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ABSTRACT 

 

Context. Daily active listening is important for the deaf and hard of hearing people (DHH) of their 

hearing rehabilitation, but the related hearing activities are usually not enough for them due to kinds 

of reasons. Although some traditional desktop computer-assisted tools were created for encouraging 

active listening, the usage rate is not high. Nowadays, mobile smart devices become more and more 

widely used and easily accessible all around the world. Game applications on these devices are good 

tools for training related activities. However, in the market, there are limited games designed for the 

DHH, especially aiming for engaging them in active listening. Therefore, such a game on mobile 

platform is the inspiration for increasing their everyday active listening. 

 

Objective. In this study, an audio-based mobile game application called the Music Puzzle was to 

create on Android operating system, for encouraging the DHH in their active listening. With aim of 

making the game have good usability and engaging for real use, we were to evaluate the game and 

conduct experiments on its usage, to see if it could be more used than another traditional hearing game 

on desktop platform and bring greater amount active listening for the DHH. 

 

Methods. In this study, overall, methods of literature review, game development, preliminary and 

evaluation experiments, as well as tracking study were used. In the development phase, interaction 

design theories and techniques was applied for assisting the design work. Android and Pure Data were 

employed for the software implementation work. In the evaluation phase, System Usability Scale 

(SUS) and Intrinsic Motivation Inventory (IMI) questionnaire were used for respectively testing the 

game usability and engagement. Then a four-week tracking study was conducted to acquire the usage 

data of the mobile game among the target group. Afterwards, the data was collected and compared 

with the usage data of the desktop game using statistical method of paired sample t-test. 

 

Results. From the preliminary experiments results, most of the participants reported their enjoyment 

with playing Music Puzzle and willingness to use it. Subsequent experiment gave good results on the 

game usability and engagement. The final tracking study shows that most participants activated and 

played Music Puzzle during the given time period. Compared with the desktop game, the DHH spent 

significantly greater amount of time on playing the mobile game. 

 

Conclusion. The study indicates that the Music Puzzle has good usability and it is engaging. 

Compared with the desktop game, The Music Puzzle mobile game is a more effective tool for 

encouraging and increasing the amount of active listening time among the DHH people in their 

everyday life. 

 

Keywords: Android audio-based game, interactive system design, active listening, mobile 

game 
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ACRONYMS:  

 

HCI  Human Computer Interaction 

DHH Deaf and Hard of Hearing 

UI  User Interface 

KTH Kungliga Tekniska högskolan (Royal Institute of Technology) 

TMH Tal Musik och Hörsel (Speech, Music and Hearing) 

PTS  Post- och telestyrelsen (Postal and Telecom Authority) 

SME Subject Matter Expert 

SUS  System usability Scale 

IMI  Intrinsic Motivation Inventory 

GUI  Graphical User Interface 

GU  Game Usability 

GP  Gameplay 

GPS  Global Position System 

SD  Standard deviation 

CI  Confidence Interval 

2D  2 Dimension 

3D  3 Dimension 

dB  decibel  

Pd  Pure Data 

SDK Software Development Kit 
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1 INTRODUCTION 

This master thesis work, with research on the Music Puzzle game, is a collaboration of 

Blekinge Institute of Technology (BTH) and Royal Institute of Technology (KTH). This 

research was conducted by BTH master students, under the department of Speech, Music and 

Hearing (TMH) at KTH in Stockholm. It is part of a project called the Soundpark 

(Ljudparken) [11], funded by the Swedish Postal and Telecom authority (PTS). 

1.1 The Soundpark project and Music Puzzle 

On the whole, the Soundpark project is to develop and present applications for the deaf and 

hard of hearing (DHH) people to participate in sound-related activities more actively and 

positively [11]. The Soundpark project combines resources and research results from several 

separate projects, and our research on the Music Puzzle game is one of them. Although there 

is no direct relationship between these small projects in Soundpark, they comprise the 

Soundpark project with the same main aim. That is to provide the DHH people with 

audio-based interfaces and create interactive listening experiences for them. In the 

Soundpark project, the audio interfaces were initially supplied with sensor-based musical 

instruments. Afterwards, it was extended with various experimental applications on modern 

smart devices. And our Music Puzzle game application is one of the experimental 

applications on Android devices.  

 

There are two trends urged the Soundpark project, which from a lager perspective, also 

motivated us to conduct our research. First, the number of DHH worldwide is constantly 

growing [36]. Meanwhile, hearing aids and relevant hearing-assistance technologies and 

equipment are quickly developing. Second, modern mobile smart devices are now playing a 

more important role in people’s daily life. From the viewpoint of sound interaction, it 

supplies multiple ways of possibilities for people to access sound related services and 

products.  

1.2 Background 

In this section, the specific background for our research is presented.  

 

Benefits of music and active listening for the DHH: 

 

Music can bring a lot of benefits, not only to normal hearing people, but also to the deaf and 

hard of hearing (DHH) people (e.g. [3], [7]). For the DHH, participating in musical activities 

and experiences has positive effects on training their hearing abilities and improving their 

sensory recovery (e.g. [4], [5] and [6]). 
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In their hearing rehabilitation training, encouragement of active listening is an important type 

of training method [8]. Rogers [54] in a classic article describes the active listening as 

follows: This type of listening should be active rather than passive. In the active listening 

activity, the listener needs to focus, concentrate, intentionally absorb and grasp the true 

meaning of what he hears. Studies [5] [8] show that a large amount of active listening is an 

important hearing training method and can bring great benefits for the DHH people’s hearing 

recovery.  

 

Modern technologies for the DHH and limitations:  

 

Modern hearing aids supply the DHH with assistance on participating in more speech and 

musical activities than before [55]. With the help of the hearing aids, most of their hearing 

ranges are enlarged [55]. However, there are still some limitations. Study [8] showed that 

many DHH people usually do not activate their hearing aids, or only spend little time on 

using them. In this circumstance, there can be risks for them to properly train and develop 

their hearing abilities.  

 

On the other hand, computer-assisted hearing training tools also bring benefits for the DHH 

in their hearing abilities rehabilitation from different perspectives [63]. These 

computer-assisted tools, especially software with hearing training purpose on desktop 

platform, supply much richer forms of interaction and training methods. Compared with 

traditional ways of hearing rehabilitations in clinic or hospital, the DHH can receive training 

programs via home computers, which is more convenient and economical [27]. Moreover, 

the users’ training data and procession are more easily accessed and monitored by their 

therapists [64].  

 

However, using these desktop computer tools also has its disadvantages. Some DHH people 

and their families still have difficulties to afford such tools, especially in some developing 

countries [66]. Besides, these tools on desktop platform are restricted by locations, which are 

not very flexible [65]. It is reported such desktop games have a low usage rate [68].  

 

The potential of mobile applications for DHH 

 

In recent years, mobile smart devices and their ecosystems are fast developing and becoming 

more dominating in people’s daily lives. Mobile computing is probably the largest area of 

growth for designing interactive systems [10]. These smart devices are popular, easily 

accessible and commonly equipped with various sensors, such as inertia (accelerometer and 

gyroscope), and others (microphone, camera, proximity sensor, and touchscreen). These 

sensors have broadened the possibilities of ways of communicating with information, and 

especially, interacting with sounds. These built-in sensors extend the forms of interaction, 

make the interaction more accessible and simple with users, as well as lower the difficulty 

level of learning the system. It is reported that most of the DHH young people are willing to 

use smart devices to access sounds [56].  
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However, by investigating the current existing sound-based mobile applications on market, it 

shows that most of the applications today are either very simple, such as sound effects 

buttons, piano keyboards and drum kits, or copies of existing desktop software, such as 

sequencers, equalizers and music players [11]. On the other hand, for the DHH, there can be 

various difficulties for the DHH group in manipulating audio-based mobile applications on 

these devices, particularly from the aspect of sound interaction [1], [2]. In the market, there 

are limited applications especially designed for them. Most of these applications are 

designed for speech intelligence, while not aiming for hearing training. And no applications 

are designed for encouraging active listening.  

1.3 Problem description and Motivation  

It’s commonly known that computer games can be used as an educational tool for learning or 

training (e.g. [9]). The concept of serious game [57] often relates to this kind of computer 

game. The main purpose of serious game is to train or educate the users, for instance in 

health care area, rather than pure entertainment. In the area of hearing rehabilitation, the 

garget game users are the DHH.  

