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Abstract 

 
The violin has for decades posed several difficulties for students of all educational levels. The 

great time needed for novice violin musicians to be able to master the essentials of the violin 

is an indicator of this music organ's particularities. In addition to that, it is the structure of the 

violin fingerboard, which does not have frets, that presents further confusion to the students. 

Also, the hand and finger position in the fingerboard requires a long time to be adjusted. A 

number of teaching approaches have been suggested over the years but none seems to satisfy 

the needs of students nowadays. The purpose of this Master Thesis is to initially scrutinize the 

educational games developed for and used in the Violin domain and discuss the level that they 

address the aforementioned difficulties. However, even though they seem as promising 

examples, they lack features that would allow them to successfully underpin violin learning by 

facing the majority of the identified problems. To this end, a new, advanced serious game with 

the technology of Augmented Reality is proposed, named VEARA, that includes the 

facilitating and positive features identified in existing solutions and incorporates missing 

elements that will bring forth a new generation of educational games for the Violin. The results 

show that the majority of the students increased their performance in the violin, were 

entertained by playing the game while learning, and felt motivated to continue based on the 

game's scenario due to the variety of activities included. Furthermore, students stated they had 

a positive attitude in regards to re-using the game in the future in order to learn additional 

techniques and concepts. The positive results of this study pave the way for games being used 

in the classroom and expand the game's functionalities that will further increase student's 

performance and support teachers in delivering the required knowledge.  

 

 

 

Keywords: Serious games, Augmented Reality, Unity3D editor, Vuforia SDK, Violin, 

educational games, ARSG, Violin Pedagogy, education process, Serious games in music 

learning 
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1. Introduction 

 

 1.1. Field research and thesis objectives 

  
The field violin education is a deep and complex procedure in which psychomotor skills 

are thoroughly practiced in tandem cognitive skills and it requires several technical and musical 

difficulties (Afacan & Çilden, 2017). Failure can be crucial especially for novice violin students 

as there are several difficulties encountered in violin education and consequently may not only 

reduce the desire of the student to study, but also cause them to develop negative attitudes and 

dispositions towards the violin. Therefore it is of vital importance to use educational 

approaches that increase the student’s awareness so that they can practice better and acquire 

correct study habits.  

To this end, researchers have endeavored to identify and apply solutions that could 

address these challenges and enhance violin education. Miscellaneous technological 

applications for learning and teaching violin emerge as literature is expanding and researchers 

and practitioners of the music technology field are presenting a proclivity to implement novel 

approaches to music teaching. Hall and O’Donnell (2011), proposed an application that assists 

the learning procedure related to bow control, using a computer-base model for identifying the 

most appropriate sequence of bow motions. Johnson, Van der Linden, and Rogers (2010), 

proposed a more sophisticated mechanism for tracking the user’s bow motions, using 

vibrotactile hardware embedded in a jacket that the user wears while playing the violin. Hybrid 

solutions can also be identified in the literature (Van der Linden, Schoonderwaldt and Bird, 

2009). There is also a wide variety of applications focusing mainly on the audial aspect of the 

music instrument teaching. One prominent example is that proposed by Yin, Wang and Hsu 

(2005), where the application combines audio and visualization of aspects related to the student 

performance, namely fingering position, bow movement and notes being performed. More 

visually enabled representations of the students’ performance could be provided by a similar 

solution, proposed by Yin et al., (2004), where the application generates visual representations 

of the students’ performance, assisting the learning procedure by providing visual feedback.  

Additionally, there are more targeting applications, where their scope is more oriented 

in assisting in one dimension of the musical performance, for instance tuning. Hopkins (2014) 

provided an application specifically designed for measuring the tuning accuracy in orchestral 

music groups composed of strings. Generally, string instruments pose their own particularities, 

hence provide the opportunity for applications who track down their specific needs. For 

instance, Löchtefeld et al., (2011) provided an application that assisted guitar players to find 

their fingering positions, displayed through a portable projector directly on the strings and frets. 

Some other similar applications provide more technologically sophisticated solutions, i.e., 

force-sensitive resistors Grosshauser and Tröster (2014). However, it is not only the technical 

aspects of the violin teaching that could find assistance by the relevant technologically enabled 

applications. Ho et al., (2015) provided a solution for visualizing the violin vibrato 
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performance, which is not a straightforward teaching procedure, since it varies from school to 

school and region, hence it might be considered more of an expressive aspect of the violin 

teaching, rather than a technical aspect. Finally, it is apparent that as the more disruptive 

technologies rise in the literature, the more sophisticated solutions will be proposed. As 

presented by related solutions, Augmented Reality is an emerging field of application for 

teaching and learning musical instruments, providing a non-intrusive way of teaching 

(Hiroyuki ShiinoFrançois de SorbierHideo Saito - Towards). A proposed solution of 

Augmented Reality in the violin teaching process, provides an enhanced optical representation 

through an application that utilizes a camera, in order to assist the student in the finger 

positioning and the note tracking (François de Sorbier, Hiroyuki Shiino, Hideo Saito) 

The literature research on the fields related to the educational process concerning the 

musical instruments learning and teaching reveals that there is still space for experimentations, 

particularly utilizing newly emerged technologies. Additionally, the novelty of those newly 

emerged technologies triggers innovation in other aspects of the learning process. In other 

words, the utilization of those technologies disrupts and shifts the very procedures that are 

commonly referred to as formal education (Charsky, 2010, p. 179). When the learning process 

is adjusted so that it is presented as a game, then the learning procedure is considered a serious 

game (Susi, Johannesson, & Backlund, 2007). Serious games have signaled a particular rise in 

the last decades, fueled by the establishment of the information technologies in the learning 

methods (Yu Zhongge, 2019). Notably, for music education serious games appear in a plethora 

of applications referred to in the literature. For instance, iClef has been proposed for piano 

learning; a mobile application that aims to sharpen the users’ music capabilities with an 

assisting graphical interface (Adriano Baratè, Mattia G. Bergomi, Luca A. Ludovico, 2013). 

And while there have been a number of references in the literature concerning applications that 

aim to support the learning process of several music organs, there are fewer applications that 

can be considered a serious game. The necessity for a serious game that facilitates the learning 

process of a musical instrument is more apparent for the violin than the rest of the instruments 

(Margoudi, M., Oliveira, M., & Waddell, G. 2016). The application of this thesis comes to fill 

this gap here.  

  

 

 

1.2. Aims of the thesis 

 

 

While the violin education is not terra incognita, meaning there are several applications 

aiming to increase the students’ learning capacity, they mainly focus on specific aspects of the 

educational process and they do not provide a holistic view. Those who achieve some level of 

completeness are lacking the technological novelty and they prefer more conventional 

implementations. Augmented Reality as a field of expertise is precisely the innovative 

technology that might lead the path towards the future of musical instrument learning. Yet there 
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are no literature references for serious games that are embodied as Augmented Reality 

applications, providing a holistic training and testing experience for the student. 

This diploma thesis provides precisely that. A mobile application, available for Android 

devices, that utilizes Augmented Reality techniques, in order to present the knowledge needed 

for a novice violin student. That knowledge consists of several chapters that focus on different 

violin educational scenarios and are followed by related quizzes. The scenarios analyzed are: 

the parts of the violin, the strings of the violin, the note values and symbols and the finger 

positioning that a novice violin student may need (first position) . The last part of the game is 

an overall quiz that provides the students’ scores. Those scores are presented in the statistics 

section where the user can access the results of the quizzes based on hypothetical scenarios.  

In order to conduct this experimental application, it was of paramount importance to 

possess the appropriate research background. Hence, this thesis provides the essentials of the 

relevant researchers findings concerning gamification, Augmented Reality and violin teaching. 

With the aforementioned literature and research findings, the deployment of the application is 

significantly more balanced and it can be considered a basis for future research and application 

on the combination of these terms: Serious games, Augmented Reality, violin. 

The research question that is being answered through this thesis is a combination of the 

following: 

● Is it possible that the novice violin students will acquire the necessary 

introductory knowledge about the fundamental and functional aspects of the 

violin through gamification processes ?  

● Can the violin learning process be enhanced through the usage of Augmented 

Reality applications? 

● What learning objectives should that kind of application include in order to 

provide an introductory view to violin learning? 

The results of the conduction of this research are tested in real violin students who 

belong in secondary education, in order to assess the game’s success, complexity, 

interface, amusement and expandability. The feedback provided by the students is used 

in order to observe the reactions of the future users of the application. The thesis 

concludes with the results that emerged from the research process and future plans for 

the development of the application. 

 

 

1.3. Construction of the thesis 

 

 

 The master thesis consists of 6 chapters. The first chapter is the introduction of the 

research carried out, providing background information on related work and the research 

question that is being answered through this master thesis. It presents a series of applications 

that have been developed specifically for the violin. Chapter 2 provides the theoretical 

background which describes the basic concepts that concern diplomacy, as they have been 

published in trusted research sources. More specifically it presents the definition of serious 
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games, it describes different educational approaches and defines the difficulties in violin 

learning. It also presents the technological means, for instance mobile applications, the use of 

Augmented Reality for teaching and learning.  

 

Chapter 3 presents an overview of VEARA, including the design framework, by 

presenting the methodology followed, a brief overview of the project concept included. Also, 

the VEARA roles supported and the features incorporated. The chapter also presents a 

gameplay of VEARA. 

 

Chapter 4, the technologies selected and used for the implementation of the specific 

serious game are presented in detail. 

 

Chapter 5 describes the evaluation of VEARA and presents the data collection and the 

statistical analysis carried out based on the gathered results and all the corresponding findings.  

 

Chapter 6 includes a discussion of the results which arose through questionnaires.  

 

Finally, Chapter 7 offers conclusions drawn and future work that will increase the 

game’s efficiency in supporting violin education.   
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2. Theoretical Background 

2.1. Violin education approaches 

 

This section presents the literature review concerning features of traditional violin 

education and the main teaching problem, difficulties and mistakes that are identified. 

Furthermore the section provides a brief description of alternative teaching approaches for the 

violin domain as well as addresses the degree to which these different approaches may or may 

not enhance violin teaching and learning.  

 

2.1.1. Difficulties in learning violin  

 

Learning how to play the violin is one of the most difficult educational processes, since 

it requires both physical and procedural effort, meaning the student needs to control both the 

hands (which make different motions) and be able to read the sheet (Erkin, 2015). There are 

several approaches on how to interact with the violin student during the early stages of the 

study. Brennner (2010) argues that the approach towards the enhancement of the students’ 

technical capacity follows a development taking into account aspects like position/posture, 

motions, sound, intonation and musical expression. Hence, it is safe to assume that the teaching 

process should not focus on one-dimensional aspects of violin learning.  

In addition to that, Mills & Smith (2003) highlight the importance of the standardization 

during the teaching process and also the importance of the pedagogical aspect of the teaching 

process. On that account, the importance of balance between the technical instruction and 

interactive feedback that assists the understanding of the students’ needs is considered one of 

the most challenging aspects of being a violin instructor (Creech & Hallam, 2010). Especially 

for the second part, meaning the communication with the student, there is a plethora of studies 

investigating the categories of challenges that the student might face and how the tutor should 

provide constructive feedback. For instance, it is common for students to be impatient to master 

a piece of study and choose to play it fast, ignoring the technical mistakes they might fall into 

(Mio, 2017). Then the tutor should insist on explaining the mistakes and provide motivation 

for further practice. It is not advantageous to attribute the mistakes to personal inability (for the 

student) and it could lead to lower performance in the future (Creech, 2010). It is visible that 

one of the most prominent recorded challenges of the violin teaching process is the lack of 

motivation, especially in younger students, for practicing the learning material (McPherson, 

2000). In the meantime, there are novel methods of teaching that are entering the educational 

environment.  
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2.1.2. Technological Means in Education 

 

Mobile learning, which is the learning process with the help of mobile devices, sees an 

increase in the usage in the learning environment, mainly because of easy access to learning 

resources and portability (Sever, 2019). According to Traxler (2010), the usage of mobile 

learning can support all kinds of pedagogical options. The suggestion that the usage of mobile 

technologies can be advantageous for the educational process for both the students and the 

teachers finds particular support from a plethora of studies (Reychav & Wu, 2014; Chang, 

Chen, & Hsu, 2011; Hsu & Ho, 2012). That is due to the mobile environment’s interactive 

nature that provides a student-oriented environment, making it suitable for the educational 

process (O‟Bannon and Thomas, 2015; Khan et al., 2016). One other reason is the rapid 

increase in the usage of mobile devices from younger students (Zaranis et al., 2013; Ismail et 

al., 2016). 

