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ABSTRACT
Context. Both smartphones and PC games are increasingly commonplace nowadays. There are more
and more people who own smartphones and – at the same time – like playing video games. Since
the smartphones are becoming widely affordable and offer more and more advanced features (such as
multi-touch screens, a variety of sensors, vibration feedback, and others), it is justifiable to study their
potential in new application areas. The aim of this thesis is to adapt the smartphone for the use as
a game controller in PC racing games and evaluate this solution taking into account such aspects as
race results and user experience.
Objectives. To this end, two applications were developed - a game controller application for
Android-based smartphones (i.e. the client application) and a PC server application. The applications
support a selected open-source PC racing game called SuperTuxKart. The evaluation of
the smartphone encompasses both race results (whether the smartphone enables players to achieve
comparable results to the keyboard – a standard game controller) and user experience (whether this
game controller may be satisfying to players).
Methods. An experiment was conducted where 20 participants controlled the SuperTuxKart game
using first the smartphone, and then the keyboard or vice versa. The experiment was followed by
a questionnaire-based survey of the user experience.
Results. The experiment results indicate that the smartphone may achieve results which are
comparable to those achieved by the keyboard. The race times corresponding to the smartphone were
somewhat longer than those obtained with the keyboard, but the average relative difference was
below 18%. The questionnaire results show that more than half of the participants enjoyed
the smartphone more than the keyboard, despite the fact that the smartphone turned out to be a more
challenging game controller for many players and did not provide so good control of the racing game
as the keyboard.
Conclusions. Overall, this study shows that the smartphone has a potential to be a suitable, satisfying
and enjoyable controller for PC racing games.

Keywords: game controllers, racing games, mobile
devices, Android
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INTRODUCTION

This chapter presents an introduction to the area of interest along with a motivation
for the research, provides a survey of the literature, introduces the goal of our
research, defines the research questions, lays down the project delimitations, gives
a general overview of the developed system, and explains the choice of racing game
used for the study. The chapter concludes with an outline of the organization of this
document.

1.1

Background and motivation for the research

In recent times smartphones have revolutionized and dominated the global consumer
electronics market. The mobile devices offer nowadays far more advanced functions
than just calling or sending text messages. Despite having small dimensions, these
devices feature advanced capabilities such as multi-touch screens, various sensors,
wireless

interfaces,

vibration

feedback,

built-in

cameras,

and

GPS units.

The functionality of the smartphone may be easily extended by installing various
types of apps (i.e. software applications for mobile devices), meaning that
the smartphone has a potential to be used in many areas of daily life. One of its
potential application areas is PC games, where it can be used as a remote game
controller. Such an idea seems to be appealing for a variety of reasons.
First, playing video games is a favourite pastime for many people. Although
the video games can be played on a number of various game platforms, PC games
remain popular and according to [25], many players prefer playing games on a PC to
playing on other devices (such as video game consoles, handheld game consoles or
mobile devices).
Second, there is a demand for new forms of user interaction which are more intuitive,
comfortable and at the same time bring more satisfaction to players [13].
The smartphone seems to be a convenient game input device in this regard. It can
offer much more diverse experiences in terms of player's interaction than
the standard keyboard-mouse combination (a standard PC game controller [8]).
The smartphone may provide a variety of user input methods, ranging from
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a multi-touch screen (with the possibility to recognize gestures) to sensors which
monitor the motion of a device.
Third, in the history of the video game industry it can be observed a shift in gaming
platforms from PCs in the 1990s, to consoles in the 2000s, to mobile phones at the
end of the 2000s [23]. Nowadays the trend of combining various gaming platforms
with each other and making the best of them is getting more and more common
among developers. The boundaries between these platforms are blurring more and
more each year [24].
A significant advantage of the smartphone is its commonness – it is a device
possessed by almost everyone so players will not need to buy a new game control
device, nor will they have to put much effort into learning how to use it. It could be
particularly useful in the case of PC games with split-screen multiplayer support
where there is a need for hooking up several keyboards or gamepads simultaneously
(which may be both infeasible and uncomfortable). Moreover, playing PC games by
means of the keyboard and mouse is not well-suited to playing on the couch, whereas
playing PC games by means of the smartphone enables players to sit comfortably on
the couch – a particularly important fun aspect reported by gamers in [26].
The main motivation for this research was the significant application potential – so
far virtually unexplored – of the smartphone as a control device for PC games and
PC racing games in particular. The selection of the racing game as one of game
genres has been made deliberately. There are two basic reasons for this. First, it
seems natural to control this game genre by a motion controller. Second, game
results achieved by various controllers can be easily compared with each other by
comparing the completion time of each race. It is interesting to study the use of the
smartphone as a controller for the PC games due to many advantages of such
a solution which may be summarized as follows:
•

Reduction of costs - there is no need to buy a new game controller like
a gamepad, joystick or steering wheel. Mobile devices are nowadays so
popular that many people possess at least one smartphone.

•

Smartphones are becoming more and more advanced devices offering many
features which may be easily suited to controlling PC games, for instance
applying motion sensors and multi-touch screens. The smartphone can be
used to imitate a steering wheel which is the most natural game controller for
2

racing games, yet not so popular. Therefore, the interaction between a player
and a video game may be significantly enriched using just the smartphone.
The smartphone may also provide a more comfortable and intuitive user
interface in comparison to the keyboard (still a very popular controller for PC
games) where the player-game interaction is limited to just pressing and
releasing the keys.
•

User interface of the smartphone can be highly adjustable and customizable
(e.g. user preference settings, adjusting the sensitivity level when tilting
the device, various interface layouts), which is not possible to such an extent
in the case of other game controllers (keyboards, gamepads, joysticks, etc.).

•

The smartphone as a game controller can allow to use more actions in a game
simultaneously in comparison to the keyboard, because most keyboards,
i.e. not

gaming

keyboards,

usually

support

a limited

number

of

simultaneously pressed keys (sometimes just two or three keys).
•

Playing video games may be a social event [26]. In fact, many people play
video games because of their social aspect. They like playing with friends
more than playing on their own. The smartphone may also be useful to play
a PC game in a multiplayer mode with a split-screen support. Hooking up
several keyboards or gamepads may be uncomfortable (e.g. not enough space
on the table and difficult to sit on the couch when using the keyboards) and
also infeasible (e.g. not enough game controllers available at home, not
enough USB ports in PC for hooking up those controllers1).

Taking into account the issues listed above, this work may be of interest to both
researchers and gaming community. Although in this study the focus is on PC games
designed solely for entertainment, the outcome of this work may also be useful and
valid in the case of serious games2 for rehabilitation which promote limb movement
and make use of low-cost interaction devices [6].

1
2

Even in the case of wireless controllers there is usually a requirement for a USB port.
http://en.wikipedia.org/wiki/Serious_games (April 2014)
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1.2

Related work

The idea of using a smartphone as a remote game controller for PC games is not
quite new. It was proposed in several studies described briefly below. All of them
used the client-server architecture, where a mobile device is a client, and a server
application is launched on the PC. In most cases the smartphone controlled the
prototypes of 2D games which did not put so high demands on the game control.
N. H. Tung and J-S Leu [32] made an Android-based smartphone a multi-purpose
game controller and compared its throughput with the Horipad gamepad. They
developed a server application in Java and used the UDP for the communication
between the PC server application and the smartphone application. The smartphone
application used a multi-touch mechanism and an accelerometer to control games
running on the PC.
In the BlueWave framework [16] mobile phones were used as game input devices
and evaluated in terms of game performance and gameplay for four simple 2D games
– a shooter game and a racing game, among others. Game control was made by
means of a phone keypad. Both the server and client components were implemented
in Java technology and used Bluetooth to communicate.
D-Y Shan et al. [29] developed a virtual joypad for the Android-based smartphones
and a corresponding virtual joypad server on Windows OS for receiving and
mapping client messages into PC game actions. The server application was written in
C++ and used MFC3 library. The TCP protocol was used for the remote
communication. The virtual joypad consists of two joypad modes: the classic joypad
mode with virtual buttons for each thumb, and the gravity controller mode which is
based on a gravity sensor and uses player's gestures to control a game. The classic
mode of the virtual joypad supports multi-touch, but no more than two fingers at
the same time. The Metal Slug game was used to test the controller.
The authors in [33] and [4] demonstrate an idea of playing games on large displays in
public places using each player's mobile phone as a controller for such games. In [33]
the mobile phones (Nokia 5500 with Symbian OS) are connected to large game
screens via Bluetooth, whereas in [4] the connectivity between Android-based
smartphones and the computer is done by WLAN. In both cases the player's avatar
3
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movement is controlled by an accelerometer of the mobile phone. In [33] the solution
was tested on a prototype of a 2D racing game where the accelerometer was enough
to control the game, but a tested game in [4] required shooting which was achieved
by a swipe gesture of the touch screen. Moreover, [4] presents the idea of so-called
crowd game which supports up to 28 players to play at the same time.
The smartphone was used there not only as a game controller, but also as an extra
screen (likewise in [16]) which can show specific information to the player (for
instance the current score in the game).
A multi-platform architecture, developed in [13], supports a PC game controlled by
iOS devices (such as iPad, iPod, iPod Touch and iPhone). The client and server
components communicate with each other by TCP protocol. Three different types of
input methods were implemented on mobile devices, such as virtual keys, motion
recognition (using the built-in accelerometer) and swipe gesture recognition, and
then these schemes were evaluated in terms of usability by controlling the developed
2D space shooter.
Although we encountered the above outlined examples of using the mobile phone as
a remote controller for PC games, usually those games were just prototypes with not
very complicated or demanding game control. This area of research is still relatively
young and unexplored. We could not find, for instance, any evaluation of such
a mobile device controller against the most common forms of input for PC games,
such as the mouse and keyboard combination [8]. Instead we found a comparative
evaluation of player experience when using mouse and keyboard in FPS games
versus their experience when using gamepad controls [10]. It was stressed there that
player experience may vary significantly depending on which input device was used
in a game. It was also mentioned that little research has addressed the influence of
game controls on player experience [10].