 

Some computer-assisted games have been developed for the DHH from different aims, such 

as speech training or encouraging active listening [27]. Among them, the Melody Hearing 

Training System [67] is a traditional computer-assisted hearing training tool on desktop 

computer with Windows operating system. This tool has multiple modules, and one of them 

is a sound game designed aiming to encourage the DHH to actively listen in a gaming way. It 

is widely promoted in deaf-mute schools in the major cities of China [68]. The deaf-mute 

schools purchased this game for their DHH students and allow them to play in their casual 

time in order to benefit for their hearing ability, and our cooperated deaf-mute school is one 

of them. However, it was reported from the school teachers and researchers that the game 

was not sufficiently used by DHH students [68]. In that case, enough amount of time on 

active listening cannot be ensured and this desktop game tool is not very satisfying for 

achieving this purpose.  

 

Therefore, in our study, we thought a game application on mobile platform for encouraging 

active listening might be developed as an ideal tool for the DHH. By making use of the 

benefits large amount of active listening and serious game on mobile platform bring, we 

hope a useful and easily accessible auditory environment could be supplied with them by the 

game. Consequently, we decided to design and implement such an audio-based mobile game 

application, in order to provide the DHH with a better tool. With such an environment the 

game supplies with, we assumed the DHH would be more encouraged to activate their 

hearing aids and actively listen. And by playing with the game, their amount of active 

listening time could be increased in their daily life, which is good for their hearing ability 

recovery. 

 

Furthermore, after implementing this mobile game, we also want to compare the usage 

between the mobile and desktop games among the DHH, in order to look at if the mobile 
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could provide greater amount of playing time than the traditional desktop one. Because both 

games have similar game purpose of encouraging active listening, and would be used in their 

casual time as an assistant game tool, then they have good comparability. If the mobile game 

could be played more than the desktop game, it would indicate it brings longer time of active 

listening, which is worthy to be promoted among the DHH. By opportunity, we acquired the 

permission to access the students’ usage data on the desktop game from our cooperated 

deaf-mute school, which provided us the possibility to conduct our further study.  

1.4 Research question 

The mobile game is expected to encourage them to play and increase their everyday active 

listening. Concerning if such a mobile game could be designed for achieving this aim, as 

well as if the game could be more used than the desktop game by them, that's a question we 

need to figure out. If the game can be considerably used in their real life, with greater 

amount of usage than the desktop one, then active listening could bring more benefit for 

them. In this way, the mobile game becomes to make sense and worthy to be popularized 

among the DHH. Therefore, we proposed our research question:  

 

“Can a mobile game be more used than a traditional desktop game by the DHH 

people in their everyday life, both of which are designed for encouraging active 

listening?” 

 

In order to answer this question, first we need to design the game with aim of making it 

encourage active listening, and then we need to compare the usage between our mobile game 

and the desktop game, i.e., if the if the mobile game can be more used than the desktop one 

in their everyday life. In the whole process, we have the following two main aspects to 

address.  

 

Design the game for active listening: The initial goal in our research is to develop an 

audio-based game on mobile platform. Above all, this game should be designed for 

encouraging active listening among the DHH. It means when they play with the game, they 

should use their active listening to solve the game tasks. Active listening is the key factor 

to ”win” and the “active listening” action should take up most of the playing time. They need 

to focus their attention on listening the sounds actively while playing it. In this way, the 

benefits of active listening could be brought to them. 

 

Evaluation: On the other hand, in order to apply this game application in reality for proper 

daily use, The premise is to make sure the game can work well and be normally used as a 

good game. By investigation, we found that good usability and engagement are two critical 

properties for a good and eligible serious game [44]. As to usability, International 

Organization for Standardization (ISO) defines it "the extent to which a product can be used 

by specified users to achieve specified goals with effectiveness, efficiency, and satisfaction in 

a specified context of use" [58]. Moreover, the usability is important for a game and it deeply 

affects the overall experience of players interacting with the game [43]. Particularly in 
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serious game field, if the usability fails, the player would distract from focusing on the game 

content, and then the training outcome probably would be unsatisfying [42]. For the 

engagement in serious game field, study [44] shows that high level of engagement is also 

important for a constant interaction with the game in order to achieve better rehabilitation 

outcome. Consequently, it is important that experiments should be conducted on evaluating 

the game, in order to ensure the game has good usability and engagement before putting it 

into further real study and use. Thereafter, to answer if the game can be more used than the 

desktop one, comparison study should be conducted to evaluate on their real usage of the 

game.  

1.5 Thesis structure 

Chapter 1. Introduction: Mainly, the Soundpark project, Music Puzzle research, its 

background and motivation, as well as the research question are stated.  

Chapter 2. Related work: The related work containing literature review is presented. 

Chapter 3. Methodology: With the research flow starts in this chapter, the methods applied 

in this research including literature review, requirements analysis, development methods and 

evaluation methods, are described.  

Chapter 4. The Music Puzzle: First, the Music Puzzle game is completely described, and 

then the process of game evolution is briefly presented.  

Chapter 5. Evaluation: How we conducted our evaluation and the results are presented.  

Chapter 6. Analysis: The analyses on evaluation results are stated. 

Chapter 7. Discussion: The discussion on validity and reliability including research 

limitations are given; the ethics aspect and contribution of this research are also discussed.  

Chapter 8. Conclusion and Future work: The conclusion and future work are summarized.  
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2 RELATED WORK 

Previous researchers have made some efforts on designing interactive systems for purposes 

of hearing training and rehabilitation. They explored and solved relevant or similar problems 

in various modalities. On a basis of their work, by analyzing their designs, solutions and how 

they carried out their research, some benefits and drawbacks can be summarized for 

prompting our own design strategies and implementations. In our study, nine related studies 

were sorted out from databases, and they are discussed and evaluated in the following. 

 

Among these nine studies, the study subjects are all deaf or hard of hearing people which are 

the same as our study. Except for [35] in which a mobile game system is deployed and has 

similarity with our solution, all the other studies are based on different platforms and tools. 

However, none of these studies are aiming for encouraging DHH people’s active listening by 

mobile games, which made our study unique. 

 

In four studies [27] [28] [29] [30], computer-assisted methods are used to solve 

hearing/speech training related issues. DHH people can benefit from the following aspects. 

Firstly, patients can conduct their training program at home, and the cost of treatment is 

greatly reduced instead of traditional therapy in hospitals and clinics. They can simply access 

their home computers and do individual practice anytime they want, which are more 

convenient. Secondly, Computer multimedia technology brings about more possibilities on 

design of therapeutic schemes.  

 

Jouhtimäki et al. [27] designed an educational computer game for DHH children to improve 

their hearing abilities, particularly on learning rhythm pattern. In this study, 

music-therapeutic methods are applied in the game, and visual representations such as 

animation are used as rhythm indications and feedback. From this study, we learned to know 

that DHH people could feel and understand rhythm through visual elements, which would 

benefit us on interface and interactive design.  

 

Gennari et al. [28] developed a client-server web-based tool for stimulating global reasoning 

ability of deaf children in Italy. The tool, LODE, presented an intelligent graphical User 

Interface (GUI) on computer in the form of a series of web pages. These web pages can be 

navigated in a narrative way. Moreover, comprehension exercises are also supplied. However, 

the result of preliminary evaluation is not that satisfying. There are drawbacks in both 

hardware and software, and no statistically consistent data was properly collected. Besides, 

only two deaf children participated the test, but they showed interest in playing the game. In 

our design, the game is established on mobile smart phones without Internet connection, 

which is relatively light-weighted and not complicated to maintain. Furthermore, more 

participants will be involved in later test.  

 

In study [29], Fu et al. discussed and evaluated a computer-assisted speech-training (CAST) 



7 

 

software for persons with cochlear implant (CI). This software aims acoustic contrasts 

between speech stimuli and provides auditory and visual feedback. In designing this software, 

the ways of selecting training materials are carefully done, which supplies us with some 

guidelines on how to select our sound materials. In addition, researchers implemented the 

communication and data integrations between CI patients and their therapists, which would 

also be part of future work for us.   

 

Hashimi in study [30] developed and utilized non-speech voice-controlled applications in 

order to help DHH people have a good understanding of voice characteristics. For this study, 

two interactive games were developed. In the design process, the concept of visual 

representation of voice is emphasized and explored. Exploring methods of visual 

representation is also a challenge for us. Moreover, Hashimi also analyzed the interactive 

pattern in DHH, which also inspired us. 

