience (Figure 3.4). 

 

 

 

 

 

 

 

 

 

                                                
1 Image retrieved from: http://www.clker.com/cliparts/M/l/i/T/a/1/2-octave-blank-piano-keyboard-diagram.svg 
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Figure 3.5. Muzicodes Performance Setting. Performer activates previously configured 
musical codes, which trigger outputs (in this case, videos and images) that are displayed to 
the listener. From Greenhalgh et al. (2016). ^muzicode$: Composing and Performing 
Musical Codes.  

3.4.4 Using Muzicodes to enable the Prototype. In order to describe how Muzicodes 

was utilized to present the sequences of instructional stimuli in our music learning experience in an 

interactive manner, it is necessary to understand the concept of Muzicodes as well as the scope of its 

functionality as a system. 

 

3.4.4.1 The Muzicodes Concept and System. In essence, Muzicodes implements the 

approach of utilizing specific strings of musical notes as machine-readable codes to trigger other 

actions, such as visuals or accompaniment during a performance (Greenhalgh et al, 2016). These 

strings of notes are represented textually using “ABC” notation (or “letter notation”), which is a 

frequently used form of musical notation in western music. These musical codes are flexibly 

predefined by the performer by using regular expressions, and can be embedded within larger musical 

structures, potentially in performance settings (Figure 3.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

To implement this approach, a proof of concept web-based system endowed with feature 

extraction capabilities was developed by Greenhalgh et al (2016), in order to analyse several qualities 

of sound in music, such as pitch, velocity and rhythm, as a way to detect and estimate nuances from 

audio or MIDI signals obtained from a musical performance. This functionality allows for multiple 

possible approaches for defining a musical code, and for specifying the scenarios in which a code may 

be activated or ignored.   

The system also provides a user interface (i.e. an editor) where other contextual aspects can 

be specified for the codes, accounting for other particularities of a performance. For instance the user 

can set whether the system will detect audio or MIDI signals, as well as “filter” the notes to be 

interpreted by the system, according to the pitch, velocity and duration ranges of the codes, hence 

allowing codes to be activated only in the desired acoustic conditions. The interface also facilitates the 
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Figure 3.6. Muzicodes Editor Interface. Allows for different parameters and settings for 
codes to be defined, in addition to the assignation of codes to particular output actions. 

assignation of media (e.g. videos or images) to each of the codes, as well as the assignation of several 

media channels to a single code (Figure 3.6). 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

In addition to the retrieval of musical information, the system also fosters the implementation 

of regular expressions to determine particular behaviours for the musical codes. Among the dynamics 

that the user can specify are the definition of ranges of possible notes to be detected (e.g. “[C3-C4]” 

indicates that any note from C3 to C4 could be matched and trigger an action); as well as quantifiers 

to allow for the indefinite repetition of a particular note (e.g. “D4*” indicates that this note can be 

played any number of times), or wildcards (e.g. “G3,.” indicates that any note could be played after 

G3), among other possibilities.  

These regular expressions can also be combined, for example, if a performer wants to play a 

variation at the beginning of “twinkle, twinkle little star” (i.e. “C,C,G,G,A,A,C ”), he or she can 

use define the code as “C,.*,G,G,A,A,C”, where adding (“.*”) , allows the performer to play 

any number of notes on the second note onset and trigger the same actions as with the original 

melody. Therefore, this approach is significantly powerful to account for extensive musical 

particularities.  

Moreover, the system has the potential to allow the performer to trigger a particular action 

with a particular set of notes in a particular moment of the performance, regardless of the many other 

instances in which this set of notes is played in other parts of the performance, by allowing to assign 

conditional variables to particular codes (e.g. “when code ‘a’ is played four times, ignore code ‘b’”). 

Conversely, it also allows the performer to trigger the same action with different variations of a 

melody, by allowing the user to define the degree of tolerance for errors in the execution of a code 

(i.e. inexact matching of codes).  
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3.4.4.2 Application of Muzicodes in the Project. After assessing the functionality of the 

Muzicodes system, several of its particular features were selected to dynamically present the 

instructional material in our prototype interface. The features of the Muzicodes system applied to our 

prototype were the following: 

1. The sound feature extraction and the MIDI input source support were the principal features 

to enable the interactive learning experience, as the multiple media actions were triggered 

with different MIDI notes (from a MIDI keyboard) that were assigned to different media 

actions, thus allowing for the dynamic presentation of the instructional materials. 

2. The capability of creating different “experience files”, each with its own set of codes 

allowed to create the two conditions in which each of the variations of interactive elements 

were presented. An additional experience file was created to provide a practice round for the 

participants (further details in Section 3.4.7). 

3. The support for multiple media to be assigned to a single code and to be displayed on 

separate channels allowed for the simultaneous presentation of the videos displaying each of 

the intervals as well as the corresponding feedback on their respective iframes (Figure 3.4). 

Although the use of the regular expressions as well as the use of conditional variables 

assigned to codes were initially contemplated as the principal features of the system capable of 

enabling an interactive learning experience, some limitations emerged leading to the consequent 

exclusion of such features from the implementation, as well as the resorting to conducting a Wizard of 

Oz simulation, as it will be further justified in Section 4.4 (Limitations). 

 

3.4.5 Experimental Setup. To present the learning experience to the users for subsequent 

evaluation, the following materials were required: 

• A laptop computer running the Muzicodes system to display the instructional multimedia 

and GarageBand to produce piano sounds.  

• An iiyama ProLite B1906S monitor to display the graphical user interface for the learning 

experience. 

• An M-Audio Axiom 61 MIDI keyboard with a mark delimiting the playing area (i.e. three 

octaves) for the user to perform the musical task.  

• An M-Audio Axiom Air Mini 32 MIDI keyboard for the researcher to control the 

interaction (by the Wizard of Oz method). 

 

3.4.6 Evaluation Conditions. As it has been previously mentioned, there were two 

evaluation conditions in which two contrasting variations of interactive elements were presented, 

namely Condition A (CA) and Condition (CB). The purpose of having two different conditions was to 
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Figure 3.7. Condition A. The visual cues are similar to those of Music Theory Net keyboard 
interval identification task, whereas the premise of indicating the possible options (three in this 
case) was adopted from the Pitch Improver version of this task. 

observe how users would evaluate each of the conditions in terms of learning effectiveness according 

to its particular combination of interactive elements. 

In a similar study carried out by Mildner et al (2015), game elements presented in an 

interactive quiz, were evaluated in isolation across seven different scenarios. Although the authors 

demonstrated that some game elements fostered better results in the quiz over other elements they 

concluded that the best results were obtained by particular combinations of elements, thus indicating 

that assessing interactive elements in a systemic manner is a preferable approach. 

 

3.4.6.1 Condition A. In CA (Figure 3.7), the musical intervals were presented along with 

three visual cues which represented the root note of the interval and two possible options (i.e. 

indicating either a minor third or a major third) displayed on a graphical representation of a piano 

keyboard showing the same amount of keys as the ones that were playable on the provided MIDI 

keyboard.  

 

 

 

 

 

 

 

 

 

 

 

 

 

After being presented with the interval the participants were required to reproduce the sound 

with the MIDI keyboard provided in order to proceed to the next trial. After the participant’s attempt, 

feedback was presented according to their performance. If the attempt were correct the feedback 

frame would display a solid green image. Otherwise, the frame would display a solid red image. 

Hence, feedback in this condition was purely informative as it only served as verification for 

each of the attempts, and it was presented in a moderately pervasive manner (i.e. after each trial). In 

addition, whether the participant’s attempt was right or wrong the next interval would be presented. In 

other words the participant would only have one chance to attempt the interval on each trial. 
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Figure 3.8 Condition B. Visual cues are similar to those in CA, although only the root note is shown in this condition. In this 
case, feedback is displayed as elaborative feedback texts, similar to those in the Pitch Improver interface. It must be noted 
that the texts did not indicate the names of the notes in the actual prototype, as this would give experienced musicians the 
advantage of determining patterns based on this information. 

3.4.6.2 Condition B. Contrastingly, the musical intervals in CB were presented with only 

one accompanying visual cue, which represented the root note of the interval, also displayed on a 

graphical representation of a piano keyboard identical to the one in CA.  

Again, the participants were required to reproduce the sound with the MIDI keyboard 

provided in order to proceed to the next trial. However, in this case the feedback was presented in a 

more elaborative manner by displaying texts and symbols that guided the participant’s performance in 

a continuous manner. For instance, on the first note onset (i.e. after the root note was played) a text, 

along with some symbols confirmed that the first note was correct, with the intention of encouraging 

the participant to find the second note. Then, depending on the second note the text and the symbols 

would reveal if the attempt were correct or incorrect.  

In this case if the attempt was incorrect the video of the current interval would be repeated, 

thus giving the participant another chance to perform it. A total of three chances were given to attempt 

each interval. If the participant failed to perform the interval correctly for three consecutive times the 

next interval would then be presented (Figure 3.8). 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

3.4.7 Pilot Tests. Before beginning the evaluations with the users, some preliminary pilot 

tests were conducted with some volunteers who carried out the learning task in both conditions, in 

order to observe how the interaction with the system would flow. From these tests some problematic 

issues were discovered. For instance, people who were unfamiliar with music had major difficulties 

understanding the task as they lacked the notion of how musical notes were arranged in the keys of 

the piano, as well as the needed aural skills to differentiate among intervals.  

In addition, when the users were presented with three visual cues (i.e. in CA), they would 
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repeatedly attempt to play a triad (i.e. a chord consisting of three notes) even when fixed instructions 

were prompted indicating them to play the two notes they heard in the keyboard. 

In terms of usability, this could be regarded as an issue related with guessability, i.e. whether 

the function of a particular element in an interface can be discerned with ease when using it for the 

first time (Jordan, 1998).  

Based on these observations, an additional practice round was created to be presented prior to 

the actual evaluations, so as to avoid any guessability bias. During this practice round, the task was 

explained to the user as a way to avoid any erratic behaviours such as the random playing of notes, 

repeated attempts in a single trial or playing notes outside the allowed range.  

Although the inclusion of a practice round and clear instructions (Annex C) for interacting 

with the system were sufficient to generate a smooth interaction between the user and the learning 

experience, it was difficult to account for the scenario in which the user would miss the root note (i.e. 

the first note onset). Thus, in this case, the interface would “wait” for the first note onset to be 

attempted one more time in order to begin the trial. Nevertheless, if this same mistake happened twice 

then the video was automatically skipped and the trial was counted as an error (Annex D).  

 

3.5 User Evaluation 

3.5.1 Participants. To qualitatively evaluate the interactive elements presented in each 

condition, ten participants (five female and five male), with an average age of 28.5 (Min = 24, Max = 

38) were recruited. Principally, participants were required to have moderate notions of music, such as 

previous training with a musical instrument through formal lessons or self-learning, in order to have 

the minimum level required to engage with the music learning task. 