1.3

Research goal definition

The aim of this research is to evaluate the use of the smartphone as a remote game
controller for PC racing games, taking into account such aspects as race results and
user experience4.
4

We use the user experience term (not the player experience term as it is in [10]) to emphasize that
our primary focus is delimited to the game controller, and it does not concern game evaluation
(see Subsection 1.5, point 7).
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In order to achieve the above aim, the following particular objectives will be
addressed:
1. To select an open-source 3D racing game for the PC (intuitive to control and
having a stable release version).
2. To select the most appropriate wireless communication technology for linking
the game controller with the PC.
3. To develop a game controller application for the Android-based smartphone and
a

PC

server

application

for

managing

the

communication

between

the smartphone and the game.
4. To design an adequate user interface of the controller (ergonomic and ensuring
fast interpretation of player actions).
5. To design a questionnaire of measuring user experience with game controls.
6. To compare the results obtained in the game using the smartphone with those
obtained using the keyboard.
7. To evaluate user experience with the control of the game by means of
the smartphone.

1.4

Research questions

Two research questions (RQ) were formulated to meet the aim presented in
the previous section. The smartphone evaluation is based on the race results and user
experience. The first part is addressed by the first research question (RQ1) and the
second one by RQ2:
•

RQ1: How do the race times differ when using the smartphone and
the keyboard as the game input device?

•

RQ2: What is the user experience with the control of a racing game by means
of the smartphone?

By the question RQ1 we would like to examine whether the smartphone may enable
players to achieve comparable results to those achieved by the keyboard. We are
interested in relative differences between the race times obtained by these two
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controllers. The keyboard is used here as a reference point, since this device is
the standard controller for PC games [8].
Through the question RQ2 we will check if the smartphone is a satisfying and
enjoyable game controller.

1.5

Project delimitations

This subsection presents some of the project delimitations which limit and clarify
the scope of our study:
1. In this study the focus is on PC games designed solely for entertainment. The so
called serious games5 are out of the scope of this project.
2. The smartphone is only considered as a game input device (meaning that
the possible function of an extra screen for a PC game is left out).
3. The development of a client application for the smartphone and a PC server
application is designed for one open-source 3D PC racing game. This means that
the development of the PC game is out of the scope of our study.
4. Only one user interface for the game controller is designed and used in
the experiment with players (i.e. the same layout of virtual buttons, the same
level of vibration feedback and also the same level of sensitivity for turning
the smartphone left-right).
5. The smartphone evaluation is both absolute and relative in nature. In the latter
case the keyboard is used as a baseline.
6. In the evaluation of user experience6 the emphasis is on the user satisfaction [3].
7. The evaluation of user experience is confined to the player impressions from
the game controls. It does not include the PC game itself.
8. The

evaluation

method

of

the

user

experience

is

delimited

to

the questionnaire-based survey.

5
6

http://en.wikipedia.org/wiki/Serious_games (April 2014)
We defined what we mean by user experience, since there is no single definition of it (cf. [15]).
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1.6

Contribution

In order to make the smartphone a game controller for the PC racing game, we
developed two software applications – a game controller application with a novel
user interface (consulted with and approved by a domain expert from Alien WormTM,
a game development company7), and a PC server application for forwarding input
data from the smartphone to the PC game.
The main contributions of this work are the development of an innovative user
interface of the smartphone for a full-featured 3D PC racing game and
comprehensive evaluation of the smartphone as a game controller.

1.7

PC arcade racing game used for the studies

Racing games can be divided into two basic types: racing simulators and arcade
racing games. The racing simulators are known for their difficulty. They usually
require dealing with many additional issues including the control of fuel level or
a car's tire condition. In contrast, the arcade racing games are often simpler in terms
of game control and may be more appealing to people who are not so proficient in
controlling the racing games.
For the purpose of our study, we selected the SuperTuxKart (STK) game to test and
evaluate the smartphone as a game controller. STK [30] is an example of arcade
racing game which has an intuitive control and has received good reviews (e.g. [19]).
This game is an open-source 3D kart racing game, initially very similar to Mario
Kart8. The project is constantly evolving. Its newest version 0.8.1 was released in
November 2013.
STK can run on many operating systems, including Windows, Mac OS, Linux, Free
BSD and Solaris. The game can be controlled by the keyboard or gamepad 9. It
supports single-player and multiplayer (up to four players playing on one PC with
a split-screen). There are four modes to choose between in single-player: Normal
Race, Follow the leader, Egg hunt, and Time trial – the last one being the basic mode
7

Alien WormTM - a game development company from Gdańsk, Poland (webpage alienworm.com,
January 2014)
8
http://www.mariowiki.com/Mario_Kart_(series) (January 2014)
9
In November 2013 Wiimote support was added.

8

of racing in STK (i.e. without additional obstacles or unusual game rules as it is in
the case of the other game modes).
Although we used one PC racing game in our study, the selected game is a good
representative of its genre. It is a typical arcade racing game with a straightforward
game control. Its representativeness was additionally confirmed by a domain expert
from AlienWormTM.

1.8

Structure of the document

The organization of this document is as follows. Chapter 2 (Research methodology)
describes our approach to solving the problem and the process of carrying out
the experiment and survey with 20 participants. It also includes validity evaluation.
Chapter 3 (System description) includes a short description of: the system
architecture, the selected communication technology used between the controller and
the PC, the game controller application, the PC server application. Finally, it presents
the results of controlling the PC game by means of various Android-based
smartphones. Chapter 4 (Results) presents the results of the experiment and survey.
Chapter 5 (Analysis) provides the analysis of the results of the experiment
and survey. Chapter 6 (Discussion) contains the discussions of the results.
Chapter 7 (Conclusion and future work) summarizes the thesis and gives suggestions
for further research. The Appendices include an instruction for system installation,
class diagrams of the client and server applications, and the designed questionnaire
on user experience. The References chapter presents a list of sources used for
the thesis.
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2

RESEARCH METHODOLOGY

This chapter describes the research methods used in this study. An experiment and
survey were used to answer our two research questions (see Section 1.4). A literature
review was carried out as a preparation for the survey.
Our study consisted of the following two stages:
1. measuring race times while playing the racing game;
2. filling out the survey questionnaire on user experience.
The first stage was used to obtain and compare race times using the smartphone and
the keyboard (cf. RQ1). It was also the basis for the user experience questionnaire.
The second stage was the questionnaire itself (cf. RQ2).
Table 2.1 summarizes the research methods used in this study and assigned to each
of the research questions.
Table 2.1: Research questions with the assigned research methods

2.1

Research question

Research method

RQ1

Experiment

RQ2

Post-experiment survey

Literature review

A literature review was carried out to gain an insight into measuring user experience
from game controls by means of the questionnaire. A number of relevant scientific
databases were browsed, including IEEE Xplore, ACM Digital Library, Springer
Link and Google Scholar. The review was used, inter alia, as a basis for the design of
the user experience questionnaire (see Section 2.3).

2.2

Experiment

An experiment was chosen from other possible research methods (e.g. case study),
because the goal was to identify a cause-effect relationship between the controller
10

used in the game and the achieved race results. The experiment allows a high level of
control over the situation under investigation [34] which was possible in our case.
Through the experiment we wanted to see how the race times differ when controlling
the game using the smartphone and the keyboard (cf. RQ1). The keyboard was used
in the experiment as a reference point for the smartphone race results.

2.2.1

Variables selection

Two kinds of variables may be identified in the experiment: independent variables
and dependent variables.

2.2.1.1

Independent variables

Independent variables are those which are manipulated or controlled in
the experiment [34]. The following independent variables were identified in
the experiment:
•

game controller type (keyboard or smartphone)

•

track (Bovine Barnyard – see Table 2.3)

•

race setup (no. of AI karts: 0, Level of difficulty: Novice, Game mode: Time
trial – see Table 2.2)

•

no. of laps (1).

Only the type of game controller was manipulated. The other variables were kept at
a fixed level.

2.2.1.2

Dependent variables

Dependent variables are those that result from the independent variables [34]. In this
experiment the dependent variable was the race time in the game.
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2.2.2

Selection of subjects

The experiment involved controlling the PC game using the smartphone and
the keyboard. Thus, we decided to select 20 subjects from students of BTH10 who:
•

were familiar with using PC;

•

were familiar with using smartphones;

•

had ever played a video game.

The experiment was carried out in a sequential way with each subject which took up
to 40 minutes in each case. The subjects were chosen through convenience sampling
(one of the non-probability sampling techniques [14], [34]). Nevertheless, a number
of measures were taken to ensure as much objectiveness of the sample as possible.
For instance, we aimed to acquire a broad spectrum of players (from students who
play games occasionally or not at all to students who play games every day) in order
to get a more general, and thus fairer, smartphone evaluation (cf. Figure 4.22 from
Section 4.2).
Although it is important to get repeatability of results through the experiment,
the authors in [34] stressed that it is very difficult to achieve. According to [34]
the experiment should be repeatable primarily in terms of the feasibility of
the experiment, and not necessarily in terms of reproducibility of the results, since
the latter is rarely met. Hence this study is considered as a pilot study with a limited
external validity. The reason is the difficulty in appropriately defining the target
population. Certainly it would make little sense to define the population as all BTH
students or any well-localized group of people.

2.2.3

Experiment design

In order to improve the precision of the experiment, we made comparisons within
matched pairs of experiment material (i.e. we applied a paired comparison design
[34]). The experiment was based on one factor with two treatments, i.e. controlling
the game with the smartphone or the keyboard. Each subject used both treatments for

10

Blekinge Tekniska Högskola (Blekinge Institue of Technology), Karlskrona, Sweden.
http://www.bth.se/ (January 2014)
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the same: game mode (Time trial), race setup (see Table 2.2), and race track (see
Table 2.3).
To minimize the effect of the order in which the subjects applied the treatments,
the order was assigned randomly to each subject. We had a balanced design, since
half of the subjects started from the keyboard, and the other half started from
the smartphone.