Although the most common usage of mobile technology in the learning process 

involves science and technology as a field of education, there is a reported adoption in music 

learning as well (Sever, 2019). The usage of mobile technology can assist the learning 

procedure in a number of subjects. There are reported cases of applications specifically 

designed for teaching music to babies and children (Kindermusik: Music Classes for Toddlers), 

instrument practice (Practica, Piano Maestro), music history (The Let's Go to the Opera! App), 

composing (Toc and Roll) and others.  

The usage of mobile technologies in the music educational process is already 

promising. Literature includes several papers that support that theory, while studying the 

effects of the usage of mobile applications in several aspects of the music learning process. 

Paule-Ruiz et al. (2016) describe that the students that used the SAMI (Software for music 

learning in early childhood education) showed better performance in hearing and creativity 

games. However, not only is the performance enhanced with the usage of mobile applications, 

but according to Magalhaes et al. (2018), students that used the Ritornello application showed 

greater interest and motivation for music learning. Moreover, there is evidence suggesting that 

mobile applications might be helpful in creating successful studying routines, thus assisting the 

student in the practice process (Chen et al., 2018). Finally, the literature results indicate that 

the inclusion of mobile technologies in the music educational process assists not only the 

students, but the tutors as well, since they provide new ways of evaluation (Dunbar, 2019). 

However, the decision of choosing the appropriate mobile application for the teaching 

process is not to be made without any thought (Papadakis & Kalogiannakis, 2017). That is due 

to the fact that a certain application limits the educational activities according to its functions, 

both in terms of technical aspects and the educational processes implemented (Sever, 2019). 

The teacher is the one that possesses the knowledge on how the lesson should be conducted, 

but at the same time the teacher is not always capable of implementing mobile applications in 

order to assist the learning process (Sever, 2019). There is a need for a sophisticated mobile 

application design that encompasses the characteristics necessary for the educational process 

but also that builds engagement and motivation to the students. 
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2.2. Serious Games 

 

One fundamental aspect that differentiates Serious Games from regular games is that a 

Serious Game has an educational rather than an entertaining purpose (Nazry, Nazrina & 

Romano, 2017). Another important aspect of Serious Games is the existence of a scoreboard 

with the users’ performance, that is translated into the level of understanding the learning 

objectives (Juan, Loch, Daradoumis & Ventura, 2017). Literature indicates that the effect of 

the implementation of Serious Games in environments other than the entertainment is positive 

(Boyle et al., 2016).  

The term Serious Games was introduced more than a decade ago (Sawyer & Rejeski, 

2002), and since then the development in this field of expertise is significant (Djaouti et al, 

2011). There are findings that analyze the aspect of the technological means used for the 

Serious Games (Göbel et. al., 2010) or the educational aspects (Annetta, 2010; Zyda, 2005). 

Some of the most advantageous characteristics of the Serious Games, in the context of 

education, are the user-centricity, the interaction, the repetition and the feedback (Murphy, 

2012). 

 

 

2.2.1. Educational and Cognitive Benefits 

 

The learning process includes abstract intellectual concepts, and Serious Games assist 

this process by simplifying and transforming those concepts into tangible entities (Baratè, 

Bergomi & Ludovico, 2013). The level of abstract intellectual concepts might be considerably 

higher for some audiences, namely the younger audience or those that are not academically 

capable. Serious Games assist in the spread of knowledge to a wider target audience, since it 

simplifies the procedure of learning, making things less complicated (Yu, 2019). That is not to 

say that younger audiences don’t perform better using Serious Games compared with their 

older counterparts (Nazry, Nazrina & Romano, 2017).  

The plot construction can also present positive effects in the learning outcomes. Of 

course, having such a wide range of writing and executing aspects, the plot of the game is a 

standalone research field. For instance, the existence of surprises could improve the reasoning 

skills and the skills of improvisation (Wouters, van Oostendorp & terVrugte, 2017).  

One other dimension of the advantageous contribution of the Serious Games’ adoption 

for the learning activities is its flexibility concerning the implementation of its context. In other 

words, a Serious Game can be implemented either in educational and academic as well as 

business and enterprise environments, assisting the training procedure and the motivation of 

the business member that uses it (Guillen-Nieto and M. Aleson-Carbonell, 2012). Of course, 

the same can be observed for the scientific learning procedure, where the effects of the adoption 

of the Serious Games can provide benefits (Cheng et. al., 2017). 

In addition to the aforementioned benefits, literature indicates that there are noticeable 

cognitive benefits from the usage of the Serious Game adoption. More specifically, using 
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Serious Games is proven to improve cognitive abilities and motivation of the users in aspects 

like mood and happiness (Lamb, 2018). Of course, that has an effect on the academic success 

of the students using Serious Games (Lamb, 2018).  

 

 

2.2.2. Serious Games requirements specification 

 

Some of the most important requirements of a Serious Game include the training goals, 

the specific target group, the media used, the framework applied, the environmental constraints 

as well as the conditions (Becker, 2010). Taking into consideration the findings in aspects 

mentioned in the section concerning the cognitive goals, literature highlights a set of cognitive 

goals that a Serious Game structure should include. Becker (2010) states the importance of the 

mental skills of Knowledge, Comprehension, Application, Analysis, Synthesis and Evaluation. 

Each of them provides a unique set of abilities that can benefit the student to handle the 

knowledge provided by the Game.  

Studying different findings, Yusoff et. al. (2009) outlined the conceptual framework 

that provides the fundamental design and pedagogical aspects that should be considered before 

creating a Serious Game. The learning capability, the learning outcomes, the learning activities 

as well as other game attributes were included, with the research study including some more 

game-related aspects, like the game mechanics and the game genre. The study outlines the 

importance of having a clear conceptual framework in order for the game to be successful in 

its learning objectives. 

The design of the graphical interface is also a prominent aspect of the game, since it 

should be in accordance with both the genre and the specific users’ particularities (De Freitas, 

& Jarvis, 2006). The role of the graphical interface is vital in aspects like users’ attention (or 

immersion) and learning strategy, with the first one relying on characteristics like colors, styles, 

animations and the second focusing more on the practical knowledge extracted through the 

game (Bellotti et al., 2011). However, while the high level of immersion is generally considered 

advantageous for the learning process, there are cases where an extensively immersive game 

environment might distract the user from the learning objectives (De Freitas, & Neumann, 

2009).  

One fundamental facet of the graphical interface design is the usability, which plays a 

vital role in the game’s success (Kiili, 2005). In order to achieve a high level of usability the 

game should be tested in order to ensure the playability and the software integrity in terms of 

errors, latencies and other weaknesses (Malliarakis, Satratzemi, & Xinogalos, 2014) . Another 

important characteristic is the existence of clear goals that are aligned with the graphical 

interface. The goals should inspire confidence and motivate the user to explore the game one 

goal at a time (incremental learning). It is crucial that the game goals are aligned with its 

learning objectives and should increase the game’s educational effectiveness (Kiili,2005; 

Yusoff et al.,2009; De Freitas, & Neumann, 2009; Kiili et al.,2012). 
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2.2.3. Mobile educational applications 

 

The above mentioned characteristics should also be taken into consideration when the 

context of learning concerns children as students. Mobile applications find significant adoption 

in the education of young children since they provide an interactive way of enhancing the 

child’s natural constructivist learning mechanism (Papadakis and Orfanakis, 2014; Orfanakis 

and Papadakis, 2014; Goodwin, 2012; Papadakis et al., 2016b). The need of utilizing mobile 

technologies is more vital than ever, since now there is a great range of touch screen devices 

(Goodwin, 2013), while the children are spending an increasing amount of time in front of 

screens (Papadakis et al., 2014). Some of the most intriguing, for the children, technical 

characteristics of the mobile devices are the high resolution screen displays, the user-

friendliness, the ergonomic design, the multimedia content (Papadakis et al., 2016). The 

mobility is also preferable compared with the traditional desk and chair (Ellingson, 2016). The 

flexibility of usage also affects the child’s body stance (Wood et al., 2016), especially in the 

music learning process where the child can place the device somewhere near in order to see the 

screen and play the musical instrument at the same time. 

 

 

2.3. Augmented Reality in Education 

 

One definition of Augmented Reality is the technology that enriches the users’ senses 

with the usage of a virtual environment where the user can interact in real time (Dünser, & 

Hornecker, 2007). Another definition is a visualization system where real world context is 

overlaid with virtual information (Azuma, 1997). The information coexists with the real world 

elements (Azuma, et al., 2001). 

Augmented Reality is expected to rapidly affect the educational process, since it 

interferes with the users’ environment with devices that could be considered a commodity, 

namely smartphones. Its interactive and visually appealing nature is especially suitable for 

younger demographics, who find particular interest in mobile applications. The capabilities of 

Augmented Reality in terms of gamifying and adding an element of competition within the 

educational applications can significantly alter the future of the educational process.  

Augmented Reality can already be identified in several educational fields, with Science 

(Atwood-Blaine & Huffman, 2017), Ecology (Hwang, et al., 2016), Natural Sciences (Chen, 

Chou, & Huang, 2016), Physics (Chang, 2016), Geometry (Laine, et.al., 2016), Chemistry (Cai, 

et al., 2016), Mathematics (Kazanidis, & Pellas, 2019), Writing Skills (Wang, 2017) and 

Programming (Kazanidis, Tsinakos, & Lytridis, 2018) being only few of them. In the literature 

findings Augmented Reality is observed to provide a valuable medium of teaching and learning 

(Akçayır & Akçayır, 2017; Bacca, et al., 2014; Pellas, et al., 2018). The usage of that kind of 

applications can benefit the users in several aspects like memory, problem-solving skills, 

collaboration (Tobar-Muñoz, Baldiris, & Fabregat, 2017), learning performance (Wei, et al., 

2015), learning satisfaction (Hwang, et al., 2016) and others.  
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The interaction with the users in Augmented Reality applications is positively affecting 

the users’ behavior and their engagement (Juan et al. 2011). The usage of Augmented Reality 

is already prominent in exhibitions and museums, as well as in education (Alakärppä et al., 

2017; Sommerauer and Müller 2014). There are several examples on the educational aspects, 

both in primary and secondary education. In primary education the usage of Augmented Reality 

extends to formal science (Atwood-Blaine and Hufman 2017; Hung et al., 2017; Hsiao et al., 

2013; Laine et al., 2016), natural science (Chen et al., 2016; Chiang et al., 2014; Hwang et al. 

2016; Furió et al. 2013;), physical science (Cai et al. 2016; Enyedy et al. 2012; Zhang et al. 

2014), and social science (Chen and Tsai 2012; Efstathiou et al. 2017; Tobar-Muñoz et al. 

2017). Similarly, secondary education includes examples in similar topics, namely in formal 

science (Echeverría et al. 2012), natural science (Hsiao et al. 2012; Kamarainen et al. 2013; 

Ruiz-Ariza et al. 2017), physical science (Bressler and Bodzin 2013; Cai et al. 2014), and social 

science (Di Serio et al. 2013).  

The main difference between Virtual Reality and Augmented Reality is that the former 

transfers the learning experience from the real-world to a simulated one, while the latter 

augments the learning process by enriching the existing real-world with digital objects (Pellas, 

et.al., 2019; Azuma, 1997). Generally, literature compares Augmented Reality and Virtual 

Reality, documenting the superiority of the former in the context of education, with regard to 

the ease of use, operational cost due to the lack of specific equipment (Cheng, & Tsai, 2013; 

Kazanidis, & Pellas, 2019). It also outlines the importance of the involvement of Augmented 

Reality to learning practices in the context of collaborative problem solving (Akdeniz, 2016), 

knowledge acquisition (Yeh, Hwang, & Wang 2013), students’ performance and behavior 

(Moore, 20017). 

