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ABSTRACT

A new generation of systems, such as Nintendo‟s Wii Motion Plus, Sony‟s
Playstation Move and Microsoft‟s Kinect, are entering the computer game market.
These new systems all have a high level of movement recognition precision which
can be described as the ability to accurately discriminate between complex
movements with regards to gesture recognition and in turn provide better on-screen
feedback. These controllers will offer the possibility to create a more realistic set of
controls. This study examines the affect of increased movement recognition
precision on the gaming experience in exertion games. An experimental design was
used where the independent variable was the Controller with two levels (1. standard
level of movement recognition precision, 2. increased level of movement
recognition precision). Factors such as experience level and genre of game were
taken into consideration. The dependant variables were Motivation, Strategy and
Immersion. Strategy was measured using video analysis and motion capture data,
while immersion and motivation were measured via questionnaires and semistructured interviews. A total of 22 participants (16 male, 6 female) were recruited
all from UCL, London with an average age of 27 years. The results showed that
increasing the level of movement recognition precision will lead to higher levels of
immersion. The reasons why players are more immersed differ between their
individual motivations for engagement, but the underlying core reason is the same.
The increased movement recognition precision makes the control system more
realistic and therefore is better at meeting up with the players‟ expectations that they
build from the real world. The results of this study have academic relevance by
further advancing theory in body movement in exertion games, and also commercial
relevance to companies releasing new systems with increased movement recognition
precision, as well as exertion game designers and developers.
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CHAPTER 1.

INTRODUCTION

Exertion games can be described as gaming interactions with technology in
which users invest significant physical effort, and are believed to have social, mental
and physical benefits (Mueller, Gibbs & Vetere, 2008). In recent years these games
have experienced massive commercial success due to the emergence of control
devices that allow for a more natural type of interaction. The most apparent example
of this is Nintendo‟s Wii Remote which is a wireless controller, equipped with a
motion capture and gyroscopic device, created to mimic actions performed in real
life situations. Nintendo claimed that “The Wii Remote provides a natural, intuitive
and realistic feel”. However, little research has been conducted to effectively assess
these claims (Berthouze, Kim & Patel, 2007).
Controllers can have a massive effect on the gaming experience (Li, Moraveji,
Kimura & Ofek, 2006). However, these devices have to be simple, easy to adopt,
responsive, natural and intuitive and have to match as much as possible the users‟
expectations built from their everyday interaction with the real world (Höysniami,
Hamalainen & Turkki, 2004). Controllers that match the user‟s expectation can
enhance the gaming experience, while inappropriate controllers can create a
breakdown in the gaming experience (Dourish, 2001; Rambusch, 2006).
A new generation of controllers such as Nintendo‟s Wii Motion Plus, Sony‟s
Playstation Move and Microsoft‟s Kinect are entering the market. These new
systems all have a high level of movement recognition precision which can be
described as the ability to accurately discriminate between complex movements with
regards to gesture recognition and in turn provide better on-screen feedback. These
controllers will require the use of a larger set of movements and also afford more
varieties of movement i.e. it will offer the possibility to create a more realistic set of
controls, which are then more likely to meet up with the user‟s expectation and
therefore enhance the gaming experience. The exertion gaming experience can be
split into 3 components: 1. „motivations‟ that players have when approaching the
game in order to engage with it, 2. „strategy‟ i.e. playing style that they employ
during the game, and 3. „immersion‟ which can be described as an experience where
people forget about their surroundings and are drawn in to a situation, and which is
vital for a good gaming experience.
Players approach computer games with a wide range of motivations (Lazzaro,
2004; Pasch, Berthouze, Dijk & Nijholt, 2009). These motivations can then lead to
different strategies (Pasch et al, 2009). Several studies (Pasch et al, 2009; Berthouze
et al, 2007) have claimed that a player‟s motivation or playing style can have an
impact on the overall immersion level and/or different factors of immersion. Studies
by Berthouze et al. (2007) and Lindley, Couteur and Berthouze (2008) showed that
increasing the body movement imposed or afforded by a game controller results in
an increase in the player‟s immersion level and affective experience.
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This study will examine the impact of movement recognition precision on the
gaming experience in exertion games. Increased levels of movement recognition
precision should lead to a more realistic set of controls, through movements being
afforded and imposed. So, this study will see if an increased level of movement
recognition precision leads to a more realistic strategy. It will also be interesting to
see how the different motivation groups adapt their strategies. This study will then
examine whether increasing the capability of a controller to one which imposes and
affords more movement due to the fact it has better movement recognition precision
will affect the level of immersion and its factors.
This study will further advanced theory which explored the impact of increasing
the body movement imposed or afforded by a game controller on a player‟s
immersion level (Berthouze et al., 2007; Lindley et al, 2008) and apply it to the
concept of movement recognition precision which applies to a whole new
generation of exertion games. This study will also be of interest to companies such
as Nintendo, Microsoft and Sony, who are all releasing systems with increased
movement recognition precision, as the results of this study will give them an
insight into how their systems will affect the gaming experience of players. This
study will also have relevance to exertion game designers and developers, by
highlighting how important game controllers and the design of controls are when
shaping the gaming experience.
This report begins with a literature review before detailing the research question
and hypotheses. The methodology of the experimental procedure is then explained.
Finally, a detailed account of the results are presented and investigated to identify
the impact of increased movement recognition precision on the exertion game
experience.
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CHAPTER 2.

LITERATURE REVIEW

The following section will initially explore exertion games in general and define
the term „movement recognition precision‟. Motivations and Strategies used in
exertion games will then be explored. The concept of Immersion in computer games
will be defined and the methodology for measuring Immersion will be investigated.
Finally, we will explore Immersion with respect to Exertion Games.

2.1.

Exertion Games

„Exertion games‟ are gaming interactions with technology in which users invest
significant physical effort (Mueller et al, 2008). In recent times, these exertion
games have become increasingly popular by the emergence of control devices that
allow for a more natural type of interaction i.e. the player can control the game
using natural body movements. For example, the Nintendo Wii is an extremely
popular console which offers a wide range of exertion games, such as Wii Sports;
which is a collection of five sports simulations i.e. Tennis, Baseball, Bowling, Golf
and Boxing. Players use the Wii Remote controller, which is equipped with a
motion capture and gyroscopic device, to mimic actions performed in real life
sports, e.g. swinging a tennis racket. Exertion games are believed to contribute to
social, mental and physical benefits (Mueller et al, 2008), which in turn has led to
massive commercial success and marked a change in how we perceive computer
games.
According to Li et al (2006) the gaming experience can be strengthened by
increasing the virtual realism or by improving the control of the game using novel
input devices. However, these devices have to be simple, easy to adopt, responsive,
natural and intuitive and have to match as much as possible the users‟ expectations
built from their everyday interaction with the real world (Höysniami et al, 2004).
Rambusch (2006) goes on to state that controllers that match the user‟s expectations
completely can facilitate the players‟ empathy for the character in the game and
increase immersion overall. This implies that a controller which uses body
movements to interact with the gaming environment can be valuable in game play.
However, Dourish (2001) and Rambusch (2006) state that inappropriate controllers
create breakdowns in the interactions and can affect the level of immersion. The
problems with unnatural or unrealistic controls can be explained using Norman‟s
concept of the Gulf of Execution (Norman, 2004). Unrealistic movements enlarge
the Gulf of Execution, making the game harder to control as response times will be
longer.
The next generation of exertion games are beginning to enter the gaming
industry. These new systems all claim to have better movement recognition
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precision than the current systems in the market. The term movement recognition
precision can be defined as the ability to accurately discriminate between complex
movements with regards to gesture recognition and in turn provide better on-screen
feedback. For example, Nintendo have released the „Motion Plus‟ which
supplements the original Wii Remote controller. Nintendo claim that it allows the
controller to more accurately capture complex movement and enable actions to be
rendered identically on the screen in real time. The device incorporates a new
gyroscope which can determine rotational motion. The information captured by the
angular rate sensor can then be used to distinguish true linear motion from the
accelerometer readings (Wikipedia, 2010). This allows for the capture of more
complex movements than possible with the Wii Remote alone.
Game reviewers 'Official Nintendo Magazine' (2009) have called the device
'100% accurate' and stated that movements are 'captured extremely accurately‟.
Sony are preparing to compete with Nintendo‟s Wii Motion Plus by releasing
PlayStation Move which is a handheld motion controller wand for the PlayStation 3,
which uses the PlayStation Eye camera to track the wand's position, and sensors in
the wand to detect its motion. While Microsoft are releasing Kinect for Xbox 360
where users can control and interact with the game without the need to touch a game
controller, through a natural user interface using gestures, spoken commands, or
presented objects and images.
So, a system with a high level of movement recognition precision, will require
the use of a larger set of movements and also afford more varieties of movement i.e.
it will offer the possibility to create a more realistic set of controls. As mentioned
earlier, a more realistic set of controls is more likely to meet up with the user‟s
expectation which they build from the world. For example, a player is more likely to
get immersed in a tennis game, if the game requires movements from actual tennis.
This can be explained by Slater, Usoh and Steed (1995) who stated that presence in
virtual environments may be enhanced the stronger the match between
proprioceptive information from human body movements and sensory feedback
from the computer-generated displays. Hurtienne and Israel (2007) spoke of the
importance of building intuitive interfaces while Dourish (2001) used the term
„embodied interaction‟ to describe an approach to design where emphasis should be
on understanding and incorporating our relationship with the world around us, both
physical and social, into the design and use of interactive systems. It is clear that the
controller and range of interactions offered by it is an essential element that can
affect the quality of player‟s experience. However, several researchers have
commented on problems associated with complex movements, which include
increased learning time and slower reaction times (Moen, 2007; Johnson, 2002).