2.2.4

Experiment setup

To lower the randomness of game results the Time trial mode of STK was selected
with no opponents in a race (see Table 2.2 with the race setup). Time trial is the basic
mode in STK with no power-ups.
Table 2.2: Race setup

2.2.4.1

No. of AI karts

0

Level of difficulty

Novice

Game mode

Time trial

Tracks used in the experiment

Different tracks were used for training and for the measuring of race times
(see Table 2.3 with all tracks used in the study). In the case of time measuring we
selected a short track (about one minute needed to complete one lap of the track) in
order to minimize the total time required to finish eight races in the case of each
participant. The experimental track did not include any alternative paths nor
short-cuts to ensure equal conditions for each race.
Table 2.3: STK tracks with their authors
Track name

Used for

Author

Scotland

training

Canis Lupus

Shifting Sands

training

ctdabomb

Bovine Barnyard

time measuring
and control tests

Marianne Gagnon &
Ville Seppanen
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2.2.4.2

Devices used in the experiment

Two high-end smartphones were used as the game controllers: Samsung Galaxy S3
(I9300) and Samsung Galaxy S2 (I9100). These two models were chosen due to their
high quality multi-touch screens and reliable motion sensors (which was also
confirmed by the initial tests – see Section 3.5). Although it would be better to use
the same device in the experiment, it was not possible due to some logistical issues.
However, both models (S3 as well as S2) are high-end smartphones with similar
specifications (see Table 3.3). It was also checked that they enable to achieve
comparable results in the game (see Table 3.4).

2.2.5

Experiment execution

The experiment was carried out in a sequential way from 10th to 17th December 2013
at BTH. The experiment consisted of three phases:
1. a preparatory phase where players were learning how to control the game using

different input devices (the keyboard and the smartphone);
2. an experimental phase where the times of eight races were measured for each
subject (four per either controller);
3. filling in the questionnaire on user experience by the players.
The input device was changed every time after completing each race. The time of
eight races were measured alternately – four for the keyboard and four for
the smartphone in order to minimize the possible learning effect from the first
treatment. Figure 2.1 shows one participant during the experimental phase (i.e. time
measuring).
Each player needed about 30-40 minutes to complete the experiment:
•

up to 10 minutes to learn how to control the STK game with the keyboard;

•

up to 10 minutes to learn how to control the STK game with the smartphone;

•

up to 10 minutes to finish eight races in the game;

•

about 10 minutes to fill in the questionnaire.
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Figure 2.1: A participant during the experiment11

If someone mastered all game controls sooner, they could choose to end the learning
session earlier. 11

2.2.6

Statistical tests used in data analysis

It was vital to see if the differences between race times obtained by the two
controllers (i.e. the keyboard and smartphone) were not accidental, but might be
proved in a hypothesis test. For a paired comparison design which was used in our
experiment, a paired t-test (parametric test) or a two-tailed Wilcoxon test
(non-parametric test) are applicable [34]. If data are normally distributed it is better
to use a paired t-test rather than a Wilcoxon test, since a parametric test has more
statistical power than a non-parametric one. However, parametric tests put more
requirements on data. They require, for instance, normally distributed data [34]. To
use a paired t-test on our data, we had to test our data for normality. For normal
distributed data a paired t-test would be used, otherwise a two-tailed Wilcoxon test
would be applied.
We used normal probability plots [21] to test the hypothesis that the keyboard and
smartphone data sets were normally distributed. The normal probability plot is
a graphical technique in which the data are plotted against a theoretical normal
distribution in such a way that they should form an approximate straight line.
11

The picture is published with permission from the participant in the picture.
Track: Bovine Barnyard, authors: Marianne Gagnon & Ville Seppanen, licence: CC-BY-SA 3.
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Departures from the reference straight line indicate departures from normal
distribution. The correlation coefficient is calculated for the points that make up
a normal probability plot and then it is compared with the critical value of the normal
probability plot correlation coefficient distribution. The value below the tabulated
critical value rejects the null hypothesis of normally distributed data.

2.3

Survey

A survey was chosen in order to investigate subjects' opinions of the smartphone
used as a game controller. The survey was performed in the context of experiment,
meaning that only subjects who took part in the experiment could take part in
the survey.

2.3.1

Results of the literature review

In Section 1.5 (point 8) it was emphasized that a questionnaire would be used in
evaluating the user experience with the new game controller. Through the literature
review it was revealed that questionnaire-based evaluation methods are quite
common in the studies of user experience12 in games. For instance, in [10] both
the Game Experience Questionnaire (described briefly in [20]) and the Game
Engagement Questionnaire from [5] were used for examining the impact of mouse
and keyboard versus gamepad control in FPS games. Similarly, the study in [28]
applied the Engagement Sampling Questionnaire [27] to assess the player's desire to
continue playing.
In addition to the aforementioned questionnaires, another evaluation tool is
the GameFlow model of player enjoyment in video games proposed by P. Sweetser
and P. Wyeth [31]. This model was developed based on games user experience
literature and Csikszentmihalyi's concept of flow. It breaks player enjoyment into
several parts (such as concentration, challenge, player skills, control, clear goals,
feedback, immersion, and social interaction).
The GameFlow model and all the questionnaires which were revealed through
the literature review were, however, too wide in scope to be applicable to this study
12

User experience is usually referred to as player experience in the case of games. However, in
this thesis we use the term user experience to point out that the evaluation does not include the game,
but the player impressions from the game controls (see Section 1.5 point 7).
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where the evaluation of user experience is delimited to the player impressions from
game controls (the game and its influence on players are beyond the scope of this
study – see Section 1.5, point 7). We decided thus to design a new questionnaire
which would be fully dedicated to user experience regarding game controls.

2.3.2
The

Survey design
survey

questionnaire

on

user

experience

was

developed

following

the seven-staged survey research process from [14]. The questionnaire was tested
through several iterations with a group of students from BTH. Through
the questionnaire testing question wording was improved, interpretation difficulties
were removed, a format of some questions was changed to facilitate data analysis
and interpretation. Moreover, the final version was consulted with and approved by
our university supervisor.
The questionnaire included mainly closed-ended questions, but also a few hybrid
ones (i.e. a closed-ended question with the Other option as the alternative), and one
open-ended question (but not required). There were two reasons why
the closed-ended questions were predominantly used: first, respondents are usually
more reluctant to complete open questions in comparison to closed questions, and
second, closed questions facilitate data analysis [14]. A 5-point Likert scale was
applied to many of the closed-ended questions [2].
Our intention was not merely to compare the smartphone against the keyboard (Part I
in the questionnaire), but rather to carry out a thorough evaluation of the smartphone
itself. That is why in the vast majority of the questions the focus is solely on
the smartphone.
The questions were logically divided into four parts – first three parts related to
the various aspects of the smartphone evaluation, and the last one concerning general
information about each participant. The questionnaire parts are the following:
•

Part I: Relative assessment of the smartphone – the keyboard is used here as
a baseline (5 questions in total);

•

Part II: Absolute assessment of the smartphone – in this part the evaluation is
independent of other game controllers, including the keyboard (5 questions in
total);
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•

Part III: Evaluation of the smartphone controller interface – (10 questions in
total, of which one is optional);

•

General questions – questions regarding some general information about each
player, like age, gender, and their game experience (7 questions in total).

Additionally,

in

the

Web

version

of

the

questionnaire

another

part

appeared – i.e. Results of the game – to be completed by the experimenter in order to
gather all the results, i.e. game results and survey results, in one place. The Google
Forms tool was used for creating and distributing the questionnaire. The description
of subjects (given in Subsection 2.2.2) remains valid also in the case of survey.
The whole questionnaire is found in Appendix C.

2.4

Validity threats

In order to ensure the validity of the results obtained through this study, a number of
issues were taken into account while planning our research. The classification of
threats to the validity proposed by Cook and Campbell includes the following four
types: construct validity, internal validity, external validity and conclusion
validity [34]. The discussion of validity threats given below is structured according
to this classification.

2.4.1

Construct validity

Construct validity concerns the use of correct methods and settings in the
experiment [34].
Our experiment was based on measuring race times achieved for two different game
controllers. The goal of the experiment was to compare the relative differences
between the race times obtained using the smartphone and those obtained using
the keyboard. The keyboard was used as a reference controller with which to
compare the performance of the smartphone. The comparison of the race times
obtained for two different controllers – the controller under study and a standard
controller – permits verification of the adequacy of the candidate controller against
a broadly used and accepted solution. The race times reflect in a transparent,
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meaningful and objective manner a complex mixture of factors (human and
technological) that influence the performance achieved with a given controller.
Concerning the survey, the questionnaire was tested iteratively with a group of
students from BTH and consulted with the university supervisor in order to make
sure that the questions are unambiguous and easily understood. As a result of these
tests and consultations, the question wording was refined and some explanatory
comments were added to some of the questions.

2.4.2

Internal validity

Internal validity means that the treatment causes the outcome, i.e. the outcome is not
influenced by any unknown factor [34]. In order to minimize threats to internal
validity, the experiment was carefully designed and pre-tested in the target
environment before carrying it out with the subjects.
Race times may be influenced by many factors, not only by the controller type used
in the game, but also by the player's skills and gaming experience, the quality of
the user interface of each controller, the quality of the smartphone used in
the experiment, and the quality of the Wi-Fi connection used to link the smartphone
controller with the PC. A number of measures were taken to minimize the influence
of all these factors on the race times.
Such aspects as the player's skills and gaming experience were practically impossible
to control, but their influence was limited by selecting a PC game which had not
been controlled by any subject before. Similarly, no one had used a smartphone as
a game controller before. The later confrontation of the experiment results with
the gaming experience indicated in the survey questionnaire showed that in most
cases the impact of the experience was negligible.
The design of the user interface of the smartphone controller was consulted with
a domain expert. He approved our final version of the user interface so that the threat
related to a poorly designed user interface was minimized.
Initial game control tests (Section 3.5) were performed in order to test the control of
the STK game using the new controller and to choose appropriate models of
smartphones for the experiment. Two high-end smartphones were chosen as
the game controllers for the experiment (Samsung Galaxy S2 and Samsung Galaxy
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S3). Although it would have been better to use only one model of smartphone in
the experiment, it was not possible in our case. However, we checked both models in
the pre-tests with the PC game and it turned out that they ensured very similar way of
controlling the game and enabled to achieve comparable results.
Some of the pre-tests were performed at the target experiment site in order to check
the local Wi-Fi quality, because poor Wi-Fi connection might cause noticeable
communication delays when controlling the game. The pre-tests confirmed
satisfactory quality of the Wi-Fi.
To ensure fair conditions for each race, the same track with no alternative paths was
used for both controllers. The race setup included no enemies in a race. The basic
game mode was chosen, that is the Time trial, without additional bonuses and
obstacles. For each participant we measured eight race times, four per either
controller. The controllers were used alternately to minimize the possible learning
effect.