Overall, the majority of the participants rated themselves as averagely skilled musicians, and 

all of them played at least one musical instrument. Additionally, all of the participants had had some 

moderate to considerable exposure to either music technologies or music learning software. Hence, as 

observed in the descriptive statistics obtained by the participants’ self-ratings of music skill, 

knowledge and technology, all of the participants met the criteria for the study (Annex E).  

 

3.5.2 Evaluation Procedure. The ten participants were evaluated on both conditions in a 

repeated-measures experimental design. The conditions were presented in a counterbalanced order, 

i.e. half of the participants were exposed to CA first and CB after, whereas the other half were 

exposed to the conditions in the opposite order, as a way to avoid any confounding effects of order of 

presentation. As mentioned before, the sequences of musical intervals were unique for each condition 

(i.e. the intervals presented in CA were different to those in CB) and were presented in a fixed 

randomized order (i.e. the randomized sequences were the same for all participants).  

Prior to testing, the participants carried out a practice round so as to become familiar with the 
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interface layout and with the interaction dynamics that would be involved in the music learning task, 

in order to counterbalance any possible guessability issues that could bias the qualitative evaluation of 

the interactive elements in any way, as it was evidenced in the pilot testing (Section 3.4.7).  

 

3.6 Gathering and Analyzing the Qualitative Data 
As noted by Stowell, Robertson, Bryan-Kinns, and Plumbley (2009), gathering qualitative 

data from users in a concurrent manner, such as with verbal protocols and other types of self-reports 

commonly employed in HCI research, is not possible when the user is performing musical tasks. 

Complications arise due to the fact that the cognitive processes involved in the performance of music 

and speech potentially compete with each other as the needed brain resources involved are partially 

interrelated (Salamé & Baddeley, 1989; Peretz & Zatorre, 2005).  

Hence, as proposed by Stowell and McLean (2013), we have employed a retrospective 

protocol to gather data from participants after their performance, by conducting semi-structured 

interviews (Preece et al., 2004, chapter 13) in which questions addressed several aspects of the 

interactive elements observed during both conditions in a comparative manner (Annex F). Based on 

the contents from the recordings of the interviews, a thematic analysis, as proposed by Mishra & Fast 

(2015), was carried out in order to observe repeating patterns, as well as positive and negative 

valences in the content of the responses of the participants. 

 

4 Discussion 
The objective of these evaluations was to contribute to the understanding of the pedagogical 

implications derived from particular interactive design patterns, in terms of advantages and 

disadvantages for the effective learning of a particular musical task, with the aim of potentially 

offering some guidance in the design of future CAMIT systems. 

To gather data from these evaluations, semi-structured interviews were carried out with each 

of the participants to assess their perceived learning success in each condition (i.e. Condition A and 

Condition B) resulting from the particular aspects of the individual interactive elements as well as 

their overall combinations. Consequently the responses were analysed and classified according to 

repeating patterns and valence of contents as mentioned in Section 3.5.3.  

 

4.1. Results 
In general, all of the participants reported having a pleasant experience with the prototype, 

and performed the musical task, without any particular negative issues. On average, the participants 

finished the task in approximately 8 minutes (Min = ~6min 40s, Max = ~10min). However, the main 

interest of this particular project was the qualitative input from the participants regarding the specific 

variations of interactive elements, as well as how they evaluated these elements in terms of quality of 



 
 

37 

learning outcome, rather than their performance in terms of correct answers or timings.  

In these regards, based on the output from 10 semi-structured interviews with the participants, 

which lasted around 16 minutes long on average, we created items based on repeating patterns from 

responses, i.e. contents making allusion to the same theme, even if the wording was slightly different 

within participants (Mishra et al, 2015; Stowell et al, 2009).  

This categorization (Annex G) was guided by the way questions in the interview were 

arranged, which firstly addressed the individual aspects of each condition separately, and then 

compared between conditions in terms of advantages and disadvantages for learning outcome. 

Additional questions addressed whether the participants would had liked to combine particular 

elements of the interfaces, as well as any other design suggestions they had in mind.  

From this classification further sub-themes emerged allowing to observe some aesthetic 

qualities that were translated into advantages and disadvantages of each overall condition and of each 

interactive design element in isolation, as shown in Table 2, and Table 3, respectively. As mentioned 

by Mildner (2015), it was confirmed that the richest information regarding quality of learning 

outcome was obtained from the comparisons between overall conditions rather than isolated 

interactive elements.  

 

Table 2 
Advantages and Disadvantages of individual interactive elements 

Interactive Element Presentation Advantage Disadvantage 
More visual cues Facilitation Interference Visual cues 
Less visual cues Deeper analysis of 

sounds 
Higher cognitive demand 

Informative + After 
performance 

Higher visibility Higher pressure Feedback modality and 
contiguity 

Constructive + During 
performance 

Orientation and 
encouragement 

Visual Irrelevance 

Challenge A  More hints + less chances Higher excitement Lesser cognitive 
engagement 

Challenge B Less hints + more chances Reaffirmation Degenerate strategies 
 

Table 3 
Advantages and Disadvantages of overall conditions 

Condition A Condition B 
Advantages  Disadvantages Advantages Disadvantages 
Facilitation Interference Deeper analysis of 

sounds 
Higher cognitive demand 

Higher visibility Higher pressure Orientation and 
encouragement 

Irrelevance of texts 

Higher excitement Lesser cognitive 
engagement 

Reaffirmation Degenerate strategies 

 

Therefore, deriving from these two classifications, a final integral assessment of the 
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advantages (Table 4) and disadvantages (Table 5) posited by each interactive element (regardless of 

their corresponding condition) towards the enhancement of self-analysis and motivation is presented. 

Additionally, the impact that each element had on the learning outcome, as well as its corresponding 

affordance classification is indicated. Each of these aspects is discussed in more detail in the 

following section (4.2 Findings). 

 

Table 4 
Advantages of individual elements regarding self-analysis and motivation  

Advantages 
Process to 
enhance 

Favourable 
Impact 

Affordance Interactive 
element 

Specific Code Condition 

“It makes you sharpen your ear by making you 
distinguishing high pitch from low pitch by exploring 
the notes.” [P1-P5, P7, P8, P10] 

Aural 
Analysis 

“It requires you to listen a bit more and you learn more 
about intervals.” [P5, P6, P8] 
“It demanded more concentration”  
[P1, P3, P4, P8]  
“It required me to analyze my performance” [P1, P4, 
P5] 
“It required me to apply my previous knowledge of the 
task.” [P4] 

Cognitive 
engagement 

Playful 
 

Challenge 
(Hints) 
 

“It made me think of the sounds of the notes in my 
head.” [P8] 

B 
 

“It lets you identify what was the right answer by letting 
you visualize both options.” [P3, P9, P10] 
“It helps you determine the pattern of the number of 
notes you have to play according to each interval.” [P5, 
P7] 

Visual 
Reaffirmation  

Visual Cues 
 

“It helps you reaffirm the positions of the notes and 
practice them.” [P6] 

A 
 

“The colours are easier to see from the corner of the 
eye” (The colours are clearer/ have more impact).  
[P3, P8, P9] 

A 
 

Visual 
Relevance 

Instructional 
 

Feedback 
 

“The symbols are enough to convey the message 
intended.” [P4, P8, P9] 

B 

Performance 
Reaffirmation 

“The number of chances available (3) allows you try 
again and possibly reaffirm your attempt (to make a 
correction)” (Learning through trial and error), [P1, P5, 
P6, P7, P8, P9, P10]  
“I could better learn this task with this condition” [P1, 
P10] 
“You should be allowed at least one error while you are 
learning.” [P4] 

Self-
analysis 

Aural 
Reaffirmation 

Playful 
 

Challenge 
 
 

“Being able to listen to the sound more than one time is 
really helpful.” [P9] 

B 
 

“It indicates the starting point and/or delimits the 
possible options for answers.” [P1-P10] 
“It facilitates the task for beginners” [P2, P9] 

Facilitation Instructional 
 

Visual Cues 
 

“Visual aid allowed me to perform better because it 
delimited the amount of options available.”  
[P2, P9, P10] 

A 
 

“This condition was more challenging (thus, engaging) 
as it allowed me to try and find the missing note.”  
[P1, P5, P7, P8, P10]  

Higher 
Engagement 

Playful 
 

Challenge 
(Chances) 
 

“The number of chances (3) incited me to compete with 
myself and try to get it right on the first attempt.” [P8] 

B 
 

“This type of feedback allows you to know the exact 
place of your error, i.e. to see what part of the interval 
was right and which one was wrong” (when making a 
mistake).  [P2, P4, P5, P7] 
 
“This type of feedback is better for beginners to offer 
confirmation during their performance.” [P6] 

Motivation 

Elaborate 
Information  

Instructional 
 

Feedback 
 

“This type of feedback recalled more my attention as 

B 
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there was some sort of visual stimulus (symbols) while 
performing the intervals” [P6, P7, P10] 
“The symbols appear friendlier.” [P2, P10]  

   

“The texts are motivating” (“Keep trying”). [P2, P7]  

 

“I liked the fact that it was more challenging/ it felt 
more like a game.” [P9] 

 

Excitement Playful 
 

Challenge 
(Chances) 

“Having only one chance made it more exciting/ This 
condition was a lot more fun.” [P10] 

A 
 

 

Table 5 
Disadvantages of individual elements regarding self-analysis and motivation 

Disadvantages 
Process to 
enhance 

Unfavourable 
Impact 

Affordance Interactive 
element 

Specific Code Condition 

Playful Challenge 
(Chances) 

“It leads to unwittingly dismissing errors if no 
opportunity for correction is available.” [P1, P5, P7] 

A Cognitive 
Disengagement 

Instructional Visual Cues “It feels like following instructions rather than learning 
how to play the piano” [P1] 

A 

Visual Cues “In my case, one signal was enough” [P4] A 
“The sounds are enough to be aware of errors, even 
though the colours are very visible.” [P6]  

A 

“More attention is given to the keyboard and its sound 
rather than the texts” [P1, P3, P4, P8, P9] 

Visual 
Irrelevance 

Instructional 
 Feedback 

 

“The texts are unnecessary if you already have the 
feedback of sound during performance.” [P5] 

B 
 

Visual Cues “The hints lead you to focus on the visual aspect rather 
than in the sound of the intervals.” [P2, P4, P5, P6] 

Challenge 
(Hints) 

“It requires less aural effort.” [P4] 

Self-
analysis 

Aural Disregard Instructional 
 

Visual Cues “The hints incited guessing rather than listening.” [P1, 
P8] 

A 
 

“The purpose of the hints was not clear at the 
beginning” [P1-P10] 
“The hints were distracting.” [P3, P5]  

Visual 
Interference  

Instructional 
 

Visual Cues 
 

“The additional hints felt like a constraint/ an 
obligation.” [P3] 

A 
 

Instructional Feedback “The colours, as well as their size, were stressing or too 
aggressive (red in particular).” [P3, P4, P7, P10]  

Pressure 

Playful Challenge 
(Chances) 

“Having only one opportunity available imposes more 
pressure.” [P2, P6, P10] 

A 
 

Higher 
Cognitive 
Demand 

Playful Challenge 
(Hints) 

“It demands more knowledge about music, as there are 
many possible options without the other hints.” [P7, P8, 
P10] 

B 

Motivation 

Minimal 
Information  

Instructional Feedback “This type of feedback only informs if the attempt was 
right or wrong.” [P1, P2, P9] 

A 

 

4.2 Findings 
In order to assess the findings obtained from the thematic analyses it is necessary to 

understand the complementary relationship between self-analysis and motivation that emerges during 

music learning tasks. In this sense, self-analysis refers to the musician’s awareness of the quality of 

their performance, whereas motivation refers to the engagement of the musician with the learning 

item. Hence, if the learning experience offers enough support to enhance the self-analysis of the 

musician, he or she will feel more engaged, and likewise, in the opposite case, if the learning task 

fosters the engagement of the musician by offering an appropriate balance of challenge according to 

their skills, the musician will have the need to put his or her analytic capabilities into practice in order 

to achieve the learning goals. 