2.2.

Motivations and Strategies in Exertion Games

In order to create a better gaming experience it is important to understand why
people play computer games. Lazzaro (2004) identified reasons why people play
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computer games and the ways in which the player‟s emotional experience can be
enhanced. The four keys to unlock emotion and enhance engagement are: 1. „Hard
fun‟ - here the gamers enjoy the obstacles and challenges presented in the game.
Hard fun brings out frustration and personal triumph and encourages players to both
challenge and improve their gaming skills. 2. „Easy fun‟ - gamers play for pleasure
and are driven to play in sense of curiosity i.e. they want to explore the gaming and
experience a sense of adventure whilst doing so. 3. „Altered states‟ - some
individuals play to experience sensations of excitement and enjoyment. 4. „People
factor‟ - some people play as a form of social interaction with others outside or
inside the game.
An experiment by Berthouze et al (2007) compared a traditional control pad to a
motion-sensed guitar shaped controller. They found that players who were not
required to move whilst playing were driven by a desire to win the game (i.e. hard
fun), while players who were required to move had higher levels of excitement
because they may have felt like guitar players (i.e. easy fun). This suggests to us that
the control modality of a game can influence motivation of the player as well as
hamper the level of immersion. However, it is not clear whether this claim would
apply to controllers which have different levels of movement recognition precision.
This compliments a study by Pasch et al (2009) which looked at motivations and
strategies in physically active exertion games. They interviewed experienced video
gamers to learn about their motivations to engage with exertion games, and
conducted a movement analysis study, consisting of motion capture data analysis
and video analysis (i.e. a number of observers rating video clips on realism) to
explore the different strategies and playing styles. They found that there are two
main movement strategies that players use when playing an exertion game, and that
they derive from different motivations to play in the first place. Some people play
with the motivation to challenge their ability and to find the best way to achieve a
high score. Their aim is to win or to achieve something (i.e. hard fun). The related
strategy is thus to maximize all efforts towards achieving a high score i.e. using the
minimal movements necessary. For other people the motivation for playing is to
relax by experiencing their movement skills like they would do in a real sport
situation (i.e. easy fun). Relaxation refers to mental relaxation that derives from
immersing themselves into the game and imagining they are playing the actual
sport, as opposed to just a video game. These players use a different strategy,
instead of optimizing their movement to control the game, i.e. to achieve; they try to
simulate the actual sport instead. They do this by using the same movements as they
would in the actual sport or how they think a good player would execute the
movement in the real sport. The diagram below (Figure 1) illustrates how the
different motivations lead to different strategies and playing styles in exertion
games.
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Figure 1: Motivations, Strategies, and Movement Patterns of Video Gamers Playing
Nintendo Wii Boxing (taken from Pasch et al, 2009)
However, a problem with the Pasch et al (2009) study was that they only looked
at one genre of exertion game (i.e. Boxing) and they only used experienced players.
It still remains to be seen whether these findings hold for different genres of exertion
games and with players of different experience levels. The study also does not
consider the effect of increasing the level of movement recognition precision, on the
different strategies. Earlier, we discussed how increased movement recognition
precision could lead to a more realistic set of controls. This in turn could influence a
player‟s choice of strategy, regardless of their motivation.

2.3.

Immersion in Computer Games

Immersion can be described as an experience where people forget about their
surroundings and are drawn in to a situation and it is essential for a good gaming
experience (Jennett, Cox, Cairns, Dhoparee, Tijs & Walton, 2008). Immersion is a
complex phenomenon with no clear definition or explanation of its cause. In the
literature there are many different terms which all share the same properties:
immersion, engagement, flow, presence and deep play.
Brown and Cairns (2004) conducted a qualitative study where seven players
talked about their experience playing their favourite computer games. Using
grounded theory they found that immersion is used to describe the degree of
involvement with a computer game. They found 3 stages to immersion: 1.
Engagement – to achieve this level of immersion the player needs to overcome the
barriers of access to control and gamers‟ preference. Factors such as attention, time
commitment, effort, concentration, and usability of controls are the main barriers for
engagement. 2. Engrossment – to achieve this level of immersion the player needs to
overcome the barrier of game construction. The game has to affect the player‟s
emotions and the controls need to be „invisible‟. The player will then become less
aware of their surroundings. 3. Total immersion – this final stage of immersions is
synonymous with “presence”, a mental state in which the individual feel they are in
the gaming environment (Draper & Kaber, 1998). Total immersion requires a high
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level of attention and is a rare experience in gaming, whereas engagement and
engrossment are more likely to occur (Jennett et al, 2008).
Chen, Kolko, Cuddihy and Medina (2005) have a similar description but using
different terms i.e. fidelity, immersion and engagement. They state that aspects of
the aural and visual interface can influence fidelity and game structure to influence
immersion. They build from other disciplines of theories in flow (Csikzentmihalyi,
1990) and presence (Witmer & Singer, 1998).
Csikzentmihalyi (1990) describes „flow‟ as the process in which someone
becomes so engaged by an activity that irrelevant thoughts and perceptions are
forgotten. There are 8 components to flow; clear goals, high degree of
concentration, loss of feeling of self-consciousness, distorted sense of time, direct
and immediate feedback, balance between ability level and challenge, sense of
personal control and intrinsically rewarding. Flow is closely linked with motivation
and attention which is essential in computer games. An optimal level of challenge is
necessary to maintain motivation and attention in game players. When a player's
skills improve, a new level of challenge is required to meet the improved skill level
(Berieter & Scardamalia, 1993). Douglas and Hargadon (2000) mentioned that flow
is involved in both immersion and engagement. However, it can be argued that,
when playing computer games, players do not always have a high degree of
concentration, clear goals and immediate feedback (Jennett et al, 2008).
Another concept related to flow is cognitive absorption. There are five
dimensions to cognitive absorption; temporal dissociation, attention focus,
heightened enjoyment, control and curiosity (Agarwal & Karahana, 2000).
However, cognitive absorption and immersion differ in research focus. Cognitive
absorption focuses on why people use technology, while immersion focuses on what
happens as a result of a good experience.
The term „Presence‟ refers to the experience of someone that is personally and
physically present in the displayed environment (Lombard & Ditton, 1997). The
literature on „presence‟ is restricted to virtual environments, but can also be applied
in the gaming domain, contributing towards a more enjoyable experience (Lombard
& Ditton, 1997; Steuer, 1995; Heeter, 1995). If someone feels „present‟ whilst
playing a game then they perceive themselves as being in the computer-generated
environment rather than their actual physical location (Ravaja, 2006). Brown and
Cairns (2004) consider presence to be “total immersion”, and Witmer and Singer
(1998) claim that increased immersion leads to a greater sense of presence. Jennett
et al (2008) describes presence as a state of mind while immersion is an experience
in time. Immersion can in fact occur in games with simple graphics, but that does
not involve presence.
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2.4.

Methods for Measuring Immersion

To measure immersion, with respect to exertion games, questionnaires and
interviews are most common. Mueller and Berthouze (2010) explore methods of
evaluating exertion games post-playing. They show how interviews can be used to
allow participants to re-tell their game play experience to reveal emotional and
social aspects (Mueller and Gibbs, 2007). They also point refer to the Gaming
Engagement Questionnaire (GEQ) developed by Chen et al. (2005). The GEQ is
based on the Presence Questionnaire for virtual environments developed by Witmer
and Singer (1998) who proposed several factors that are necessary for a sense of
presence to occur. While, Brown and Cairns (2004) consider presence to be “total
immersion”, it can be argued that the factors that influence it vary greatly between
gaming and virtual environment experiences. The questionnaire focuses on factors
such as consistency, understanding and enjoyment of multimodal information,
spatial orientation and anticipation of event, which are limited and irrelevant to
evaluate a gaming experience. Another questionnaire, developed by Jennett et al.
(2008), assumes immersion has similar properties to „flow‟ and „cognitive
absorption‟, as well as „presence‟. Jennett et al. (2008) state that the immersion is a
mixture of person factors (i.e. cognitive involvement, real world dissociation,
emotional involvement) and game factors (challenge and control). By looking at the
different components of immersion we will have a better understanding of how the
game is affecting the player‟s experience.
Questionnaires and interviews are subjective methods which are quick,
convenient and suitable to rapid statistical analysis (Mandryk, Atkins & Inkpen,
2006). However, they cannot reveal complex patterns, and participant responses
may not correspond to the actual experience (Marshall & Rossman, 1999). People
are generally poor at self reporting their behaviours in game situations (Pagulayan,
Keeker, Wixon, Romero, & Fuller, 2002).
Mueller and Berthouze (2010) discuss methods of evaluating user experience
during exertion games. They discuss how Lindley et al (2008) measured the
emotional and social experience, by coding verbal and non-verbal behaviour from
video footage. Other studies use video data to code facial expressions and body
language (Berthouze et al. 2007, Pasch et al., 2009) which relate to emotional
experience. However, coding observational data is a time-consuming process that
needs to be undertaken cautiously to avoid biasing the results (Marshall & Rossman,
1999). Mueller and Berthouze (2010) state that use of a motion capture system could
obtain a more objective analysis of behaviour and reduce the amount of time needed
to analyse video footage. In the Berthouze et al (2007) paper, the results showed that
for a movement-based game, the amount of movement (calculated by using a
motion capture suit) was positively correlated with the measure of engagement. The
motion capture suit also allows for complex analysis of movement occurring in
exertion games. In the Pasch et al (2009) study, they showed how different types of
players‟ motivation could be correlated with the type of boxing-punches the players
were using.
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2.5.