2.4.3

External validity

External validity means that the results of a study may be generalized beyond the
study. This type of validity may be affected by a number of agents, including
the objects used in the experiment, the experiment design, and the selected
subjects [34].
The STK game was used in the experiment, since it was considered as a good
representative of arcade racing games for PC. This choice was also consulted with
a domain expert from the gaming industry. Owing to these precautions, the results of
this study may be expected to remain valid for other arcade racing games for PC, but
not necessarily for other game genres, since each game genre may require solving
different issues and designing a different user interface. Of course, it does not mean
that the smartphone could not be used as a game controller for other game genres,
but further research is needed in this area.
The experiment was carried out within the environment which resembled a realistic
and probable situation. We tested the new controller on 20 students of BTH.
Although the subjects were chosen through convenience sampling, the objectiveness
of the sample was satisfactory. We were able to attract people with different gaming
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experience, which was in our case desirable and could be confirmed by the responses
to the General questions part of the survey (see Figure 4.22). The selected subjects
satisfactorily represent an average player who might be a user of the smartphone
game controller.
The external validity is limited with regard to the subject selection. Although this
study has a limited external validity – as it was mentioned in Subsection 2.2.2 – it
confirmed the existence of the anticipated relationship in our sample of subjects.

2.4.4

Conclusion validity

Conclusion validity denotes drawing the right conclusions from the obtained
results [34].
In order to increase the reliability of measures, the experiment consisted of four runs
and the ultimate experiment results were evaluated by averaging the results of
individual runs.
We checked if the results were statistically significant through a two-tailed Wilcoxon
test (a non-parametric test), since it turned out that the keyboard results were not
normally distributed (the results had been tested for normality using the normal
probability plots).
Although the subjects were diverse in terms of gaming experience, a group was
homogeneous in terms of lack of experience in controlling the STK game and using
the smartphone as a game controller. The homogeneity of the group favours
conclusion validity. A threat of random heterogeneity of subjects was therefore
reduced [34].
Every step of the conducted study was documented in detail. All the results are
presented in a separate chapter so that others may draw their own conclusions
independent of the analysis done by us for the purpose of this thesis.
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3

SYSTEM DESCRIPTION

This chapter presents the system architecture, justifies the selection of
the communication technology used to link the controller and the PC, describes
the client application (i.e. the game controller) and the PC server application.
The chapter concludes with the results of initial game control tests where the PC
game was controlled by various Android-based smartphones.

3.1

System architecture

The system architecture is a client-server model presented in Figure 3.1. The system
consists of two components: the server application running on the PC (along with
the PC game) and the client application running on smartphones with Android OS
(see Appendix B with the class diagrams of each system component).

Figure 3.1: Client-server model

The client application is a game controller for a PC racing game. The server
application manages the communication between the remote controller and the game.
The connection between these two applications is done through Wi-Fi and uses TCP
sockets (for more details see Subsection 3.2).
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Four states may be distinguished between the client and server:
1. establishing a connection between the client and server;
2. sending game actions by the client to the PC game (which are forwarded to
the game by the PC server);
3. pausing the client (which results in pausing the PC server and the game race
simultaneously);
4. closing either the client or the PC server (or just resetting the latter).
In order to control the PC game by the smartphone the following three steps need to
be done:
1. launching the PC server application;
2. launching the client application on the smartphone and connecting it to the server
application;
3. launching the PC game.
For more details on how to install each application and how to connect the client
application to the server application see Appendix A.

3.2

Communication technology

3.2.1

Wi-Fi vs. Bluetooth

Two technologies were considered as candidates for the wireless communication
between the smartphone and PC: Wi-Fi and Bluetooth. We decided to select Wi-Fi13
(see Figure 3.1), since it has higher data transfer speeds and a larger transmission
range than Bluetooth. Moreover, there may be connectivity troubles between
Bluetooth-enabled devices (e.g. problems with Bluetooth hardware or drivers).
Bluetooth, on the other hand, might be considered a better choice from the viewpoint
of power consumption, but the difference between Bluetooth and Wi-Fi in this aspect
tends to be less and less significant [9].
It can be observed, based on the related work presented in Section 1.2, that solutions
with Wi-Fi have recently become predominant (cf. the articles [13], [32], [29] and
[4], published between 2011 and 2012) in comparison to the solutions based on
13

Usually a synonym for WLAN (as it is in this project).
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Bluetooth (cf. the works [33] and [16] from 2008 and 2010 respectively). Several
years ago Bluetooth might be the only possible technology to use, since many mobile
phones did not feature Wi-Fi interfaces (e.g. Nokia 550014 – the mobile phone used
in [33]). Nevertheless, it is common nowadays that smartphones are equipped with
both Bluetooth and Wi-Fi [9], which supports and justifies the choice of Wi-Fi.

3.2.2

TCP vs. UDP

The connection between the client application and server application uses TCP
sockets. Unlike UDP, TCP ensures reliable and in-order data delivery. It is
particularly important in the case of controlling the racing games where each player
action should be performed in the proper order and no action should be lost during
the communication15. Although UDP is often faster than TCP, disabling the Nagle's
algorithm16 in TCP may give a latency similar to UDP. The game control tests in
Section 3.5 confirmed that TCP does not introduce noticeable communication delays.

3.3

Client application

The client application (i.e. the game controller) has been implemented for
Android-based smartphones with different screen densities (i.e. medium-, high-, and
extra high-density screens) [17] and is compatible with Android versions from
Gingerbread (API level 10) to Jelly Bean (API level 18). The client application could
also be developed for other mobile operating systems, for instance iOS or Windows
Phone. However, the Android platform was chosen due to high popularity among
mobile platforms and also because the author had an access to some Android-based
smartphones. The application was developed in Eclipse IDE with the ADT plug-in
for Android.
During the client application development, two basic issues had to be taken into
consideration:

14

www.gsmarena.com/nokia_5500_sport-1557.php (January 2014)
Possible data loss in the case of UDP would be undesirable not only for players, but also for the PC,
because the PC server application is responsible for programmatically pressing and releasing the game
keys based on the data received from the game controller (see Section 3.4 for more details).
16
http://en.wikipedia.org/wiki/Nagle%27s_algorithm (January 2014)
15
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•

managing a connection with the PC server, including sending and receiving data
(i.e. two-way communication) regarding the client and server states (such as
running, paused or closed).

•

sending data regarding player actions - i.e. the actual game control.

The client application recognizes player actions, but sends them to the server
application only when there is a change in an action state, for instance from
the active state to inactive, or vice versa. This was done to minimize the frequency of
sending data between the client and server.
In order to ensure fair comparison with the keyboard, it was important to choose
the appropriate communication technology (see Section 3.2) and also design an
adequate user interface of the game controller.

3.3.1

User interface design

We aimed to design an intuitive, comfortable and easy to learn user interface which
would ensure fast interpretation of player actions and minimize the need for looking
at the smartphone screen during the game control (so that a player could focus on
watching the gameplay on the PC screen). To accomplish this, the user interface was
designed iteratively with the participation of a professional mobile game developer 17
(and a frequent game player at the same time). The role of the smartphone user
interface cannot be overestimated, because a poorly designed or unfortunate user
interface may lead to negative and unfair ratings in the smartphone evaluation.
The user interface breaks down into the touch user interface (TUI) which makes use
of multi-touch technology [7], and motion-based user interface which applies
a gravity sensor (a virtual motion sensor [18]) to detect device movements.
The TUI is depicted in Figure 3.2 and consists of touch mode (with touch buttons:
up, down, nitro and drift), and click mode18 (with click buttons19: select and rescue)
marked in Figure 3.3. The motion-based user interface is depicted in Figure 3.3 as
motion sensing mode. All the necessary values for this mode has been determined
experimentally while developing the application. No calibration is needed to use this
17

Alien WormTM - a game development company from Gdańsk, Poland (webpage alienworm.com,
January 2014)
18
Click mode is considered here as a subtype of touch mode.
19
The click buttons are in reality the dual-function buttons: select/fire button or back/rescue button.
Select and back actions are menu actions while fire and rescue are game actions (see Table 3.2).
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mode. However, it is recommended that the smartphone should not be held in
a horizontal position.
We decided to apply a combination of motion and touch interfaces in the client UI,
because, according to [13], motion and touch schemes turned out to be more
ergonomic and preferable among players in comparison to, for instance,
the key-based interface. They also helped receive better and fairer results in a game.
Applying basic touch- and click-based interfaces, instead of for instance more
complex gesture recognition, ensures faster interpretation of player actions and also
faster learning of the controller. More advanced gestures would result in delays while
controlling the game.
20

Figure 3.2: The TUI part of game controller's UI20

20

Two graphics from STK were used for click buttons (see the rightmost column in Figure 3.2). Both
files were released under Creative-Commons BY-SA 3 license (i.e. a public copyright licence), which
gave us the right to use and change them for the needs of our Android application. The upper graphics
was done by Dakal, the lower one by yeKcim (Anthony Carré). To better the overall look of
the interface, we changed the colors of the arrow file (the bottom right corner in Figure 3.2).