Thus, in regards of the mutual influence of self-analysis and motivation, we address the 
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impact that the particular interactive elements (i.e. visual cues, feedback and challenge) exerted on the 

overall music learning experience, according to the perceived quality of learning outcome reported by 

the participants when testing our prototype of a CAMIT system.  

 

4.2.1 Impact of Visual Aspects on Learning Outcome. One of the principal 

instructional affordances implemented in our interactive music learning experience were the hints 

provided as visual cues. The purpose of these hints was to facilitate the interaction between the user 

and the learning task by consistently providing the first note to be played in each trial (i.e. the root 

note). However, in Condition A (CA), two additional hints were provided, hence delimiting the three 

possible options to choose from, i.e. a unison, a minor 3rd or a major 3rd interval, whereas in 

Condition B (CB), only the root note was indicated.  

Correspondingly, the entire group of participants reported that the visual cues served their 

signalling purpose, even though an initial guessability issue was reported during the practice rounds. 

Regarding the presentation of visual cues in CA, three participants (P2, P9 and P10) stated that the 

manner in which possible answers were delimited allowed them to have a better performance, and 

suggested that this approach could potentially be an useful strategy to facilitate the learning task for 

beginners.  

In contrast, two participants (P3 and P5) mentioned that the additional hints in CA caused 

visual interference (i.e. distraction or confusion), and notably, P3 expressed that this specific 

presentation was particularly constraining (“it felt like an obligation”). This notion resonates with 

what Rogers et al (2015) described as “stiff playing”, i.e. playing exactly as visual cues indicate, with 

minimum chance for expression. Regarding this issue, P1 declared that CA “felt like following 

instructions rather than learning how to play the intervals”, hence implying that this condition did not 

engage this particular participant with the learning task, making allusion to a cognitive 

disengagement.  

However, six participants (P3, P5, P6, P7, P9, and P10) reported that the visual cues in CA 

rather provided reaffirmation, and consequently an enhancement on the self-analysis of their 

performance. For instance, three participants (P3, P9, and P10) declared that these visual cues allowed 

them to understand their mistakes and how they could have avoided them, given that both the 

incorrect and correct answers were displayed simultaneously in this condition. Consequently, other 

three participants (P5, P6, and P7) reported being able to associate a pattern between the visual cues 

and the positions of the notes corresponding to each interval (i.e. unison, minor or major).  

As reflected by the user evaluations, the inclusion of multiple visual cues to facilitate the 

interaction with the music-learning task (as in CA) appeared to fulfil this special purpose, and was 

deemed as a convenient approach to guide the performance of novice learners in this particular task. 

Remarkably, the presence of this type of visual aid also fostered the critical self-analysis of some of 

the participants’ performance, as they declared to have become more aware of their errors and 
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therefore were able to develop a remediation strategy with the aid of the hints. Nonetheless, the 

facilitation of a task with visual cues shall be addressed with prudence, as in some cases it may result 

in counterproductive effects, such as generating visual interference or limiting the possibility of 

musical expression during the performance of a learning task. 

 

4.2.2 Impact of Challenge on Learning Outcome. As mentioned before, each condition 

introduced a different challenge to the user, according to how the amount of visual cues and how the 

amount of chances given to attempt each trial were counterbalanced. Thus, in CA, three hints (i.e. the 

root note and two possible options) were given but only one chance to attempt, whereas in CB, only 

one hint (i.e. only the root note) was given but three chances to attempt each interval were available.  

Regarding the challenge imposed by CA, two participants (P9 and P10) reported that this 

particular condition was more exciting as it only permitted one attempt per trial, and therefore it was 

more “game-like” and fun. Contrastingly, three participants (P2, P6, P10) mentioned having the 

opposite emotional reaction, as they described feeling more pressured by the fact that only one chance 

was given to perform each interval. Regarding the range of emotions (or intrinsically motivated 

states) that emerge from the exchange between challenge and skills (see Figure 2.5), as described by 

Denis et al (2005), the amount of challenge generated by demanding the participants to play the 

correct interval on the first attempt required a significant amount of skill. Hence while some 

participants were positively aroused by this task, others experienced a certain degree of anxiety.  

Transposed into the context of learning, anxiety can be translated into what Denis et al (2005) 

refer to as drop out. In other words, when a challenge becomes insurmountable in comparison to the 

learner’s skills, they consequently lose engagement with the task. In this case, three participants (P1, 

P5, and P7) reported cognitive disengagement with the music-learning task in CA, as having only one 

chance to attempt each interval lead to unwittingly dismissing errors in their performance.  

This cognitive disengagement was also evidenced in the aural disregard reported by six 

participants (P1, P2, P4, P5, P6, and P8), who mentioned that CA lead them to pay more attention to 

the visual cues signalling the possible options for intervals, and in some cases make guesses based on 

this information, rather than listening to the sounds of the intervals. 

By contrast, the challenge imposed by the absence of additional facilitating hints, i.e. when 

only the root note of each interval was displayed, but alternatively having the possibility of repeating 

each interval after a mistake in CB, appeared to engage the majority of participants in a deeper aural 

analysis. Accordingly, nine of the ten participants reported that lesser hints required them to “sharpen 

their ear” by encouraging the differentiation of high pitches from low pitches while exploring the 

notes in each opportunity to attempt the interval. Additionally, these nine participants reported that 

this particular condition required them to pay more attention to the task (i.e. listening to musical 

intervals) and consequently analyse their own performance.  

Furthermore, seven participants (P1, P5, P6, P7, P8, P9, and P10) reported that even though 
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CB seemed more challenging, as it imposed a higher cognitive demand due to the absence of 

additional visual cues, they also declared that this condition fostered the self-analysis of their 

performance (P1, P4, and P5), and in some cases required them to recur to their previous knowledge 

of music (P4 and P8). These participants also stated that having multiple opportunities to attempt the 

trials allowed them to make corrections of their mistakes, hence reaffirming their performance. 

Particularly, P4 mentioned that in order to have a better learning experience, learners should at least 

be allowed to make one mistake during their performance. Similarly, P9 reported that having the 

chance to listen the sound of the interval more than a single time was really helpful.  

In general, the participants remarks make allusion to two different kinds of challenge, namely, 

(a) a playful challenge resulting from the high excitement generated by the fast-paced nature of CA, 

as well as the tension arising by the fact that only one opportunity was given to attempt each interval, 

and (b) a cognitively-engaging challenge, as observed in CB, which demanded the participants to 

make use of further cognitive resources, particularly their auditory capabilities to solve the task, as no 

additional hints were provided to facilitate the task (as in CA).  

Additionally, as more chances were allowed to attempt each musical interval, the participants 

were encouraged to correct any errors, thus providing an opportunity to learn from mistakes and 

explore the notes in the MIDI keyboard. These particular instructional implications are addressed in 

further detail in Section 4.3 (Instructional Implications and Considerations). 

 

4.2.3 Impact of Feedback on Learning Outcome. In respect of feedback, two 

contrasting modalities were presented in terms of the quantity of tutoring information provided as 

well as the extent of pervasiveness with which this information was presented (see fig). According to 

these magnitudes, CA offered verification after each attempt by displaying a solid green image to 

signal a correct performance. Otherwise, a solid red image would be displayed if the attempt were 

incorrect. In other words, CA presented after-trial informative feedback, i.e. minimally tutoring and 

moderately pervasive. 

Regarding this modality of feedback, a substantial amount of participants concurred that the 

information presented about their performance was particularly bland in comparison with CB, as it 

only indicated whether an attempt was right or wrong (P1, P2, and P9). Outstandingly, the majority of 

participants admitted feeling distressed by the “aggressiveness” of the solid red image (P3, P4, P7, 

and, P10), potentially reflecting a negative impact in motivation. 

By contrast, CB presented a series of texts and symbols, which changed dynamically 

according to the participant’s performance, indicating whether the first and subsequently the second 

note had been played correctly in a continuous manner. In other words, the texts confirmed whether 

the musical interval had been played partially correct (i.e. when the first note was correct but the 

second was incorrect), or completely correct (i.e. when both notes had been played correctly). In 

addition, whenever the participant missed the second note, the text would encourage to “keep trying” 
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the interval, as three chances were offered to attempt. Hence, CB presented continuous elaborative 

feedback, i.e. moderately tutoring and extensively pervasive. 

Contrary to CA, participants appraised the information provided in the modality of feedback 

of CB as more elaborate and reaffirming. For instance, five participants stated that this type of 

feedback allowed to recognize where exactly they had been wrong, when making a mistake and 

suggested that offering this type of confirmation was valuable for beginners  (P2, P4, P5, P6, and, P7). 

Regarding the emotional responses resulting from this feedback modality, three participants reported 

that the texts and symbols were motivating and friendlier than those in CA (P2, P7, and P10). 

Particularly, a main difference cited by three participants, was the allure generated by the shifting 

quality of the symbols, which reportedly provided a constant visual stimulus and hence recalled more 

attention. This occurrence resonates with the notion of providing a momentary reward as a way to 

keep the user engaged, as described by Schoonderwaldt et al (2004).  

Nevertheless, there seemed to be an overall disregard of the texts in CB, which were 

presented in a conversational vocabulary with the intention of exploiting the personalisation principle 

(Mayer, 2008), which dictates that the inclusion of texts in this fashion, fosters a higher engagement 

with the task on users, as they respond to the system as if it were a tutor providing an instruction 

rather than just following commands from a computer.  

In general, the majority of the participants (P1, P3, P4, P5, P6, P8, and P9) admitted that they 

had inadvertently dismissed the messages in the texts as they had either concentrated in the 

accompanying symbols as well as their colours, as this aspects were described as sufficient to convey 

the message intended (P4, P8 and P9), or rather they had focused in their own sound as the main 

indicator of a correct or incorrect performance (P5 and P6).  