Immersion in Exertion Games

There is some disagreement between researchers concerning the relationship
between body movement and immersion. Some studies have shown that people
move less when they are more immersed, e.g. in the Berthouze, Cairns, Cox, Jennett
and Kim (2006) study which looked at PC-based computer gaming. Others studies
suggest that people move around more when they are more immersed (Loke &
Robertson, 2005; Rambusch, 2006; Slater 1998, Berthouze et al, 2007; Lindley et al,
2008). This suggests a more complex relationship between immersion and
movement, i.e. the amount of movement expressed is constrained by the freedom of
movement allowed by the game controller.
With respect to exertion games, Pasch et al. (2009) proposed that motivations
play a big role in the way the players will engage with his/her body movement in the
game i.e. their strategy/playing style. They also state that the player‟s body
movement can work as a mean to affect the state of mind and can affect the player‟s
motivation and level of immersion through proprioceptive mechanisms and
emotional processes. Berthouze et al (2007) also states that different motivations can
lead to different immersive experiences. However, the link between motivation,
strategy and immersion in exertion games is still unclear and needs to be studied in
more detail.
An experiment by Berthouze et al. (2007) compared a traditional control pad to a
motion-sensed guitar shaped controller. Results suggested that an increase in body
movement imposed, or allowed, by the game controller results in an increase in the
player‟s engagement level. An increased involvement of the body can afford the
player a stronger affective experience. Mueller and Gibbs (2007) developed a
networked table tennis exertion game. They stated that their exertion game has
similar benefits to the actual physical activity such as exercise, enjoyment and
bringing people together to socialize. Another study from Lindley et al (2008)
compared a traditional control pad to a set of Bongo drums which afforded natural
movements. They showed that an increase in movement afforded by the input
device made for a more engaging experience, and that this was not compromised by
the increase in social interaction. All these results suggest that by imposing or
allowing more movement in the control of a game will lead to an increased level of
immersion. However, it is unclear what factors of immersion are being affected and
it‟s still not clear if this would apply to controllers with better movement recognition
precision. It is also unclear what type of imposed movement would facilitate these
mechanisms (Pasch et al, 2009).

2.6.

Summary

Exertion games have become increasingly popular by the emergence of control
devices that allow for a more natural type of interaction. Controllers can have a
massive effect on the gaming experience (Li et al, 2006). However, these devices
have to be simple, easy to adopt, responsive, natural and intuitive and have to match
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as much as possible the users‟ expectations built from their everyday interaction
with the real world (Höysniami et al. (2004). Controllers that match the user‟s
expectation can enhance the gaming experience, while inappropriate controllers can
create a breakdown in the gaming experience (Dourish, 2001; Rambusch, 2006).
A new generation of controllers that have a high level of movement recognition
precision are entering the market. These controllers will require/impose the use of a
larger set of movements and also afford more varieties of movement i.e. it will offer
the possibility to create a more realistic set of controls, which are then more likely to
meet up with the user‟s expectation and therefore enhance the gaming experience.
The exertion gaming experience can be split into 3 components: 1. „motivations‟
that players have when approaching the game, 2. „strategy‟ i.e. playing style that
they employ during the game, and 3. „immersion‟ which is vital for a good gaming
experience.
Motivation
Lazzaro (2004) identified the four motivations people have when playing
computer games – „hard fun‟, „easy fun‟, „altered states‟ and the „people factor‟.
Pasch et al (2009) identified two types of motivation that occur in exertion games –
„achieving‟ and „relaxing‟. We have also learnt that the control modality of a game
can influence motivation of the player (Berthouze et al, 2007), but it is unclear
whether this applies to varying levels of movement recognition precision.
Strategy
Pasch et al (2009) showed that different motivations can lead to different
strategies. Those whose motivation is to „achieve‟ will optimize their strategy to
obtain the most points i.e. a „game‟ strategy – using the minimal movements
required. While those whose motivation is to „relax‟ will try to recreate movements
from the actual sport i.e. a „simulation‟ strategy. It is unclear whether this holds for
different genre of exertion games and with players of different experience levels.
We have also learnt that in theory an increased level of movement recognition
precision should lead to a more realistic set of controls, through movements being
afforded and imposed. This in turn could influence a player‟s choice of strategy,
regardless of their motivation.
Immersion
Several studies (Pasch et al, 2009; Berthouze et al, 2007) have claimed that a
player‟s motivation or playing style can have an impact on the overall immersion
level and/or different factors of immersion. However, this has yet to be explored in
detail. Studies by Berthouze et al (2007) and Lindley et al (2008) showed that
increasing the body movement imposed or afforded by a game controller results in
an increase in the player‟s immersion level, and affective experience. However, it is
unclear what factors of immersion are being affected and it‟s still not clear if this
would apply to controllers with better movement recognition precision.
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CHAPTER 3.

RESEARCH QUESTION AND HYPOTHESES

Research Question: How Does Increased Movement Recognition Precision Affect
the Gaming Experience in Exertion Games?
This study will examine the impact of movement recognition precision on the
gaming experience in exertion games. The exertion gaming experience will be
explored with respect to 3 components; Motivation, Strategy and Immersion.

This study will first explore the different motivations and strategies players have
when playing exertion games. Following the Pasch et al (2009) study, this study will
see if different motivations lead to different strategies, but also looking at different
genres of exertion games and with players of different experience level.

Hypothesis 1: Increased Movement recognition precision will affect Strategy
Earlier it was said that an increased level of movement recognition precision
should lead to a more realistic set of controls, through movements being afforded
and imposed. So, this study will see if an increased level of movement recognition
precision leads to a more realistic strategy. This study will also explore how the
different motivation groups adapt their strategies.

Hypothesis 2: Increased Movement recognition precision will affect Immersion
By building on the studies by Berthouze et al (2007) and Lindley et al (2008)
which showed that increasing the body movement imposed or afforded by a game
controller results in an increase in the player‟s immersion level and affective
experience, this study will examine whether increasing the capability of a controller
to one which imposes and affords more movement due to the fact it has better
movement recognition precision will affect the level of immersion and its factors.
Following claims from studies such as Pasch et al (2009) and Berthouze et al
(2007) that a player‟s motivation can have an impact on immersion, we will explore
the effect of increased movement recognition on immersion with respect to the
different motivation groups.
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CHAPTER 4.

METHOD

The following section will first justify the choice of console, controllers, game
genres and games. Then the experimental design will be laid out and we will
describe the participants, materials and procedure used to verify our hypotheses (see
chapter 3). Finally, the data analysis procedure will be explained.

4.1.

Choice of Console and Controllers

The Nintendo Wii was selected for use in this study, as it supports many
exertion games. The Wii was also chosen as it supports two movement based
controllers with differing levels of movement recognition precision i.e. the standard
Wii remote and the Motion Plus remote which has an increased level of movement
recognition precision. Also, the Motion plus controller is the only next generation
controller (i.e. with higher levels of movement recognition precision) actually
available.

Standard Controller

Motion Plus Controller

Figure 2: Standard Wii Controller (left) and Motion Plus Controller (right)
The Wii is also a commercially available console for which exertion games are
being constantly developed. So, the results of this experiment could be useful in
game design. Also, no previous research has looked at controllers with high
movement recognition precision, so this study is particularly relevant to those
involved in this new area of game design. This experiment is also a continuation of
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previous research which used different game consoles and controllers, so using the
Wii will extend the research in this area to a new gaming device.

4.2.

Choice of Genres and Games

It is important to use more than one genre of exertion game as it gives more
validation to the results. Also, the use of movement recognition precision can have
different effects for different genres of exertion game, so this study will allow us to
better understand the capability of controllers with increased movement recognition
precision.
The two chosen genres of exertion game were Tennis and Golf. The Nintendo
Wii‟s best-selling and most popular titles include Wii Sports, Grand Slam Tennis,
Virtua Tennis 2009 and Tiger Woods PGA Tour 10 (Play.com, 2010), hence why
these genres were chosen. Grand Slam Tennis and Tiger Woods PGA Tour are also
two flagship titles which will be released with the launch of Microsoft‟s Kinect and
Sony‟s Playstation Move controller (Wikipedia, 2010). New games and sequels are
constantly being created for these genres, which means that by choosing these
genres this study will have more commercial relevance.
The two genres are also very different styles of exertion game. Tennis games are
very physically active games with emphasis on beating your opponent, while Golf
games are more tactical with emphasis on improving your individual game as well
as competing with your opponent. It is also important to use a two-player game,
because players are generally more expressive and feel more relaxed when playing
with a partner (Lindley et al, 2008). These types of exertion games are generally
played with other people, as are the actual sports, so our results should have better
ecological validity.
EA Sports Grand Slam Tennis (Figure 3) is currently one of the best-selling
games on the Nintendo Wii and is also compatible with both, the standard and
motion plus controllers. The user manual implies that the game is a simulation of
real Tennis by stating that „you can experience the most precise tennis swing in a
video game to date‟, as the motion plus allows a „greater degree of control and
accuracy with your timing and shots by replicating your every hand and arm
movement in real-time onscreen.‟
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Figure 3: Screenshot taken from EA Sports Grand Slam Tennis
From looking at the control system detailed in the user manual (appendix 4), and
also from playing the game/tutorials with both controllers (standard and motion
plus), we were able to list the differences that the increased movement recognition
precision brings to this game.
Differences between the Standard and Motion Plus Controllers:


Accuracy and Responsiveness – The first main difference is the
responsiveness and accuracy of the controller i.e. With the Motion Plus
controller, a player‟s tennis swing is more accurately replicated in real-time
onscreen.



Swing Amplitude – With the Motion Plus controller a player needs to have
a larger swinging arm movement in order to initiate a successful swing,
whereas with the Standard controller a player can initiate a successful swing
by making a small movement.