 

Three studies [31] [32] [33] deployed interactive systems with hardware-software 

combination for speech and hearing related treatment. In these studies, sensors and software 

are embedded in common objects.  

 

Iversen et al. [31] presented an interactive floor application for training speech and language 

skills for CI children in a school environment. This sensor-based floor game application, 

StepStone, stressed the relationship between body movement and linguistic learning. 

Although a full-scale evaluation is not yet accessible, positive feedbacks have received from 

CI children and they described this floor game funny and good for learning activities.  

 

Nanayakkara et al. [32] designed a haptic chair to enrich the experience of music for DHH 

people. This system comprises a vibrating haptic chair providing sensory input via touch, 

and a computer display of informative visual effects. The results analysis from user 

evaluation shows this haptic chair has potential to enhance enjoyment of music for DHH 

people. However, there are also limitations in this study that need to be noticed by us.  

 

Rega et al. [33] presented an interactive hardware/software system named Magic Glove for 

DHH children in speech treatment. This system was inspired from fact that general speech 

treatment is based on repetition of objects’ name. By using this system, therapists can 

animate real objects and perform exercises of vocabulary acquisition. In this system, 

electronic modules are embedded in the “magic glove”, as well as RFID-related technology 

and software were used for activating objects and tracing data. The observation results 

showed the DHH children’s attentions were attracted and interests were increased.  

 

In both studies [34] and [35], mobile devices are used as the platform for communication and 

auditory training. 

 

Matthews et al. in [34] presented a mobile sound transcription tool for DHH people. By 

using this tool, Scribe4Me, a piece of sound including speech and environmental sounds will 

be converted into text message and given to user. However, there are limitations in 
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communication due to technology.  

 

Zhou et al. [35] demonstrated a cloud-based mobile game system based on iOS platform, for 

training and enhancing auditory habilitation for CI children recipients. The system includes 

three games respectively focus on training CI children’s abilities of pitch perception, 

single-note intonation skills and melody practice. Besides, the cloud-based web service is 

also a great feature that provides support for remote communication and management 

between therapists and musical educatees. From form aspect, this application system has 

similarity with our mobile game for engaging active listening. 
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3 METHODOLOGY 

In this chapter, the research flow, Music Puzzle game development methods including design 

and implementation techniques, as well as evaluation methods, are described. 

3.1 Research flow overview 

Figure 3.1 presents the flow of this research in steps. As shown in Figure 3.1, the research 

starts with literature review and requirements analysis. Literature review allows us to have a 

whole picture of the state-of-the-art in related field. By doing the requirements analysis, we 

could identify the requirements and defined the design goals for the target group. Afterwards, 

the game design and implementation work was iteratively done and refined until a satisfying 

result came out. For game design, methods of prototype, interview and heuristic evaluation 

were applied. On Android platform, we implemented the game. After the final version of the 

game was integrated, a preliminary experiment was carried out with a group of DHH and 

their feedback was received. The result shows that most of them like the game and are 

willing to use it. After that, evaluation on game usability and engagement was conducted, in 

order to verify the game is enough usable and engaging. After that, we conducted tracking 

study with another group of DHH people for four weeks, in order to acquire their usage on 

the mobile game. Subsequently, we collected their usage of the game during the tracking 

period, compared and analyzed it with the desktop game usage data.  

3.2 Literature review and requirements analysis 

The literature review is presented as related work in Chapter 2. For the requirements, after 

we discussed with our supervisor, three main design goals for the game were identified. 

 

1. The game should persistently interest the DHH with aiming for a long-term use.  

2. While playing the game, the DHH should use their active listening to win the game, and 

the game should be less visually dependent.  

3. The game content and settings should be configurable for a consistently changeability. 

 

For a basic level, good usability is critical for a game. Crawford [45] states “if the game 

interface is clumsy or confusing, the player simply abandons the game”. Based on that, for 

Goal 1, we interpret the persistent interest as an enjoyment and engagement with the game. It 

means the game should be able to be constantly interacted with players. Also for Goal 3, a 

game with changeable content and settings could make the game have supporting motivation 

for active participation [46]. Goal 2 indicates the key design of the game, i.e., the game 

should be designed for active listening. 
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Figure 3.1 Research Flow 

3.3 Game development  

In this section, first we give an introduction of the Music Puzzle game, and then the methods 

of how we developed it including design and implementation are stated.  

 

In this study, the overall development work mainly follows the Prototyping Model [19]. The 

Prototyping Model is a system development method in Software Engineering. In this model, 

the early prototypes are iteratively built and reworked until customer satisfaction is achieved. 

Figure 3.2 shows a typical Prototyping Model. Through the whole process of our work, we 

made gradually evolved versions of the Music Puzzle game. A latter version generally had 

more functions and improvements compared with a previous version.  

 

Literature review Requirement analysis 

Game Development  

(Design and Implementation) 

Integration 

Preliminary experiment 

Usability and Engagement evaluation 

Tracking study on mobile game 

Data collection and comparison analysis 
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Figure 3.2 Prototyping Model 

3.3.1 Introduction of the Music Puzzle game 

This Music Puzzle application is a game developed and used in this research. It is a mobile 

application that runs on Android tablets and smartphones. The basic concept of the Music 

Puzzle is in a way like a traditional jigsaw puzzle game, but the gameplay is in another 

version, which makes use of the sound, instead of visual jigsaw fragments. In the beginning 

the game, as shown in Figure 3.3 (a), a complete piece of sound can be divided into several 

small pieces in same length by the player. Then as illustrated in Figure 3.3 (b), these small 

pieces of sound fragments are represented by a certain amount of identical small balls on the 

screen. In order to finish the game, the task for the player, first, is to recombine these small 

pieces of sound fragments in a correct order. Besides, audio parameters on each fragment are 

also distorted at the same time when the original complete sound is split. Therefore, the other 

task for the player is to adjust the parameters on each piece to the original. Consequently, 

during the game, the player really needs to focus on listening to each fragment, in order to 

make right choices, and then he can successfully accomplish the game. On the main game 

screen in Figure 3.3 (b), a few cheating functions are supplied, not only can assist players to 

solve the puzzle game easily, but also for the purposes of different experimental settings. On 

the game background, a scoring system is set up for game enjoyment and player 

self-evaluation. Along with it, game log can also be automatically generated in a text file 

after each puzzle is solved, supplying for later analysis. 

 

      

 

Figure 3.3 (a): The player needs to click the big ball to listen to the complete sound, and then 

shake the smartphone to split the sound. 
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Figure 3.3 (b): The big sound ball is split to several randomly scattered small sound balls on 

screen. 

3.3.2 Game design 

For the application design work, techniques from designing interactive systems in Human 

Computer Interaction (HCI) area were applied in practice. Mainly, interaction design 

techniques of Prototype, Interview and Heuristics evaluation were used for supporting our 

design work. 

 

Prototype: The prototype is a representation of an interactive system usually for 

demonstrating in early stage [38]. It is a very useful and simple tool for presenting and 

assessing the game layout and procession. Thus, following the Prototyping Model, we started 

with creating the preliminary mock-up prototype [22] for the application in order to present 

and express the game concept. The mock-up prototype was made by using Photoshop as 

shown in Figure 3.3. After discussion with our supervisor, a paper prototype [50] was drawn 

for demonstrating more detailed about the structure and elements, as shown in Figure 3.4. 

The concept design was iterated and optimized several times. With assistance of prototypes, 

work such as whole game settings design and gameplay simplicity were easily considered, 

expressed, discussed and improved in design early stage. 

 

Figure 3.3 A mock-up prototype for Music Puzzle 
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Figure 3.4 Part of a paper prototype for Music Puzzle 

 

Interview: During the design process, in order to collect feedback and improve the game 

design, the method of interview is used with subject-matter experts (SMEs). Interview is a 

way to understand what the stakeholders want and what problems exist [10]. The interview 

method usually has two forms, the structured interview and unstructured interview. The 

structured interview is a quantitative survey method to ensure interview questions and their 

orders are the same. Because at that time the research was in the early stage with some 

undecided design, all the interviews were mainly carried out using unstructured form, along 

with some prepared questions. The SMEs means domain experts with skills or knowledge in 

a particular field. In our study, we took the chances and mainly interviewed with three 

groups of experts. They respectively are the Soundpark team members, the TMH colleagues 

and presenters in Sound and Music Conference (SMC) 2012. In interview with the 

Soundpark team members, we identified the user profile and characteristics of our target 

group. And we prepared questions, for instance, “Is the game idea interesting or is the 

gameplay attractive?” and “Is it possible to change the pitch and frequency of the music 

technically?”. In interview with the TMH colleagues, we asked same questions, and 

discussed about related technical implementation. In the SMC 2012, we had an opportunity 

to give a presentation on our game. After the conference, we randomly interviewed some 
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presenters. Some of them are experts in HCI and sound field, and they gave us some advice 

on the game. Overall, they said the game concept was interesting and wanted to see the 

further progress.  