 

 

2.4. Summary  

 

In the first chapter different violin educational technologies are analyzed. Also in the 

second chapter the difficulties and mistakes that occur during violin learning and teaching are 

investigated and described. Finally in the second chapter effective teaching technologies that 

have been suggested over the years are mentioned, and the advantages of serious games and 

the technology of Augmented Reality as educational software are analyzed. Additionally, the 

“serious games” and “Augmented reality” terms are described and the educational and 

cognitive benefits are studied, with the use of serious games in education.  

Although there are several applications in violin education that aim to increase students’ 

learning ability, they focus mainly on specific aspects of the educational process and do not 

provide a holistic view. Those who achieve a certain level of completeness are deprived of 

technological innovation and prefer more conventional applications. Serious games and 

augmented reality as a field of expertise are precisely the innovative technology that can lead 

the way to the future of learning musical instruments. However, there are no bibliographic 

references for serious games using the technology of augmented reality, providing a holistic 

learning and testing experience for the violin student. 
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This diploma thesis aims at exactly that. A serious game, available for Android devices, 

equipped with Augmented Reality techniques, in order to present the fundamental aspects of 

the violin, which consists of several chapters that focus on different violin educational scenarios 

and are followed by related quizzes.  

The objectives analyzed are: 

• Violin Technique: From correct posture to violin hold and even the violin and violinists, 

the students will receive knowledge for the introductory aspects of the violin. 

• Students will learn fingerings in the first position. 

• Pitch and Rhythm: The students will master the 1st position notes’ pitch in all four 

strings. They will also learn basic rhythmic notation.  

• Expression and Structure: This includes aspects like tempo, phrasing, vocabulary, 

constructive musical terms and symbols.  

• Vocabulary: Students will learn basic musical terms and 

• Social context of music symbols: They will learn the basic musical terms and social 

context of music symbols. 

 

So as to create this experimental application , it was of vital importance to take under 

consideration the related research work. Therefore, in this thesis the fundamental research 

findings concerning serious games are mentioned and analyzed concerning serious games, 

Augmented Reality and violin teaching. With the above terms and research findings there is 

potential for future development of the application on the combination of these terms.  

Essentially, there is no available application that exploits the capability of Augmented 

Reality using android mobile phone to that extent. There are experimental applications that 

require special hardware, i.e., AR glasses or AR gloves, but those applications are expensive 

for the average students. The specifically designed application accumulates the basic insights 

needed for a novice violin student, using separate thematic courses. The game design is 

defended by the theoretical foundations provided by the literature, both in terms of knowledge 

and operational requirements of the application. Aspects like music pitch, music tone, music 

rhythm, color combinations, sequence of screens and a plethora of others, are mere examples 

of the research conducted for the application. Another innovative aspect, is the Open Dyslexic 

font, that provides the opportunity for dyslexic students to function the game efficiently, styling 

the whole content with a press of a button. Lastly, while the application is free, the knowledge 

that comes with it is that of people experienced in violin teaching, software engineering and 

game development. 
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3.  Methodology 

 

Having identified the relevant theoretical background behind the difficulties in learning 

the violin for novice students and the accompanying technological elements, the methodology 

of this study evolved into the development of an ARSG. Following the creation of the game 

through the collection of primary data (through experiments) a mixed research was conducted 

concerning the measurement and interpretation of these results, as well as the control of 

variables to determine the result. Data collection took place at various points in time to monitor 

changes over time and concerned students belonging to secondary education. Τhe findings of 

the bibliographic research used were retrieved from reliable journals, papers and books as well 

as access to literature data was achieved by outstanding digital research libraries and the 

research search engines. The bibliographic terms and keywords that were used were related 

with serious games, augmented reality and violin pedagogy. There were also some credible 

internet resources that were utilized. Regarding the implementation of the application, research 

was carried out both for the selection of the game engine and for the identification of AR 

platforms for mobiles compatible with the game engine. The search was conducted using the 

following search phrases in Google: game engine, augmented reality toolkit , augmented reality 

SDK. In addition, a search was conducted on websites with directories and reviews for AR 

platforms.  

 

 

3.1. VEARA’s overview 

 

This chapter introduces the proposed game called VEARA, an ARSG for supporting 

the educational process of the violin. It’s about a serious game using Augmented Reality to 

enhance the educational process of the violin. The game is not determinate, meaning it is not 

expected with the user’s failure to display a “game over” message, instead the purpose is to 

gradually familiarize the user with the learning objectives of the game and consequently, to 

progressively improve in the processing of the game flow. VEARA is a serious game using 

realistic educational scenarios in order to engage users, mainly young students which will help 

them to be introduced to the fundamentals of the violin. More specifically, it initially elaborates 

on the methodology that is followed for the development of the game. This methodology 

derives mainly based on the literature review carried out on related work and aims to address 

the gaps identified. Additional information regarding the game is provided, such as a prototype 

of its architecture and a few mock up illustrations of its functionalities. This chapter also 

describes the methodology followed during the decision making process for developing the 

game’s architecture and scenario. Finally a detailed presentation follows regarding the five 

educational scenarios behind the game and a few of the supporting features. 
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3.2. The VEARA roles and features  

 

The game includes educational scenarios on multiple learning units. In order to assist 

multiple teaching and learning capacities, this aspect was additionally included in the design 

process. VEARA’s initial objective was to motivate all the parties involved in the serious game 

and attract their interest. 

More specifically, VEARA was developed having the young students as a target group 

to be exposed to the fundamental learning aspects of the violin. In order to keep the students’ 

interest active, the design and development specifically included individual activities. Open 

Dyslexic font is an advantageous addition, since it provides access to dyslexic students, for all 

the activities and that includes assistance for the students. Due to the diverse students’ needs, 

the design includes several ways of acquiring knowledge by utilizing different technologies. 

Thus, acoustic exercises were included along with quizzes, that assist the students’ ability to 

answer that type of questions. 

There are numerous pedagogical approaches that correspond to the specific needs of 

early-stage violin learning process. These approaches depend on several parameters, like the 

starting age, the scope, the sequence of the instruction or the perspectives over the 

developmental appropriates.  

According to Pillsbury Foundation studies, musical experience and lived experience are 

not distinct for children, since music is an inseparable part of the present experience and they 

perceive it in a holistic manner. Consequently, it is suggested that music should be experienced 

by the children based on their development and life experiences, on account of the music being 

an expression of a child’s personal history. The child’s musical experience is considered more 

complex on several levels, and literature opposes the imposition of strict rules and norms, since 

they can limit the musical exploration, creativity and expression of the child. 

It is then suggested that the musical environment should be free, flexible, full and varied in the 

early childhood. For a preschool-aged student, if the lesson includes too many rhythmic and 

technical restrictions, the “musical experience” is limited (Moorhead & Pond, 1942). A good 

direction for the educators is to consider the child’s particular developing and natural musical 

instincts before implementing adult-centered and trivial pedagogical strategies.  

According to Jerome Bruner, (1960, p. ix; 1996, p. xii) honest form of teaching can be 

applied to any child at any age. In this context, he proposed the “spiral curriculum”, at which 

several ideas are taught from the early stages and then revisited, intensifying to more advanced 

and complex levels. Taking as an example string instrument learning, that could mean that a 

cello student should be taught in a manner that from the first lesson education should progress, 

from learning the basic techniques leading to the performance of the Dvorak Cello Concerto. 

This approach reduces the necessity of future remediation through an initial teaching of 

fundamentals, according to the cognitive-constructivists theory.  

The above theories can be demonstrated by the implementation of well-known 

approaches like the Suzuki method (1981; 1983; Suzuki Association of the Americas, 2003). 

Shinichi Suzuki proposed some of the principles that are examples of the cognitive-

constructivist theory. Reviewing literature is operated along with Bruner’s “spiral curriculum”, 

with students being gradually taught more demanding techniques. Furthermore, close guidance 
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from either teachers or parents can be compared to the Vygotsky’s proximal development 

approach. 

Andress’s self-directed learning approach gains support from literature, since 

individuals are more likely to be motivated if they have more choice, control and responsibility 

over the learning process (Bransford, Brown, & Cocking, 2001; McPherson & Davidson, 2006; 

O’Neill, 2001, 2005, 2006; Renwick & McPherson, 2002). However, they are also motivated 

when increasing challenge is part of the mastery of the plan (Bandura, 1997; Csikszentmihalyi, 

1990; O’Neill, 1999). 

The heterogeneity of students in terms of their personality, learning approach, learning 

capacity, musical background and personal experiences should be taken into account and be 

utilized by the tutor. Having dedication, creativity and practicing in terms of the teaching 

process, any student can be taught the fundamentals of the violin and the musical concepts 

associated (Starr 2000).The following skills are of paramount importance at the early stages of 

the learning process (Slone 1985): 

• Parts of the violin and bow 

• Theory( treble clef , note durations, music alphabet, some vocabulary) 

• Playing all 4 strings 

• Playing 1st position fingers (in all combinations of half steps and whole steps) 

• Posture 

• Violin Hold 

• Bow Hold 

 

Posture is the first skill included in the early stage of the learning process. It is 

considered the most important element. The violin pedagogues show increasing interest for the 

posture and the relationship between the body and the violin. It is common that the technical 

abilities outshine the balanced posture in terms of the emphasis being showed to by the 

teachers. According to Susan Kempter (2003), the majority of the initial lessons with beginners 

should be focused on posture. According to Kempter, the students should not play a single note 

in the violin until the basic criteria of learning the posture aspects are met, namely the “Basic 

6”. Criteria like foot placement, angle of the trunk of the body, relaxed neck, appropriate bow 

hold, relaxed left hand as well as quiet demeanour are of paramount importance. Demeanour 

is included since the mind and the body are intricately connected and dependent on each other 

(Kempter, 2003). Focus, posture and appropriate instrument holding are the initial skills 

needed. A set of games and activities could be advantageous on that scope, since they make 

the lesson interactive and also efficient (Slone, 1985). 

 

 

3.2.1 Music and sound effects 

 

The presence of music can affect cognitive performance in a number of ways and 

depends on the function performed. Τhe rhythm of background music, for example, has been 
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shown to affect cognitive comprehension. Participants who listened to music at a slow pace 

performed better in arithmetic, memorization and verbal comprehension, compared to 

participants who listened to fast music (Furnham & Stephenson, 2007). This result suggests 

that music with higher bpm can create an external cognitive load and impede an individual's 

performance in certain cognitive processes, so the sounds and music are especially selected in 

order to assist the educational course. The background music that accompanies the game was 

selected from a wide variety of music pieces provided to game developers. The selection was 

made based on certain criteria: 

 

• Free supply: As the background music is part of the research experiment and not for 

commercial exploitation. The songs were selected on the basis of those provided free 

of charge for such purposes. 

• Vocally: Exclusion of all tracks containing vocals, lyrics and narration as they 

overcharge the cognitive load and may adversely affect performance. (Levy, 2015; Van 

Merrienboer, & Sweller, 2005; Konecni, 1982; Norman, & Bobrow, 1975; Kahneman, 

1973;) 

• Initial rhythm: In all the selected music pieces, the bpm were measured, as the research 

was only interested in slow pieces (Levy, 2015; Naushad, 2013; Milliman, 1982). 

Pieces with more than 94bpm are defined as fast, whereas pieces with less than 72bpm 

are defined as slow. (Levy, 2015) 

 

  

3.3. VEARA Design Framework 

 

This section provides information on the design process of the VEARA educational 

game that focuses on enhancing the violin learning process for novice students. An important 

step that needs to be realized is the establishment of the game's infrastructure, which follows a 

standard serious game structure. The application's aspiration is for the students to enjoy their 

time within the game, to excel through accomplishing the assigned tasks and to learn. Based 

on these aspirations, they can set their individual target across the overall learning objectives. 