Aiming System – With the Standard controller, aiming is determined by
how early a player swings i.e. (for right-handed forehand) swing early and
the ball will travel to the left, swing late and the ball will travel to the right
(Figure 4).

Figure 4: Aiming system for Standard controller
(Image taken from user manual (appendix 4))
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To aim with the Motion Plus controller, direct the ball with your follow
through, as you would in real tennis (Figure 5).

Figure 5: Aiming system for Motion Plus controller
(Image taken from user manual (appendix 4))


Power – With the Motion Plus controller a player can add more power to
shot by swinging faster.



Spin Shots – With the Motion Plus controller a player can add spin to shots.
i.e. (for right-handed forehand) twist wrist counter-clockwise for more
topspin or clockwise for more backspin (Figure 6).

Figure 6: Spin shots with Motion Plus controller
(Image taken from user manual (appendix 4))

Currently, there are no Golf titles on the Nintendo Wii which support both the
Standard and Motion Plus controllers. So, we used two different Golf games which
are both best-selling titles on the Nintendo Wii; Wii Sports (Golf) which supports
the standard controller, and Wii Sports Resort (Golf), which is a sequel to Wii
Sports that supports the motion plus controller. Both games are produced by the
same developers, have a similar interfaces, and the exact same courses, choice of
clubs and characters. The only differences are the ones bought on by the motion
plus. Game Reviewer Wired.com (2009), states that Golf on Wii Sports Resort is a
„great golfing simulation‟.
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Figure 7: Screenshots taken from Wii Sports (left) and Wii Sports Resort (right)
From looking at the control system detailed in the user manual (appendix 5 and
6), and also from playing the game/tutorials with both controllers (standard and
motion plus), we were able to list the differences that the increased movement
recognition precision brings to this game.
Differences between the Standard and Motion Plus Controllers:


Accuracy and Responsiveness – The first main difference is the
responsiveness and accuracy of the controller i.e. With the Motion Plus
controller, a player‟s golf swing is more accurately replicated in real-time
onscreen.



Swing Amplitude – With the Motion Plus controller a player needs to have
a larger swinging arm movement in order to initiate a successful swing,
whereas with the Standard controller a player can initiate a successful swing
by making a small movement.



Wrist Control – With the Motion Plus controller, a player must control the
movement of their wrist in order to perform a successful swing i.e. twisting
your wrist when swinging will cause the ball to go off target.

Both games have a wide range of controls, so it is important that the participants
have the controls properly explained to them and also have a suitable practice
session to get familiar with the controls before beginning the experiment.

4.3.

Experimental Design

A mixed factorial design was used, where participants would be split into 3
levels of experience (between subjects) and then each participant would experience
all conditions i.e. all genres and controllers (within subjects). It is important to
separate players with different experience level as this is a possible confound which
could affect the results.
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Independent variables –


Experience Level (3 Levels)
1. Beginner i.e. Played with the Nintendo Wii Less than 5 Times
2. Experienced with Wii i.e. Played the Nintendo Wii 5 times or more
3. Experienced with Wii and Motion Plus i.e. Played the Nintendo Wii
5 times or more and played with the Motion Plus controller 5 times
or more



Controller (2 Levels)
1. Standard condition i.e. standard level of movement recognition
precision
2. Motion Plus condition i.e. higher level of movement recognition
precision



Genre (2 Levels)
1. Tennis
2. Golf

A counterbalancing table (Table 1) was made to minimise order and practice effects.
Group
1
2
3
4

Task 1
Tennis –
Standard
Tennis –
Motion Plus
Golf –
Standard
Golf –
Motion Plus

Task 2
Task 3
Task 4
Tennis –
Golf –
Golf –
Motion Plus
Standard
Motion Plus
Tennis –
Golf –
Golf –
Standard
Motion Plus
Standard
Golf –
Tennis –
Tennis –
Motion Plus
Standard
Motion Plus
Golf –
Tennis –
Tennis –
Standard
Motion Plus
Standard

Table 1: Counterbalancing Table
Dependant variables –
 Motivation
To ascertain players‟ motivations for engagement they were interviewed
straight after game play. The reason for interviewing after game play is
because they might not know what their motivation is before playing and it
could also change during game play.
 Strategy
To measure player‟s strategies they were video recorded during game play
and the data was analysed later (section 4.7). Coding observational data is a
time-consuming process that needs to be undertaken cautiously to avoid
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biasing the results (Marshall & Rossman, 1999), so a motion capture system
was also used which could obtain a more objective analysis of behaviour
(Mueller & Berthouze, 2010).
 Immersion
The immersion questionnaire developed by Jennett et al. (2008) was used
(appendix 8), which assumes that immersion has similar properties to „flow‟,
„cognitive absorption‟, and „presence‟. This questionnaire was chosen as it
breaks down immersion into different factors (appendix 9) i.e. person factors
(cognitive involvement, real world dissociation, emotional involvement) and
game factors (challenge and control). By looking at the different components
of immersion we will have a better understanding of how the game is
affecting the player‟s experience. Semi-structured Interviews were also
conducted (appendix 11) as they allow participants to re-tell their game play
experience which can reveal further emotional aspects (Mueller and Gibbs,
2007). Having the interviews semi-structured allows us to explore interesting
avenues that might emerge.
 Performance
To measure player‟s performance, the screen displaying the game was video
recorded. It was important to measure performance as this was a possible
confound which could affect immersion.

4.4.

Participants

A total of 22 participants were recruited (16 Male, 6 Female). They ranged from
age 22 to 34 years old, the average age was 27 years old (St. Dev = 3.2). A recent
advert for EA Sports Grand Slam Tennis was marketed at 25-54 year olds
(MCN.com, 2010). All participants were students from UCL, London.
Participants were paired by experience level i.e. Experience Level 1 – Beginners
(4 pairs), Experience Level 2 – Experience with Wii (4 pairs), and Experience Level
3 – Experienced in Wii and Motion Plus (3 pairs). Also, each member of a pair were
colleagues from the same university course. The groups were un-even due to the
time constraints and lack of resources for this study. From the pre-trial questionnaire
(appendix 7) administered during recruitment, we were able to establish that all
participants played video games at least once a month, exercised at least once a
month and had either played tennis/golf or had an interest in tennis/golf.
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4.5.

Materials

A Nintendo Wii console was used, along with a motion sensor, two standard
controllers and two motion plus add-ons. The Nintendo Wii was connected to a
projector screen. 3 different games were also used (Grand Slam Tennis, Wii Sports
and Wii Sports Resort).
A motion capture suit (IGS 190-M from Animazoo LTD) was used, and which
came with two battery packs and a charger. As there was only one suit, only one
person from each pair wore the suit. The motion capture suit came with a laptop
from which the experimenter could set up the suit and record data from. A
calibration cube, compass and digital camera were also used to calibrate participants
before putting them in the motion capture suit.
A series of paper print outs were used i.e. Nintendo Wii Health and Safety Sheet
(appendix 3), Information sheet (appendix 1), Consent forms (appendix 2),
Instructional sheets explaining game controls (appendix 4, 5, 6), Immersion
Questionnaires (appendix 8), and Interview Questions for the experimenter
(appendix 11). A voice recorder and notepad was used to record the interviews.
All the experiments took place in Foster Court, UCL. Two video recorders were
used; one recording the participants and one recording the game screen. The
experimenter sat behind the players in the corner of the room. Ideally, it would have
been better if the experimenter left the room for ecological validity, but the
experimenter needed to make sure that the motion capture suit was recording data
properly on the laptop. See Figure 8 for room layout and recording set-up.

Figure 8: Room Layout and Recording Set-Up
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Figure 9: Still shots from Video Camera 1 (right) and Video Camera 2 (left)

4.6.

Procedure

The procedure below outlines how each session (1 hour 30 minute long) was run
for each pair of participants.
1. On arrival, each pair of the participants were asked to read an information
sheet (appendix 1), health and safety form (appendix 3) and sign a consent
form (appendix 2).
2. Calibration –
The participant selected to wear the motion capture suit (at random) would
then be calibrated by the experimenter. This involves the participant standing
inside the calibration cube in two different postures while the experimenter
takes digital pictures of the participant. These images are then transferred to
the laptop where the experimenter creates a calibration file using the
appropriate software (AutoCal).
3. Setting up Motion Capture Suit –
The experimenter would fit the motion capture suit on to the participant, by
strapping the giros to the appropriate body part. The experimenter would
then turn the suit on from the power pack. The participant would then be
asked to sit still for 10 seconds while a program (Go60FPS.exe) on the
laptop is run. Once the suit is running correctly, the experimenter would run
the program AnimaView and the participant would be asked to face north
using a compass. Once their position was fixed, the system would now be
ready to record data.
4. The experimenter would then load Game Genre 1 (Golf or Tennis),
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5. The experimenter would then set up and explain Controller Condition 1
(Standard or Motion Plus).
6. Practice Session –
The participants would be given an instructional sheet (appendix 4, 5, 6)
explaining the controls of the game, which they would be asked to read
before the experimenter gives a demonstration of the control system. The
participants would then have a 5 minutes to get familiar with the controls
(For Grand Slam Tennis, in the „Practice Court‟ mode; For Wii Sport/Sports
Resort Golf, in the „Tutorial Mode‟) and ask questions if necessary.
7. Actual Experiment –
The experimenter would first set up the actual game modes (For Grand Slam
Tennis, in Singles mode (1 set), For Wii Sports/Sports Resort Golf, in the
Beginner Course), making sure that suit-wearer was player 1. The
experimenter would then begin the data recording i.e. both video recorders
and the motion data recording (at 60 frames per second) from the laptop
(AnimaView). The experimenter would tell the participants they could start
playing. After 5 minutes of recording the participants would be asked to
stop, and the experimenter would stop all the recordings.
8. Questionnaire –
The participants would then be asked to fill in an immersion questionnaire
(appendix 8). The experimenter would then ask each participant what their
motivation was while playing and note down their responses down.
9. The experimenter would then set up and explain Controller Condition 2
(Standard or Motion Plus). Steps 6-8 would then be repeated.
10. Semi-structured Interview –
The experimenter would then take the suit wearer to the back of the room,
where they would conduct a semi-structured interview (appendix 11), while
recording the interview using a voice recorder.
11. The experimenter would then load Game Genre 2 (Golf or Tennis), and
repeat steps 5-10.
12. After the second interview was complete, the experimenter would remove
the participant from the motion capture suit.
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4.7.