 

4.2.4 Instructional Implications and Considerations. Comprehensively, the purpose 

of implementing a high-fidelity prototype of a specific-goal CAMIT system in this project was to 

observe how different interactive design elements could exert an effect in the learning outcome of a 

musical task as assessed by its users. Overall, the participants reported multiple advantages and 

disadvantages of both variations of interactive elements presented in each testing condition with the 

music learning experience.  

Based on the qualitative assessment of this particular prototype by the users, it can be inferred 

that there was a notable preference for CB in comparison with CA. This tendency is particularly 

evident in the content of the responses of the participants, which generally favoured the characteristics 

of CB, reflected in a greater amount of advantages than disadvantages for the learning experience.  

This could be attributed to the manner in which the interactive elements were arranged, as 

mentioned before, which evoked different types of challenges for each condition. Hence, whereas CA 

offered multiple visual cues as means of facilitation, which were regarded as potentially useful for 

novice learners who may not yet possess the ability to distinguish subtle differences between musical 
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notes, the fact that only one chance was available to perform each interval seemed to generate some 

imbalance between amount of facilitation and level of challenge.  

By contrast, the balance between the level of challenge and the number of chances available 

in CB, ostensibly engaged the participants at a deeper cognitive level, as it required them to put their 

aural skills and previous knowledge of music into practice, qualities that were desired for this 

particular music learning experience. A possible explanation for this effect could be the interactive 

dynamics that emerged from the particular mechanics of CB (Hunicke et al., 2004). In this case, the 

cognitive processes required to confront the challenge of CB, i.e. audition and vision, were implicitly 

aligned with the learning items to be trained, i.e. aural and performance skills. In this sense, mastering 

these particular skills becomes the main source of motivation to engage with the music-learning task. 

Correspondingly, this type of learning experience resembles with Van Nimwegen et al. 

(2004) concept of “internalised learning”, which takes place when the learner is required to recur to 

internal representations and memory processes, rather than relying on external cues to engage with a 

learning task. Thus, although the absence of visual cues posits an initial higher cognitive demand, it 

eventually leads to a significantly more robust learning outcome (Van Nimwegen et al., 2004). 

Remarkably, the concept of internalised learning is fundamentally similar to the concept of intrinsic 

motivation proposed by Malone (1980), which states that motivation should emerge from personal 

motives, rather than external rewarding elements.  

Nevertheless, these remarks should not indicate a complete restriction towards the use of 

visual cues as means of facilitation, but rather a consideration to take into account when designing a 

CAMIT system. For instance, Percival et al. (2007) have suggested that this sort of strategy could be 

implemented as a short-term scaffold.  

On a separate note, participants were additionally asked for any ideal combinations of the 

presented interactive elements, which could better enhance the learning experience. Consequently, 

further instructional considerations emerged from their responses. For instance, the majority of 

participants suggested that both conditions could complement each other in different ways, depending 

on the order of presentation. For example, most participants suggested that having multiple visual 

cues as in CA could serve as an initial scaffold to assist the user in becoming familiar with the 

positions of the notes that conform each particular interval, thus introducing the learning item (P1, P2, 

P5, P6, P9 and P10). 

Alternatively, other participants suggested that the amount of chances to perform the interval 

provided in CB allowed them to practice the learning item, whereas in the case of CA, having only 

one opportunity to attempt each interval rather resembled an evaluation environment (P4 and P7). 

These particular observations suggest that both conditions could be arranged in a complementary and 

progressive manner, i.e. beginning with the introduction of the learning item, then providing a 

practice stage, and finally an evaluation stage to test for retention. 
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4.2.5 Degenerate Strategies. Another consideration to take into account is the emergence 

of degenerate strategies, i.e. when the user takes advantage of a particular mechanic in an interactive 

experience (e.g. video games) in a way unintended by the designer, which is often an undesired 

occurrence in games and could have a much more negative impact on learning experiences.  

In this particular case, the additional hints presented in CA could eventually lead the user to 

detect a spatial pattern within the intervals, given that in every trial, the furthest visual cue from the 

root note would consistently indicate the major thirds, whereas the closest cue to the root would 

indicate the minor thirds. In this way the user would rather perform the intervals based on this spatial 

pattern rather than a much more desired aural pattern. Nevertheless, none of the participants reported 

applying this particular strategy during their performance. However, in the case of CB, three 

participants  (P1, P5, and P9) reported applying a “bisection search” method by discarding the notes 

performed in each incorrect attempt until they found the right note by trial and error.  

Conversely, this strategy could actually encourage the learner to explore the keyboard and 

associate patterns of distance between the note positions and their sounds, which would be a desired 

cognitive strategy to foster during this particular ear-training task. Hence, it is worth noticing that 

judging whether such strategies compel a vitiated learning habit or an effective cognitive strategy is a 

complex but interesting issue to be explored.  

 

4.3 Proposed Design Suggestions 
Based on this assessment of advantages and disadvantages majorly informed by the user 

evaluations and the researcher interpretations based on the thematic analyses carried out, we propose 

a series of design suggestions for interactive musical interval identification tasks. These suggestions 

are categorized according to the interactive elements implemented in our particular prototype of a 

specific-goal CAMIT system, and their corresponding affordance classification, i.e. instructional 

affordances, playful affordances, and musical affordances. It is worth noticing that some of these 

suggestions can potentially be extended to other music learning scenarios, due to their generic quality. 

 

4.3.1 Instructional Affordances 
4.3.1.1 Visual Cues 

 

ID Description 

4.3.1.1.1 A keyboard visualization shall be provided as a reference tool, to set visual cues and other 
indications in the context of the musical instrument. 

4.3.1.1.2 A minimum of one visual cue shall be provided by default on the keyboard visualization to 
indicate where the task is to be played.  

4.3.1.1.3 Additional visual cues shall be provided only when the task posits a higher cognitive demand on 
working memory.  

4.3.1.1.4 Any kind of visual hint shall be removed during evaluation conditions (e.g. exams). 
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4.3.1.2 Feedback 

ID Description 

4.3.1.2.1 Feedback shall communicate information of performance quality by means of verification and 
quantification (e.g. symbols, progress bars, percentage of correctness, or scores) 

4.3.1.2.2 Feedback shall communicate information of performance quality in a non-distressing manner. 

4.3.1.2.3 Textual feedback shall be provided after performance and with a conversational style vocabulary. 

4.3.1.2.4 Feedback shall increase in pervasiveness if the task demands constant verification of performance.  

4.3.1.2.5 Feedback shall increase in tutoring if the level of skill of the user demands it. 

 

4.3.2 Playful Affordances 
4.3.2.1 Challenge and Progression 

ID Description 

4.3.2.1.1 Challenges presented shall require the specific cognitive processes (e.g. aural analysis) to be 
employed during the identification of musical intervals and their respective performance. 

4.3.2.1.2 The amount of challenge shall be properly balanced with any potential facilitations (e.g. visual 
cues) of the learning task. 

4.3.2.1.3 Challenges shall progress in a sensible manner throughout the presented intervals, in order to 
avoid positing an insurmountable cognitive demand on the user. 

4.3.2.1.4 A minimum of two opportunities shall be allowed for each interval to be performed. 

4.3.2.1.5 Only one opportunity to perform each interval shall be granted during evaluation conditions. 

 

4.3.3 Musical Affordances 

ID Description 

4.3.3.1 The performance of the task shall be carried out with a physical piano keyboard. 
Otherwise, primary input shall feel, look and sound reasonably close to a piano keyboard. 

4.3.3.2 Aural cues shall be provided consistently with each interval. 

4.3.3.3 Provide different modalities for musical interaction and learning, e.g. a free-playing modality, a 
training modality, and an evaluation modality. 

 

4.4 Limitations and Critical Reflections  

4.4.1 Methodological limitations. It is worth noticing that the methods implemented 

during this dissertation project were fairly simple and could have been more sophisticated, for 

instance, interviews could have been carried out for longer periods of time and with more participants, 

and the subsequent thematic analysis could have been more profound if verbatim transcriptions of 

each interview had been carried out. However, given the scope of this project, most of these 
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possibilities were simplified in order to comply with schedule.  

 

4.4.2 Technical limitations. As previously stated, another purpose of this dissertation 

project was to apply the Muzicodes concept and system to a music learning scenario, in this case ear 

training and performance of musical intervals. This particular learning task was chosen due to its 

simplicity and utility for musicians, as well as its potential to be adapted to a specific-goal CAMIT 

system, which are often used to train technical exercises that are particularly prone to become tedious 

and unmusical. In this sense, musical intervals are elementary pairs of notes, which are rather the base 

for understanding more complex musical structures such as triads, chords, and scales, but are not 

particularly musical when presented in isolation.  

Initially, creating a standalone interactive musical interval training system appeared to be an 

uncomplicated task, as it would simply require to create a list of intervals to be randomly presented, in 

order for the user to reproduce them. In turn, the system would then “listen” to the notes performed by 

the user and evaluate if they matched with the expected outcome, and subsequently present feedback 

accordingly.  

Nevertheless, as mentioned by Greenhalgh et al (2016), when the strings of notes to be 

defined as codes are too short –as it is the case with musical intervals– the rate of false positives is 

increased, i.e. unintentionally triggering undesired codes. In this case, as musical intervals consist of 

only two notes, they were highly susceptible for false positives, generating a series of complications 

that limited the level of sophistication of the final prototype. 

Retrospectively, the first iteration of the prototype aimed for a standalone learning 

experience, in which the user would begin the interaction by pressing a key on a MIDI keyboard. 

Originally, the sole purpose of this particular key was to function as a “start/ repeat” button as 

observed in other previously mentioned implementation (i.e. Pitch Improver), to allow the user to 

control the display of each interval, and additionally, to repeat the musical interval as many times as 

needed. Using Muzicodes to implement such functionality meant assigning a single note to be 

triggered by a key in the MIDI keyboard to display the first interval. However, allowing the user to 

repeat each interval at will was not possible without having a function to update the interval to be 

repeated in each trial, i.e. the action to be triggered by a single note had to be updated on each trial of 

the sequence.  

Consequently, this particular repetition function was excluded from the design, as its 

implementation required the modification of some parts of the Muzicodes system source code, which 

posed a substantial personal challenge due to insufficient knowledge of the Angular.js framework, 

and overall web development skills. However, the start button was still an interesting possibility in the 

early stages of the design.  

In a second iteration of the prototype, the interaction was to be initiated by the researcher by 

pressing the aforementioned start button in a separate MIDI keyboard and triggering the first interval 
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to be displayed to the user. As previously stated, a list of videos of intervals was created to be 

sequentially presented, hence when the user attempted the first interval triggered by the researcher, 

their respective answer would have to trigger the next video of the sequence and so forth, until the 

experience concluded.  