Their performance metrics can be the score they have gathered, how many times they had to 

retry before answering the quizzes correctly etc. The game provides four different stages of 

study and examination, as well as an extra, holistic quiz. Using a QR code and a smartphone 

camera, the application can present the essentials of the Violin. Notes, rhythm, parts of the 

Violin and the finger positions in the chords are the basic fields of study. The results of the 

exams and quizzes are personalized and presented to the statistics page in a form of spider 

chart. The sounds and music in the game are specially selected in order to assist the educational 

course. The Violin models are manually designed, The technologies used are Unity, Gimp, 

Blender, Audacity and others. The application is available for android mobile devices. The 

specifically designed application accumulates the basic insights needed for a novice violin 
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student, using separate thematic courses. The game design is defended by the theoretical 

foundations provided by the literature, both in terms of knowledge provided and the operational 

requirements of the application. Aspects like music pitch, music tone, music rhythm, color 

combinations, sequence of screens and a plethora of others, are mere examples of the research 

conducted for the application. Another innovative aspect, is the Open Dyslexic font, that 

provides the opportunity for dyslexic students to function the game efficiently, styling the 

whole content with a press of a button. Lastly, while the application is free, the knowledge that 

comes with it is of people experienced in violin teaching, software engineering and game 

development. 

 Learning outcomes are: 

• Visualization of the parts of the Violin. 

• Understanding notes on the range of the Violin. 

• Familiarization with the violin notes. 

• Finger position techniques. 

• Acoustic adroitness of the student concerning the violin sounds and notes. 

• Holistic view on the music of the violin and the knowledge capacity related to 

it. 

 

For the correct construction of the framework, determination of the methodology on 

which the game is based is required. The involvement of students in actions will create their 

desire for improvement through attractive scenarios. In the end, the learning objectives will be 

achieved after the correct evaluation of the game experience.  

 

 

3.4. VEARA Design Strategy 

 

The next step that leads to the proper construction of the framework is the identification 

of the methodology the game will be based on, as shown in VEARA concept. This has been 

filled out, including the concept of the minimum viable product. In this way the idea of the 

project becomes clearer .A better understanding of the production cycle is achieved with greater 

responsibility.  
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VEARA Concept 

 

Basic  

Gameplay 
During the game, the educator instructs the 

student with the game flow and the goal of 

the game is to gradually familiarize the user 

with the learning objectives of the game and 

consequently to progressively improve in the 

processing of the game flow. 

 

 
Sound  

& Effects 
The sounds and music are especially selected 

in order to assist the educational course.  

[optional] 

In the first educational scenario the student 

has the opportunity to rotate the violin and 

see its parts in detail. In the second 

educational scenario the student can press the 

buttons that correspond to a note to see which 

string corresponds to the violin. In the third 

educational scenarios includes audio 

concerning the notes, the rhythm, the chords, 

since the third educational scenario is 

followed by an acoustic exercise. In the 

fourth educational scenario the student has 

the opportunity to see on the violin how the 

left fingers are placed. 

 

 
Gameplay 

Mechanics 
As the game progresses, different, more 

difficult quizzes, type of exercise making it 

harder for the student to complete the tasks. 

[optional] 

• In the exercise of the first scenario, 

each time, the words from the parts of 

the violin are shuffled and the student 

is asked to place them in the correct 

number. 

• In the exercise of the second 

scenario, the student must identify 

the correct letter of the note. 

• In the exercise of the third scenario,  

the student is asked to listen to certain 

rhythms and to match them with the 

correct stave. 

• In the fourth scenario the student is 

allowed to practice naming the notes 

in the treble clef and review how each 

note is played on the violin. A 
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random arrow points to the note the 

student is asked to identify. Also they 

are asked to give the name of the 

note. After that the student is asked to 

tell how they would play the note by 

indicating which finger would be 

used on which string.  

• A holistic quiz. 

 

 
User 

Interface 
The results of the exams and quizzes are 

personalized and presented to the statistics 

page in the form of a spider chart. At the start 

of the game, the title appears and the game 

will end when the students complete the 

educational scenarios. 

 
Other Features Another innovative aspect, is the Open 

Dyslexic font, that provides the opportunity 

for dyslexic students to function the game 

efficiently, styling the whole content with a 

press of a button. 

 

3.5. Gameplay of VEARA 

 

 

VEARA consists of a main menu from which the student can select one of the following 

buttons as seen in figure 1. VEARA includes a button for dyslexic students, that provides the 

opportunity for them to interact with the game flow. Using this button, the whole content 

changes with the Open Dyslexic font which is friendly for those type of students. Figure 2 

presents a representative screenshot of this feature.  

 

 

 

 

 

  

 

 

 

 

 

 

Figure 1: Screenshot of VEARA menu Figure 2: Screenshot of the feature for dyslexic students 
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Pressing the start button, a menu of educational scenarios is displayed, which includes 

different types of courses as seen in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Screenshot of the menu of educational scenarios 

 

 

 

By pressing the “parts of the Violin” button in Figure 4, the virtual violin and all its 

parts are indicated which can be projected anywhere with an Android device and a printed 

marker. During the game, the student has the opportunity to rotate the violin and see its parts 

in detail as seen in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4: The parts of the Violin Figure 5: Rotation of the Violin 
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In the exercise of the first scenario, each time the words from the parts of the violin are 

shuffled and the student is asked to match them with the correct number. 

 

Figure 6: Screenshot of the first exercise. 

 

 

 

By pressing the “Open strings” in figure 6, the student can press the buttons that 

correspond to a note to see and hear which string corresponds to the violin. 

  

Figure 7: Showing and listening to violin strings. 
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Figure 8: Familiarization with the violin strings. 

 

 

In the exercise of the second scenario, the student must identify the correct letter of the 

note as seen in figure 9. 

 

 

Figure 9: Screenshot of the second exercise. 

 

 

 

 The third educational scenario “Note Values and Symbols” includes audio concerning 

the notes, the rhythm, the chords, as seen in figure 10 . The user has the opportunity to hear the 

audio od the individual notes by pressing the play button. The third educational scenario is 
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followed by an acoustic exercise as seen in figure 11, examines the student’s rhythm 

understanding.  

 

 

 

 

 

 

 

 

 

Figure 10: Theory of note values and symbols Figure 11: An acoustic exercise 

 

 

By pressing the “First Position” button as seen in figure 12, the student has the 

opportunity to see on the violin how the left fingers are placed. 

 

 

Figure12: Screenshot of Left hand fingering system. 

 

 

 

Figure 13: Notes in G string Figure 14: Notes in D string 
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Figure 15: Notes in A string Figure 16: Notes in E string 

 

Figure 17: All the notes in the 1st Position Figure 18: Visualization of the 1st Position 

 

 

 

In the fourth scenario the student is allowed to practice naming the notes in the treble 

clef and review how each note is played on the violin. A random arrow points to the note the 

student is asked to identify. Also they are asked to give the name of the note. After that the 

student is asked to tell how they would play the note by indicating which finger would be used 

on which string. 

 

Figure 19: Screenshot of the exercise of “1ST Position” 
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Pressing the "quiz" , the student has a holistic view of the music played on the violin 

and the knowledge capacity related to it answering the following questions as seen in the 

screenshots below. 
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The results of the exams and quizzes are personalized and presented to the statistics 

page in the form of a spider chart. This spider chart can help the student to communicate the 

data effectively. Most importantly it gives the student, whose results are displayed, the ability 

to view and track their own progress. It also gives feedback to the teacher and it can at times 

be useful in a wider organizational context. Figure 20 depicts a representative screenshot of 

this feature. Finally when the student wants to play again from the beginning they can press 

reset button as seen in figure 21. The total score is the average result of the score of the five 

educational scenarios divided by five; the number of the educational scenarios.  

 

 

 

Figure 20: Depiction of the results on the spider chart Figure 21: Reset the results 
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4. Development issues  

 

 This section mentions the technologies selected and used for the implementation of the 

specific serious game, presented in detail. For VEARA, a desktop platform, Microsoft 

Windows, was installed using Unity 3d as a powerful gaming engine, combined with the c# 

high level programming language. It has accomplished compatibility with platforms across 

mobile, desktop, AR, VR etc. For the creation of Augmented Reality VEARA, the Software 

Development Kit Vuforia was selected, which ensures that other devices consolidate the 

game’s interfaces. For the graphic design, Adobe Photoshop allowed the menu image 

development. Blender software was used to create the 3d model of the violin and Audacity was 

used to edit the tracks. In addition, the MuseScore software helped with the audio aids and 

EasyABC was used to write music notation language. Finally Gimp was used to edit the 

images. 

 

 

4.1. Unity 3D Game Engine. 

 

Unity 3d was the chosen software to design the application. Unity is a game engine for 

developing 2D and 3D applications and games for multiple platforms (Гаранін & Моісеєнко 

2018; Кацко & Моісеєнко 2018; Prokhorov et.al. 2020;). It works with Augmented Reality 

over Android and iOS. Unity3d was chosen because it is the most convenient for the software 

implementation of augmented reality technology (Vakaliuk, & Pochtoviuk, 2021). Also it is 

based on a very well defined and intuitive environment and it works with a series of scripts 

coded with c#. In Unity there is logical hierarchy organized into scenes. Beyond all there are a 

lot of tools that help us to design elements for the game . One of these tools is the Asset Store 

that provides us with many 3D elements already designed. This choice is based not only on the 

number of supported platforms but also on the ease of transferring code to different platforms. 

Furthermore Unity can be downloaded for free.  
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Table 1 

The main advantages and disadvantages of Unity. 

Advantages Disadvantages  

It consists of a large community which includes 

blogs and the topics range from reporting on 

updates and news of the platform, information 

on new products in the asset store, support and 

answers to questions of Unity. 

 

 Lack of access to the Unity source code, only 

if you purchase an Enterprise license. 

Ease of use. Waiting for problems to be updated and fixed. 

 

A plethora of supported platforms such as 

Windows, Android, iOS . 

Lack of a “game loop”. 

Ability to build and run a WebGL project.  

Good performance on weak mobile devices, 

and on high-end consoles.  

 

Support 2d, 3d graphics.   

Built- in animation system  

Supports the c# or JavaScript programming 

language.  

 

Built-in visual editor.  

Built- in asset store. Access to a plethora of 

textures, models , scripts  

 

Ability to use a free development environment 

complete with Unity, which is an external IDE. 

For instance the Microsoft Visual Studio.  
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4.2. Types of Augmented Reality  

 

According to Shepiliev, et al. (2021) and Tkachuk, et al. (2021), AR has the following 

modifications: 

• Marker-Based AR: Initially, it came with very basic types of markers, 

such as a black box and on top of that users created algorithms so as to 

spawn 3d objects by tracking those markers. Then came something 

called natural feature tracking where users are capable of putting up any 

type of poster, any type of image with a lot of features so that they are 

able to detect and identify the plane of that market itself.  

• Markerless AR: Upon turning on the camera, it tries to identify the 

context, the environment around the user and it creates a virtual world 

of 3d planes. Users cannot see the 3d planes but it creates a virtual world 

and they are capable of putting on different additions on the work. 

There’s no marker, there’s no poster, no QR code. Users just scan the 

environment and the application itself shows 3d models around them.  

• Projection AR: Interaction between human and projection with the light 

being projected.  

 

Each of these types is used in the educational process depending on the availability of 

appropriate equipment and the development of educators’ and students’ digital skills. The 

most frequent of these types of AR is the Marker-Based AR.( Zarzuela, Mario Martínez, et 

al., 2013).  

 

 

4.2.1. SDKs for building mobile AR applications 

 

To develop an AR application it is necessary to make the right choice of the appropriate 

development tool or Software Development Kit (SDK). Software Development Kit is a 

software package can be downloaded from the internet and it has certain capacities. The first 

thing that is usually included in the SDK is some sort of development environment called IDE, 

integrated development environment. It’s a type of glorified code editor which allows users to 

write a code and gives them some kind of code editing tools and some versions control system. 

IDE is a part of the mobile SDKs’ mobile development environment such as Android or iOS. 