Data Analysis

Strategy

Video Data
To analyse player‟s strategies the video data was coded using a similar technique
to the one used in the Pasch and Berthouze (2009) experiment. Using a protocol
(appendix 12), two evaluators, who had experience in playing both Golf and Tennis,
were shown a series of video clips (44 clips in total) in a random order and then
asked to rate both players in the clip on a scale of 1-5 (1 being unrealistic, 5 being
realistic) based on their expert knowledge of the sports. Each video clip was 5
minutes long, but evaluators were only shown 30 seconds of footage taken from the
middle of the clip, because participants are more likely to be involved in the middle
of the game, which should lead to better, more accurate results. Evaluators were
allowed to watch the clips again if they needed to. As mentioned earlier, coding
observational data is a time-consuming process that needs to be undertaken
cautiously to avoid biasing the results (Marshall & Rossman, 1999). For this reason
the coding sessions were split up in to smaller sessions, to ensure the evaluators
didn‟t become too bored or tired.
After all the data was collected, we checked the inter-rater reliability of the two
evaluators, by calculating the intra-class correlation coefficient which was 0.9327.
As the correlation was significantly strong, the scores of the two evaluators were
averaged.

Motion Capture Data
To analyse the data gathered from the motion capture suit, a series of movement
metrics were created. These metrics were designed to provide a more objective
analysis of players‟ strategies.
Each metric was applied to 20 seconds of motion capture data (1200 frames)
because we wanted to capture a section of continuous game play (e.g. a single rally
in tennis). The chosen 20 seconds was taken from the middle of the 5 minute session
because participants are more likely to be involved in the middle of the game, which
should lead to better, more accurate results. Formulas were designed for right
handed players as all suit wearers were right handed.
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For Tennis, the three chosen metrics were
1. Swing Amplitude –

This refers to how wide/open a player‟s tennis swing is i.e. (for a forehand)
how much they rotate their shoulder backwards when preparing to receive
the ball and how much they rotate their shoulder forwards when follow their
swing through. According to the BBC Sports Skills Website (BBC, 2010),
which is written by sporting experts, a wide swing is a vital attribute for a
good technique. This is a good indicator to determine how realistically
someone is playing i.e. the higher the amplitude, the more realism.

p1<-read.table("1TS.txt",header=T)
ps<- p1[1000:2200,]
Amplitude<-max(ps$RightArmX)-min(ps$RightArmX)
Amplitude
Figure 10: Amplitude Formula (units in arc degrees)

The figure below (Figure 11) illustrates how the formula (Figure 10) is
calculated. „RightArm‟ refers to the shoulder joint of the swinging arm.
„RightArmX‟ refers to the angle the joint has rotated in the X-axis.

Figure 11: Swing Amplitude: The diagram on left shows RightArmX at its highest
value (60°). The diagram on the right show RightArmX as its lowest value (-60°).
This gives an Amplitude of 120°.

So, the formula (Figure 10) will give us the range of swings (in degrees) a
player executes in the 20 second clip.
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2. Speed (Power) –

This refers to how fast a player swings. According to the BBC Sports Skills
Website (BBC, 2010), speed is an important attribute in terms of getting the
ball over the net and also generating power for a better shot. This metric is
interesting because adding power to shots (i.e. by swinging faster) is a new
feature in the motion plus condition.
a<-c(1: length(ps$RightArmX))
p_vel<-matrix(1,1201)
for(counter in seq(a))
{
p_vel[counter]<-abs(ps$RightArmX[counter+1]-ps$RightArmX[counter])
}
max(p_vel)
Figure 12: Maximum Speed Formula (units in degrees per frame (1/60sec))
So, the formula above (Figure 12) creates a matrix which gives the speed of
the swinging arm at every frame. During the 20 second clip the player will
spend half the time waiting for their opponent to return their shot, so taking
the mean or median speed wouldn‟t be suitable. Hence, we chose to use the
maximum speed (in degrees/frame) as our measure of speed.
3. Wrist Rotation –

This refers to the amount of wrist rotation a player‟s performs. According to
the BBC Sports Skills Website (BBC, 2010), wrist rotation is how a player
executes top spin and back spin. So, if a player uses a lot of wrist rotation
then this suggests that they adding more variety to their shots. This metric is
interesting because spin shots (i.e. executed by rotating wrist) are a new
feature in the motion plus condition.
a<-c(1: length(ps$RightHandY))
w_rot<-0
for(counter in seq(a)){
w_rot<-w_rot+abs(ps$RightHandY[counter+1]ps$RightHandY[counter])
}
w_rot
Figure 13: Amount of Wrist Rotation Formula (units in no. of degrees rotated)
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„RightHand‟ refers to the wrist joint of the swinging arm (Figure 14).
„RightHandY‟ refers to the angle the joint has rotated in the Y-axis.

Figure 14: Wrist Rotation: Arrows illustrate rotational movement of
RightHand in the Y-axis.
So, the formula (Figure 13) will give us the amount of wrist rotation a player
uses in the 20 second clip.
For Golf, the three chosen metrics were:
1. Swing Amplitude –

This refers to how wide a player‟s golf swing is i.e. how much they rotate
their shoulder backwards when preparing to hit the ball and how much they
rotate their shoulder forwards when follow their swing through. According
to the BBC Sports Skills Website (BBC, 2010), a wide swing is a vital
attribute for a good technique. This is a good indicator to determine how
realistically someone is playing i.e. the higher the amplitude, the more
realism.
When standing in the initial golf stance (Figure 16) players rotate their
shoulder in the x-axis when swinging. For this reason we can use the same
Swing Amplitude formula used for Tennis (figure 10).
2. Straightness of Swinging arm–

This refers to how straight a player‟s swinging arm is i.e. the angular
displacement of the swinging arm elbow. According to the BBC Sports
Skills Website (BBC, 2010), having a straight swinging arm is an important
attribute for a good technique. This is a good indicator to determine how
realistically someone is playing i.e. the straighter their swinging arm (the
closer the angular displacement of the elbow is to 0), the more realism.
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S<- mean(ps$RightForeArmX)
Figure 15: Straightness of Arm Formula (units in arc degrees)
„RightForeArm‟ refers to the elbow joint of the swinging arm (Figure 16).
„RightForeArmX‟ refers to the angle the joint has rotated in the X-axis.

Figure 16: Straightness of swinging arm: In the diagram above
RightForeArmX is at -21°
So, the formula (Figure 15) will give us the average angle (in arc degrees) a
players elbow is displaced at, during the 20 second clip.
3. Wrist Rotation –

This refers to whether a player is keeping a firm wrist (i.e. by not rotating it).
According to the BBC Sports Skills Website (BBC, 2010), keeping a firm
wrist is important for keeping your shot straight. This metric is interesting
because the wrist control aspect is a new feature in the motion plus
condition.
In the game wrist rotation is picked up with respect to the Y-axis. For this
reason we can use the same Wrist Rotation formula used for Tennis (figure
13).
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Immersion
For the Immersion Questionnaire (appendix 8) participants are asked to answer
each question using a scale of 1 to 5 about how they felt at the end of the game
(where 1 = not at all and 5 = very much so). The majority of questions are marked
positively; only 6 are subjected to negated marking (Q6, Q8, Q9, Q10, Q18, and
Q20). Immersion scores are computed by summing participants‟ answers to all 31
questions. Immersion Factors were calculated using a matrix (appendix 10) provided
by the authors (Jennett et al, 2008). Interview data was analysed by conducting a
broad overview of the transcribed audio data.
Performance
The video data was analysed by taking the final score achieved for each
participant. For Golf, the performance measure was the number of shots below
„par‟, which refers to how many shots they are expected to complete a course in i.e.
the lower the score, the better the performance. For Tennis, the performance
measure was the percentage of rallies won (which can be worked out from the final
score).
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CHAPTER 5.

RESULTS

This section will first explore the motivations and strategies being used by the
participants, and will then highlight the relationship between motivation and
strategy. Hypothesis 1 will then be investigated separately on each motivation
group. Factors that may be affecting immersion will then be explored before
investigating Hypothesis 2 separately on each motivation group.

5.1.

Motivations and Strategy

After each condition participants were asked what their motivation was whilst
playing. Responses were grouped into two categories – „Achieving‟ and „Relaxing‟.
Responses such as „to challenge myself‟, „to learn and improve‟, „to beat my
opponent‟ and „to obtain a high score‟, were attributed to the „Achieving‟ group.
Responses such as „to enjoy myself‟, „have fun‟, and „to experience real tennis/golf‟
were attributed to the „Relaxing‟ group. This follows the Pasch et al (2009) study
who states that players approach exertion games with two different motivations – to
„achieve‟ or to „relax‟. This finding also follows the Lazzaro (2004) study which
differentiated between „easy fun‟, where players play for pleasure i.e. mental
relaxation, and „hard fun‟, where players enjoy the obstacles and challenges
presented in the game.
Each participant provided the same motivation independently of the condition
(standard or motion plus) played or the type of game (golf or tennis) played. From
figure 17 we can see that 12 participants played to „achieve‟ whereas 10 played to
„relax‟.