Additionally, in the case of CB, where the user was given more than one chance to attempt 

each interval, this meant that if a user made a mistake, the video would have to be repeated rather than 

skipped. Thus, in order to limit the number of chances, a conditional variable needed to be created as 

well. 

In order to script such interactive dynamics using Muzicodes, each individual trial needed to 

account for a right answer and a wrong answer, i.e. two different codes, which would trigger the same 

action, in this case the next video on the list of musical intervals. Although assigning an action to be 

triggered by a corresponding correct attempt was fairly simple, accounting for all the numerous 

possible scenarios in which a user could incorrectly attempt an interval was much more problematic. 

A particular issue observed was the triggering of false positives when the notes of an interval 

partially overlapped with those of other intervals. For example, in order to account for an error during 

the performance of an unison such as “G4, G4”, a code had to be defined which specified that if the 

user played any note that was not the expected “G4” on the second onset, the attempt would be 

counted as a mistake. According to this example, a possible way to define such command with a 

regular expression in Muzicodes would be “G4,[C4-F#4]|[G#4-C5]”, which indicates that if the 

second note onset is in either of two of the ranges of notes defined (which exclude the expected 

“G4”), then the user has made a mistake.  

As it can be elucidated, applying this strategy would lead for multiple codes to be activated if 

their first note onset was “G4” and their second note onset was any of the notes included in the 

ranges, for instance a “G4, B4” (i.e. a major third). Hence, as a final resolution, a Wizard of Oz 

simulation of the interactivity was carried out where the researcher would activate each individual 

code to trigger each of the videos to be displayed to the user.  

In addition, the researcher had to listen to the user performance and provide the feedback 

accordingly, thus simulating the intended interaction to be portrayed in a standalone CAMIT system. 

It is worth mentioning that the range of notes played by the researcher to activate the codes was at a 

substantially higher –and imperceptible–  register than that of the participants (< C8 or 4186.01 Hz), 

as a way to avoid any influence of the notes played by the researcher over those of the intervals. 
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Figure 4.1. False Positives issue. The regular expression defined to listen for an 
incorrect second note indicates two ranges of notes to be counted as errors, 
however, these ranges include other intervals, e.g. G4 major third. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 Conclusions 
The purpose of this dissertation was twofold. In other words, albeit great part of the 

research focused on assessing how different variations on the presentation of particular interactive 

design elements could exert an effect on the perceived quality of learning outcomes when 

implemented in interactive music learning experiences, another pertinent inquiry to address was how 

the Muzicodes system could be applied to a music learning scenario. 

To address both questions, a prototype of a specific-goal CAMIT system was developed using 

the Muzicodes system functionality. This prototype presented a musical interval identification task, 

which required the users to listen to intervals accompanied with visual and aural cues and reproduce 

them in a MIDI keyboard based on these cues 

Furthermore, the task was presented with two contrasting variations of a set of interactive 

elements, which consisted of the integration of instructional affordances, represented by the inclusion 

of visual cues and feedback; playful affordances, represented by the challenge imposed by each 

variation; and musical affordances, represented by the musical environment fostered by the inclusion 

of aural cues, and the supply of a MIDI keyboard for the user to perform. 

As previously mentioned, these elements were juxtaposed in order to offer contrasting 

variations for each of the two testing conditions, namely, CA and CB. Hence, in CA multiple visual 

cues were provided to facilitate the identification of the musical intervals, but only one chance was 

given to attempt each trial, in order to increase the level of challenge. Then, after the user’s attempt, 

corresponding informative feedback was provided which provided verification regarding their 

performance (i.e. whether their attempt was correct or incorrect). 

By contrast, in CB only one visual cue was provided to indicate the root note of each musical 

interval, but three chances were given to attempt each trial, as a way to counterbalance the challenge 
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posited by offering less visual cues. Alternatively, in this condition, feedback was presented alongside 

the user’s performance, i.e. when the user hit the first note on the keyboard, the feedback would 

textually and symbolically indicate that the first note onset was correct. Then, in the second note 

onset, the feedback would reveal whether the interval performed was correct or incorrect, and in the 

latter case it would encourage the user to keep trying, offering some motivation. 

After user testing with both of these conditions, semi-structured interviews were carried out 

inquiring the users to assess the different variations of interactive elements in terms of the perceived 

effects that each individual element, as well as their overall combinations, exerted on the learning 

outcome. Based on the contents of the users’ responses, a thematic analysis was conducted in search 

of positive and negative valences, which could reveal advantages and disadvantages of each variation 

of interactive elements. 

The results from the thematic analysis indicated that each condition presented a distinct kind 

of challenge and therefore exerted a different effect in both the self-analysis of the performance and 

the motivation with the task. In this sense, CA presented a playful challenge, which presented high 

excitement, but predominantly some distress in the users, which lead to lesser self-analysis and 

motivation with the task. 

Oppositely, CB presented a cognitively-engaging challenge, as users were required to make 

use of their auditory capabilities, as well as previous musical knowledge to confront the challenge of 

having less visual cues available, leading to a deeper self-analysis of performance. In addition, the 

multiple opportunities to perform the intervals seemed to be a determinant factor to account for the 

enhancement of motivation, as users were encouraged to learn from their errors by correcting them 

while exploring the notes in the piano. 

Although there was a notable preference for CB in comparison with CA by the users, the 

overall assessment of advantages and disadvantages of both conditions provided valuable insights, 

which lead to the creation of a user requirement specification for future CAMIT systems. 

To conclude, it is worth mentioning that the Muzicodes system proved to be a powerful tool 

to prototype this particular interactive music learning experience, as the provided user interface (i.e. 

the editor) facilitated the arrangement of codes as well as the setting of their corresponding actions. 

Additionally, the use of regular expressions to define code-matching behaviours, as well as the 

possibility of adjusting several contextual parameters, such as the filtering and grouping of notes, 

allowed for particularities of our music learning scenario to be accounted for. Nevertheless, the 

system presented some limitations for this particular task, due to the high susceptibility to false 

positive of our particular codes, an occurrence that should be taken into consideration for future work. 
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5.1. Future work  
Regarding the application of Muzicodes in interactive music learning experiences, further 

scenarios could be explored where longer monophonic strings of notes are specified as codes, such as 

with scales or arpeggios. Alternatively, further regular expressions could be implemented to allow 

shorter codes to be triggered without activating false positives, accounting for ear training scenarios 

as the one implemented in this project.  

Although the system supports the conditional matching, which allows for codes to be 

triggered in manner similar to flags in programming languages by using counters and comparison 

operators, thus indicating whether codes are available or unavailable for triggering, another possibility 

could be the use of further logical operators such as AND or OR, which could allow account for 

scenarios in which multiple conditions have to be met in order to activate certain codes.  

Regarding the design envisioning of CAMIT systems, it is noteworthy considering the 

potential of ethnomethodology to observe the music learning and practicing habits of amateur and 

professional musicians, particularly with the usage of technology. Hence, further interviews can be 

carried out as proposed by Hallam (1995) who inquired a substantial number of musicians about their 

practice routines.  

Additionally, musicians can be observed in situ while carrying out their daily practicing 

routine, allowing the researcher to identify the underlying strategies and naturally accountable 

activities (Sacks, 1984) that conform the work of music learning and practice. Posteriorly video 

analyses can be carried out to observe how these activities are carried out in more detail as proposed 

by Chaffin & Imreh (2001). 

Furthermore, a discourse analysis as proposed by Stowell et al (2009) could allow to 

determine patterns of speech in the transcriptions of the interviews, which make allusion to potential 

new forms of interactivity not previously addressed when using technologies to assist music learning 

and practice activities, in order to inform the design of more robust CAMIT systems by further 

understanding the context of their users and their activities. 

 



 
 

52 

References 
 

Abt, C. A. 1970. Serious games. Viking, New York Activision Publishing, Inc. Guitar Hero, accessed: 
Aug. 2016. http://guitarhero.com/. 
 

Addessi, A. R., & Pachet, F. (2003). Children’s interaction with a musical machine. In Proceedings of 
the 3rd Conference “Understanding and Creating Music”, Caserta (pp. 11-15). 

 
Beckwith, S. (1992). Hunting musical knowledge in darkest medialand. In A. Edwards & 
 
S. Holland (Eds.), Multimedia interface design in education. Hiedelberg: Springer. 
 
Benyon, D. (2010). Designing interactive systems: a comprehensive guide to HCI and interaction 

design . cf: 8 Envisonment. 
 
Berz, W., & Bowman, J. (1995). An Historical Perspective on Research Cycles in Music Computer-

Based Technology. Bulletin of the Council for Research in Music Education, (126), 15-28. 
Retrieved from http://www.jstor.org/stable/40318731 

 
Black, P., & Wiliam, D. (1998). Inside the black box: Raising standards through classroom 

assessment. London: King’s College University. 
Bresler, L. (Ed.). (2007). International handbook of research in arts education (Vol. 16). Springer 

Science & Business Media. 
 
Brophy, T. (2000) Assessing the developing child musician. Chicago, ILL GIA. 
 
Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of learning. 

Educational Researcher, 18(1), 32–43 
 
Bowyer, D. W. (2000). A new approach to computer-assisted instruction in music theory for 

elementary and middle school children. University of Northern Colorado. 
 
Chaffin, R., & Imreh, G. A. (2001). Comparison of practice and self-report as sources of information 

about the goals of expert practice. Psychology of Music, 29, 39-69. 
 
Charsky, D.: From edutainment to serious games: A change in the use of game characteristics. Games 

and Culture 5(2), 177–198 (2010) 
 
Chow, J., Feng, H., Amor, R., & Wünsche, B. C. (2013). Music education using augmented reality 

with a head mounted display. InProceedings of the Fourteenth Australasian User Interface 
Conference-Volume 139 (pp. 73-79). Australian Computer Society, Inc. 

 
Csikszentmihalyi, M. Flow: the psychology of optimal experience. Harper and Row, New York, 

1990. 
 
Dannenberg, R. B., Sanchez, M., Joseph, A., Capell, P., Joseph, R., & Saul, R. (1990). A 

computer‐based multi‐media tutor for beginning piano students. Journal of New Music 
Research,19 (2-3), 155-173. 

 
Degenerate Strategies, accessed: Sep. 2016 https://www.techopedia.com/definition/27042/degenerate-

strategy  
 
Denis, G., & Jouvelot, P. (2004). Building the case for video games in music education. In Second 

International Computer Game and Technology Workshop (pp. 156-161). 



 
 

53 

 
Denis, G., & Jouvelot, P. (2005). Motivation-driven educational game design: applying best practices 

to music education. In Proceedings of the 2005 ACM SIGCHI International Conference on 
Advances in computer entertainment technology (pp. 462-465). ACM. 