 

Heuristics Evaluation in design stage:  

 

In the design stage, the method of Heuristics Evaluation was used for improving our game 

design. Generally, the Heuristics Evaluation is a method usually used for helping to identify 

usability problems in an iterative user interface process [59]. In Heuristics Evaluation, a 

small group of evaluators (SMEs) examine the interface and judge its compliance with 

recognized usability principles [59]. For our study during the design process, we applied 

Hannu’s Heuristics [20] of game usability and gameplay. We and the Soundpark team 

members as evaluators participated the evaluation. Because we have the related background 

knowledge of game design and the Soundpark team members had knowledge of the target 

users, and we both knew the design goals. The evaluation was carried out twice, respectively 

in design early and late stage. In the evaluation, we sat together and examined the game 

according to Hannu’s heuristics. For the Heuristics items which our game was not compliant 

with, we took notes and considered to modify them after the evaluation. Below is the 

modified version of Hannu’s heuristics principles we applied for suiting our study:  

 

Game Usability (GU) Heuristics  

GU1 Audio-visual representation supports the game 

GU2 Screen layout is efficient and visually pleasing 

GU3 Device UI and game UI are used for their own purposes 

GU4 Indicators are visible 

GU5 The player understands the terminology 

GU6 Navigation is consistent, logical, and minimalist 

GU7 Control keys are consistent and follow standard conventions 

GU8 Game controls are convenient and flexible 

GU9 The game gives feedback on the player’s actions 

GU10 The player cannot make irreversible errors 

GU11 The player does not have to memorize things unnecessarily 

GU12 The game contains help 

 

Gameplay (GP) Heuristics 

GP1 The game provides clear goals or supports player-created goals 

GP2 The player sees the progress in the game and can compare the results 

GP3 The players are rewarded and rewards are meaningful 

GP4 The player is in control 

GP5 Challenge, strategy, and pace are in balance 

GP6 The first-time experience is encouraging 

GP7 The game story supports the gameplay and is meaningful 

GP8 There is no repetitive or boring tasks 

GP9 The game supports different playing styles 



15 

 

In the list of game usability heuristics, a general rule of game usability is the player should 

be able to easily control the game and gain only necessary information. The evaluation result 

revealed the game is basically compliant with the all items. GU1 - GU5 indicate the visual 

design aspects and GU6 - GU8 indicate the navigation of game. For achieving that, for 

instance, we tried to keep the game interface simple, since we need to avoid visual 

dependency factors, in order to make the players focus on listening. And the player can use 

back button from Android System to go back to previous screen of the game. GU9 indicates 

the interaction aspects and we confirmed it with our game without problems. Player always 

can redo his action so no irreversible errors can be made (GU10). Since the gameplay is 

simple there in no unnecessary information for player to memorize (GU11), and we don’t 

think the game needs help information.  

 

To summarize the improvement of gameplay according to the heuristics, the game goal was 

considered clear from the visual representations (GP1). A checking function was 

implemented which can represent the player’s game progression (GP2, GP4). The game 

provides options of difficulty levels to players, and a scoring and rewarding system was 

given when the game is solved regardless player’s behaviors (GP5). The game can be 

started with easy level, which can help player get familiar with game quickly (GP6). The 

game doesn’t have a strong story background, but it has a novel 

splitting-and-rearranging gameplay style, as well as supports different game contents 

such as speech and music (GP7, GP9). The game is dynamic both in content and 

difficulty level settings, depending on the players’ choices (GP8). 

3.3.3 Game implementation 

For the game implementation work, programming on Android and Pure Data were 

implemented. The implementation of Android work is used to create the game interface and 

handle the game logic. In our project, we configured the Eclipse as the Android development 

environment. And the Pure Data is a sound-programming tool that can create Pd (Pure Data) 

patches. The patch is an executable file that performs a series of sound actions, and it can be 

embedded into the Android project.  

 

For the communication between Android and this Pd patch, there is an important component 

called libpd. Libpd [37] is the Pure Data in Android version, instead of a common desktop 

version. And it can be used as an audio library for Android to refer and loads the Pd patch. 

With the Libpd, the communication between Android and Pd is ensured. More precisely in 

our project, messages can be sent via libpd from both directions. In our case, we used a sub 

library inside the libpd called PdCore. In this way, the PdCore works like an audio core or a 

sound engine which is in charge of all the audio aspect of the game. 

 

Android: In our study, we chose Android as our development platform, because it is an open 

source and easy to configure. Android smart phones are relatively cheap and with a high 

popularity rate [60]. On the other hand, modern smart devices are usually equipped and 

integrated with various sensors. They are easy to access and convenient to make use of, both 
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for developers and users. In the Android Software Development Kit (SDK), there are various 

application programmers interfaces (API) provided with developers for controlling the 

sensors. These sensors detect external user input, and produce feedback. In this Music Puzzle 

game, multi-touch screen, 3D accelerometer and microphone were mainly used. The 3D 

accelerometer, which can detect the acceleration of X, Y and Z axis, metaphorically is 

applied to detect the shaking force and determine the fragment number. Afterwards, via the 

Libpd, the number is sent to the Pd patch. Strong shaking force will lead greater fragment 

number, and the player will enter a more difficult puzzle. Throughout the game, touchscreen 

plays an important role. All the movements of the balls are controlled using player’s fingers. 

All the clicking behaviors and touch events, such as clicking on buttons and clicking or long 

clicking on balls, dominates a lot for proceeding the game process. Besides the use of the 

built-in sensors, we also spent a lot of time on the ordinary Android programming and test 

work in order to ensure the game runs smoothly without unexpected bugs, both on Android 

tablets and phones. 

 

Pure Data and libpd: The Pure Data (Pd) is a sound programming tool used to process and 

generate sound, video, 2D/3D graphics, interface sensors, input devices, and MIDI [14]. The 

Libpd [37], works as an embeddable Pd on mobile platform, was used in our development on 

Android platform. In our project, we created our needed Pd patch on desktop version Pd and 

ran the patch on Libpd. 

3.4 Evaluation methods 

In the evaluation stage, after the preliminary experiment, we conducted two main formal 

experiments. The first experiment was user evaluation on game usability and engagement. 

The second was user tracking study on game real usage. In the following, the methods we 

applied in the evaluation stage are briefly stated and the detailed results are described in 

Chapter 5. 

3.4.1 Preliminary experiment method 

The preliminary experiment was a preparation and it provided with suggestions and 

reference to the game as well as latter formal evaluation work. It was organized with a group 

of DHH on site using the Music Puzzle to complete a few game tasks. After each participant 

finished his required session, He was immediately asked a few questions about his attitude 

for the game, such as “would you use this game if it is free?”, and “which sound types do 

you like?”. Also, they were asked to make comments on the game if any. Besides, the game 

log, running in the game background, also recorded some time stamps of participant’s 

significant manipulation during playing the game.  

3.4.2 Usability and Engagement evaluation method 

In order to make the game application be properly put into real use for subsequent tracking 
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study, good usability and engagement should be ensured. To this end, we conducted an 

experiment to evaluate the game usability and engagement with a group of DHH.  

 

In the experiment, each participant was required to complete three tasks covering the game 

flow, navigation, functions and features. After the three-task session is finished by the 

participant, he was immediately served with a questionnaire which contains the System 

Usability Scale (SUS) and Intrinsic Motivation Inventory (IMI) questions. By calculating the 

quantitative SUS and IMI scores, the grade of usability and engagement of the game can be 

revealed.  