26

Figure 3.3: Three modes of UI game controller: touch, click, and motion sensing

The user interface was designed to limit the need for looking at it while playing
the PC game. Though the motion-based interface does not require looking at it,
the touch user interface does. Unlike hardware buttons, virtual buttons do not have
physical shapes so they are not felt by touch. To overcome this, we proposed
a simple and intuitive layout of buttons. Each virtual button of the TUI is large (see
Figure 3.2) and gently vibrates for a short time whenever touched 21. Initially,
the vibration feedback was not only applied to the TUI, but also to the motion-based
interface. However, after consultations with our user interface tester, the vibration
feedback from the motion-based interface was discarded. He described the vibrations
when tilting the device as inconvenient and irritating. Without the vibrations,
the control of the game through the motion-based interface may be perceived even
smoother.
In order to deactivate the current player action, say up, and at the same time activate
another player action, say down, it is enough to slide a thumb from the current action
button to the new action button without the need to detach the thumb from the screen
thanks to some enhanced implementation solutions regarding multi-touch algorithm
21

Additionally, touching and holding a button is marked by the larger blue circle (see up button in
Figure 3.2).
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developed by the author22. In addition, whenever a finger touches buttons drift and/or
nitro, and then moves right over the click buttons (select or rescue) without
detaching itself from the screen, these two click buttons are being deactivated in this
particular case in order to avoid triggering unintentionally the actions which are
assigned to these two buttons (see Figure 3.4).
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Figure 3.4: Deactivated click buttons (select and rescue)
(a special case when the finger moves right over the click buttons
just after touching nitro and/or drift buttons)23

3.3.2

Game actions mapping

Although both modes of the TUI (i.e. touch mode and click mode) are based on
the touch, they were considered separately due to their slightly different nature of
controlling the game. These two TUI modes were assigned to different game actions
types of STK - trigger actions and continuous actions (see Table 3.1).
The trigger action is started when the button is released (it is not important when
the button was pressed and for how long). Click mode of TUI was assigned to this
type of action. A simple example of the trigger action from STK may be throwing
the ball at the opponent during a race in the Normal Race mode.
For the continuous actions two issues are important: when the action was triggered,
and also how long the action remained active. Driving a car forward or backward is
22

If we consider a basic touch scenario (in Android) without the applied improvements in the user
interface, sliding a finger over the screen without detaching it would not result in activating other
game buttons accordingly, but the first button that was touched would remain active regardless of the
actual finger location on the screen.
23
Large blue circles indicate that all four touch buttons were being touched at the same time.
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an example of the continuous action in STK. This type of action is assigned both to
the touch mode of TUI and the motion sensing mode. In the case of TUI, continuous
actions are activated when the button is touched and remains active until releasing
the button. On the other hand, in the motion sensing mode which includes actions
like Steer left and Steer right, the continuous actions are triggered if the smartphone
is tilted gently left or right respectively (similar to turning the steering wheel) and
they remain active until the smartphone returns to its neutral position (i.e. no tilting
sideways).
Table 3.1: Game actions of STK along with their types and assigned UI modes
Game action

Action type

UI mode

Steer left

Continuous

Motion sensing

Steer right

Continuous

Motion sensing

Accelerate

Continuous

Touch

Brake

Continuous

Touch

Nitro

Continuous

Touch

Drift

Continuous

Touch

Fire

Trigger

Click

Rescue

Trigger

Click

Pause game

Trigger

Click

Player actions in STK consist of menu actions and game actions. Menu actions are
considered only as trigger actions. On the other hand, game actions may be classified
as either a trigger action or a continuous action. Table 3.1 lists and classifies game
actions of STK, and also assigns a suitable smartphone's UI mode to each game
action. Table 3.2 presents all player actions of STK, their mapping on
the smartphone user interface, and the default STK keyboard configuration.
Table 3.2: Player actions of STK with the smartphone and keyboard configurations
Menu actions

Smartphone

Keyboard key

Up

UP

Up arrow

(touch button)

Down

DOWN
(touch button)

Down arrow

Left

Tilt the smartphone left

Left arrow
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Menu actions

Smartphone

Keyboard key

(motion sensors)

Right

Tilt the smartphone right

Right arrow

(motion sensors)

Select

SELECT/FIRE

Enter

(click button, bifunctional)

Cancel / Back

BACK key

Backspace

(smartphone's hard key)

or
BACK/RESCUE
(click button, bifunctional)

Game actions

Smartphone

Keyboard key

Steer left

Tilt the smartphone left

Left arrow

(motion sensors)

Steer right

Tilt the smartphone right

Right arrow

(motion sensors)

Accelerate

UP

Up arrow

(touch button)

Brake

DOWN

Down arrow

(touch button)

Fire

SELECT/FIRE

Space

(click button, bifunctional)

Nitro

NITRO

N

(touch button)

Drift

DRIFT

V

(touch button)

Look back

N/A24

B

Rescue

BACK/RESCUE

Backspace

(click button, bifunctional)

Pause game

BACK key

Escape

(smartphone's hard key)

3.4

Server application

The server application has been developed in Java SE 7 using Eclipse IDE. Java was
chosen because of its cross-platform nature. It is also suitable for network
applications.
The server application has two main tasks to perform: first, it connects remote clients
and manages the connections with them (also responding accordingly to the client
24

Not necessary in Time trial mode which was selected for the experiment (see Section 4)
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state), and secondly, it receives player actions, and then forwards them to the PC
game.
There is no direct interface between the server application and the PC racing game.
The server application generates keystrokes programmatically (based on the data
received from the client). If the game window on the PC screen gains focus,
the game starts receiving keystrokes from the operating system (see Figure 3.5).
From the game point of view, there is no difference between controlling it by
the keyboard or the smartphone. This solution is quite universal, because it allows
the separation of server application from PC game (in addition, the server application
can run on many operating systems). Since there is no direct dependency between
the PC game and the server application, there is no need to modify anything in
the source code of the game.
Controlling the game by the smartphone allows to use more game actions
simultaneously in comparison to the keyboard, because keyboards usually support
a limited number of simultaneously pressed keys. A simple test on Dell Vostro 3300
has revealed that holding pressed Up arrow key and N (Nitro) key simultaneously
blocks the action of steering left (pressed the left arrow key). These limitations,
however, do not apply to keyboard events generated programmatically (as in the case
of smartphone).

Figure 3.5: Server-game interface
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3.5

Initial game control tests

The client application was tested on six Android-based smartphones (see Table 3.3).
The server application was tested on two operating systems:
•

Windows 7 Professional

•

Mac OS X Mavericks 10.9.
Table 3.3: Devices used for testing the client application

Device

Android
(version)

Resolution
(in pixels)

Size

Motion
sensors

Samsung
Galaxy Ace
(S5830)

2.3.6

320 x 480

3.5''

A, G, L, R25

Sony Xperia J
(ST26i/ST26a)

4.1.2

480 x 854

4''

Samsung
Galaxy Young
(S6310)

4.1.2

320 x 480

3.27''

A

Yes (up to 2
fingers)

Samsung
Galaxy Trend
(S7560)

4.0.4

480 x 800

4''

A

Yes

Samsung
Galaxy S 2
(I9100)

4.0.4

480 x 800

4.3''

A, G, L, R

Yes

Samsung
Galaxy S 3
(I9300)

4.1.2

720 x 1280

4.8''

A, G, L, R

Yes

A

Multitouch
Yes (up to 2
fingers)
Yes (up to 2
fingers)

Before carrying out the experiment with players we tried controlling the game with
various models of smartphones, and also with the keyboard. Carrying out the initial
game control tests was twofold. First, we wanted to check and ensure that controlling
the game by the smartphone was possible with the developed system and did not
introduce noticeable delays. Second, we tested the client application on various
devices in order to compare their multi-touch screens and motion sensors, and choose
the best one for the experiment with players (see Subsection 2.2.4).
We measured the time of four races per each game input device. For two
smartphones (i.e. Samsung Galaxy S3 and Samsung Galaxy Ace) we repeated
the tests using a different motion sensor (an accelerometer instead of a gravity
25

The abbreviations stand for: A - accelerometer, G - gravity sensor, L - linear acceleration sensor,
R - rotation vector sensor. The L and R sensors were not used in the client application.

32

sensor). The results are sorted in ascending order according to their mean of race
times (see Table 3.4).

Table 3.4: Race times obtained by the author of the thesis (all times expressed in sec)
Device

1st race

2nd race

3rd race

4th race

Mean

Keyboard

40.13

38.92

42.04

40.13

40.31

Samsung
Galaxy S2

43.21

44.65

41.62

45.30

43.70

Samsung
Galaxy S3

42.07 (G)26 44.73 (G) 43.17 (G) 44.94 (G)
40.72 (A)27 42.25 (A) 45.81 (A) 46.33 (A)

43.73 (G)
43.78 (A)

Samsung
44.33
Galaxy Trend

44.01

44.69

42.53

43.89

Samsung
Galaxy
Young

47.35

44.21

43.79

43.71

44.77

Sony Xperia
J

46.01

49.92

49.35

44.67

47.49

Samsung
Galaxy Ace

48.18 (A)
54.61 (G)

49.47 (A) 47.16 (A) 47.08 (A)
62.60 (G) 73.13 (G) 69.21 (G)

47.97 (A)
64.89 (G)

The race setup and race track were the same as described in Subsection 2.2.4
(Tables 2.2 and 2.3). All the tests were successful. Each race was completed within
a reasonable time in comparison to the keyboard. However, it can be noticed that
the devices of superior quality, such as Samsung Galaxy S2 or Samsung Galaxy S3,
gave on average better results. The reason behind this is the reliable and highly
sensitive touchscreen and stable readings from the motion sensors (in Table 3.4 it can
be seen that both the accelerometer and gravity sensor gave similar results in the case
of Samsung Galaxy S3, but not in the case of Samsung Galaxy Ace).
The initial game control tests indicated that controlling the game with
the smartphone is possible and feasible, but a lot may depend on the quality of
the smartphone. The poor quality smartphone may hinder controlling the game and
thus lower the smartphone's evaluation.