 
Deterding, S., Dixon, D., Khaled, R., & Nacke, L. (2011). From game design elements to 

gamefulness: defining gamification. In Proceedings of the 15th international academic 
MindTrek conference: Envisioning future media environments (pp. 9-15). ACM.-Hanus & 
Fox (2014) 

 
EarBeater, accessed: Jun. 2016. http://pitchimprover.com/index.php?type=Relative 
 
Ferguson, S., Moere, A. V., & Cabrera, D. (2005). Seeing sound: Real-time sound visualisation in 

visual feedback loops used for training musicians. In Ninth International Conference on 
Information Visualisation (IV'05) (pp. 97-102). IEEE. 

 
Fishman, B. J., Deterding, S., Vattel, L., Higgin, T., Schenke, K., Sheldon, L., Ewing, C., Holman, C. 

& Aguilar, S. (2013). Beyond badges & points: Gameful assessment systems for engagement 
in formal education. University of Wisconsin, Wisconsin, Madison. 

 
Fober, D., Letz, S., Orlarey, Y., Askenfelt, A., Falkenberg Hansen, K., & Schoonderwaldt, E. (2004). 

IMUTUS: An interactive music tuition system. Inthe Sound and Music Computing 
Conference (SMC 04), October 20-22, 2004, IRCAM, Paris, France (pp. 97-103). 

 
Fullerton, T., Swain, C., & Hoffman, S. (2004). Improving Player Choices. Retrieved from 

Gamasutra: http://www.gamasutra.com/view/feature/2039/improving_player_choices.php. 
 
Gentner, D., & Nielsen, J. (1996). The Anti-Mac interface. Communications of the ACM, 39(8), 70–

82. http://www.useit.com/papers/anti-mac.html. Accessed 9 Sept 2011. 
 
Green, B. R. (2003). The comparative effects of computer mediated interactive instruction and 

traditional instruction on music achievement in guitar performance (Doctoral dissertation, 
University of British Columbia). 

 
Greenhalgh, C., Benford, S., & Hazzard, A. (2016). ^muzicode$: Composing and Performing Musical 

Codes. AM’16 Norrköping, Sweden. 
 
Gooch, S. (1978). PLATO Music Systems. 
 
Hallam, S. (1998). Instrumental teaching: A practical guide to better teaching and learning. Oxford: 

Heinemann Educational Publishers. 
 
Hallam, S. (1995). Professional musicians' approaches to the learning and interpretation of music. 

Psychology of Music, 23, 111-128. 
 
Heiman, G. W., (2002). Research Methods in Psychology. 3rd Edition. Boston & New York. 

Houghton Mifflin Company. 
 
Higgins, W. (1992). Technology. In R. Cowell (Ed.), Handbook of research on music teaching and 

learning (pp. 480-497). New York: Schirmer.  
 
Holland, S., Wilkie, K., Mulholland, P., & Seago, A. (Eds.). (2013). Music and human-computer 

interaction. Springer. 
 
Hunicke, R., LeBlanc, M., & Zubek, R. (2004). MDA: A formal approach to game design and game 



 
 

54 

research. In Proceedings of the AAAI Workshop on Challenges in Game AI (Vol. 4, p. 1). 
 
Jordà, S., Geiger, G., Alonso, M., & Kaltenbrunner, M. (2007). The reacTable: exploring the synergy 

between live music performance and tabletop tangible interfaces. In Proceedings of the 1st 
international conference on Tangible and embedded interaction (pp. 139-146). ACM. 

 
Jordan, P. W. (1998). An introduction to usability. CRC Press. 
 
Kirriemuir, J., & McFarlane, A. (2004). Literature review in games and learning. 
 
Malone, T. W. (1980). What makes things fun to learn? Heuristics for designing instructional 

computer games. In Proceedings of the 3rd ACM SIGSMALL symposium and the first 
SIGPC symposium on Small systems (pp. 162-169). ACM. 

 
Mason, B. J., & Bruning, R. (2001). Providing feedback in computer-based instruction: What the 

research tells us. Retrieved February, 15, 2007. 
 
Mayer, R. E. (2008). Applying the science of learning: evidence-based principles for the design of 

multimedia instruction. American Psychologist,63(8), 760. 
 
McDermott, J., Gifford, T., Bouwer, A., & Wagy, M. (2013). Should music interaction be easy?. In 

Music and Human-Computer Interaction (pp. 29-47). Springer London. 
 
Mildner, P., Stamer, N., & Effelsberg, W. (2015). From Game Characteristics to Effective Learning 

Games. In Joint International Conference on Serious Games (pp. 51-62). Springer 
International Publishing. 

 
Mitgutsch, K., & Alvarado, N. (2012, May). Purposeful by design?: a serious game design assessment 

framework. In Proceedings of the International Conference on the foundations of digital 
games (pp. 121-128). ACM. 

 
Mishra, J., & Fast, B. (2015). Practising in the new world: Strategies for preparing contemporary 

music for first performance. Music Performance Research, 7(1). 
 
Murphy, R. (2007). Harmonizing assessment and music in the classroom. In International handbook 

of research in arts education (pp. 361-388). Springer Netherlands. 
 
Music Theory Net, accessed: Jun. 2016. https://www.musictheory.net/exercises/keyboard-interval 
 
Nakamura, J., & Csikszentmihalyi, M. (2002). The concept of flow. In C. R. Snyder (Ed.), 
Handbook of positive psychology (pp. 89–105). New York: Oxford University Press. 
 
Peretz, I., & Zatorre, R. J. (2005). Brain organization for music processing.Annu. Rev. Psychol., 56, 

89-114. 
 
Percival, G., Wang, Y., & Tzanetakis, G. (2007). Effective use of multimedia for computer-assisted 

musical instrument tutoring. In Proceedings of the international workshop on Educational 
multimedia and multimedia education (pp. 67-76). ACM.  

 
Pitch Improver, accessed: Jun. 2016. http://www.earbeater.com/online-ear-training 
 
Pitts, S. E. (2005). “Testing, testing …” How do students use written feedback? Active Learning in 

Higher Education, 6(3), 218–229. 
 
Pitts, S. E. (2007). Music beyond school: Learning through participation. In International handbook of 



 
 

55 

research in arts education (pp. 759-776). Springer Netherlands. 
 
Popa, I. A., Boyd, J. E., & Eagle, D. (2015). MUSE: a Music-making Sandbox Environment for Real-

Time Collaborative Play. perspective, 3, 4. 
 
Preece, J., Rogers, Y., Sharp, H., 2004. Interaction Design. Wiley, New York. 
 
Rogers, K., Röhlig, A., Weing, M., Gugenheimer, J., Könings, B., Klepsch, M., Schaub, F., Rukzio, 

E., Seufert, T. & Weber, M. (2014). Piano: Faster piano learning with interactive projection. 
In Proceedings of the Ninth ACM International Conference on Interactive Tabletops and 
Surfaces (pp. 149-158). ACM. 

 
Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic 

motivation, social development, and well-being.American psychologist, 55(1), 68. 
 
Sacks, H. (1984). Notes on methodology. In J. Maxwell & J. Heritage (Eds.), Structures of social 

action: Studies in conversation analysis (pp. 21–27). Cambridge: Cambridge University Press. 
 
Salamé, P., & Baddeley, A. (1989). Effects of background music on phonological short-term memory. 

The Quarterly Journal of Experimental Psychology, 41(1), 107-122. 
 
Schoonderwaldt, E., Hansen, K., & Askenfeld, A. (2004). IMUTUS–an interactive system for 

learning to play a musical instrument. In Proceedings of the International Conference of 
Interactive Computer Aided Learning (ICL)(pp. 143-150). 

 
Smoliar, S. W., Waterworth, J. A., & Kellock, P. R. (1995, January). pianoFORTE: a system for 

piano education beyond notation literacy. InProceedings of the third ACM international 
conference on Multimedia (pp. 457-465). ACM. 

 
Songer, R. W., & Miyata, K. (2014, October). A playful affordances model for gameful learning. In 

Proceedings of the Second International Conference on Technological Ecosystems for 
Enhancing Multiculturality (pp. 205-213). ACM. 

 
Steinkuehler, C., & Squire, K. (2014). Videogames and learning. Cambridge handbook of the learning 

sciences. 
 
Stowell, D., Robertson, A., Bryan-Kinns, N., & Plumbley, M. D. (2009). Evaluation of live human–

computer music-making: Quantitative and qualitative approaches. International Journal of 
Human-Computer Studies,67(11), 960-975. 

 
Stowell, D., & McLean, A. (2013). Live music-making: A rich open task requires a rich open 

interface. In Music and human-computer interaction (pp. 139-152). Springer London. 
 
Synthesia LLC. Synthesia - piano game, 2013. http://www.synthesiagame.com/. 
 
Upitis, R. (1983). Milestones in computer music instruction. Music Educators Journal, 69(5), 40-42. 
 
Van Nimwegen, C., van Oostendorp, H., & Schijf, H. J. M. (2004). Externalization vs. Internalization: 

The influence on problem solving performance. In Proceedings of the IEEE International 
Conference on Advanced Learning Technologies (ICALT’04). Piscataway: IEEE. 

 
Volioti, C., Hemery, E., Manitsaris, S., Teskouropoulou, V., Yilmaz, E., Moutarde, F., & Manitsaris, 

A. (2015). Music gestural skills development engaging teachers, learners and expert 
performers. Procedia Manufacturing,3, 1543-1550. 

 



 
 

56 

Webster, P. R. (2007). Computer-based technology and music teaching and learning: 2000–2005. In 
International handbook of research in arts education (pp. 1311-1330). Springer Netherlands. 

 
Wilkie, K., Holland, S., & Mulholland, P. (2013). Towards a participatory approach for interaction 

design based on conceptual metaphor theory: A case study from music interaction. In Music 
and Human-Computer Interaction(pp. 259-270). Springer London. 

 
Younker, B. A. (2003). The nature of feedback in a community of composing. In M. Hickey (Ed.), 

Why and how to teach music composition: A new horizon for music education (pp. 233–242). 
Reston, VA: MENC: The National Association for Music Education. 