 

SUS: The SUS [39] is a simple tool widely used for measuring system usability in products 

of hardware, software, services and so on. It was found that the SUS has very high reliability 

(alpha = 0.91) [47]. An example of the SUS is shown in Figure 3.5. The SUS questionnaire 

contains ten items in total. Each item has answers of five levels from strongly disagree to 

strongly agree. These ten items are mixed together with five positive expressions and five 

negative expressions. The reason for the mixture is to make the participants have clear mind 

of each item meaning, as well as avoid they make random ratings. For the scoring, as shown 

in Figure 3.5, from strongly disagree to strongly agree, they are given scores from 1 to 5. For 

the calculation, for example, a negative item scores is subtract from 5, and the positive item 

is kept its score. Then all the scored of the ten items are summed and multiplied with 2.5, 

and the result is the final score of the participant’s rating for the usability. As to grading the 

SUS scores, Sauro [48] gives his finding to refer and it is summarized it in Table 3.1.  

 

Figure 3.5 An extract from SUS 

 

Score >80.3 74~80.3 68~74 51~68 <51 

Grade A B C D E 

Meaning Excellent Satisfying Acceptable Not good Fail 

 

Table 3.1 Grades of SUS scores 
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IMI: The (Intrinsic Motivation Inventory) IMI is a questionnaire tool that can be used to 

evaluate the participant’s self-reported intrinsic motivation through an experience [49]. Study 

[50] has found strong support for its reliability (alpha = 0.71). In our study, we can translate 

the IMI to the measurable engagement for the game. The IMI contains 7 subscales, such as 

“Interest/Enjoyment”, “Perceived Competence” and Effort/Importance” and so on. The IMI 

usually can be modified by researchers for different study purposes. Furthermore, a study [52] 

found that only the “Interest/Enjoyment” subscale can be used to access the real intrinsic 

motivation, although it is named Intrinsic Motivation Inventory. This subscale is with an 

alpha of 0.85 [53]. Therefore, for our study, we chose the “Interest/Enjoyment” subscale for 

our engagement evaluation, as an example shown in Figure 3.6. For the scoring, from “Not 

at all true” to “Very true”, the score is given from 1 to 7. The IMI also contains positive and 

negative items. If the item is a negative one, as shown the “(R)” in Figure 3.6, just distract 

the score from 8.  

 

 
 

Figure 3.6 “Interest/Enjoyment” subscale from IMI 

3.4.3 Tracking study 

As mentioned in Chapter 1, our research question is to evaluate if this music puzzle game 

can be more used than the desktop game by the DHH, therefore, our initial task is to 

investigate and acquire their usage data on the mobile game during a certain period of time. 

Consequently, we chose to use the method of tracking study [40].  

 

Tracking study: The tracking study is a type of longitudinal study. In the tracking study, the 

same individuals are followed over an extended period of time, in order to measure the 

changes, such as usage, attitudes and other variables [40]. In our research, we need to get 

aware of that after having the Music Puzzle installed in their smart devices, if they would 

like to use and play with it in their daily life. To achieve that aim, we told them to feel free to 

use it. Because we developed the game with a function of tracking the amount of their 
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playing time in the game background, therefore, with their permission, we told them the 

game would record their usage of the game. Because of the limitation of the study, the 

tracking time lasted only four weeks. After the tracking period was over, we collected the 

game log data and analyzed it.  

 

Paired sample t-test: The received data was calculated by using paired sample t-test [41], a 

way of evaluating the mean difference of matched data points. The paired sample t-test is a 

statistic method usually used to compare two groups of mean value, whether the two groups 

of mean value have significantly difference [41]. In our study, the data from the mobile game 

log which records players’ playing time can be used as a sample group. Its paired sample 

group is from the statistic usage data of the DHH playing the desktop game. If the playing 

time on mobile game is significantly greater than the desktop, then it the mobile game is 

significantly used by users than the desktop game. In here, we used R software as our 

statistic calculation tool [61]. The detailed calculation using the acquired data and result are 

described in Chapter 5.  
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4 THE MUSIC PUZZLE 

In this chapter, first, we present the complete design of the Music Puzzle game by its main 

screens. Then the evolution of design process is mainly stated by its gameplay and interface. 

4.1 The Music Puzzle presentation  

4.1.1 The Menu screen 

 

    

 

Figure 4.1 The Menu screen in the beginning of the game  

 

In Figure 4.1, the two screens are the initial screens when the player enters this game. Firstly, 

the player can choose any difficulty level he wants. The difficulty level limits the numbers of 

fragments in a certain range and can be adjusted by researchers for different test purposes. 

Secondly, after difficulty level is chosen, the player can select from the sound categories, 

which usually are “Speech”, “Music” and “Mixed”. These sound categories can also be 

customized by researchers. 

4.1.2 The Shaking screen 

After game modes are chosen from, the player enters the shaking screen as shown in Figure 

4.2. In here a text instruction and a big sound ball in the center are presented on the interface. 



21 

 

The instruction requires the player to click the big ball to listen. Then the complete original 

sound will be played and the device is ready for player to shake and split. Depending on how 

hard the player shakes the device and previously selected difficulty level, the accelerometer 

will work and calculate the number of pieces. Meanwhile, related information will be sent to 

Pure Data. However, the number will never exceed researchers’ maximum predefined value. 

After a successful shake, the player will be brought to the screen of the main game. 

 

 

Figure 4.2 The shaking screen, player here can shake to split the sound ball 

4.1.3 The Main Game screen 

 

Figure 4.3 A common screen during playing the game 

 

 

Figure 4.4 A pop-up window for the player to select original sound parameters 
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From Figure 4.3 and Figure 4.4, the main game screen is shown where the player would 

probably spend most of time in the game. In the following, the interface elements are 

presented. 

 

In the middle of the screen, there is an amount of smaller balls scatter randomly, which 

represent the split sound fragments. They are visually identical and have the same length of 

duration. The player can then start to click on each ball to listen, and drag it to anywhere 

with the purpose of arranging them finally in correct order as the original sound. Besides, the 

small balls have properties of randomly changed sound parameters, the equalization and 

pitch. The player is also required to adjust these parameters to the original. To achieve this, 

they can by long clicking on each of the balls, and then a window for adjusting will pop up. 

On the window, there are two rows of pitch and equalization whose values are represented 

by two groups of radio buttons. If the player selects one of the radio buttons, the selected 

value will be applied and played. The player will choose a value that he/she thinks is right. 

For these radio buttons, each of them is assigned a random color every time when the 

window pop ups, in order to decrease the visual hints for players. Until the player thinks 

he/she have all the correct sound parameters, he/she can dismiss the window by clicking any 

other space on the screen.  

 

Besides the interaction between the player and the balls, there are four square buttons on top 

of the screen which provide some other functions. Each button’s function is described below: 

 

 How did I do?: This button gives player feedback of the correct rate of current arranged 

fragments, as well as correct rate of pitch and equalization. They can check it anytime 

during the game. 

 Play solution: By clicking this buttons, the original sound will be played from beginning 

to end, for the player to check and compare. 

 Play the current: This button will play all the balls in the current order with current 

assigned sound parameters.  

 Oh, I give up!: This button will make a window pop up asking if the player would like 

to quit. After confirmation of ending the game, the player will be navigated to a new 

starting menu screen. Otherwise, the game status resumes. 

 

On the bottom of the screen, there are two checkboxes for the player to cheat on pitch and 

equalization. If the player feels he/she is not able to successfully figure out the correct sound 

parameter values, he/she can mark the checkbox and make all the incorrect parameters 

recover to the original. These checkboxes also can be made visible or not by researchers 

using setting files. 

4.1.4 The Finish screen 

If the user successfully solves the game, he/she will enter the finish scene as shown in Figure 

4.5. On this scene, the user’s game performance of the finished session will be shown on the 

screen, as well as a “Try again” button for playing the game again.  
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Figure 4.5 The finish screen when the game is solved successfully 

 

For the performance part, from the top to bottom they respectively are a medal the user is 

rewarded (gold, silver and bronze), the score the user received, the time the user spent on 

solving the game, and the performance rating including the order and the two sound 

parameters. 

4.1.5 Game configurability and log 

Besides the game procession, functions and features described above, in this game, we also 

have game configurability and game log in game backstage. The configurability contains the 

game settings and content. Settings contains difficulty level, fragments number control and if 

assistant feature needs to be hidden or not can be customized in .xml file by researchers, as 

shown in Figure 4.6. Content means the all types of sound files can be changeable. In this 

way, players can have more optional and abundant sounds to play with. Another important 

function for researchers is the game log. An extract part of the log file is shown in Figure 4.7. 

The log records when and which sound ball is clicked, when and which button is pressed, as 

well as how long time it costs for the player solves the game. The playback time on the audio 

file can represent the player’s listening time. In this way, the game log supplies us with 

important data for further analysis of tracking study.  