The next part of the SDK is the packaging kind of libraries, packaging tools that allows to build 

the code that users write in the IDE and turn into a binary package and these are called build 



36 
 
 

tools and they allow users to turn their code into a package that can be uploaded on the App 

Store or Google Play. Finally, there is a set of tools that can be used to measure apps 

performance and trace bugs and find the memory leaks. 

 

According to Terzopoulos et al., (2019), Augmented Reality technologies could be 

advantageous for educational purposes due to several aspects: 

1. Augmented Images: The recognition of reference images that are physical entities 

and the display of content in them is one significant advantage. It can enhance the 

user’s mobile application environment so that it can respond to 2D images, for 

instance posters or products packaging.  

2. Motion tracking: Using the gyroscope embedded in the mobile device as well as the 

relevant sensors and all the emerged information, the application can render virtual 

content. As a result, the content appears more realistically as a part of the physical 

world. 

3. Geo-location: In order to display the content based on the user’s location, one 

significantly important aspect is the one of receiving cell towers and wifi nodes 

related information, so that the application can understand the location. In such way, 

a 3D model of a building can be displayed in the place of the real building. 

4. Facial recognition: Another interesting aspect is the one of detecting faces and 

providing novel methods to access face regions and poses as well as mesh related 

data.  

5. Light estimation: The detection of information related to light in the real world is 

also advantageous. It could lead to more realistic models in terms of their lighting 

and their shadows.  

6. Environmental understanding: The perception of the real-world environment and 

its entities by certain points, horizontal and vertical surfaces can also lead to a more 

realistic experience. The application can place the 3D models onto the surfaces in 

the application, like tables or walls. 

7. Collaborative sharing of experience: Since the users are interacting in the same 

environment, their ability is shared. Consequently, the creation of mobile 

applications or games are also collaborative.  
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Below SDKs for building mobile AR applications are presented. They are listed based 

on the following characteristics: 

• Operating system 

• Augmented reality features (1 to 7) available, as described above.  

• Comparison of the most popular SDKs, based on the cost, that users can use to 

start an AR application 

Α detailed analysis for each, so users can choose the best SDK for their needs. 

 

Table 2 

Comparison of augmented reality SDK for iOS and Android based on (Terzopoulos et 

al., 2019; Vakaliuk, T. A., & Pochtoviuk, S. I. 2021).  

SDK 

Operating 

system/Support for 

Unity or Unreal 

Engine. 

Features Cost 

 

Vuforia Android, iOS, 

Windows 

1,2,3,4,5 Free trial with 

watermark, but there 

is also a charge 42 

EUROS per app, per 

month. 

Wikitude Android, iOS, 

Windows, Unity 

1,3,4,5 Free trial with 

watermark, 2490 

euros per app. 

Kudan Android, iOS, Unity 1,2,3,5,6 Free trial with 

watermark, A paid 

license is $1230. 

MAXST Android, iOS, Unity 1,2,3,4,5,6 Free with 

watermark, 49.9 

USD/month, per app 
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XZIMG Android, iOS, Unity 1 Free for iOS and 

Android. For 

HTML5 2100 

EURO. 

ARCore Android, iOS, Unity, 

Unreal 

1,2,3,4,5,6,7 Free 

PIKKART Android, iOS 1,2,3,5 Free trial, 300euros 

one-time fee after 

that. 

ZapWorks Android, iOS 1,3,4,5,6 220 EUROS per year 

for educational 

purposes. 

ARKit 3 iOS 1,2,3,4,5,6,7 Free  

AR.js HTML 1,3,5 Free 

Vidinoti Android, iOS 1,2,3,5 Free trial, pricing 

unavailable after 

that. 

Immersal AR Android, iOS, Unity 1,2,3,5,7 Free evaluation 

version, 500 euro per 

month for 1 license. 

ViewAR Android, iOS 1,2,3,5,6 Free trial for 

unlimited time, but 

unavailable price for 

app release. 

WakingApp AR  Android, iOS 1,3,5,6 Free 10-day trial, but 

unavailable price 

after that. 

ARMedia Android, iOS, Unity 1,2,3,5 1000 euro /1 month. 
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Augmented SDK Android, iOS 1,3,5 14-day fill trial. 

After that,120 euros 

per month for up to 

200 active devices. 

EasyAR Android, iOS, 

Windows, Unity, 

Mac OS 

1,2,3,5 Free with limited 

functions. Full 

version for 500 USD 

per app. 

DeepAR Android, iOS, 

HTML 5, Unity 

4 1 month free trial. 

Pricing unavailable 

after that. 

BlipparSDK Android, iOS 1,2,3,4,5,6 Pricing unavailable. 

 

4.3. Music editing.  

Technology choice. 

 

For the present research it was necessary to determine the rhythm of the background 

music as well, so it was necessary to process the selected tracks in the rhythm. Audacity was 

used to accomplish this. It is an audio and recording program, which is released as free software 

and is platform independent. Audacity is available for Windows, Mac OS, Linux and BSD. It 

won the Community Choice Award for Best Multimedia Program in 2007. Its user interface is 

easy to use and appeals to both the average user and the most demanding. 

 

  

 

 

 

 

 

 

 

 

 

Figure 22: Screenshot of Audacity’s operation “Change tempo” 
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4.4. Graphics  

 

The violin models are manually designed through the platform of Blender. Blender is a 

3D content creation suite that offers a wide range, range of key tools, including modeling, 

performance, animation, video editing, VFX, composition, and many more simulation. It is 

cross-platform with an OpenGL GUI that is uniform in all major platforms. It runs on Linux, 

macOS and Windows systems. It takes a while for the software to start. It takes a few seconds 

for the program to initialize and start your project. The possibility Customizing the Blender 

interface based on your preferences is one of the features that attract many of its users. You 

will notice how the Blender team is being upgraded. In each version, there are important 

upgrades, patches and new developments from developers. This makes the user always look 

forward to the new version. Except for being "free", open source software gives you the right 

to modify your copy and create a version that suits your needs.  

 

Figure 23: Screenshot of the process of the 3D modeling of the violin in Blender 

 

 

Figure 24: Modeling the Violin 
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Open-source software ΕasyABC was used to capture the notes. EasyABC enables the 

user to create, edit, view, play, and convert music written in the ABC music notation language. 

Additionally EasyABC is available for Windows, Linux, OSX. The main window is divided 

into three resizable parts: a list of tunes, a musical score pane and the ABC code editor as 

shown in figure 4. 

Figure 25: Screenshots of the process of capturing the music notation language in EasyABC 

 

 

 

 

 

After the process of displaying the notes was completed, the file was executed in pdf 

format and then edited in the Gimp software. Gimp is an open source image editing program. 

It is available for Windows systems, Linux, Mac OS X.  

 

 

 

 

 

Figure 26: Screenshot of the process of editing the images in Gimp 
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5. VEARA Game Evaluation 

5.1 Methodology of the study  

 

Conducting research can be based on a variety of methodological approaches depending 

on the purpose of the research, the type of research questions and the availability of resources 

with which questionnaires and interviews are most common. Questionnaires can be 

administered by a professional either individually or in groups which contain a range of 

elements that reflect the research objectives and may include demographic questions in 

addition to valid and reliable research tools (Costanzo, Stawski, Ryff, Coe, & Almeida, 2012; 

DuBenske et al., 2014; Ponto, Ellington, Mellon, & Beck, 2010). There is a plethora of research 

studies available in literature which examine the essentials and the basic guidelines of the 

survey research (Kelley et al., 2003). 

 In this context it was necessary to consult research studies with a more specific scope. 

Firstly, one study that was prominent in examining the software usability and determining the 

eminent factors leading to its appealing adoption from the users was consulted in terms of the 

questions asked (Lund, 2001). Additionally, there was a need for identifying the exact model 

that the game should follow and the specific questions that would reveal such a model. One 

study provided a coherent definition as well as well-established theoretical model that 

represents the games enjoyment (Sweetser & Wyeelth, 2005).  

It was, essential to investigate students perceptions of VEARA regarding the game flow 

and usability of the game. More specifically, students were asked to provide feedback on the 

degree that they were satisfied with the various interactions and whether they found them 

difficult in the use or un()- interesting. Students are asked for feedback on the game's efficiency 

to teach violin. It is a key factor to ascertain whether the theory combination with the exercises 

given, had a positive impact on students' comprehension level.  

The pilot study was implemented in secondary education, in the students of the music 

schools that have the violin as an optional course. All students evaluated various Aspects of 

VEARA by filling in a questionnaire designed based on standard evaluation framework. The 

evaluation process was based on two specific categories, game flow and the use. Out of the 58 

students that responded to the disseminated questionnaire, 17,2% of the students were male 

and 82,8% were female as seen in figure 26 and ages twelve to fifteen as seen in figure 27 
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Figure 27: Statistics about the gender 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28: Statistics about the age 
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5.2 Data Collection and Analysis  

 

A set of factors have been examined that are directly related to the evaluation game 

flow and user friendliness. An online questionnaire was created to assess the factors. The 

questions were further grouped into the 2 axis .The first eight team of the questions refer to the 

evaluation VEARA's game flow, and the questions use a 5-point Likert scale . Additional 

assessment of the VEARA is the remainder six team of the questions refer to the evaluation 

VEARA's user- friendliness and the questions use 5-point Likert scale too with 1 being the 

most negative attitude and 5 the most positive.  

 

Missing Values in SPSS 

All participants completed all the statements in this survey, they answered all the 

questions. When entering the data from the measurement program, we receive datasets that are 

already completed with no missing values as seen in table 3. 

 

 

Table 3: Case Processing Summary 

 

 
Cases 

Valid Missing Total 

N Percent N Percent N Percent 

Game_flow 58 100,0% 0 0,0% 58 100,0% 

User_friendliness 58 100,0% 0 0,0% 58 100,0% 

 

 

5.2.1. Evaluating VEARA’s game flow  

 

In this section the record scale and especially the five-point record scale is analyzed. 

We produce an output and paste to the research work and interpret it according to the 

descriptions. As seen in table 3, there is a five-point record scale of game flow about VEARA. 

We can see the questions. Also we have the number of the population and the minimum, 

maximum, mean and standard deviation. Finally we are going to interpret the mean, so firstly, 

we must have our record scale coded as follows:  

• 5 Strongly agree 

• 4: Agree 

• 3: Neither disagree nor agree 

• 2: Disagree 

• 1: Strongly disagree 
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This order is very important including the data. After that we analyze the mean. The 

five-point Likert scale is considered an interval scale. The mean is very significant. From 1 to 

1.8, it means strongly disagree. From 1.81 to 2.60 it means disagree. From 2.61 to 3.40 it means 

neutral; from 3.41 to 4.20, it means agree; from 4.21 to 5 it means strongly agree. As we see in 

table 3, in the descriptive statistics, we have the statements, the number population, minimum, 

maximum, mean and standard deviation.  

Students were asked to evaluate the game flow of VEARA. Table 4 shows all the 

questions that have been grouped in this specific axis and the corresponding analytical results.  

 

 

Table 4 

Descriptive Statistics 

 Question N Minimum Maximum Mean Std. Deviation 

Q3-1 Most of the game activities 

are related to learning goals. 

58 4,00 5,00 4,7069 ,45916 

Q3-2 No distractions from the game 

are noticed. 

58 2,00 5,00 4,2241 ,65005 

Q3-3 Generally speaking, I can stay 

focused on the game. 

58 2,00 5,00 3,8103 1,05060 

Q3-4 I am not distracted by 

activities during which the player 

has to be concentrated. 

58 2,00 5,00 3,7586 1,08110 

Q3-5 I am not burdened by 

activities that seem unrelated to the 

original goal. 

58 4,00 5,00 4,3276 ,47343 

Q3-6 The workload of the game is 

sufficient. 

58 2,00 5,00 4,2069 ,64233 

Q4-1 Overall the goals were 

presented at the beginning of the 

game. 

58 4,00 5,00 4,4655 ,50317 

Q4-2 The overall goals of the game 

were clearly presented. 