 

 

 

 



Intervals Rand 1 Rand 2
1 m3/A#4 M3/F3 P1/C#3
2 M3/A#4 P1/G3 P1/C#4
3 m3/A4 m3/D#4 P1/D#3
4 M3/A4 m3/D4 M3/C#3
5 m3/B4 m3/C3 M3/G4
6 M3/B4 M3/D#3 M3/B4
7 m3/C#3 P1/G#3 m3/E3
8 M3/C#3 P1/B3 m3/F4
9 m3/C#4 m3/F#4 M3/E4
10 M3/C#4 P1/D#4 M3/E3
11 M3/C3 m3/C4 M3/A3
12 m3/C3 P1/D4 P1/D3
13 m3/C4 m3/F3 M3/F4
14 M3/C4 M3/G3 M3/F#4
15 M3/D#3 M3/D4 m3/A#4
16 m3/D#3 M3/A#4 P1/F4
17 m3/D#4 m3/A4 m3/C#3
18 M3/D#4 M3/G#3 P1/A#3
19 M3/D3 M3/F#3 m3/C#4
20 m3/D3 P1/F#4 P1/E3
21 M3/D4 P1/E4 m3/G3
22 m3/D4 M3/C#4 m3/G4
23 m3/E3 P1/G4 m3/D#3
24 M3/E3 P1/C3 M3/C3
25 m3/E4 m3/E4 m3/D3
26 M3/E4 M3/C4 m3/G#3
27 M3/F#3 P1/C4 M3/D3
28 m3/F#3 P1/F3 P1/F#3
29 M3/F#4 m3/B4 P1/A4
30 m3/F#4 m3/F#3 M3/D#4
31 M3/F3
32 m3/F3
33 M3/F4
34 m3/F4
35 M3/G#3
36 m3/G#3
37 m3/G3
38 M3/G3
39 M3/G4
40 m3/G4
41 P1/A#4
42 P1/A4
43 P1/B3
44 P1/C#3
45 P1/C#4
46 P1/C3
47 P1/C4
48 P1/D#3
49 P1/D#4
50 P1/D3
51 P1/D4
52 P1/E3

Appendix A. Randomized Interval Sequences



53 P1/E4
54 P1/F#3
55 P1/F#4
56 P1/F3
57 P1/F4
58 P1/G#3
59 P1/G3
60 P1/G4



<!DOCTYPE html> 

<html> 

<head> 

    <!-- Set iframes position --> 

    <style> 

        div.relative { 

            position: relative; 

            left: 500px; 

            top: 200px; 

        } 

        div.absolute { 

            position: absolute; 

            top: 320px; 

        } 

    </style> 

</head> 

<body> 

    <!-- Send media to channel 1 (top iframe) --> 

    <div class="relative"> 

        <iframe src="http://10.154.184.202:3000/fullscreenslave.html?c=" frameborder="1" width="500" 
height="300px"> 

    </iframe> 

        <!--Send media to channel 2 (bottom iframe) --> 

        <div class="absolute"> 

            <iframe src="http://10.154.184.202:3000/fullscreenslave.html?c=2" frameborder="1" 
width="500" height="300px"> 

  </iframe> 

            <!-- Display Instructions--> 

            <p> 

                <center> 

                    <font size="4" face="Verdana" color="#1a8cff"> 

                        Play the two notes you hear on the keyboard 

                    </font> 

Appendix B. Interface Source Code



                </center> 

            </p> 

        </div> 

    </div> 

</body> 

</html> 



Instructions:  
 
“In the following session you will be performing the same task throughout, which is listening to an 
interval, i.e. two musical notes, that you will then reproduce in the piano in front of you.  
 
These particular two musical notes will be in ascending order, i.e. they will be presented low pitch first 
and then high pitch. In other words you will be always playing the note to your left first and then the 
note to your right. 

In any case, your playing area will be limited by this pink key” 

Practice round: 
 
“As you will see in the following practice round you will be shown a video in this frame on the tope, 
and when you perform the interval you will receive feedback accordingly, so as to let you know if your 
answer was right or wrong.” 

 

Before beginning the real test:  
 
“So now we will start the actual task, hence I need you to carefully listen and watch the videos you 
see at the top frame, and wait till it has stopped completely. Then when you attempt each trial, try to 
play note clearly (not too fast or slow, neither too loudly or too quietly). Also, please wait for the 
system to respond before each of your attempts, as if you play too randomly the system will get 
‘confused’.” 

Remember, if you have any comments to make during the task (like something that seems 
odd, or something you find confusing, as well as any impressions about the interactive 
elements you see) please do not hesitate on doing so.  

 
For condition 2:  
 
“Before you start I want you to know that in this particular condition you will have three chances to 
attempt each trial if you get them wrong, so try to play carefully once more.” 

Appendix C. Instructions



Foolproof scenarios 

In both conditions, the researcher controls the interaction completely. 
 
In Condition 1 the researcher presents each interval to the user via YouTube videos in the top 
frame. The user then proceeds to try and perform it. If their whole attempt is wrong, then the 
researcher prompts the red screen at the bottom frame to give negative feedback and skips to 
the next video. Otherwise the green screen is prompted. In other words even if the first onset 
is incorrect the researcher must wait for whole interval to be played by the user until 
feedback can be given. 

In Condition 2 the researcher presents intervals in the same fashion as in Condition 1. 
However, the researcher must in this case hear if the first onset has been played 
correctly, in order to give the proper feedback. If not, the “system” will stay inactive until 
the root note is played as indicated.  If the whole interval is incorrect the video will be 
repeated once more giving the user “another chance” from three chances available. If the 
whole attempt is correct the according feedback will be given, otherwise the video will be 
skipped. Three chances are given in order to avoid the interaction from getting too long.  

Appendix D. Foolproof Scenarios



Participants Starting Cond. Gender Age Time Music Tech Learning Soft Piano Freq Piano Exposure Piano Skill Other Freq Other Expo Other Skill Skill Knowledge

P1 C1 M 26 ~10:00 4 3 0 0 0 3 4 2 2 1

P2 C2 F 25 ~8:05 2 1 3 4 3 0 0 0 2 3

P3 C2 M 25 ~7:17 2 2 0 1 0 4 4 2 2 2

P4 C1 M 38 ~7:33 3 1 3 4 3 0 0 0 2 2

P5 C1 F 25 ~9:47 0 2 1 2 1 0 0 0 1 2

P6 C2 M 28 ~6:40 1 1 0 0 0 2 4 2 2 1

P7 C2 M 32 N/A 4 3 2 1 1 4 4 4 3 3

P8 C1 F 24 ~7:35 3 3 1 2 1 1 1 1 2 1

P9 C2 M 33 ~8:00 3 0 1 3 2 2 1 1 2 2

P10 C1 F 29 ~10:00 3 2 0 0 0 3 2 2 2 1

Appendix E. Participants Descriptive Statistics



Interview 

Signals 
Meaning and Function 
1. What did the signals mean to you/ could you describe their function? 
 
2. Did the signals help you understand what you were supposed to doing (playing)?  
 
Comparisons 
3. What signals did you like the best?  
(Which one do you think helped you learn the most?) 
 
4. Which presentation was more engaging (motivating)? 
 
Advantage and Disadvantage 
5. What would be the advantage of having these signals? (Individually and comparatively) 
(Where they helpful?) 
 
6. What would be the disadvantage of having these signals?  
(Do you think any of the two types of signals would help you develop a dominant strategy at some 
point?) 
 
Dissonance 
7. Did the signals present any difficulty to you?  
(Did they interfere with the task?) 
(Did they distract you at any moment from the task?) 
 

Feedback 
Meaning and Function 
1. What did the two types of feedback mean to you/ could you describe their function? 
 
2. Did feedback make you aware of your performance (i.e. errors and successes)?   
(Did feedback help you analyse and criticize your own performance?) 
(Did feedback guide you throughout the sequence of tasks?) 
 
Comparisons 
3. What kind of feedback did you like the best? 
(Which one do you think helped you learn the most?) 
 
4. Which presentation was more engaging (motivating)? 
 
Advantage and Disadvantage 
5. What would be the advantage of having one kind of feedback or the other? 
 
6. What would be the disadvantage of having these types of feedback? 
(Do you think any type of the two types of feedback would help you develop a dominant strategy at 
some point?) 
 
Dissonance 
7. Did any of the two types of feedback present any difficult to you? 
(Did they interfere with the task?) 
(Did they distract you at any moment from the task?) 

 
 

 
 

Appendix F. Semi-structured Interviews



 
Challenge 
Comparisons 
1. Did you feel one condition was more challenging than the other? 
(Do you think the amount of challenge was balanced in both conditions?) 
 
2. Do you think the number of attempts allowed during each condition may have had an effect on your 
performance? 
 
Advantage and Disadvantage 
3. Did you perceive any advantages on condition over the other? 
 
4. What difficulties did you encounter that may have presented a disadvantage? 
(Did any of the conditions caused you any frustration?) 
 
 
Overall comparisons between interfaces:  
1. Which interface do you think is better for learning? 
Which one is more enriching or helpful? 

2. Which one did you feel was more fun or motivating to keep playing (CA or CB?) 

3. What single elements could you say helped you the most? 
 
4. What combination of elements do you think helped you the most? 
(Do you think any other particular combination of elements could had helped you more?) 

5. Do you think the order in which the interfaces were presented could have something to do with your 
performance? 

Design suggestions: 
1. Do you think the learning experience could be improved in any sense? 
(What improvements would you suggest?) 
 
Technical difficulties:  
1. Did you perceive any technical difficulties? 
(Did the fact that the videos get repeated twice in some points affect your performance?) 

2. Did feedback seem to provide incorrect information at any point? 

 
 

 

 
 

 



 CA CB 

Signals   

Facilitating 
the task 

Reference (indicates starting point and/or delimits 
options) [P1-P10] 

 

 “Lets you identify what was the right answer by letting 
you visualize both options.” [P3, P9, P10] 

 

 It facilitates the task for beginners [P2, P9]  

 Offers visual aid [P2, P10]  

Visual 
Intreference 

First impression issue (Learnability issue) [P1-P10]  

 References were distracting [P3, P5]   

 References felt like a constraint/ an obligation [P3]  

 “In my case, one signal was enough” [P4]  

Level of 
challenge 

“I liked the fact that it was more challenging/ it felt 
more like a game.” [P9] 

“More challenging (engaging) as it allows me to try 
and find the missing note.” [P1, P5, P7, P8, P10] 
 

 “Given that you only have one chance, it demands you 
to pay more attention to sound.” [P10] 

Demanded more concentration (and analysis) [P1, 
P3, P4, P8] 

 “Having only one chance made it more exciting.” [P10] Number of attempts available allowed correction 
(Learning through trial and error) [P1, P5, P7, P8, P9, 
P10] 

 Requires less aural effort [P4] The number of chances (3) is good since it lets you 
try again and possibly reaffirm your attempt [P2, P4, 
P5, P6, P7, P9] 

 Unwittingly dismissing errors if no opportunity for 
correction were available (Paying less attention) [P1, 
P5, P7] 

“The number of chances (3) incited me to compete 
with myself and try to get it right on the first attempt” 
[P8] 

 Having only one opportunity available imposes more 
pressure [P2, P6, P10] 

“The number of chances (3) allowed me to repeat the 
task and learn more about it” [P5] 

 Intervals seemed to be harder on CA than on CB 
(which offered more unisons) [P2] 

 

As there are many possibilities (without the 
references) it demands more knowledge about music. 
[P7, P8, P10] 

Dominant 
(degenerate) 
strategies 

Makes you focus on the visual aspect rather than in 
the sound of the intervals [P4, P6] 

Bisection search (as a dominant strategy) [P1] 

 It allows you to “discard” options in order to get to the 
right answer even if you don’t know what you are 
doing. This could help you solve the problem, but I’m 
not sure if it allows me to learn the notes. [P9] 