 

 

Figure 4.6 Extract from a settings .xml file 
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Figure 4.7 Extract from a game log file 

4.2 Evolution of the game 

In this section, the main changes and evolution of the game are presented. Mainly, the game 

experienced four major versions: 

 

V1: The original concept. The concept was extracted from a few ideas that were come up 

with in brainstorm activities. It was proven by the Soundpark group in this way of game 

interaction, active listening is used. This version was not fully implemented, and it was only 

presented internally in the Soundpark member group.  

V2: The first test version: This version was basically implemented its main functions and 

presented to Soundpark group, TMH colleges and SMEs.  

V3: The first evaluation version: This version was further developed and used in preliminary 

experiment.  

V4: The final evaluation version: This version was fully developed and used in usability and 

engagement evaluation, as well as the final tracking study.  

In the following, main changes on aspects of gameplay and interface are briefly stated.  

4.2.1 Gameplay 

Overall, in all versions, the condition of winning the game is that both the order and sound 

parameters are correct. In V1, for arranging the balls’ order, we designed the game 

interaction like this: if the player tries to drag two balls close to each other, the two balls 

would attach together and merge into a bigger ball if they are in correct order, or bounce 

away if not. If the two balls match in order but with different sound parameters, arrows for 

changing the parameters would appear. Then if the player correctly adjusts the parameters, 

the two balls would merge, otherwise nothing happens. By interview with experts, this 

design was thought too visually dependent and complicated. Because the player would 
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probably pay attention to the graphical change and it will distract the focus on sound change. 

Thus, the design was revised. In subsequent versions, the appearance and behaviors of a ball 

would not be affected by other balls. Instead, arranging the correct order in horizontal 

orientation was taken into consideration, i.e., the balls must be arranged from left to right on 

the screen, in correct time dimension. That’s the first important task for the player before 

completely solving the game. This design was proved less visual dependent by later 

interview and we stuck to it until the final version.  

 

Designing the interaction of adjusting fairly abstract sound parameter in a relatively intuitive 

way was challenging. In V1, arrows across balls for changing parameters were used to 

represent parameter bars. In V2, sliders would appear when two balls have correct order but 

with difference in sound parameters. But from observations, we found the slider was not easy 

to use, and it was somehow hard for the player to position the intended value. Also it was 

also too visually dependent. In V3, we replaced the sliders with groups of radio buttons that 

stand for a number of fixed parameter values within a popup window after a long click. Also, 

with random changed background colors, the radio buttons could exclude visual elements 

more. 

 

In V2, when the game is finished, there is only a silent result of the balls’ order shows on the 

screen. In V3, a “current” playback function was added as a button on the top of the screen. 

When clicking the playback button, the current arrangement from left to right with current 

sound parameters would be played. Then it was suggested the function could be improved by 

playing which follows the player’s clicking order with desired balls. In V4, this function was 

implemented and a certain amount of desired balls can be seamless played accordingly. In 

addition, in V3, a scoring system for judging players’ performance was involved, which can 

be checked during and after playing the game. 

4.2.2 Interface 

For the startup screen, there was not too much consideration about in V1, and only the 

concept was presented. In V2, only the main game screen could be seen when starting the 

game. In V3, a menu screen was added. In this screen, the player could choose from sound 

type options of “speech”, “music” and “record a sound”, which means not only speech and 

music could be used as the original sound, but also a self-recorded sound could be applied 

for splitting and playing with. Besides, a new function of playing back the whole piece of the 

big ball was inserted before player’s entering the main game screen. Addition to the sound 

category menu, a difficulty level menu was included and implemented on the startup screen. 

In addition, more sound categories like “nature” and “abstract” could be allowed to add for 

researchers. In earlier versions on the menu screen, except other sound categories we 

prepared beforehand, we provided players with a record function that allows them to record 

their own sound for later splitting. For this function, we used the built-in microphone in the 

device. However, it was abandoned since a bad performance. Besides the movable balls, on 

the interface, several assistant functions that are represented by buttons on the top of the 

screen were gradually added as version updated. And the main space in the middle of the 
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screen was remained for dragging the balls around. Concerning to the use of built-in sensors, 

in V2, the player could use multi-touch to drag multiple balls around at the same time. 

However, since the drag-close-and-merge design was abandoned, from V3 this function was 

also removed for not misleading players.  
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5 EVALUATION 

In this chapter, the results of preliminary study, game evaluation, and tracking study are 

described. By conducting the experiments, we verified game usability and engagement, and 

evaluated if the DHH would significantly use the game to increase their everyday active 

listening.  

5.1 Preliminary experiment 

5.1.1 Experiment setup 

The preliminary experiment was carried out in Japan by our supervisor on site. And we 

supplied with technical support in real time in distance, kept track of the whole test process 

and received test data we needed for our research purpose. A group of DHH people (10 male, 

2 female, 19-23 aged) from Japanese university participated the experiment, in which three 

types of sound including music, speech and mixed sound in the game were used with all the 

participants. After the sessions were finished, the participants were interviewed, and game 

logs were exported for analysis.  

5.1.2 Experiment results 

From the interview, most of the participants understood the goal of game and 1 out of 12 

were not. This partially shows the game has good usability. Regarding to the question 

“Would you use this game if it was free”, 8 out of 12 participants answered “Yes”. About the 

entertainment level of the game, 7 participants rated it 4 ("5" means the highest 

entertainment and “1” means the lowest). On the other hand, from the game log, we can see 

that these participants did spend a certain amount of time on solving the puzzles. For some 

participants, even though they did not succeed to finish the game, they did spend 

considerable amount of time on trying to solve it before they chose to exit. This results also 

in a way shows the game is attractive and entertaining, which encouraged us to conduct 

further study.  

5.2 Game evaluation on usability and engagement  

The usability and engagement evaluation were conducted with a group of DHH and 

quantitative data were collected and calculated.  
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5.2.1 Experiment setup 

Participants: This experiment was carried out in China with twelve DHH students (9 male, 

3 female, 17-20 aged) from a local deaf-mute school. Seven of the twelve DHH had hearing 

ability ranging from 80 to 90 dB and five are over 90 dB. They used their hearing aids in the 

experiment. Ten of them had Android phones as their primary daily use, and the other two 

had iPhones.  

 

Tasks: In the experiment, each participant was required to try to complete three tasks in half 

an hour. Each task has a time limitation of at most ten minutes, no matter if it is successfully 

solved. If the task can be solved less than ten minutes, the participant can continue with the 

next one. The three tasks respectively were prepared with three types of sound, i.e., the 

speech, music and mixed. The music type is pure only with musical instrument performance. 

The speech type is poem without any other background music. The mixed is speech with 

music background. The speech materials were spoken in their native language. Each task has 

different test purposes covering navigation, game procession and features. The purposes of 

three tasks are summarized in Table 5.1, and details are supplied in Appendix part.  

 

Procedure: First, before each participant started his session, we gave explanations and 

instructions of the game. Then they were given an Android tablet to play for a few minutes in 

order to get familiar with the game. After that, with comfortable volume level on headphones, 

they were required to start their sessions. During these sessions, they were allowed to leave 

the experiment anytime they wanted. After the sessions finished, they were immediately 

asked to fill out a questionnaire containing the SUS and IMI parts, which were written in 

their native language. After the experiment, questionnaires were collected for analysis.  

 

Task Purpose Task requirements 

1 Procession/Navigation The participant is asked to find a required speech 

type with easy level from the Menu and solve the 

puzzle. 

2 Procession/Function The participant is asked to select a music type to 

solve the puzzle, and he/she is encouraged to use 

the top function buttons as much as possible. 

3 Procession/Feature The participant is asked to select a mixed type to 

solve the puzzle and the cheating buttons is 

encouraged to use. 

 

Table 5.1 Task Design 

5.2.2 Evaluation results 

After the questionnaires were collected from the participants, we did calculation on SUS and 

IMI scores with the raw data.  



29 

 

Variables in calculation:  

 

SUS: The SUS scoring method has been described in SUS part in section 3.4.2. In our 

experiment, taking the calculation for Task 1 as an example, the participant’s ratings for each 

item from the SUS part of our questionnaire, as well as the sample size of 12, are the 

independent variables. After reversing rating scores of the negative items, we added up the 

rating scores from each participant and multiply the total with 2.5, and the value is the SUS 

score for each participant. Then we calculated the mean value of 86.667 among the 12 

participants’ SUS scores, which is the dependent variable for Task 1, as shown in Table 5.2.  