Figure 17: Players Motivations in each genre (Tennis and Golf) and for both
conditions (Standard and Motion Plus)
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Before exploring Hypothesis 1, we need to explore two factors (confounds) i.e.
Experience Level and Motivation which may have an effect on Strategy. Players
strategy was measured using an average realism rating (1-5) taken from two
observers.
By analysing Normal Q-Q Plots for the Strategy results, there was doubt to
whether the data was normally distributed. To analyse the effect of Experience and
Motivation on Strategy a MANOVA analysis was conducted for both Tennis (Table
2) and Golf (Table 3) (MANOVA analysis is robust over non-normality).
Dependent
Partial Eta
Sig. (pF
Variable
Squared
value)
Strategy
.148
1.393
.277
(Standard)
Experience
Strategy
.053
.450
.645
(Motion Plus)
Strategy
.662
31.347
.000
(Standard)
Motivation
Strategy
.633
27.631
.000
(Motion Plus)
Strategy
.019
.155
.858
(Standard)
Experience*
Motivation
Strategy
.007
.053
.948
(Motion Plus)
Table 2: MANOVA results for Tennis: Exploring the effect of Experience and
Motivation on Strategy
Source

Dependent
Partial Eta
Sig. (pF
Variable
Squared
value)
Strategy
.381
4.918
.022
(Standard)
Experience
Strategy
.380
4.910
.022
(Motion Plus)
Strategy
.262
5.695
.030
(Standard)
Motivation
Strategy
.423
11.739
.003
(Motion Plus)
Strategy
.213
2.161
.148
(Standard)
Experience*
Motivation
Strategy
.024
.199
.821
(Motion Plus)
Table 3: MANOVA results for Golf: Exploring the effect of Experience and
Motivation on Strategy
Source
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Table 2 shows that for Tennis, player‟s motivation has an effect on the level of
realism of the player‟s strategy, in both the standard condition (F=31.347, p=0.000)
and motion plus condition (F=27.631, p=0.000). Table 3 shows that for Golf,
player‟s motivation has an effect on the level of realism in player‟s strategy, in both
the standard condition (F=5.69, p=0.03) and motion plus condition (F=11.74,
p=0.03), and also player‟s experience level has an effect on the player‟s strategy, in
the standard condition (F=4.918, p=0.022) and motion plus condition (F=4.91,
p=0.022).
By looking at the box-plots below (Figure 18), it appears that in the Golf case,
those who are beginners (i.e. never played the Wii) are using a very unrealistic
strategy in comparison with those who are more experienced. From the pre-trial
questionnaire we noticed that none of the participants in Experience Group 1 had
played Golf before, which may explain why their strategy was more unrealistic than
the other groups.

Figure 18: Box Plots showing the effect of Experience Level on Player‟s Strategy in
Golf (Left: Standard; Right: Motion Plus)

Tables 2 and 3 showed that Motivation has a significant effect on the level of
realism in player‟s strategy, across the two genres and two conditions. By looking at
the box-plots below (Figures 19 and 20), our results suggest that players whose
motivation is to „relax‟ will use a more realistic strategy than players whose
motivation is to „achieve‟, and this holds across genres and conditions.
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Figure 19: Box Plots showing the effect of Motivation on Player‟s Strategy in
Tennis (Left: Standard; Right: Motion Plus)

Figure 20: Box Plots showing the effect of Motivation on Player‟s Strategy in Golf
(Left: Standard; Right: Motion Plus)
These results follow the Pasch et al. (2009) study who also showed that those
motivated to „achieve‟ use a „game‟ strategy (i.e. unrealistic strategy) and those
motivated to „relax‟ use a „simulation‟ strategy (i.e. realistic strategy) (Figure 21).
Those motivated to „achieve‟ are looking to challenge themselves and find the
best way to make points. Thus, their related strategy is aimed to maximize all efforts
towards achieving a high score (hard fun) i.e. using the minimal movements
necessary.
Those motivated to „relax‟ are looking for mental relaxation rather from
immersing themselves into the game. Instead of optimizing their strategy towards
achieving a high score they instead simulate the actual sport (easy fun). They do this
by using the same movements as they would in the actual sport or how they think a
good player would execute the movement in the real sport.
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Figure 21: Relationship between Motivation and Strategy
So, now that we understand the relationship between Motivation and Strategy
(Figure 21) which seems to hold across genres, we can see if Increased Movement
Recognition Precision will affect Strategy (Hypothesis 1). Also, when exploring
Hypothesis 1 with respect to Golf, we also need to consider the effect of Experience
Level.

5.2. Hypothesis 1: Increased Movement Recognition Precision will
affect Strategy

Given the effect on motivation on the strategy used by the player, Hypothesis 1
was investigated separately on each motivation group.

Motivation Group: Achieving
Here we will examine the effect of increased movement recognition precision on
strategy (Hypothesis 1) with respect to those motivated to „achieve‟.
Given that the distribution of the strategy rating data does not follow a normal
distribution, the non-parametric Related-Samples Wilcoxon Signed Rank Test was
conducted for both genres; Tennis and Golf.
For Tennis, there was a significant difference between the realism ratings in the
standard condition (M=1.5, S.D.=0.71) and motion plus condition (M=2.06,
S.D.=0.81); W=2.546, p=0.011. A similar result was obtained for Golf, with
significant difference between the realism ratings in the standard (M= 1.71,
S.D=0.94) and motion plus (M=2.33, S.D. =0.83) conditions; W= 2.536, p=0.011
Specifically, the result shows that players motivated to „achieve‟ will use a more
realistic strategy when the level of movement recognition precision increases, as the
box-plots below in Figure 22 illustrates.
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Figure 22: Box-plots showing the effect of the Movement Recognition Precision
(i.e. the controller) on Strategy for the „Achieving‟ motivation group (Top: Tennis;
Bottom: Golf)
Earlier, we showed that players motivated to „achieve‟ will employ an
unrealistic „game‟ strategy i.e. use the minimal movements necessary. The increased
movement recognition precision has required these players to use more realistic
movements for both Tennis and Golf, and this explains why their realism ratings are
significantly higher. This in turn could affect the player‟s level of immersion and is
something that will be explored later.
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Figure 23: Histogram showing the effect of the Movement Recognition Precision
(i.e. the controller) on the Mean Realism Ratings (Strategy) in both genres (Tennis
and Golf) for the „Achieving‟ motivation group
What we need to take into consideration is that, while they are playing more
realistically, the mean realism rating in motion plus is still quite low i.e. for Tennis
the mean score is 2.1 and for Golf the mean score is 2.3 (Figure 23). The increase in
movement recognition precision has only increased their realism level to a certain
degree. It could be said that further technological developments in increasing
movement recognition precision could facilitate the use of a more realistic strategy
for players motivated to „achieve‟, which is important because it will bring the game
closer to a simulation of the actual sport, hence the controller will meet up to the
player‟s expectations.
Earlier we stated that experience level may have an effect on a player‟s strategy
in Golf. The graph below (Figure 24) shows that increased movement recognition
precision leads to a more realistic strategy for all levels of experience.

Figure 24: Graph showing the effect of the Movement Recognition Precision (i.e.
the controller) on the Mean Realism Ratings (Strategy) for players with different
levels of experience in Golf, for the „Achieving‟ motivation group
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To better understand how the increased movement recognition precision is
affecting the players‟ strategies, we will analyse the motion capture data, which is
more objective than the realism ratings.
By analysing Normal Q-Q Plots for the movement results, there was doubt to
whether the data was normally distributed. A Related-Samples Wilcoxon Signed
Rank Test was conducted for each metric in each genre; Tennis (Table 4) and Golf
(Table 5). (For full description of metrics go to Section 4.7 - Strategy)

Metric (units)

Condition

Mean

S.D.

Swing Amplitude
(Range of swings degrees)

Standard

73.54

10.94

Maximum Velocity
(degrees/frame)

Total Amount Wrist
Rotation (no. of
degrees rotated)

Motion Plus

90.94

12.43

Standard

7.84

3.22

Motion Plus

8.87

3.68

Standard

703.35

149.7

Motion Plus

1172.57

W

p (twotail)

2.023

0.043

0.944

0.345

2.023

0.043

285.47

Table 4: Results of Wilcoxon Test on each Tennis Movement Metric
Table 4 shows that players have a higher swing amplitude (i.e. swing wider)
when there is an increase in movement recognition precision, due to the fact that
higher swing amplitude is required. They also use more wrist rotation i.e. spin shots,
even though this movement isn‟t required. A possible reason for this is because
„spin shots‟ are more difficult for their opponent to return, i.e. they maximize all
efforts towards achieving a higher score. However, there is no significant difference
in velocity, which is odd because this would also contribute to achieving a higher
score in the motion plus condition. This is probably due to the small sample size.
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Metric

Condition

Mean

S.D.

Swing
Amplitude
(Range of
swings -degrees)

Standard

50.64

20.69

Straightness of
swinging arm
(average angle of
elbow - degrees)
Total Amount
Wrist Rotation
(no. of degrees
rotated)

Motion Plus

84.12

31.39

Standard

-17.1

19.5

Motion Plus

-11.75

17.74

Standard

610.94

166.35

Motion Plus

267.1

W

p (twotail)

2.023

0.043

2.023

0.043

-2.023

0.043

97.61

Table 5: Results of Wilcoxon Test on each Golf Movement Metric
Table 5 shows that they have higher swing amplitude, keep their swinging arm
straighter and use less wrist rotation when there is an increase in movement
recognition precision. The reason why players swing wider is because the motion
plus condition requires wider swings. However, a straighter swinging arm and
reduced wrist rotation are not required. Keeping the wrist straight and firm is very
important for producing a good swing in the motion plus condition, as well as real
golf. Having a straighter swinging arm can assist the player in keeping their wrist
straight and firm. So, these players have adapted their strategy in order to perform
better, which is their motivation for playing the game.