58 2,00 5,00 4,2931 ,62150 

Q4-3 The intermediate goals of the 

game were presented at the 

beginning of each scene. 

58 2,00 4,00 3,3448 ,86960 

Q4-4 The intermediate goals of the 

game were clearly presented. 

58 2,00 4,00 3,2586 ,86977 

Q5-1 I get feedback on my progress 

in the game. 

58 4,00 5,00 4,8966 ,30720 

Q5-2 I receive immediate feedback 

on my actions. 

58 4,00 5,00 4,4138 ,49681 
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Q5-3 I am informed about new 

activities immediately. 

58 2,00 5,00 3,6379 ,76544 

Q5-4 I am informed about new 

events immediately 

58 2,00 5,00 3,6379 ,76544 

Q5-5 I receive information about 

the success (or failure) of smaller 

goals immediately. 

58 2,00 5,00 3,3793 ,95196 

Q6-1 The game provides "help 

options" that help me overcome 

each trial in the game. 

58 1,00 2,00 1,4138 ,49681 

Q6-2 The game provides "online 

support" that helps to overcome 

each trial of the game. 

58 1,00 2,00 1,3448 ,47946 

Q6-3 The game provides video or 

audio aids that help me overcome 

the trials of the game. 

58 1,00 2,00 1,4655 ,50317 

Q6-4 The difficulty of the tests 

increases as my skills improve. 

58 1,00 5,00 4,0862 ,75590 

Q6-5 The game provides new tests 

at an appropriate pace. 

58 1,00 5,00 4,0862 ,65653 

Q6-6 The game provides different 

test levels to suit different players 

58 1,00 5,00 4,4310 ,67829 

Q7-1 I have a sense of control and 

influence on the game. 

58 2,00 5,00 3,8966 ,93075 

Q7-2 I know the next steps in the 

game. 

58 1,00 4,00 2,5517 ,84131 

Q7-3 I have a sense of control over 

the game. 

58 2,00 5,00 3,9138 ,90388 

Q8-1 I lose track of time while I 

play. 

58 4,00 5,00 4,3103 ,46668 

Q8-2 I dont pay attention to the 

people and things around me while 

I play the game. 

58 1,00 4,00 2,5345 ,92177 

Q8-3 I am temporarily distructed 

from the worries of everyday life 

while playing the game. 

58 2,00 5,00 3,4828 ,94110 

Q8-4 I get a different sense of time 

as I play. 

58 2,00 4,00 3,7586 ,53999 

Q8-5 I can feel involved in the 

game. 

58 2,00 5,00 2,8621 ,96333 
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Q8-6 I feel emotionally involved in 

the game. 

58 1,00 5,00 2,3621 ,71814 

Q8-7 I instinctively feel involved 

with the game. 

58 2,00 5,00 2,8793 ,97473 

Valid N (listwise) 58     

 

 

 

Concentration seemed to be particularly important. As shown in the above table, the 

mean of the questions Q3-1 to Q3-6 is between 3,7586 and 4,7069 so the students agree and 

strongly agree that VEARA’s gameplay and interface is simple. The sound and graphics helped 

the players to concentrate on the goals of the game. The next four questions refer to the 

evaluation VEARA's goals presentation. The mean of questions Q4-1 to Q4-4 is between 

3,2586 and 4,4655. More specifically, students neither agree nor disagree about the clear 

presentation of intermediate goals. VEARA does not use individual instructions to describe the 

immediate objectives of the current part of the game. Some of the obstacles that players may 

face are the difficulty of understanding-achieving the exercises in each scenario. Immediately 

afterwards, questions Q5-1 to Q5-5 concern VEARA’s feedback. It is observed that mean of 

the Q5-5 is 3,3793. This means that it is not apparent to everyone that the tasks provide 

immediate feedback. VEARA needs to provide frequent in-game feedback for players to 

progress towards objectives. Also, VEARA needs to give positive feedback to encourage the 

players of the game. Moving on the next category, it has to do with player’s skills. The mean 

of questions Q6-1 to Q6-6 is between 1,3448 and 4,4310. Especially from the questions Q6-1, 

Q6-2 and  Q6-3 we understand that in VEARA there isn’t help in the form of tool tips or 

online help, help options and tutorials. However players agree that new units and tasks are 

incorporated gradually, so they can become familiar with each one in turn. The next three 

questions refer to player’s control in the game. The mean of Q7-2 is 2,5517 means that the 

students disagree about the knowledge of the steps over actions they need to follow to move 

on to the next step. On the other hand, students seem to have a sense of control and show that 

instructions are not so necessary for completing the individual objectives. Also, the mean of 

questions Q7-1 and Q7-3 indicates that the guidelines are not necessary for the game flow. 

Players feel a sense of control over the actions. The last category of questions belongs to the 

game flow and it concerns the immersion of players. The mean of Q8-1, Q8-3 and Q8-4 

indicates that the players agree that they have an altered sense of time and they are less worried 

about everyday life. Nevertheless, the mean of the questions Q8-7, Q8-6, Q8-5 and Q8-2 is 

under 3.41 so this means that the majority of players disagree about their feelings. Players don’t 

feel emotionally involved in the game and become aware of their surroundings and things.  
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Table 5:Percent_Evaluating game flow(N=58) 

 

 Question 1 2 3 4 5 

Q3-1 Most of the game activities 

are related to learning goals. 

0% 0% 0% 29,3% 70,7% 

Q3-2 No distractions from the game 

are noticed. 

0% 1,7% 6,9% 58,6% 32,8% 

Q3-3 Generally speaking, I can stay 

focused on the game. 

0% 19,0% 8,6% 44,8% 27,6% 

Q3-4 I am not distracted by 

activities during which the player 

has to be concentrated. 

0% 22,4% 5,2% 46,6% 25,9% 

Q3-5 I am not burdened by 

activities that seem unrelated to the 

original goal. 

0% 0% 0% 67,2% 32,8% 

Q3-6 The workload of the game is 

sufficient. 

0% 3,4% 1,7% 65,5% 29,3% 

Q4-1 Overall the goals were 

presented at the beginning of the 

game. 

0% 0% 0% 53,4% 46,6% 

Q4-2 The overall goals of the game 

were clearly presented. 

0% 1,7% 3,4% 58,6% 36,2% 

Q4-3 The intermediate goals of the 

game were presented at the 

beginning of each scene. 

0% 25,9% 13,8% 60,3% 0% 

Q4-4 The intermediate goals of the 

game were clearly presented. 

0% 27,6% 19,0% 53,4% 0% 

Q5-1 I get feedback on my progress 

in the game. 

0% 0% 0% 10,3% 89,7% 

Q5-2 I receive immediate feedback 

on my actions. 

0% 0% 0% 58,6% 41,4% 

Q5-3 I am informed about new 

activities immediately. 

0% 15,5% 6,9% 75,9% 1,7% 

Q5-4 I am informed about new 

events immediately 

0% 15,5% 6,9% 75,9% 1,7% 

Q5-5 I receive information about 

the success (or failure) of smaller 

goals immediately. 

0% 31,0% 1,7% 65,5% 1,7% 
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Q6-1 The game provides "help 

options" that help me overcome 

each trial in the game. 

58,6% 41,4% 0% 0% 0% 

Q6-2 The game provides "online 

support" that helps to overcome 

each trial of the game. 

65,5% 34,5% 0% 0% 0% 

Q6-3 The game provides video or 

audio aids that help me overcome 

the trials of the game. 

53,4% 46,6% 0% 0% 0% 

Q6-4 The difficulty of the tests 

increases as my skills improve. 

1,7% 3,4% 3,4% 67,2% 24,1% 

Q6-5 The game provides new tests 

at an appropriate pace. 

1,7% 1,7% 1,7% 75,9% 19,0% 

Q6-6 The game provides different 

test levels to suit different players 

1,7% 0% 0% 50,0% 48,3% 

Q7-1 I have a sense of control and 

influence on the game. 

0% 13,8% 6,9% 55,2% 24,1% 

Q7-2 I know the next steps in the 

game. 

3,4% 56,9% 20,7% 19,0% 0% 

Q7-3 I have a sense of control over 

the game. 

0% 13,8% 3,4% 60,3% 22,4% 

Q8-1 I lose track of time while I 

play. 

0% 0% 0% 69,0% 31,0% 

Q8-2 I dont pay attention to the 

people and things around me while 

I play the game. 

10,3% 44,8% 25,9% 19,0% 0% 

Q8-3 I am temporarily distructed 

from the worries of everyday life 

while playing the game. 

0% 25,9% 5,2% 63,8% 5,2% 

Q8-4 I get a different sense of time 

as I play. 

0% 5,2% 13,8% 81,0% 0% 

Q8-5 I can feel involved in the 

game. 

0% 51,7% 12,1% 34,5% 1,7% 

Q8-6 I feel emotionally involved in 

the game. 

3,4% 65,5% 24,1% 5,2% 1,7% 

Q8-7 I instinctively feel involved 

with the game. 

0% 51,7% 10,3% 36,2% 1,7% 

Valid N (listwise) 58     

 

 



50 
 
 

From the findings, it is visible that 70,7% of students found that the most of the 

activities were related to learning goals. (Q3-1) . In contrast, only 29,3% of the participants 

stated that they found the activities unrelated to the objectives. As can be seen in Table 5, a 

high percentage of students (89,7%) were satisfied with the feedback provided during the game.  

 

 

Table 6:Frequency_Evaluating game flow(N=58) 

 

 Question 1 2 3 4 5 

Q3-1 Most of the game activities 

are related to learning goals. 

0 0 0 17 41 

Q3-2 No distractions from the game 

are noticed. 

0 1 4 34 19 

Q3-3 Generally speaking, I can stay 

focused on the game. 

0 11 5 26 16 

Q3-4 I am not distracted by 

activities during which the player 

has to be concentrated. 

0 13 3 27 15 

Q3-5 I am not burdened by 

activities that seem unrelated to the 

original goal. 

0 0 0 39 19 

Q3-6 The workload of the game is 

sufficient. 

0 2 1 38 17 

Q4-1 Overall the goals were 

presented at the beginning of the 

game. 

0 0 0 31 27 

Q4-2 The overall goals of the game 

were clearly presented. 

0 1 2 34 21 

Q4-3 The intermediate goals of the 

game were presented at the 

beginning of each scene. 

0 15 8 35 0 

Q4-4 The intermediate goals of the 

game were clearly presented. 

0 16 11 31 0 

Q5-1 I get feedback on my progress 

in the game. 

0 0 0 6 52 

Q5-2 I receive immediate feedback 

on my actions. 

0 0 0 34 24 

Q5-3 I am informed about new 

activities immediately. 

0 9 4 44 1 

Q5-4 I am informed about new 

events immediately 

0 9 4 44 1 
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Q5-5 I receive information about 

the success (or failure) of smaller 

goals immediately. 

0 18 1 38 1 

Q6-1 The game provides "help 

options" that help me overcome 

each trial in the game. 

34 24 0 0 0 

Q6-2 The game provides "online 

support" that helps to overcome 

each trial of the game. 

38 20 0 0 0 

Q6-3 The game provides video or 

audio aids that help me overcome 

the trials of the game. 

31 27 0 0 0 

Q6-4 The difficulty of the tests 

increases as my skills improve. 

1 2 2 39 14 

Q6-5 The game provides new tests 

at an appropriate pace. 

1 1 1 44 11 

Q6-6 The game provides different 

test levels to suit different players 

1 0 0 29 28 

Q7-1 I have a sense of control and 

influence on the game. 

0 8 4 32 14 

Q7-2 I know the next steps in the 

game. 

2 33 12 11 0 

Q7-3 I have a sense of control over 

the game. 

0 8 2 35 13 

Q8-1 I lose track of time while I 

play. 

0 0 0 40 18 

Q8-2 I dont pay attention to the 

people and things around me while 

I play the game. 

6 26 15 11 0 

Q8-3 I am temporarily distructed 

from the worries of everyday life 

while playing the game. 

0 15 3 37 3 

Q8-4 I get a different sense of time 

as I play. 