 

IMI: The IMI scoring method has been described in IMI part in section 3.4.2. For the whole 

tasks’ experience, the ratings for each item from the IMI questionnaire given by participants, 

as well as the sample size of 12, are the independent variables in our experiment. After 

reversing rating of the negative items, we added up the scores, calculated the mean value, 

and divided it by 7, and then we got the percentage of each participant’s IMI score. After that 

we calculated the mean value of all the participants’ mean scores, which is the dependent 

variable for the result of IMI part. 

 

SUS scores: For the SUS part on the questionnaire for usability evaluation, the mean value, 

Standard deviation (SD) and confidence interval (CI) for each task were calculated and 

shown in Table 5.2. In here for the error bar calculation, we applied a 90% confidence level. 

The grading comparison of SUS scores is presented in Figure 5.1. From the chart, all the 

three tasks have a higher score than the “Excellent” grade A of 80.3. Even comparing by the 

lowest limit of error bars, it is still higher than the line of grade A. This result verifies the 

game has very good usability. Actually, by our observation of their sessions on site, we didn’t 

find they had much difficulty to know how to use the game. 

 

TASK Mean SD CI 

T1 86.667 4.174 84.510 < µ < 88.824 

T2 87.292 4.454 84.990 < µ < 89.593 

T3 84.792 5.163 82.124 < µ < 87.460 

 

Table 5.2 SUS calculation results 

 

IMI scores: For the IMI part on the questionnaire for engagement evaluation, the result is 

presented in Figure 5.2. From P1 to P12, it represents the scores of each participant, with a 

mean value of 76.87% (the green horizontal line on the chart). According to [62], for 

self-report scales in intrinsic consistencies, 70%-80% are acceptable for research purpose. 

Therefore, we can infer the participants have acceptable intrinsic motivation to play the 

game continuously, and we can translate this game is engaging.  

 

The usability and engagement evaluation revealed good results, and this gave us confidence 

to continue with our practical tracking study.  
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Figure 5.1 The SUS scores for three tasks 

 

 

 
 

Figure 5.2 The IMI scores of each participant 

 

5.3 Usage comparison on mobile and desktop game  

Since our main research aim is to verify if the mobile game can be more used than the 

desktop game, in this stage, tracking study was first conducted for acquiring the usage data 

of mobile game. Then it was compared with the usage data of desktop game using 

quantitative paired sample t-test. In this section, similarities between the games and 

participants samples are stated first, then the procedure of tracking study and t-test are 

described.  
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5.3.1 The desktop game for comparison  

The desktop game for comparison is part of a hearing training system named Melody 

Training System [67], as briefly shown in Figure 5.3. This game has following similar 

properties with the mobile game and can be used in the usage comparison.  

 

 Game goal/purpose: The gameplay in the desktop game is guessing different sound 

types or popular music names, in order to make the DHH use their active listening to 

solve game tasks. From the perspective of game purpose, both games are designed with 

a goal of encouraging active listening.  

 

 Interaction: The sound representatives in the desktop games are visual objects and it 

allows players to click to listen and judge, which is similar with our mobile game. In the 

mobile game, players use their fingers on the multi-touch screen to interact with the 

visual sound representatives, instead of mouse click for listening.  

 

 Playing period: The desktop game is used as an assistant tool in the DHH people’s 

casual time, while not in their school time, which is the same as our mobile game.  

 

 Game log: The desktop game has the function of game log that can record the player’s 

playing time as our mobile game, which also provides us valuable usage data for 

comparison. 

 

 

 

Figure 5.3 The desktop game for encouraging active listening 

5.3.2 Sampling 

Desktop game participants: Since the usage data on the desktop game were already 

available, we randomly selected fifteen DHH students who had the same sample size with 

the mobile game participants. All of them had the desktop game installed in their home 

computers and none of them had played the mobile game before. Among these fifteen DHH 

students (12 male, 3 female, 17-22 aged), fourteen out of fifteen had hearing ability over 

90dB and one had it from 80 to 90 dB.  
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Mobile game participants: The tracking study on mobile game was carried out with fifteen 

participants of DHH students (11 male, 4 female, 16-20 aged) from the same deaf-mute 

school as in previous game evaluation experiment. None of them played the desktop game 

before and during experiment period. Among them, thirteen out of the fifteen of them had 

hearing ability over 90 dB. One had hearing ability from 80 to 90 dB and another had it from 

70 to 90 dB. Thirteen of them had Android phones as their primary daily use, and the other 

two had iPhones. 

5.3.3 Tracking study on mobile game 

The aim of tracking study was to acquire the participants’ usage data on the mobile game.  

Before the tracking started, the participants were gathered in a classroom, with their Android 

devices. First, explanations and instructions of the game were presented to them. Then we 

assisted them to install the Music Puzzle game, fully equipped with all types of sound files in 

a great amount, on their Android devices. For those two who didn’t have Android devices, 

we prepared backup Android devices and borrowed to them. After that, they were asked to 

play with the game around. If they had any question about the game, we explained to them 

immediately. Because of the research time limitation, the tracking study could only last at 

most four weeks, and we told them that they could feel free to use the game in the following 

four weeks. It meant that playing or not, any time amount spending on it, all depend on them. 

Also, they were told that the game could track their game behaviors for research purpose, but 

not too detailed, and all of them permitted that. After the tracking period was over, they were 

gathered again and we exported the game log files from their devices for subsequent analysis. 

Before executing the t-test calculation, we organized the participants’ logs. We found the 

data was complete without loss, and then we exported it into excel tables. The data from log 

files was statistically calculated for preparing for the t-test calculation. 

5.3.4 Paired sample t-test 

The paired sample t-test is used to evaluate if there is any significant differences of mean 

value between two samples which are matched paired groups [41]. In our study, we needed 

to evaluate if the mean playing time on our mobile is longer than the desktop game, which 

indicates the mobile game is more used. The amount of playing time on the mobile game 

was statistically collected from the backstage game log on participants’ mobile devices. For 

the usage data on the desktop game, we extracted it from the game log saved on the 

participants’ home computers. Until we conducted on the comparison study, they had already 

played the game for more than one month, so we selected the usage data of their first four 

weeks for the t-test calculation.  

 

Variables in t-test calculation:  

 

In the paired sample t-test, the amounts of playing time among the two matched sample 

groups during same four weeks, as well as the sample size of fifteen in both groups, are the 

independent variables. The usage data is shown in the following:  
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- Amount of playing time on desktop game (in minute) in four weeks: 2.94, 130.16, 0, 

59.96, 191.89, 212.18, 9.55, 40.45, 23.1, 43.46, 58.76, 0 , 42.35 ,0 , 12.32  

- Amount of playing time on mobile game (in minute) in four weeks: 5.34, 279.96, 0.58, 

785, 314.68, 197.36, 19.6, 0.96, 69.79, 87.82, 361.84, 32.7, 0.29, 100.21, 37.43 

 

Because our research question assumes the Music Puzzle mobile game can be used than the 

desktop game by the participants, we chose the one-tailed test. The t-test result of the p-value 

is the dependent variable in the usage comparison calculation. If the p-value in t-test is less 

than the significance level of a (a = 0.05), then it proves the hypothesis is correct.  

 

Paired t-test result: 

 

We input the data below into R [61] and asked for executing a paired sample t-test: 

 

mobile_game = c(5.34, 279.96, 0.58, 785, 314.68, 197.36, 19.6, 0.96, 69.79, 87.82, 

361.84, 32.7, 0.29, 100.21, 37.43) 

desktop_game = c(2.94, 130.16, 0, 59.96, 191.89, 212.18, 9.55, 40.45, 23.1, 43.46, 

58.76, 0 , 42.35 ,0 , 12.32) 

t.test(mobile_game, desktop_game, paired=TRUE, alternative="greater") 

 

By calculation we got the output result:  

 

Paired t-test 

data: mobile_game and desktop_game 

t = 2.2039, df = 14, p-value = 0.02239 

alternative hypothesis: true difference in means 

is greater than 0 

95 percent confidence interval: 

10.16704      Inf 

sample estimates: 

mean of the differences 

50.62667 

 

Conclusion: the p-value = 0.02239, less than the Significance level: a = 0.05 

 

Paired t-test analysis: 

 

The amount of playing time on mobile game is higher greater than the desktop game, and the 

difference is significant. Consequently, we can conclude the mobile game was more 

significantly used than the desktop game by the DHH participants on active listening.  
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6 ANALYSIS  

In chapter 5, we gave the quantitative evaluation results on the game usability, engagement, 

as well as the comparison result between the mobile and desktop game usages. In this 

chapter, the evaluation results are analyzed.  