26
27

Gravity sensor
Accelerometer
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4

RESULTS

The following sections include the results of the experiment and survey.
20 participants took part in total – 17 males and 3 females, 18 right-handed and
2 left-handed, aged from 21 to 37 (the mean value 24.4). 18 participants were on
the spot (i.e. at BTH) during the experiment, and the other two participated remotely,
outside Sweden28.
All players were BTH students of various nationalities (including 8 Polish,
6 Swedish, 2 French, 2 Spanish, 1 Iranian, and 1 Ghanaian), who studied: Computer
Science (14 students), Game Programming (3), Software Engineering (2), Electrical
Engineering (2), Mathematics (1), Economics (1), and Entrepreneurship (1)29.

4.1

Experiment results

Table 4.1 presents the times of eight races for each player (all times expressed in
seconds):
•

4 races were controlled by the keyboard (K1 - K4);

•

and the other 4 by the smartphone (S1 - S4).
Table 4.1: All results of the racing game (in seconds)

Player Started
ID
with

K1

K2

K3

K4

S1

S2

S3

S4

1

K

46.07

43.58

43.54

42.70

43.43

42.23

46.81

44.42

2

S

45.44

40.99

42.67

40.97

51.62

46.99

49.97

44.92

3

K

44.06

40.89

41.94

41.43

51.15

49.19

55.45

52.71

4

S

45.81

47.01

56.13

47.65

59.86

54.84

56.79

71.08

5

K

72.19

66.40

95.06

52.40

74.87

60.16

54.22

58.54

6

S

50.09

56.24

44.39

56.74

60.93

66.31

52.85

60.39

7

S

49.04

43.82

41.33

42.49

47.50

52.74

50.03

45.36

8

K

55.31

54.01

48.57

57.67

58.40

54.08

56.06

49.75

28

It was possible to carry out the experiment remotely in the case of two students, because they were
equipped in advance with an appropriate model of smartphone (Samsung Galaxy S2), necessary
software and guidelines for performing the experiment.
29
The number of students greater than 20 is due to the fact that 4 students of Computer Science study
two majors at the same time (2 Game Programming, 1 Electrical Engineering and 1 Mathematics).
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Player Started
ID
with

K1

K2

K3

K4

S1

S2

S3

S4

9

K

45.27

43.29

41.23

40.29

50.40

60.23

51.15

61.22

10

S

44.19

44.77

42.42

41.29

55.90

51.87

57.40

52.50

11

K

43.84

42.80

43.63

47.31

60.76

69.63

53.97

52.96

12

S

40.39

41.39

40.22

41.54

49.68

48.91

45.48

52.76

13

K

41.61

41.23

39.77

43.96

57.44

53.66

49.69

52.26

14

S

40.83

41.67

39.77

39.96

47.01

49.58

58.18

44.91

15

K

41.92

43.16

37.64

35.95

47.75

49.31

46.70

54.74

16

S

36.50

34.30

33.76

33.12

54.11

46.71

44.80

44.31

17

K

39.33

43.53

42.33

40.66

48.82

45.03

45.20

49.35

18

S

40.85

41.16

38.57

40.51

43.51

45.12

44.61

42.20

19

K

38.27

41.86

39.45

39.16

43.79

47.11

47.93

50.08

20

S

41.19

44.16

42.13

40.49

42.32

47.55

46.31

47.22

Mean

45.11

44.81

44.73

43.31

52.46

52.06

50.68

51.58

4.2

Survey results

This section includes the complete set of results from the user experience
questionnaire (Figures 4.1-4.23 and Tables 4.2-4.4). The questionnaire on user
experience is found in Appendix C.

4.2.1

Part I: Relative assessment of the smartphone

Q1: Which of the game input devices did you enjoy more? (Figure 4.1)
12
10
8
6
4
2
0

keyboard

smartphone

all the same to me

I don't know

Figure 4.1: Results corresponding to the question Q1
(Which of the game input devices did you enjoy more?)
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Q2: Which device was easier to learn and use? (Figure 4.2)
14
12
10
8
6
4
2
0

keyboard

smartphone

all the same to me

I don't know

Figure 4.2: Results corresponding to the question Q2
(Which device was easier to learn and use?)
Q3: Which device provided better control of the racing game? (Figure 4.3)
20
18
16
14
12
10
8
6
4
2
0

keyboard

smartphone

all the same to me

I don't know

Figure 4.3: Results corresponding to the question Q3
(Which device provided better control of the racing game?)
Q4: If you were to play this game again, which device would you choose?
(Figure 4.4)

10
8
6
4
2
0

keyboard

smartphone

all the same to me

I don't know

Figure 4.4: Results corresponding to the question Q4
(If you were to play this game again, which device would you choose?)
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Q5: Select your overall assessment of the smartphone versus the keyboard.
(Figure 4.5)

10
8
6
4
2
0

1

2

3

4

5

Figure 4.5: Results corresponding to the question Q5
(Select your overall assessment of the smartphone versus the keyboard)

4.2.2

Part II: Absolute assessment of the smartphone

Q6: Was the smartphone a comfortable game input device? (Figure 4.6)
8
6
4
2
0

1

2

3

4

5

Figure 4.6: Results corresponding to the question Q6
(Was the smartphone a comfortable game input device?)
Q7: Were you disturbed by any delays introduced by the device? (Figure 4.7)
14
12
10
8
6
4
2
0

yes

no

Figure 4.7: Results corresponding to the question Q7
(Were you disturbed by any delays introduced by the device?)
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Q8: What are the strong points of the smartphone as a game input device?
(Figure 4.8)

popularity
affordability
multi-touch
sensors
feedback
easy to learn
Other
0

2

4

6

8

10

12

14

Figure 4.8: Results corresponding to the question Q8
(What are the strong points of the smartphone as a game input device?)
Other:
Moreover, 6 participants mentioned other strong points of the smartphone, such as:
•

additional fun (3 participants);

•

higher immersion level (1);

•

more realistic (1);

•

much different experience (1);

•

almost everyone has one30 (1);

•

changeable input layout (1).

Q9: What are the weak points of the smartphone as a game input device?
(Figure 4.9)

delay while controlling
poor control over the car
poor feedback
inconvenient controller
difficult to learn
Other
0

2

4

6

8

10

12

Figure 4.9: Results corresponding to the question Q9
(What are the weak points of the smartphone as a game input device?)

30

This one could correspond to the popularity option.
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Other:
Three out of seven participants who checked the Other option could not point out
any weak points of the smartphone - for the two of them there were no weak points
in the case of smartphone, whereas the third one noticed that some of the smartphone
weak points might be due to the poor Wi-Fi connection.
The remaining four participants recognized the following weak points:
•

the smartphone takes more time to learn (1 participant);

•

keys can be easily mistaken (1);

•

over-steering (1);

•

no haptic feedback (1)31.

Q10: Select your overall assessment of the smartphone as a game input device.
(Figure 4.10)
8
6
4
2
0

1

2

3

4

5

Figure 4.10: Results corresponding to the question Q10
(Select your overall assessment of the smartphone as a game input device)

4.2.3

Part III: Evaluation of the smartphone controller interface

Q11: How often did you have to look at the smartphone to find an appropriate game
command? (Figure 4.11)
8
6
4
2
0

1

2

3

4

5

Figure 4.11: Results corresponding to the question Q11
(How often did you have to look at the smartphone to find an appropriate game
command?)
31

The haptic feedback was actually applied in the form of vibrations, but maybe it was not strong
enough for that participant.
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Q12: How much intuitive was the interface of the smartphone controller?
(Figure 4.12)
10
8
6
4
2
0

1

2

3

4

5

Figure 4.12: Results corresponding to the question Q12
(How much intuitive was the interface of the smartphone controller?)
Q13: How would you rate the layout of the virtual buttons (i.e. up-, down-, nitro-,
drift-, select-, and back- buttons)? (Figure 4.13)
12
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0

1
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4
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Figure 4.13: Results corresponding to the question Q13
(How would you rate the layout of the virtual buttons?)
Q14: How easy was to turn a car left-right (i.e. turning the smartphone as a steering
wheel)? (Figure 4.14)
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Figure 4.14: Results corresponding to the question Q14
(How easy was to turn a car left- right?)
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Q15: How easy was to move a car forward-backward (i.e. up and down commands)?
(Figure 4.15)
16
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Figure 4.15: Results corresponding to the question Q15
(How easy was to move a car forward-backward, i.e. up and down commands?)
Q16: How easy was to use the nitro and drift commands? (Figure 4.16)
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Figure 4.16: Results corresponding to the question Q16
(How easy was to use the nitro and drift commands?)
Q17: How easy was to use the dual-function buttons (i.e. the select/fire button and
the back/rescue button)? (Figure 4.17)
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Figure 4.17: Results corresponding to the question Q17
(How easy was to use the dual-function buttons?)
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Q18: The sensitivity of the smartphone when turning left-right should be
decreased/increased. (Figure 4.18)
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Figure 4.18: Results corresponding to the question Q18
(The sensitivity of the smartphone when turning left-right should be decreased/increased )
Q19: Did you like the vibration feedback from virtual buttons? (Figure 4.19)

8
6
4
2
0

1

2

3

4

5

Figure 4.19: Results corresponding to the question Q19
(Did you like the vibration feedback from virtual buttons?)
Q20: What would you change or improve in the smartphone controller interface?32
15 participants out of 20 answered this question which was, as the only one,
not required. Three respondents were satisfied with the controller interface and did
not want to improve anything. The remaining 12 respondents, however, suggested
some changes which can be grouped into the following four categories:
1. improving the control of the car while turning left or right;
2. changing the layout of buttons;
3. increasing the vibration feedback;
4. replacing the button labels with icons.
32

All the suggestions made here, except the suggestion no. 4, were considered in Section 7 as future
work.
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As for point 1., some participants proposed to decrease the sensitivity of
the controller while turning, whereas the others suggested that steering the car should
be dependent on the tilt angle of the smartphone, instead of the all-or-nothing
approach.
Concerning point 2., changing the layout of buttons includes: resizing some of
the buttons, changing their positions, or introducing a deadzone between some of
them.