0 3 8 47 0 

Q8-5 I can feel involved in the 

game. 

0 30 7 20 1 

Q8-6 I feel emotionally involved in 

the game. 

2 38 14 3 1 

Q8-7 I instinctively feel involved 

with the game. 

0 30 6 21 1 
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Valid N (listwise) 58     

 

 

The histogram below provides a holistic overview of the answers for the questions that 

belong in the game flow axis which are designed using 5-level Likert Scale in the pilot study. 

The frequency displays the number of participants of the survey where choices are indicated 

by each rate, for every separate question. Generally the evaluation is positive.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29: Overall students’ attitudes towards VEARA’s game flow 

 

 

 

 

5.2.2. Evaluating VEARA’s user friendliness  

 

 

Another important axis that was evaluated concerns the user friendliness of VEARA. 

The participants were asked to evaluate the usability of VEARA. Users were asked to rate 

agreement with the statements ranging from strongly disagree to strongly agree. The 

subcategories of this group of questions have to do with usefulness, satisfaction and ease of 

use. Table 7 shows all the questions that have been grouped in this specific axis and the 

corresponding analytical results. 

 

Table 7 

Descriptive Statistics 

Question N Minimum Maximum Mean Std. Deviation 

Q9-1 I feel open to working with 

other classmates. 

58 1,00 3,00 1,8966 ,51943 
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Q9-2 Collaboration in the game is 

useful for me to learn. 

58 1,00 5,00 4,0690 ,85557 

Q9-3 The game supports social 

interaction among players (chat, 

etc). 

58 1,00 2,00 1,3793 ,48945 

Q9-4 The game supports internal 

communities. 

58 1,00 2,00 1,5862 ,49681 

Q9-5 The game supports external 

communities. 

58 1,00 2,00 1,5690 ,49955 

Q10-1 The game enhances my 

knowledge. 

58 4,00 5,00 4,6379 ,48480 

Q10-2 I understand the basic 

knowledge taught to me. 

58 4,00 5,00 4,8103 ,39545 

Q10-3 I try to apply my knowledge 

in the game. 

58 4,00 5,00 4,5000 ,50437 

Q10-4 The game motivates the 

learner to make use of the 

knowledge they take. 

58 4,00 5,00 4,5000 ,50437 

Q10-5 I want to learn more about 

the subject matter provided by the 

game. 

58 4,00 5,00 4,6207 ,48945 

Q11-1 It helps me to be more 

effective. 

58 4,00 5,00 4,5000 ,50437 

Q11-2 It helps me to be more 

productive. 

58 4,00 5,00 4,3966 ,49345 

Q11-3 It is useful. 58 4,00 5,00 4,4655 ,50317 

Q11-4 It gives me more control 

over my everyday activities. 

58 2,00 5,00 3,7931 ,69481 

Q11-5 It makes what I want to do 

easier to achieve. 

58 3,00 5,00 4,0862 ,46958 

Q11-6 It saves me time when I use 

it. 

58 4,00 5,00 4,1724 ,38104 

Q11-7 It suits my needs. 58 2,00 5,00 4,3276 ,60373 

Q11-8 It does everything I expected 

it to do. 

58 2,00 5,00 3,3448 ,92815 

Q12-1 It is easy to use 58 2,00 5,00 4,1379 ,75969 

Q12-2 It is simple to use 58 2,00 5,00 4,1379 ,75969 

Q12-3 It is user friendly. 58 4,00 5,00 4,5862 ,49681 

Q12-4 It takes only a few steps to 

achieve what I want to do. 

58 3,00 5,00 4,2069 ,44951 

Q12-5 It is flexible. 58 4,00 5,00 4,2586 ,44170 

Q12-6 I use it without any special 

effort. 

58 2,00 5,00 4,0000 ,83771 
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Q12-7 I can use it without written 

instructions. 

58 2,00 5,00 4,1724 ,67896 

Q12-8 I do not notice any 

inconsistencies while I using it. 

58 2,00 5,00 3,8448 ,72067 

Q12-9 Both regular and casual 

users will love it. 

58 4,00 5,00 4,4655 ,50317 

Q12-10 I can get back into the 

game with mistakes quickly and 

easily 

58 1,00 4,00 2,0862 ,57076 

Q12-11 I can use it successfully 

every time. 

58 3,00 5,00 4,1379 ,39507 

Q13-1 I learned to use it quickly. 58 2,00 5,00 4,2241 ,62248 

Q13-2 I easily remember how to 

use it. 

58 3,00 5,00 4,2759 ,48822 

Q13-3 It is easy to learn to use it. 58 4,00 5,00 4,1379 ,34784 

Q13-4 I quickly acquired the skills 

to use it. 

58 2,00 5,00 4,2069 ,64233 

Q14-1 I’m satisfied with the game. 58 4,00 5,00 4,3966 ,49345 

Q14-2 I would recommend it to a 

friend. 

58 4,00 5,00 4,5862 ,49681 

Q14-3 It is pleasant to use. 58 4,00 5,00 4,3448 ,47946 

Q14-4 It works the way I want it to 

work. 

58 2,00 5,00 2,8621 ,88750 

Q14-5 It’s great. 58 2,00 5,00 3,4310 ,70368 

Q14-6 I feel like I should have it. 58 3,00 5,00 3,9483 ,47471 

Q14-7 It is satisfying to use. 58 4,00 5,00 4,3793 ,48945 

Valid N (listwise) 58     

 

 

 

 

 

 

 

As shown in the above table, the mean of the questions Q9-1 to Q9-5 is between 1,3793 

and 4,0690. More specifically, the majority of the participants agreed that working with their 

classmates is something useful and does not correspond to the VEARA game. They agreed that 

the game does not support communication with their classmates as well as internal and external 

communities. The next five questions refer to the evaluation of VEARA's motivation. The 

mean of questions Q10-1 to Q10-5 is between 4,5000 and 4,8103. This means that participants 

agree that VEARA enhances their knowledge. They can understand the basic knowledge 

offered to them through the game. They are also motivated not only to apply their existing 
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knowledge but also to use what they get and learn more about the subject. Immediately 

afterwards, questions Q11-1 to Q11-8 concern VEARA’s usefulness. The mean of the Q11-8 

is 3,3448 which means that the participants are neutral in the game as they expected it. On the 

other hand, we observe that the mean of questions Q11-1, Q11-2, Q11-3, Q11-4, Q11-5, Q11-

6, Q11-7 is over the 3,41 so this means that the participants agree that the game is useful and 

helps them be more productive thus giving them a greater sense of control in their activities as 

well as saving them time and it would suit their needs. The next eleven questions (Q12-1 to 

Q12-11) have to do with how easy the game is to use. Especially, we notice that all participants 

agree on the simplicity of the mechanism and user friendliness and as a result that it is easy to 

use. Here are four questions (Q13-1- Q13-4) that have to do with the ease of learning how to 

handle it and in which it is observed that all participants managed without any difficulty to use 

it successfully, quickly and easily. The last seven questions of the questionnaire have to do 

with how satisfied they were in the end. Specifically, Q14-4 with mean 2,8621 shows that the 

participants were neutral in that it works as they would like. It is noteworthy, however, that in 

the other questions they agree that they are satisfied, they would suggest it to other classmates 

to use it and it would be something they wanted to have.  

 

 

 

 

 

 

Table 8:Percent_Evaluating use friendliness(N=58) 

 

Question 1 2 3 4 5 

Q9-1 I feel open to working with 

other classmates. 

19,0% 72,4% 8,6% 0% 0% 

Q9-2 Collaboration in the game is 

useful for me to learn. 

1,7% 6,9% 1,7% 62,1% 27,6% 

Q9-3 The game supports social 

interaction among players (chat, 

etc). 

62,1% 37,9% 0% 0% 0% 

Q9-4 The game supports internal 

communities. 

41,4% 58,6% 0% 0% 0% 

Q9-5 The game supports external 

communities. 

43,1% 56,9% 0% 0% 0% 

Q10-1 The game enhances my 

knowledge. 

0% 0% 0% 36,2% 63,8% 

Q10-2 I understand the basic 

knowledge taught to me. 

0% 0% 0% 19,0% 81,0% 

Q10-3 I try to apply my knowledge 

in the game. 

0% 0% 0% 50,0% 50,0% 
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Q10-4 The game motivates the 

learner to make use of the 

knowledge they take. 

0% 0% 0% 50,0% 50,0% 

Q10-5 I want to learn more about 

the subject matter provided by the 

game. 

0% 0% 0% 37,9% 62,1% 

Q11-1 It helps me to be more 

effective. 

0% 0% 0% 50,0% 50,0% 

Q11-2 It helps me to be more 

productive. 

0% 0% 0% 60,3% 39,7% 

Q11-3 It is useful. 0% 0% 0% 53,4% 46,6% 

Q11-4 It gives me more control 

over my everyday activities. 

0% 5,2% 20,7% 63,8% 10,3% 

Q11-5 It makes what I want to do 

easier to achieve. 

0% 0% 6,9% 77,6% 15,5% 

Q11-6 It saves me time when I use 

it. 

0% 0% 0% 82,8% 17,2% 

Q11-7 It suits my needs. 0% 1,7% 1,7% 58,6% 37,9% 

Q11-8 It does everything I expected 

it to do. 

0% 27,6% 13,8% 55,2% 3,4% 

Q12-1 It is easy to use 0% 6,9% 1,7% 62,1% 29,3% 

Q12-2 It is simple to use 0% 6,9% 1,7% 62,1% 29,3% 

Q12-3 It is user friendly. 0% 0% 0% 41,4% 58,6% 

Q12-4 It takes only a few steps to 

achieve what I want to do. 

0% 0% 1,7% 75,9% 22,4% 

Q12-5 It is flexible. 0% 0% 0% 74,1% 25,9% 

Q12-6 I use it without any special 

effort. 

0% 10,3% 3,4% 62,1% 24,1% 

Q12-7 I can use it without written 

instructions. 

0% 5,2% 0% 67,2% 27,6% 

Q12-8 I do not notice any 

inconsistencies while I using it. 

0% 10,3% 3,4% 77,6% 8,6% 

Q12-9 Both regular and casual 

users will love it. 

0% 0% 0% 53,4% 46,6% 

Q12-10 I can get back into the 

game with mistakes quickly and 

easily 

5,2% 87,9% 0% 6,9% 0% 

Q12-11 I can use it successfully 

every time. 

0% 0% 1,7% 82,8% 15,5% 

Q13-1 I learned to use it quickly. 0% 3,4% 0% 67,2% 29,3% 

Q13-2 I easily remember how to 

use it. 

0% 0% 1,7% 69,0% 29,3% 
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Q13-3 It is easy to learn to use it. 0% 0% 0% 86,2% 13,8% 

Q13-4 I quickly acquired the skills 

to use it. 

0% 3,4% 1,7% 65,5% 29,3% 

Q14-1 I’m satisfied with the game. 0% 0% 0% 60,4% 39,7% 

Q14-2 I would recommend it to a 

friend. 

0% 0% 0% 41,4% 58,6% 

Q14-3 It is pleasant to use. 0% 0% 0% 65,5% 34,5% 

Q14-4 It works the way I want it to 

work. 

0% 44,8% 25,9% 27,6% 1,7% 

Q14-5 It’s great. 0% 8,6% 43,1% 44,8% 3,4% 

Q14-6 I feel like I should have it. 0% 0% 13,8% 77,6% 8,6% 

Q14-7 It is satisfying to use. 0% 0% 0% 62,1% 37,9% 

Valid N (listwise) 58     

 

 

 

 

     

 

 

Table 9: Frequency Evaluating use friendliness(N=58) 

 

Question 1 2 3 4 5 

Q9-1 I feel open to working with 

other classmates. 

11 42 5 0 0 

Q9-2 Collaboration in the game is 

useful for me to learn. 

1 4 1 36 16 

Q9-3 The game supports social 

interaction among players (chat, 

etc). 

36 22 0 0 0 

Q9-4 The game supports internal 

communities. 

24 34 0 0 0 

Q9-5 The game supports external 

communities. 