6.1 Usability analysis 

The usability ensures the game can be proceeded by users without any technical problems, 

this is a premise for our game in real use. In the experiment, we observed that although in the 

beginning few of them seemed confused a little bit, but after a while they became skilled to 

navigate on the game and familiar with how to use every function buttons. On the other hand, 

our tasks were designed with different perspectives covering all the normal routines and 

scenarios, which ensured the comprehensiveness on usability. From the SUS result, it shows 

most of the participants are satisfied with the game and they rated the game with high level 

of usability. From the detailed data, 75% of the participants expressed they would like to use 

the game frequently with the highest grading, which is good to our expectation. If they really 

use the game frequently, their active listening could be increased which do a good help for 

their hearing ability.  

6.2 Engagement analysis 

The IMI part for the engagement can be seen a further requirement and design goal for our 

game. Maybe a game has good usability. However, engagement is a persistent pushing force 

for them to play the game in the long-term. For our game, high level of engagement means 

longer active listening time in the long run. In this way, the hearing ability of the DHH can 

be possibly improved. From the IMI result, a mean value of 76.87% on the intrinsic 

motivation shows this game is promising for them to continuously use in long time. We 

believe the new way of gameplay, interaction form, as well as the changeable sound types 

and content are the main reasons for their persistence on the game. 

6.3 Comparison analysis on usage of mobile and desktop game 

The critical aim for our study is to investigate if the mobile game is more used than the 

desktop game by the DHH. If we could verify the mobile game is really more used than the 

desktop one, their active listening time can be further increased and there would be greater 

potential for their hearing rehabilitation. With the usage data on desktop game, we needed 

also to acquire the data on the mobile game in reality. Therefore, we conducted tracking 

study to look at the reality situation. The tracking study is a common way to monitor the real 

situation and changes on the target group over a period of time. By making use of the 

convenience of the game log, we could have the opportunity to look at the real usage of the 
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game by the DHH. From the raw data, we could see that most of the participants were active 

game players, and the game was greatly used by them. Furthermore, the paired sample t-test 

provided a more concrete and quantitative proof on the comparison that the playing time on 

mobile game is significantly higher than the desktop game. The main reasons for that are 

analyzed and summarized in the following:  

 

1. In order to make sure the mobile game has good usability and engaging, we put a lot of 

efforts on designing the game using techniques from HCI theories. And the evaluation 

results on game usability and engagement were satisfying. We believe that is the basis to 

drive the participants to frequently play with the game on active listening without any 

problem.  

 

2. With the new form of game interaction, this mobile game supplies a new way for 

encouraging the DHH in active listening. The raw usage data showed that many of them 

played the game every day or every two days. Among the active players, most of them 

played all types of sounds with different difficulty levels. We believe that abundant 

sound content and customizable settings gave them great motivation to persistently play 

the game.  

 

3. Also, from the game log we looked their playing time period during a day and a week. 

This mobile game was initially designed for the DHH for a casual use in after-school or 

after-work time. However, the log shows that, except after-school time, the DHH student 

also spent random time on playing the game during school break time. As a contrast, the 

playing time on the desktop game was limited to only evening and weekends. This in a 

way reveals that the mobile game could be more flexibly played without location 

limitation. Therefore, we believe the advantages of portability and convenience of the 

mobile game, gave an important reason of the significant usage in their daily life. 

 

4. Besides, compared with the desktop computers, mobile devices are relatively cheap and 

popular among the young DHH, which in a way could explain the mobile game was 

more used than the desktop game.  
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7 DISCUSSIONS 

In this chapter, we discussed the reliability and validity on the evaluation including some 

research limitations. Then we gave a discussion on ethical aspects, as well as our research 

contribution on Computer Science.  

7.1 Reliability and validity  

For the game usability and engagement evaluation, the SUS and IMI questionnaires were 

quantitatively analyzed by statistical methods. The SUS scores for the three tasks are all 

higher than grade A, which means the game usability is excellent. The IMI scores are also 

revealed an ideal result of 76.87%, which indicates the game is engaging. The SUS has a 

very high reliability with alpha of 0.91 [47], and the subscale we used from the IMI also has 

a relatively high reliability with alpha of 0.85 [53]. These previous studies gave concrete 

proof on the validity of SUS and IMI.  

 

For the usage investigation of the mobile game, we chose tracking study [40] as our main 

method. By following the same group and recording their playing time by using the game for 

four weeks, we got their usage data and did analysis. The game log in backstage could give 

an accurate amount of active listening time, which was a guarantee for the data reliability. 

For the difference using the game before and after, the quantitative paired sample t-test [41] 

calculation result shows it is significant. This indicates the game was more significantly used 

by the target group.  

 

However, there are some limitations on the research. In the tracking study, our experiments 

subjects covered a relatively young age range, which may not be able to represent all the 

DHH people of full age. Besides, a relative short tracking period and small group of subjects 

may not be able to exactly represent the same result and situation in further future. And the 

playing time may be affected by other factors such as they were preparing exams and had no 

time to play. Although the game is proven engaging with good usability, there are still some 

unsure aspects. For example, maybe the some DHH seldom use phones or don’t like to play 

mobile games or such a music puzzle game, or they use smart phones with other mobile 

operating systems more often.  

7.2 Ethics discussion 

In this research, all the DHH participants are anonymous to protect their privacy. When 

conducting experiments with the DHH participants, their teachers were on site with them and 

they examined and made sure all the sound content were suitable for the participants to listen. 

During experiments, they could quit any time they wanted. Besides, all the participants 

agreed and gave permissions that the game could track their game usage behaviors for 

research purposes.  
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7.3 Contribution 

The concrete outcome of this research is the Music Puzzle mobile game application on 

Android platform for encouraging active listening for the DHH people. By conducting this 

research, an explorative solution of sound interaction design on modern smart devices is 

presented. The game design and implementation methods, as well as the evaluation methods, 

can be referred by researchers who want to design similar games or systems. With Music 

Puzzle, we contribute to the area of HCI targeting the serious game category. By this thesis 

work, the Music Puzzle is presented as hearing gaming or research tool on smart devices to 

inspire the DHH people listen actively, as well as prepare them with better conditions to 

participate audio-based entertainment. Our project, on the whole, contributes to relevant 

medical system. Meanwhile, as part of the Soundpark project, so we also contribute to this 

large project itself. On the other hand, we suppose, the result of usage comparison between 

the Music Puzzle game and the desktop game, supplies a valuable case to be deeply 

considered by related hearing therapists and researchers. 
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8 CONCLUSION AND FUTURE WORK  

8.1 Conclusion  

In this research, we created a mobile game application, the Music Puzzle, with a new way of 

gameplay and interaction. This game was developed for the DHH people in order to increase 

their active listening time aiming for hearing rehabilitation. We compared the game usage 

with a desktop game with the same gaming purpose of encouraging active listening. In the 

game design process, we applied techniques from HCI theories. For the software 

implementation, we programmed with Android and Pure Data. For evaluating this game, we 

conducted experiments consists of SUS, IMI questionnaires evaluation, tracking study and 

paired sample t-test. The results show that this game is a usable and engaging. By comparing 

the game usage data from the tracking period with the desktop game, we found that the 

mobile game was more significantly used by the target group than the desktop one. So that 

we can conclude this game is an effective tool for encouraging and increasing the amount of 

active listening time among the DHH people in their everyday life, and it is worthy to be 

promoted. 

8.2 Future work 

Because of the research limitation, we only performed a four-week tracking study and 

comparison on the target groups. Therefore, in the future a much longer time of tracking 

period is expected to be carried out for investigating the game usage with the DHH people 

with a lager extent. Also, with the frequently use of the mobile game, the hearing 

rehabilitation effects by using this active-listening encouraging game should be further 

studied.  

 

Besides, for the game design, much richer functions, features and sound content are expected 

to be added and improved, in order to make the game more interesting, as well as 

persistently engage the DHH people to use. Additionally, this game is expected to be 

available on multiple mainstream mobile systems for more DHH people to easily reach.  
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APPENDIX  

SUS part in questionnaire:  
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IMI Part in questionnaire: 

 

 