“You could equate the sound ‘mechanically’” [P5] 

 “It was easier with the white keys (the naturals) to find the major third” [P7] 

 “At some point it is easy to identify the interval by merely noticing if it’s a ‘sad’ or a ‘happy’ interval” [P6] (also in 
CB) 

 “Gives the first half of the interval by default” (by providing the first note) [P7] (also in CA) <-REVISE 

Learning 
richness 

Helps determine the pattern of the number of notes 
you have to play according to each interval [P5, P7] 

It made me think of the sounds of the notes in my 
head [P8] 

Appendix G. Raw Thematic Analysis



 Helps reaffirm the positions of the notes and practice 
them [P6] 

You are required to listen a bit more and you learn 
more about intervals [P5, P6, P8] 

 Visual aid allowed me to perform better because it 
delimited the amount of options available. It may be 
better for beginners as well. [P2, P9] 

Makes you sharpen your ear by distinguishing high 
pitch from low pitch by exploring the notes 
(Discovering the right note by concentrating in the 
sound) [P1-P5, P7, P8, P10] 

 References allowed me to know what option I played 
and what option I should have played, hence I could 
analyze what my error was [P3] 

It required me to analyze my performance [P1, P4, 
P5] 

 Could be employed in a testing scenario or an initial 
evaluation [P4] 

“I could better learn this task with this condition” [P1, 
P10] 

 This condition seemed better if you want to be 
introduced to the learning item [P10] 

“It made me think a little bit more” [P3, P4] 

 This condition was a lot more fun [P10] “It required me to apply my previous knowledge of the 
task [P4] 

  You should be allowed at least one error while you 
are learning [P4] 

  Being able to listen to the sound more than one time 
is really helpful [P9] 

Undesired 
elements of 
games 

“It’s like following instructions rather than learning how 
to play the piano” [P1] 

 

 It may lead to paying less attention to the sounds [P2, 
P4, P5] 

 

 References could incite guessing rather than listening 
[P1, P8] 

 

Feedback   

Visual 
aspects 

Colors are clearer/ have more impact [P3, P8] Symbols are enough to convey the message intended 
[P4, P8, P9] 

 Colors are easier to see from the corner of the eye 
[P3, P8, P9] 

Inattention to texts (as more attention was paid to the 
keyboard and the sound) [P1, P3, P4, P8, P9] 

 It might be useful for people who cannot distinguish 
subtle differences between notes with their ear alone 
[P8] (applies to both conditions) 

Texts are unnecessary if you already have the 
feedback of sound during or after performance 
(dissonance with original interval) [P5] 

Aesthetic 
aspects 

Solid colors are stressing (red in particular) [P3, P7, 
P10] 

Symbols feel friendlier [P2, P10] 

 The size of the colors (the frames) was too aggressive 
[P4, P7] 

 

Quality 
(Informative 
vs. 
constructive) 

Purely informative feedback only informs if the attempt 
was right or wrong [P1, P2, P9] 

CB offers better feedback (constructive, exact place 
of error) [P2, P4, P5, P7] 

  The texts are motivating (“keep trying”) [P2, P7] 

Presence 
(after vs. 
during 
performance) 

Not necessary to pay attention to color (although it’s 
very visible), sound is enough to be aware of errors 
[P6] 

Continuous feedback recalled more my attention as 
there was some sort of visual stimulus (symbols) 
while performing the intervals [P6, P7, P10] 

  For beginners this feedback is better to offer some 
sort of confirmation of their performance [P6] 



 
 
Conditions as 
complements 

-CA and CB complement each other (They progress well in that order) [P1, P7, P8] 
-It would be easier if you start with CA first (Progression of difficulty level, regarding the amount of hints) [P2] 
-CB may have been more for practicing and CA like an evaluation of the task [P4, P7] 

Combinations -Have multiple references and multiple chances in the same condition (CC). [P1, P6, P7]  
-Have CB with multiple references as well as to have a better learning environment for a beginner. [P2] 
-Have CB with CA’s feedback. [P3] 
-Have CA with the single reference of CB [P4] 

Suggestions -Indicate which one is the major and the minor (as a way to choose one option or the other) [P2] 
-Indicate the right answer only as a way to train (introduce) the interval [P5] 
-Include the name of the notes that are being played [P2, P6] 
-Indicate what kind of intervals are being learned (signposting if they are Major 3rd, Minor 3rd, etc.) [P2] 
-Begin with the simpler intervals (unisons) [P2] 
-It could be more frustrating if you were aware of the number of chances that you have (something to avoid 
[P2] 
-References would be more useful if there were a larger range of possible notes in each interval [P3] 
-Allowing you to repeat the intervals (the sound and the attempt) until they are correct (even if it counts as a 
wrong answer) [P3, P8] 
-The interface could give a hint after many wrong attempts, rather than skipping the videos [P8]  
-A score may be expected (included) at the end [P4, P9]    
-Could smaller visual feedback (rather than a solid color in the whole frame) [P4, P10] 
-Could add more modalities of intervals (harmonics) [P4] 
-Could add triads (with different inversions) or arpeggios [P4, P7] 
-Could add a metronome to train rhythmic aspects as well (while playing the intervals) [P6] 
-Having a testing condition without references [P7] 
-Reduce the number of chances in CB [P7] 
-Could introduce intervals with the options available and then reduce to only the root, to finish without any 
references (to help the user become familiar with the interface) [P7] 
-Avoid the waiting times (turn-based mechanic), as I wanted to play before the video loaded [P7] 
-Add an introduction to the topic (demonstrate the sound of some intervals first) 
-You could add more rewards (scores, progress bars) [P9] 
-You could add a repetition button [P9, P10] 

 
 
Other issues to report 
Order effect -(CA/CB) Yes, I felt like the first condition allowed me to practice and know where the notes were in the piano 

(extra references offered some scaffolding) [P1, P5, P6, P9] 
-(CA/CB) For some reason you could think that the first one will be easier and the second would be harder 
[P10] 
-No, because there were different intervals (different variations) [P2]     
-No, because the task is the same [P3] 
-Within sequences, some intervals gave hints of the position of the next interval, i.e. some notes were 
repeated [P4, P8] 
 

Technical 
difficulties 

-Videos loading twice [P1, P3, P5, P6, P8, P9, P10] 
-Videos took a while to load [P2, P3] 
-Human error (wrong feedback) [P1, P2] 
-Repeated videos (even if attempt was right) [P4] 
-The onset sound of each video (high-pitched notes) was a bit distracting (some of these notes could still be 
perceived as musical) [P4] 

 
 
 
 

 

  Allows me to see what part of the interval was right 
and which one was wrong (in case of making a 
mistake) [P7] 



Information sheet  

Purpose of the study: The aim of this study is to analyse the effects of web-based keyboard tutoring 
interfaces on the tutoring particular musical skills. This study has been approved by the University of 
Nottingham School of Computer Science at the Research Ethics Committee. 

Privacy and confidentiality: The participant’s personal data will not be made public written work, 
presentations or discussions. Any data referring to the participant will be anonymised in order to 
assure his or her privacy and confidentiality. Any unpublished data will be held in a secure and safe 
manner in accordance with the Data Protection Act 1998.  

Data to be captured: Provided your agreement, the researcher may make notes, audio recording, 
and screen recording during the session which will last approximately 30 minutes.  

Risks of the study: The involves the gathering of personal data. The data that is gathered will not be 
shared with anyone except the research supervisor. Anonymised data will be available to other 
researchers. Publishing data will result in information becoming available through the Internet to 
anyone who wishes to access it. 

Use of the data: The data will be used by the researcher to support the observations required to fulfill 
the conditions of the award of the degree of MSC Human-Computer Interaction of the University of 
Nottingham. The data may be also used in meetings with the project supervisors to discuss the 
results and elaborate findings of the research. Written extracts may be used as examples in written 
reports. Data that could identify you (e.g. audio or text) might be published only with your consent.  

Reuse of the data: The data will be reused in any other research projects with your approval. 

Who has access to the data: Direct access to the data is limited to the researcher and project 
supervisor. Copies of it will not be passed onto others. 

Storage of the data: The data will be stored in secure digital environment at the University of 
Nottingham and on a password secured computer. Data that could identify you (e.g. audio or text) will 
be stored separately from any identifying information. 

Your rights: Participants are free to withdraw from the research at any time without explanation and 
their personal data will be erased. Data collected will be held in a secure and safe manner in 
accordance with the Data Protection Act 1998. You have the right to request that your data be 
destroyed at any time before the submission of the dissertation or publication. 

 

Researcher’s contact details:  
Juan Pablo Martinez Avila 
psxjpm@nottingham.ac.uk 
School of Computer Science,  
University of Nottingham, 
Jubilee Campus.  
Wollaton Road, Nottingham  
NG8 1BB. 

 
 

 

 

 

 

 

Appendix H. Experimental Forms



Research Consent form  

In the following session you will be performing a task that requires you to listen to pairs of sounds –
formally known as intervals– and then play them on a MIDI keyboard. You will receive feedback about 
your performance on each trial. You will be performing this activity for a couple of minutes and then 
you will switch to a different version of the same task.  
 
When you finish the tasks, you will be required to answer a couple of questions about both version 
and your impressions on each of them. You will also fill a scale regarding your musical expertise and 
exposition to musical instruments and music technologies. However, you are not expected to have 
any formal musical training or experience playing the piano since the main focus of the study is to 
evaluate the system rather than your musical abilities.  However, it is encouraged that you try your 
best when performing the task.  

Thank you for your participation. Refreshments will be provided. 

Your consent: This consent form is to confirm that I have agreed to take part in a session for this 
research study, which will last approximately 30 minutes. I have read the information sheet provided 
and I understand what is involved. I agree to the use of this data in an anonymised form in the 
associated research. I understand that I can withdraw at any time by contacting the researcher and 
that my unpublished and/or non-anonymous personal data will be erased from the records. I confirm 
that I am over the age of 18.  
 

Participant Name: ………………………..      Gender: …………..…           Age: …… 

Signature: ………………………………… 

Date: ………………………………………. 

 

 



Never Rarely Ocasionally Frequently Always

0 years Less than 1 yr 1-3 years 4-5 years More than 5 yrs

Null Low Average High Very High

Musical exposition and ability scale

Use of technologies:
How often do you use technology to learn or practice music?

How often do you use music learning software or games?

Musical exposition (to piano or other instruments):
How frequently do you play the piano?

If you don't play the piano or you play an additional insrument:
How frequently do you play this instrument?

Experience (with the piano or other instruments):
For how long have you played the piano?

If you don't play the piano or you play an additional insrument:
For how long have you played this instrument?

Musical ability (with piano or other instruments):
How proficient do you consider yourself in music?

How much knowledge of music theory do you have?

How much expertise do you have playing the piano?

If you don't play the piano or you play an additional insrument:
How much experitise do you have playing this musical instrument?

Name:

Appendix I. Self Rating Scales