4.2.4

General questions part

Q21: Gender (male / female) (Figure 4.20)
18
16
14
12
10
8
6
4
2
0

male

female

Figure 4.20: Gender distribution of the participants
Q22: Age (Table 4.2)
Table 4.2: Age distribution of the participants
Age

21

22

23

24

25

26

28

29

37

Frequency

2

4

4

4

2

1

1

1

1

Q23: You are: (right-handed / left-handed). (Figure 4.21)
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0

right-handed

left-handed

Figure 4.21: Distribution of the right-handed and left-handed
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Q24: Nationality (Table 4.3)
Table 4.3: Nationality distribution among the participants
Nationality

Polish

Swedish

French

Spanish

Iranian

Ghanaian

Frequency

8

6

2

2

1

1

Q25: Field of study (Table 4.4)
Table 4.4: Fields of study among the participants33
Field of
study

CS34

GP

SE

EE

M

E

Ent

Frequency

14

3

2

2

1

1

1

Q26: How often do you play video games? (Figure 4.22)

8
6
4
2
0

(almost) never

occasionally

often

very often

every day

Figure 4.22: Results corresponding to the question Q26
(How often do you play video games?)
Note:
•

occasionally, i.e. several times per year

•

often, i.e. several times per month

•

very often, i.e. every other or third day

33

The number of students greater than 20 is due to the fact that 4 students of Computer Science study
two majors at the same time (2 Game Programming, 1 Electrical Engineering and 1 Mathematics).
34
The abbreviations stand for: CS - Computer Science, GP - Game Programming, SE - Software
Engineering, EE - Electrical Engineering, M - Mathematics, E - Economics, Ent - Entrepreneurship.
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Q27: Select all devices which you have ever used to control a video game.
(Figure 4.23)
keyboard & mouse
gamepad
handheld game console
steering wheel
smartphone / tablet
motion sensing controller
touch screen controller
0

2

4

6

8

10

12

14

16

18

20

Figure 4.23: Results corresponding to the question Q27
(Select all devices which you have ever used to control a video game)

45

5

ANALYSIS

The following sections include an analysis of the results of the experiment and
survey.

5.1

Analysis of experiment results

5.1.1

Descriptive analysis

The mean race times of four races calculated separately for each game controller are
presented in Table 5.1 along with the ratio of the smartphone mean time to
the keyboard mean time. The reason why we calculated the mean time of races for
each of the input devices (the keyboard and the smartphone) was to minimize
the impact of any incidental results. The smartphone to keyboard ratio indicates how
many times the smartphone race times are longer (a value greater than 1) or shorter
(a value less than 1) in comparison to the keyboard race times (see the last column in
Table 5.1).

Table 5.1: The mean race times (in sec.) along with the ratio of S time to K time
Player ID

K mean

S mean

S/K ratio

1

43.97

44.22

1.006

2

42.52

48.38

1.138

3

42.08

52.13

1.239

4

49.15

60.64

1.234

5

71.51

61.95

0.866

6

51.87

60.12

1.159

7

44.17

48.91

1.107

8

53.89

54.57

1.013

9

42.52

55.75

1.311

10

43.17

54.42

1.261

11

44.40

59.33

1.336

12

40.89

49.21

1.204

13

41.64

53.26

1.279
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Player ID

K mean

S mean

S/K ratio

14

40.56

49.92

1.231

15

39.67

49.63

1.251

16

34.42

47.48

1.380

17

41.46

47.10

1.136

18

40.27

43.86

1.089

19

39.69

47.23

1.190

20

41.99

45.85

1.092

Overall mean

44.49

51.70

1.176

In the above table one can notice that almost all the participants (19 out of 20)
achieved better results using the keyboard (with the S/K ratio between 1.006 and
1.380), whereas only one participant obtained better results by means of
the smartphone (the S/K ratio value of 0.866). To get a better view of the results,
the two middle columns from Table 5.1 are presented in Figure 5.1 (the race times
for the keyboard and smartphone are shown together side by side for each player),
whereas the last column from Table 5.1 is shown in Figure 5.2 (the S/K ratios are
presented for each player together with the red reference line for the keyboard).

Figure 5.1: Race times obtained by means of the keyboard and the smartphone
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It is visible in Figure 5.1 that apart from the fifth player, the results of the others
show a certain regularity. The analysis of the results of Figure 5.2 may suggest that
the race times obtained by the fifth player for the keyboard are outliers. However,
these results are not removed from the analysis, because, though unusual, they are
not extreme outliers [34]. Such results were possible to obtain by, for instance, a less
skilful player.

Figure 5.2: The ratio of smartphone time to keyboard time for each player

The race times in the case of smartphone were longer, on average, by 17.6% in
comparison to the keyboard (cf. the last row in Table 5.1). However, the game results
obtained by the smartphone have a smaller coefficient of variation (CV), which
signifies smaller dispersion of the results in the case of smartphone (see Table 5.2).
Table 5.2: Standard deviation, mean and coefficient of variation for the K and S
SD

M

CV

K

7.51 s

44.49 s

16.88%

S

5.44 s

51.70 s

10.52%

The CV is the ratio of the standard deviation to the mean, expressed as a percentage.
The following formula was used to calculate the CV from Table 5.2:
CV =

SD
×100%
M
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5.1.2

Statistical analysis

First we used normal probability plots [21] to assess if keyboard and smartphone data
sets were normally distributed (see Figures 5.3 and 5.4). The black straight line in
Figures 5.3 and 5.4 is a reference line corresponding to normal distribution.
The hypothesis test that the data come from a normal distribution was rejected for
the keyboard data set with a confidence level of 0.05. It was based on the value of
correlation coefficient of the points from the normal probability plot (the correlation
coefficient 0.8318 was lower than the value 0.9498 from the table of critical values
of the normal probability plot correlation coefficient [21]).
Next, we used a non-parametric test, i.e. Wilcoxon test [34], to assess if
the differences between the controllers did not occur by chance. A two-tailed
Wilcoxon test proved that there is a significant difference between the keyboard
results and smartphone results at the 0.05 level (the W-value was 12 which is below
52, i.e. the critical value of W for N = 20 at p <=0.05)35.

75
70

s a m p le q u a n t ile s ( k e y b o a rd )

65
60
55
50
45
40
35
30

30

35

40
45
50
n o rm a l t h e o re tic a l q u a n t ile s

55

60

Figure 5.3: Normal probability plot for the keyboard data

35

http://www.socscistatistics.com/tests/signedranks/Default.aspx (April 2014)
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65

s a m p le q u a n t ile s ( s m a r t p h o n e )

60

55

50

45
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40

45

50
55
n o rm a l t h e o re tic a l q u a n t ile s

60

65

Figure 5.4: Normal probability plot for the smartphone data

5.2

Analysis of survey results

In this section the analysis of the results of the survey is divided according to
the appropriate part of the questionnaire. Only the first part of the questionnaire
concerns the comparison of the smartphone and keyboard. The other two parts are
solely focused on the smartphone.
12 out of 27 questions contained a 5-point Likert-type rating scale, where 5 questions
are Likert-type items and the remaining 7 are Likert scale items [1]. While there exist
contradictory opinions (e.g. presented in [12] and [22]) whether the responses from
the individual Likert items can be treated as interval data, we follow the view
proposed by G. Norman in [22] who supports considering the responses from
the individual Likert items as interval-level data. Therefore for each individual
Likert-type question we present a table with not only the median, mode and range
(which are typical measures used for ordinal data), but also the mean and standard
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deviation (typical in the analysis of interval data). In our opinion a combination of all
these measures gives a more complete summary of the results.
In almost each Likert-type question a 5-point scale was used with the neutral value in
3, the positive value 5, and the negative value 1 (unless stated otherwise). If the mean
of a single Likert-type question is above 3, it means that this particular question got
on average positive results. The closer to 5, the more positive the responses were.
Similarly, if the mean is below 3, it means more negative responses. The closer to 1,
the more negative the responses were (see Figure 5.5).

Figure 5.5: The interpretation of Likert responses (in most cases)

5.2.1

Part I: Relative assessment of the smartphone

Over half of the participants enjoyed more the smartphone (55%), whereas 35%
enjoyed more the keyboard, and 10% enjoyed these both controllers equally.
Similarly, 50% would choose the smartphone if they were to play the game again,
40% would choose the keyboard, and for the remaining 10% it was no difference.
On the other hand, the keyboard was considered by many players as easier to learn
and use (65% in favour of the keyboard against 20% for the smartphone and for 15%
it was no difference). Almost all (95%) considered the keyboard as the device which
provided better control of the racing game (the smartphone got 5% this time).
The overall assessment of the smartphone versus the keyboard was, on average, 2.55
in a 5-point scale (see Table 5.3). All the responses from 1 to 5 were selected
(the range equal to 4). The values of median, mode and mean indicate that
the keyboard got a bit better results in the overall assessment.
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Table 5.3: Smartphone vs. keyboard
Median

Mode

Range

Mean

SD

3

2

4

2.55

1.117

From the first part of the questionnaire it is visible that the keyboard was a better
controller than the smartphone. However, the smartphone won slightly as more
enjoyable.