In summary, our results have shown that those motivated to „achieve‟ will use a
more realistic strategy because the improvement in movement recognition requires
them to, but only to a certain extent. They will also use additional realistic
movements, if it will help them to achieve a higher score.
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Motivation Group: Relaxing
Here we will examine the effect of increased movement recognition precision on
strategy (Hypothesis 1) with respect to those motivated to „relax‟.
Given that the distribution of the strategy rating data does not follow a normal
distribution, the non-parametric Related-Samples Wilcoxon Signed Rank Test was
conducted for both genres; Tennis and Golf.
For Tennis, there was a significant difference between the realism ratings in the
standard condition (M= 3.4, S.D=0.87) and motion plus condition (M=3.8, S.D.
=0.81); W=2.232, p=0.026. A similar result was obtained for Golf, with a significant
difference between the realism ratings in the standard (M= 2.55, S.D=1.19) and
motion plus (M=3.47, S.D. =1.003) conditions; W= 2.53, p=0.011. Specifically, the
result shows that players motivated to „relax‟ will use a more realistic strategy when
the level of movement recognition precision increases, as the box-plots below in
Figure 25 illustrates.
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Figure 25: Box-plots showing the effect of the Movement Recognition Precision
(i.e. the controller) on Strategy for the „Relaxing‟ motivation group (Top: Tennis;
Bottom: Golf)
Earlier, we showed that players motivated to „relax‟ will employ a realistic
„simulation‟ strategy i.e. trying to replicate movements from the real sport. The
increased movement recognition precision has led to the players to using a more
realistic strategy for both Tennis and Golf, even though it‟s not required as they are
already using a high level of realism in the standard condition (more than the motion
plus requires). The reason for this could be because they are trying to create a better
simulation of the sport and the improved controller allows them to do that. From the
interview data, participants spoke about how the motion plus controller was „more
accurate and responsive‟ and there‟s „less delay‟ between the players movement and
on-screen feedback.
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Figure 26: Histogram showing the effect of the Movement Recognition Precision
(i.e. the controller) on the Mean Realism Ratings (Strategy) in both genres (Tennis
and Golf) for the „Relaxing‟ motivation group
It is worth noting that the increase in realism for Tennis is not as significant as
the increase by those motivated to „achieve‟ (p=0.011). This is probably because
those motivated to „relax‟ are already at a high realism in the standard condition
(more than that is required by motion plus), unlike those who are motivated to
„achieve‟. In Golf, while player‟s motivated to „relax‟ use a more realistic strategy
than those motivated to „achieve‟, their level of realism in the standard condition
isn‟t that high i.e. the mean score is 2.55 (Figure 26). This may be due to the fact
that Golf isn‟t as popular as Tennis and players are unsure about what a realistic
strategy consists of.
Earlier we stated that experience level may have an effect on a player‟s strategy
in Golf. The graph below (Figure 27) shows that increased movement recognition
precision leads to a more realistic strategy for all levels of experience.

Figure 27: Graph showing the effect of the Movement Recognition Precision (i.e.
the controller) on the Mean Realism Ratings (Strategy) for players with different
levels of experience in Golf, for the „Relaxing‟ motivation group
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To better understand how the increased movement recognition precision is
affecting the players‟ strategies, we will analyse the motion capture data, which is
more objective than the realism ratings.
By analysing Normal Q-Q Plots for the movement results, there was doubt to
whether the data was normally distributed. A Related-Samples Wilcoxon Signed
Rank Test was conducted for each metric in each genre; Tennis (Table 6) and Golf
(Table 7).

Metric (units)

Condition

Swing Amplitude
(Range of swings degrees)

Standard

Maximum Velocity
(degrees/frame)

Total Amount Wrist
Rotation (no. of
degrees rotated)

Mean
87.02

Motion Plus 96.86
Standard

7.85

Motion Plus 12.32
Standard

899.96

Motion Plus 1105.87

S.D.

W

p (twotail)

7.54
1.572

0.116

1.572

0.116

1.363

0.173

14.35
2.97
5.46
277.9
371.71

Table 6: Results of Wilcoxon Test on each Tennis Movement Metric
Table 6 shows that players have similar swing amplitude in both conditions i.e.
the level of movement recognition precision is not affecting their strategy. This
seems to contradict the results of the realism ratings which showed that players were
playing more realistically in the motion plus condition. It could be said that these
particular metrics were not able to capture these realism differences and also we
need to consider the small sample size. Maximum velocity and wrist rotation i.e.
spin shots, are two metrics associated with achieving a higher score in motion plus.
These players are not motivated to achieve a higher score which could explain why
there is no significant difference for these metrics in the two conditions.
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Metric

Condition

Mean

S.D.

Swing
Amplitude
(Range of
swings -degrees)

Standard

51.9

29.42

Straightness of
swinging arm
(average angle of
elbow - degrees)
Total Amount
Wrist Rotation
(no. of degrees
rotated)

Motion Plus

85.34

42.63

Standard

-24.77

15.31

Motion Plus

-16.32

15.75

Standard

745.48

560.69

Motion Plus

466.19

W

p (twotail)

1.782

0.075

2.201

0.028

-0.943

0.345

337.31

Table 7: Results of Wilcoxon Test on each Golf Movement Metric
Table 7 shows that players have higher swing amplitude and straighter swinging
arm when there is an increase in movement recognition precision; even though these
attributes are not required. The reason for this could be because they are trying to
create a better simulation of Golf and the improved controller allows them to do
that, because it‟s more accurate and responsive and there‟s less delay between the
players movement and on-screen feedback. Keeping the wrist straight and firm is
very important for producing a good swing in the motion plus condition. However,
these players aren‟t motivated to achieve a higher score which could explain why
there is no significant difference for this metrics in the two conditions.

In summary, our results have shown that those motivated to „relax‟ will use a
more realistic strategy as the level of movement recognition precision increases,
even though they are not required to. The reason for this could be because they are
trying to create a better simulation of the sport and the improved controller allows
them to do that because it is „more accurate and responsive‟ and there‟s „less delay‟
between the players movement and on-screen feedback. However, these players will
overlook additional realistic movements that contribute to them achieving a higher
score, as they are not motivated to achieve.
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5.3.

Immersion

Before exploring Hypothesis 1, we need to explore a number of factors
(confounds) i.e. Experience Level, Motivation, Strategy and Performance, which
may have an effect on the level of Immersion.
By analysing Normal Q-Q Plots for the Immersion scores (and Factor scores),
there was doubt to whether the data was normally distributed. To analyse the effect
of Experience and Motivation on Immersion and it‟s factors a MANOVA analysis
was conducted for both Tennis (Table 8) and Golf (Table 9) (MANOVA analysis is
robust over non-normality).

Source

Experience

Motivation

Dependent Variable
(S=Standard,
MP =Motion Plus)
ImmersionS
ImmersionMP
ChallengeS
ChallengeMP
ControlS
ControlMP
RWDissS
RWDissMP
EmotionalS
EmotionalMP
CognitiveS
CognitiveMP
ImmersionS
ImmersionMP
ChallengeS
ChallengeMP
ControlS
ControlMP
RWDissS
RWDissMP
EmotionalS
EmotionalMP
CognitiveS
CognitiveMP

Partial
Eta
Squared
.052
.093
.255
.015
.181
.156
.074
.373
.078
.099
.225
.169
.013
.018
.129
.001
.003
.005
.003
.109
.011
.011
.042
.003

F

Sig. (pvalue)

.439
.819
2.742
.120
1.770
1.475
.635
2.760
.673
.877
2.321
1.622
.203
.288
2.359
.011
.046
.073
.053
1.948
.186
.185
.707
.042

.652
.458
.095
.888
.202
.258
.543
.094
.524
.435
.130
.228
.659
.599
.144
.920
.832
.790
.822
.182
.672
.673
.413
.841

Table 8: MANOVA results for Tennis: Exploring the effect of Experience and
Motivation on Immersion
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Source

Experience

Motivation

Dependent Variable
(S=Standard,
MP =Motion Plus)
ImmersionS
ImmersionMP
ChallengeS
ChallengeMP
ControlS
ControlMP
RWDissS
RWDissMP
EmotionalS
EmotionalMP
CognitiveS
CognitiveMP
ImmersionS
ImmersionMP
ChallengeS
ChallengeMP
ControlS
ControlMP
RWDissS
RWDissMP
EmotionalS
EmotionalMP
CognitiveS
CognitiveMP

Partial
Eta
Squared
.021
.043
.064
.138
.092
.108
.033
.090
.022
.132
.004
.078
.001
.001
.000
.000
.133
.022
.087
.047
.002
.003
.001
.028

F

Sig. (pvalue)

.169
.355
.544
1.284
.814
.967
.273
.794
.182
1.213
.035
.675
.020
.010
.007
.007
2.458
.358
1.526
.784
.032
.051
.009
.453

.846
.706
.591
.304
.460
.401
.765
.469
.835
.323
.966
.523
.889
.923
.936
.935
.136
.558
.234
.389
.861
.824
.925
.510

Table 9: MANOVA results for Golf: Exploring the effect of Experience and
Motivation on Immersion
Tables 8 and 9 show that Experience Level has no affect on Immersion or any of
it factors, across genres (Tennis and Golf) and conditions (Standard and Motion
Plus). Tables 8 and 9 also show that Motivation has no affect on Immersion or any
of it factors, across genres (Tennis and Golf) and conditions (Standard and Motion
Plus). This means that whether a player is motivated to „achieve‟ or „relax‟ they can
still get immersed into the game i.e. their motivation isn‟t acting as a barrier to
immersion. However, an increase in movement recognition precision could still
have different effects on immersion for the different motivation groups, hence why
we will still explore hypothesis 2 individually on each motivation group.
To analyse the effect of Strategy and Performance on Immersion a series of
Pearson Correlation tests were conducted for both Tennis and Golf (Table 10).
Players strategy was measured using an average realism rating (1-5) taken from two
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observers. Performance was measured from the final score achieved (Tennis = % of
rallies won, Golf = No. of shots below par).