25 33 0 0 0 

Q10-1 The game enhances my 

knowledge. 

0 0 0 21 37 

Q10-2 I understand the basic 

knowledge taught to me. 

0 0 0 11 47 

Q10-3 I try to apply my knowledge 

in the game. 

0 0 0 29 29 

Q10-4 The game motivates the 

learner to make use of the 

knowledge they take. 

0 0 0 29 29 
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Q10-5 I want to learn more about 

the subject matter provided by the 

game. 

0 0 0 22 36 

Q11-1 It helps me to be more 

effective. 

0 0 0 29 29 

Q11-2 It helps me to be more 

productive. 

0 0 0 35 23 

Q11-3 It is useful. 0 0 0 31 27 

Q11-4 It gives me more control 

over my everyday activities. 

0 3 12 37 6 

Q11-5 It makes what I want to do 

easier to achieve. 

0 0 4 45 9 

Q11-6 It saves me time when I use 

it. 

0 0 0 48 10 

Q11-7 It suits my needs. 0 1 1 34 22 

Q11-8 It does everything I expected 

it to do. 

0 16 8 32 2 

Q12-1 It is easy to use 0 4 1 36 17 

Q12-2 It is simple to use 0 4 1 36 17 

Q12-3 It is user friendly. 0 0 0 24 34 

Q12-4 It takes only a few steps to 

achieve what I want to do. 

0 0 1 44 13 

Q12-5 It is flexible. 0 0 0 43 15 

Q12-6 I use it without any special 

effort. 

0 6 2 36 14 

Q12-7 I can use it without written 

instructions. 

0 3 0 39 16 

Q12-8 I do not notice any 

inconsistencies while I using it. 

0 6 2 45 5 

Q12-9 Both regular and casual 

users will love it. 

0 0 0 31 27 

Q12-10 I can get back into the 

game with mistakes quickly and 

easily 

3 51 0 4 0 

Q12-11 I can use it successfully 

every time. 

0 0 1 48 9 

Q13-1 I learned to use it quickly. 0 2 0 39 17 

Q13-2 I easily remember how to 

use it. 

0 0 1 40 17 

Q13-3 It is easy to learn to use it. 0 0 0 50 8 

Q13-4 I quickly acquired the skills 

to use it. 

0 2 1 38 17 
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Q14-1 I'm satisfied with the game. 0 0 0 35 23 

Q14-2 I would recommend it to a 

friend. 

0 0 0 24 34 

Q14-3 It is pleasant to use. 0 0 0 38 20 

Q14-4 It works the way I want it to 

work. 

0 26 15 16 1 

Q14-5 It's great. 0 5 25 26 2 

Q14-6 I feel like I should have it. 0 0 8 45 5 

Q14-7 It is satisfying to use. 0 0 0 36 22 

Valid N (listwise) 58     

 

 

 

 

 

The following figure provides a holistic overview of the answers for the questions that 

belong in the useability axis which are designed using 5-level Likert Scale in the pilot study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: Overall students’ attitudes towards VEARA’s useability  
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6. Discussion 

 

The pilot study was implemented in secondary education in the students of the music 

schools that have the violin as an optional course. 58 students responded to the survey. The 

online questionnaire that was constructed was disseminated to the students after having played 

the game and aimed to evaluate VEARA by students that already had a significant knowledge 

of the music. It is also provided feedback on how experienced students estimate that novice 

violinists would use and evaluate a game such as VEARA. The results were gathered and 

analyzed for examination. All results that were gathered indicated a positive attitude of students 

of violin course to learn such concepts using ARSG such as VEARA. The majority of the 

students seemed to respond well to the active participation required of them and enjoyed the 

graphical and engaging environment. The evaluation results of the evaluation study showed 

that the majority of the students increased their knowledge on violin learning by using this 

game. This feedback is encouraging towards the further exploration of game-based learning as 

a learning method for violin education, and more specifically towards the incorporation of 

VEARA and other ARSG in the classroom. The evaluation results concluded that the 

participants enjoyed the game’s flow elements and motivated to progress within the educational 

scenarios and did not face major difficulties in the use. This positive experience is also 

confirmed by the fact that the majority responded that they would indeed re-use VEARA when 

learning violin in the future.  

It should be noted that the only questions whose results are low were the students' 

statements that the intermediate goals weren’t clearly presented in each scenario. Also, 

VEARA did not provide help options to overcome each trial of the game. Significant numbers 

of participants disagree about the knowledge of steps over actions they need to follow to move 

on to the next step. However, they were seemed to have a sense of control and show that 

instructions are not so necessary for completing the individual objectives. Other low results 

refer to the game and its lack of support for social interaction among players. Lastly, the game 

didn’t support internal and external communities and these are confirmed in the statement if it 

works as they would like, which is just as low as a result.  
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7. Conclusions and future work 

 

 

The previous chapters presented a game- based learning that aims to address difficulties 

encountered in learning and teaching the violin in early stages. Initially, an overview of the 

field was realized through the study of applications developed to support education in general, 

and the violin specifically. The research proceeded to investigate works that have developed 

applications for the violin as well as works that have proposed design frameworks for serious 

games. This led to the recording of all characteristics that should be incorporated in a successful 

serious game in order to fulfill educational goals set by the teachers, while being engaging and 

entertaining in order to enable motivation and active participation during the learning process. 

The notion that led to the conception of the idea was that most teachers do not prepare 

lesson plans, which is considered to be a weakness. Especially in the early lessons, it is found 

that lesson plans provide the framework necessary to a smooth transition between skills being 

taught and accomplishing goals. The strength and uniqueness of this game is that it presents 

the fundamental aspects of the violin which consists of several chapters that focus on different 

educational scenarios and are followed by related quizzes and it also offers the opportunity to 

dyslexic students to play the game efficiently. However the dyslexic friendly content inclusion 

is implemented on a prototype level. It serves only demonstration purposes which will be 

eventually developed.  

The survey results can reveal significant tendencies, capabilities, absences, needs, and 

particularities for the game. As it previously mentioned , the objectives of the game is to: 

• Emergence of best practices with an emphasis on the knowledge of novice 

violin students about fundamental aspects. 

• Design and development of digital packaged in serious games and digital 

interfaces through game to support students. 

• Greater interest and motivation for violin learning.  

Future plans include tutorial with hints and tips that can help the students achieve the 

goals and simultanesly teach them with video lectures the violin aspects they need to know. 

Furthermore it would be advantageous to include users’ leaderboards and login page where 

each user must fill their personal credentials to login. Lastly, the game needs to be translated 

into other languages in order to have the opportunity and other students who have taken the 

violin as an optional course and do not speak English language to interact successfully. 

VEARA combines entertainment with education. While playing, students are able to 

perform activities, get feedback on their progress and assess their knowledge comprehension. 

Evaluating the game flow and usability, modifying its elements and categorizations that need 

it and adding more features, it can be considered a basis for future research and application on 

the combination of the terms SG, AR, violin education. 
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Appendix- Questionnaire of VEARA’s evaluation  

 

VEARA Game Evaluation 

This research-questionnaire is organized in the framework of the dissertation ”Serious Game 

using Augmented Reality for supporting the educational process of the Violin" by Eleftheria 

Siklafidou, a postgraduate student of the interdepartmental Programme of Postgraduate 

Studies in Information Systems. The purpose of the dissertation is to create a game of serious 

purpose that aims to present the knowledge required for a novice violin student using Augmented 

Reality. This questionnaire examines aspects of the mobile computing application for the game, 

such as learning objectives, game flow, usability, and more. The results of this research will be 

available in the dissertation. For any questions please contact the email: mis20016@uom.edu.gr 

 
* Απαιτείται 

 

 
 

Demographics 

 

 

 

 

1. How old are you? (Please fili in your age.) * 

 

 

 

 

 

2. Please select your gender. * 

 

Male 

Female 

 

Game flow 

 

3. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

 

 

mailto:mis20016@uom.edu.gr


77 
 
 

 

  

 

 

Most of the game activities are 

related to learning goals.   
  

 

 
 

No distractions from the game are 

noticed. 

 

Generally speaking, I can stay 

focused on the game.   

 

I am not distracted by activities 

during which the player has to be 

concentrated   

 

I am not burdened by activities 

that seem unrelated to the original 

goal. 

  

The workload of the game is 

sufficient. 

 
 

 

 

4. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

 

  

 

 

Overall the goals were presented 

at the beginning of the game.  
  

1 2 3 4 5 

1 2 3 4 5 
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The overall goals of the game 

were clearly presented. 

 

The intermediate goals of the 

game were presented at the 

begging of each scene.  

 

The intermediate goals of the 

game were clearly presented.   

 
 

 

5. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

  

 

 

I get feedback on my progress in 

the game.  
  

I receive immediate feedback on 

my actions.  

 

I am informed about new 

activities immediately.   

 

I am informed about new events 

immediately.  

 

I receive information about the 

success (or failure) of smaller 

goals. 

  

 

6. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

1 2 3 4 5 

1 2 3 4 5 
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Strongly agree) * 

 

 

 

 

 

The game provides “help 

options” that help me overcome 

each trial in the game.  
  

The game provides “online 

support” that helps to overcome 

each trial of the game. 

 

The game provides video or 

audio aids that help me overcome 

the trials of the game.   

 

The difficulty of the tests 

increases as my skills improve.   

 

The game provides new tests at 

an appropriate pace. 

  

The game provides different test 

levels to suit different players. 

 
 

 

7. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 
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I have a sense of control and 

influence on the game.  
  

I know the next steps in the game.  

 

I have a sense of control over the 

game.  

 
 

 

8. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

 

 

 

 

I lose track of time while I play.  
  

I don’t pay attention to the people 

and things around me while I play 

the game. 

 

I temporally destructed from the 

worries of everyday life while 

playing the game.   

 

I get a different sense of time as I 

play.  

 

I can feel involved in the game.  

  

I feel emotionally involved in the 

game. 

 

I instinctively feel involved with 

the game. 

1 2 3 4 5 
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9. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

 

 

 

 

I feel open to working with other 

classmates.  
  

Collaboration in the game is 

useful for me to learn.  

 

The game supports social 

interaction among players (chat, 

etc).  

 

The game supports internal 

communities.  

 

The game supports external 

communities.  

  

 

 

10. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

 

 

 

The game enhances my 

knowledge.  

1 2 3 4 5 
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I understand the basic knowledge 

taught to me.  

 

I try to apply my knowledge in 

the game.  

 

The game motivates the learner to 

make use of the knowledge they 

take.  

 

I want to learn more about the 

subject matter provided by the 

game. 

  

 

 

11. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

 

 

 

 

It helps me to be more effective.  
  

It helps me to be more productive.  

 

It is useful.   

 

It gives me more control over my 

everyday activities.   

 

It makes what I want to do easier 

to achieve.  

  

It saves me time when I use it.  

 

It suits my needs.  

1 2 3 4 5 
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It does everything I expected it to 

do. 

 

 

12. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

 

 

 

 

It is easy to use.  
  

It is simple to use.  

 

It is user friendly.   

 

It takes only a few steps to 

achieve what I want to do.   

 

It is flexible.  

  

I use it without any special effort.  

 

I can use it without written 

instructions.  

 

I do not notice any 

inconsistencies while I using it. 

 

Both regular and casual users will 

love it. 

 

I can get back into the game with 

mistakes quickly and easily

I can use it successfully every 

time.  
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13. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

 

 

 

 

I learned to use it quickly.  
  

I easily remember how to use it.  

 

It is easy to learn to use it.   

 

I quickly acquired the skills to 

use it.  

 
 

 

 

14. Please select the extent to which you agree with the following suggestions. (1. 

Strongly disagree, 2. Disagree, 3. Neither disagree nor agree, 4. Agree, S. 

Strongly agree) * 

 

 

 

 

I’m satisfied with the game.  
  

I would recommend it to a friend.  

 

It is pleasant to use.   

 

It works the way I want it to 

work.  

 

1 2 3 4 5 
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It’s great.  

  

I feel like I should have it.  

 
 

It is satisfying to use.  

 