5.2.2

Part II: Absolute assessment of the smartphone

In this part the keyboard was left out and the smartphone was evaluated alone.
Table 5.4 presents the results regarding the smartphone as a comfortable controller.
All the items were chosen (rank 4). The median and mode are equal to 3. The mean
above 3 signifies the positive assessment in this context.
Table 5.4: Smartphone as a comfortable game input device
Median

Mode

Range

Mean

SD

3

3

4

3.2

1.077

The participants were asked if they had been disturbed by any delays introduced by
the smartphone. 65% of them answered no. They were also asked to check all
the strong and weak points of the smartphone as a controller. The most popular
answers in the case of the strong points were the smartphone's motion sensors and
multi-touch screen (Figure 4.8, Section 4.2), whereas its weakest point was poor
control over a car36 (Figure 4.9, Section 4.2).
The overall assessment of the smartphone, this time without the keyboard, was more
positive and is presented in Table 5.5.
Table 5.5: Overall assessment of the smartphone
Median

Mode

Range

Mean

SD

3.5

3 and 4

3

3.35

0.91

36

Poor control over a car was influenced the most by using motion sensors. Motion sensing interface
was much more difficult to apply to control the game than touch user interface (see Section 3.3).
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5.2.3

Part III: Evaluation of the smartphone controller interface

In the third part of the questionnaire, the responses for 7 out of 9 Likert questions are
summed and analyzed together (according to [2] each Likert question can have its
response analyzed separately, or have it summed with other related items to create
a score for a group of statements). Questions from Q11 to Q17 concerned the
controller user interface.
In question Q11 we used the following conversion of its scale:
f(x) = − x + 6
because this question had an inverse logic (i.e. the answer 1 was this time the most
positive, and the answer 5 the most negative) and we wanted to sum up all
the questions related to the evaluation of the smartphone controller interface.
The questions concerned the layout of the virtual buttons and the general difficulty in
using various interface elements (such as moving a car in the game right-left, or
forward-backward, among others). Table 5.6 presents the overall mean and standard
deviation for the questions Q11 – Q17. The best possible score would be 35
(7 questions each for 5 points). The mean 26.6 on the background of 35 points to
gain indicates the general positive evaluation of the smartphone user interface.

Table 5.6: The mean and standard deviation for 7 questions (Q11 – Q17)
Mean

SD

26.6

4.317

The question Q18 was about the sensitivity of the smartphone while tilting the device
left or right. In this question only the answer 3 is positive and the deviations in both
directions are considered to be negative (1 signifies that the sensitivity should be
decreased, whereas 5 means that it should be increased). The mean value of 2.75
from Table 5.7 means that, on average, players preferred to decrease the sensitivity.
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Table 5.7: The sensitivity while turning the device left-right
Median

Mode

Range

Mean

SD

3.5

2

4

2.75

1.043

In the next question (Q19) the participants had to rate the vibration feedback from
virtual buttons. It was assessed quite good, since the mean of the responses is 4.05
(see Table 5.8).

Table 5.8: Vibration feedback

5.2.4

Median

Mode

Range

Mean

SD

4

4 and 5

2

4.05

0.805

General questions part

The participants were asked how often they played video games. Starting from
the non-players to the frequent players, we obtained the following results: 15% never
or almost never, 20% occasionally, 15% often, 40% very often, and the remaining
10% played games every day (for a better picture see Figure 4.22 in Section 4.2).
Almost all the players used the keyboard before to control a PC game. Only one
participant did not use the keyboard before (see Figure 4.23 in Section 4.2 ) and it
was visible through his game results which were unusual in comparison to the others.
The other popular game input devices were gamepad and handheld game console
(16 out of 20 participants), and the smartphone or tablet (15 participants). The least
popular was the steering wheel used in the racing games (checked by 9 participants).
See Figure 4.23 in Section 4.2 for more information regarding various input devices
ever used by the participants.
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6

DISCUSSION

This chapter includes a general discussion of the results of the experiment and
survey, and provides the answers to the research questions and the concluding
remarks.

6.1

Discussion on the experiment results

No participants, even those less experienced in terms of playing games, encountered
any problems to complete the races both by means of the keyboard and smartphone.
Moreover, it was observed that everyone was highly motivated to achieve the best
possible results in the game.
19 out of 20 participants obtained better results using the keyboard (it turned out later
that the participant who obtained better results using the smartphone had not used
the keyboard as a game controller before). On the other hand, the smartphone results
were less dispersed. The results were tested for normality through a graphical
technique known as normal probability plot. It turned out that the keyboard results
were not normally distributed and because of that a two-tailed Wilcoxon test, i.e.
a non-parametric test, was used in order to prove that the differences between the
controllers were statistically significant.

6.2

Discussion on the survey results

The smartphone received more positive results than negative ones. It received a bit
lower results in two cases: first time, when its overall assessment was compared with
the overall assessment for the keyboard (see Table 5.3), and second time, when its
sensitivity while turning right or left was to be rated (see Table 5.7). The participants
gave several suggestions on what could be changed in the smartphone user interface,
meaning that there is still room for further improvement for the smartphone.
It is worth noting that no one had been familiar with using the smartphone as a game
controller before, but almost everyone (19 out of 20 participants) had already had
some experience in controlling a PC game with the keyboard. Although
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the smartphone was a more challenging controller, more than half enjoyed it more
than the keyboard.

6.3

Answers to the research questions

In this section the two research questions from Section 1.4 are recalled and
addressed.
RQ1: How do the race times differ when using the smartphone and the keyboard as
the game input device?
In order to answer this question the experiment was carried out with 20 subjects. The
experiment showed that, on average, the race times were only 1.176 times longer
when the smartphone was used as the game controller (and less than 1.4 in the worst
case).
RQ2: What is the user experience with the control of a racing game by means of
the smartphone?
This question was addressed through the questionnaire-based survey of user
experience. The smartphone was given a good reception by the players, although
none of them was familiar with such a game controller before. The survey results
show that more than half of the participants enjoyed the smartphone more than the
keyboard, although the smartphone was perceived as a more challenging game
controller and did not provide so good control of the racing game as the keyboard.
Taking into account the results of both the experiment and survey, it is concluded
that the smartphone has a potential to be a suitable and enjoyable controller for PC
racing games.

6.4

Concluding remarks

The smartphone proved to be a promising game controller for PC racing games. We
can make such a generalization in the case of racing game, since the STK game is
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a typical arcade racing game, but not in the case of other game genres which may
require designing a different user interface.
The results presented in this study may be interesting not only to gaming community,
but also to the researchers who are seeking solutions based on mobile devices in
application areas other than entertainment. An important example is the use of
smartphone in serious games for rehabilitation. Using the mobile device for
controlling such kind of games might help in boosting patients' motivation for doing
repetitive exercises.
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7

CONCLUSION AND FUTURE WORK

The thesis investigated the use of the smartphone as a game controller for PC racing
games. We evaluated the smartphone in this application. We based our evaluation on
race results (the experiment) and user experience (the survey). We proposed the new
user interface for the smartphone game controller which was approved by a domain
expert. The goal of the research was fully accomplished. The results of our research
indicate that the smartphone can be successfully used to control 3D PC racing games.
While working on this project, a number of ideas appeared which may be considered
as future work. We took into account any suggestions made by the participants of our
study.
As for future work, further research may include:
•

testing the smartphone as a game controller using different user interfaces
(e.g. various layouts of virtual buttons, different levels of vibration intensity);

•

changing the way of steering the car (i.e. a left-right direction) from digital to
analogue (see the answers to the 20th question from Section 4.2 for a brief
explanation);

•

experimenting more with people from various age groups and with diverse game
experience (i.e. non-players, casual players, frequent players, etc.);

•

experimenting with players who will be given more time to learn the new
controller (much more than just 10 minutes as it was in the case of this study);

•

experimenting with controlling other game genres (other than racing games) by
the smartphone.

Moreover, user experience may be evaluated using a slightly different approach than
the one presented in this work. For instance, the authors in [11] broke down
the experience into three dimensions and used six clusters of adjectives (two per each
dimension). The players were asked to select and rate words from among various
pairs of adjectives corresponding to these three dimensions of the experience.
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In this study the primary focus was on PC games designed solely for entertainment.
However, the possible application areas of the smartphones as game controllers may
also include the so called serious games37, which can be a subject of the future
research work as well.

37

http://en.wikipedia.org/wiki/Serious_games (April 2014).
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8

APPENDICES

8.1

Appendix A: Software setup instruction

To control the SuperTuxKart game using the smartphone:
1. launch the server application (run the executable file of STKGameServer.jar);

2. launch the client application38 on your Android-based smartphone (see Items A or
B below);
3. read the IP address from the server GUI and enter it to the client application;
4. click the Connect button in the client application;
5. launch the SuperTuxKart game (see Item C below).

A) Installing the client application on your smartphone through the PC:
use the ADB tool39 and type in the command line:
adb install <path_to_apk_file>\Client_app.apk
Uninstalling the client application from your smartphone (type in the command
line):
adb uninstall <path_to_apk_file>\my.apps.remoteClient40

B) Installing the client application directly on your smartphone:
Allow installation of non-Google Play applications in your smartphone's main
settings. Download and install the application on the device (the Package
Installer41 should run and install the application automatically).

C) The SuperTuxKart game (regarding your OS) can be downloaded from:
http://supertuxkart.sourceforge.net/Downloads.

38

Both applications (i.e. client and server) can be downloaded from:
http://goo.gl/jzc6LI (February 2014)
39
developer.android.com/tools/help/adb.html (January 2014)
40
the application's package name
41
It is the default system application on Android.
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Note
1)

If

you

get

the

message:

Could

not

find

the

main

class:

my.apps.remoteServer.ServerWindow. Program will exit when you launch the server
application, it means that your JRE needs to be updated (at least to JRETM 7).
2) If commands from the client do not reach the server, the reason can be traffic
blocking by the firewall.
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8.2

Appendix B: Class diagrams42

The server class diagram (see Figure 8.1) and the client class diagram (see
Figure 8.2) are presented in this appendix. Each diagram depicts classes and
relationships between them. For the sake of clarity, only the methods of each class
are explicitly shown (there was not enough space to show the attributes).

Figure 8.1: Server class diagram

42

Class diagrams were generated using the ObjectAid UML Diagram tool.
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Figure 8.2: Client class diagram

8.3

Appendix C: Questionnaire on user experience
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