Strategy

Performance

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

Tennis
Immersion
Immersion
(Standard)
(Motion Plus)
.204
-.102
.364
.651
22
22
.125
.003
.578
.988
22
22

Golf
Immersion
(Standard)
.068
.764
22
.073
.748
22

Immersion
(Motion Plus)
.124
.582
22
-.120
.595
22

Table 10: Pearson Correlation Results: Exploring the effect of Strategy and
Performance on Immersion.
Table 10 shows that Strategy and Performance have no affect on Immersion,
across genres (Tennis and Golf) and conditions (Standard and Motion Plus).

5.4. Hypothesis 2: Increased Movement Recognition Precision will
affect Immersion

Given the importance of on motivation in exertion games, Hypothesis 2 was
investigated separately on each motivation group.

Motivation group: Achieving
Here we will examine the effect of increased movement recognition precision on
immersion and its factors (Hypothesis 2) with respect to those motivated to
„achieve‟.
Given that the distribution of the immersion scores does not follow a normal
distribution, the non-parametric Related-Samples Wilcoxon Signed Rank Test was
conducted for both genres; Tennis and Golf. (Note: The immersion scores below
have also been given as a % of highest attainable score).
For Tennis, there was a significant difference between the overall immersion
scores in the standard condition (M=68 (54.8%), S.D.= 15.99) and Motion Plus
condition (M=82.0833 (66.1%), S.D. = 9.83); W=2.869, p=0.004. A similar result
for Golf, with a significant difference between the overall immersion scores in the
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standard condition (M=63.5(51.2%), S.D.= 13.74) and Motion Plus condition
(M=74.33(59.9%), S.D. = 12.13); W=2.938 p=0.003. Specifically, the result shows
that players motivated to „achieve‟ are more immersed as the level of movement
recognition precision increases, as the box-plots below in Figure 26 illustrates.

Figure 28: Box-plots showing the effect of the Movement Recognition Precision
(i.e. the controller) on Immersion for the „Achieving‟ motivation group (Top:
Tennis; Bottom: Golf)
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So, from the graphs above we can see that players motivated to „achieve‟ have
higher levels of immersion when the level of movement recognition precision has
increased.
By breaking down the immersion score into its factors and analysing the
interview data we can gain a better understanding about why this is the case.
Given that the distribution of the immersion factor scores does not follow a
normal distribution, a series of non-parametric Related-Samples Wilcoxon Signed
Rank Test were conducted for both genres; Tennis and Golf.
Mean Score
(as a % of
Immersion
Mean
Condition
highest
S.D.
W
Factor
Score
attainable
score)
Standard
1
12.5%
1.3
Challenge
2.966
Motion Plus
3.42
42.7%
1.68
Standard
9.83
51.7%
3.27
Control
2.732
Motion Plus
12.66
66.3%
2.31
Standard
2.5
14.7%
3.92
Real World
2.764
Disassociation
Motion Plus
6
35.3%
3.16
Standard
19.58
65.3%
5.3
Emotional
2.298
Involvement
Motion Plus
22.58
75.2%
3.6
Standard
35.08
70.2%
5.45
Cognitive
1.836
Involvement
Motion Plus
37.66
75.3%
2.84
Table 11: Results of Wilcoxon Test on each Immersion Factor for Tennis
Mean Score
(as a % of
Immersion
Mean
Condition
highest
S.D.
W
Factor
Score
attainable
score)
Standard
1.83
22.8%
2.37
Challenge
1.93
Motion Plus
2.75
34.3%
2
Standard
8.58
45.2%
3.06
Control
1.656
Motion Plus
11
57.9%
1.86
Standard
0.83
5%
20.88
Real World
1.52
Disassociation
Motion Plus
3.16
18%
16.15
Standard
18.42
61.4%
4.03
Emotional
2.673
Involvement
Motion Plus
21.33
71.1%
4.29
Standard
32.16
64.3%
5.32
Cognitive
2.236
Involvement
Motion Plus
35.33
70.6%
2.71
Table 12: Results of Wilcoxon Test on each Immersion Factor for Golf

- 53 -

p
(twotail)
0.003
0.006
0.006
0.022
0.066

p
(twotail)
0.054
0.098
0.129
0.008
0.025

Figure 29: Histogram showing the effect of the Movement Recognition Precision
(i.e. the controller) on the Mean Immersion Factor Scores (%) in both genres
(Tennis and Golf) for the „Achieving‟ motivation group
Table 11 shows that for Tennis there was a significant increase in the level of
Challenge, Control, Real World Disassociation, Emotional and Cognitive
Involvement, when the level movement recognition precision increased. Table 12
that for Golf there was a significant increase in the level of Challenge, Emotional
and Cognitive Involvement, when the level movement recognition precision
increased.
Players motivated to „achieve‟ know that they don‟t need to use realistic
movements (i.e. a high swing amplitude in Tennis and Golf) in the standard
condition, in order to successfully play the game. For this reason players find the
standard condition to be „easy‟, „boring‟ and „simple‟. This is also backed up by
Pasch et al (2009) who stated that these players who are motivated to achieve have
low levels of physical activity and do not appear to be emotionally engaged. So,
having to play more realistically (i.e. swing wider) is one of the main reasons why
players are more immersed in the motion plus condition. This is backed up by
Berthouze (2007) who showed that an increase in body movement required by the
game controller results in an increase in the player‟s immersion level.
By imposing more realistic movements, the controls were better at meeting up to
the player‟s expectations. This in turn facilitates the players empathy for the
character they are playing (Rambusch, 2006), and hence explains the increase in
emotional involvement for both genres. This is also backed up by Berthouze et al
(2007) who state that an increased involvement of the body can afford the player a
stronger affective experience.
Imposing more realistic movements had extra benefits in Tennis. Participants
spoke about the controls being more „appropriate‟, „realistic‟ and „natural‟, hence
why they had a better understanding of the controls in the motion plus condition.
Participants spoke about how they felt more like they were playing „real tennis‟,
which could explain the increase in real world disassociation.
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Participants also spoke about extra movements allowed in the motion plus
condition, as a major reason for being more immersed. This is backed up by studies
from Berthouze et al (2007) and Lindley et al (2008) which showed that by
affording more natural movements there will be an increase in the level of
immersion. These extra movements in the motion plus condition all help the player
to achieve a higher score, which is these players main motivation. For Tennis, they
spoke about there being a wider variety of shots, i.e. spin shots and more powerful
shots, which were harder to return and makes the game more „challenging‟. This
would explain the increase in challenge and cognitive involvement in Tennis. For
Golf, they spoke about how the wrist control aspect of the game which made the
game more „difficult‟, but „in a positive way‟ i.e. making the game more
„challenging‟ and giving it „more dimensions‟. This would explain the increase in
challenge and cognitive involvement in Golf. In both genres, participants described
the additional movements as „enjoyable‟, „exciting‟ and „interesting‟, which could
further explain the increase in emotional involvement.

In summary, players motivated to „achieve‟ become more immersed when the
level of movement recognition precision increases. There are two reasons for this;
1. The increased movement recognition precision requires the player to play
more realistically, which in turn makes the controller better at meeting the
player‟s expectation, and as a consequence they are more emotionally
involved, have better understanding of the controls and are more
disassociated with the real world.
2. The increased movement recognition precision also allows for additional
realistic movements which can help the player to „achieve‟ i.e. their
motivation for engagement. As a consequence they are more challenged,
emotionally involved and cognitively involved.
However, the increased levels of challenge and real world disassociation are still
very low across genres (Figure 29). Further development in increasing the level of
movement recognition precision could improve these aspects.

- 55 -

Motivation group: Relaxing
Here we will examine the effect of increased movement recognition precision on
immersion and its factors (Hypothesis 2) with respect to those motivated to „relax‟.
Given that the distribution of the immersion scores does not follow a normal
distribution, the non-parametric Related-Samples Wilcoxon Signed Rank Test was
conducted for both genres; Tennis and Golf.
For Tennis, there was a significant difference between the overall immersion
scores in the standard condition (M=69 (55.6%), S.D.= 11.93) and Motion Plus
condition (M=77.1(62.2%), S.D. = 14.52); W=1.887, p=0.059. A similar result for
Golf, with a significant difference between the overall immersion scores in the
standard condition (M=63.6(51.3%), S.D.= 10.73) and Motion Plus condition
(M=72.9(58.8%), S.D. = 12.21); W=2.192, p=0.028. Specifically, the results shows
that players motivated to „relax‟ are more immersed as the level of movement
recognition precision increases, as the box-plot below illustrates (Figure 30).
However it is worth noting that these increases are not as significant as the increases
shown by players motivated to „achieve‟, probably because the effects of the motion
plus aren‟t as apparent to players motivated to „relax‟.
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Figure 30: Box-plots showing the effect of the Movement Recognition Precision
(i.e. the controller) on Immersion for the „Relaxing‟ motivation group (Top: Tennis;
Bottom: Golf)
So, from the graphs above we can see that players motivated to „relax‟ have
higher levels of immersion when the level of movement recognition precision has
increased.
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By breaking down the immersion score into its factors and analysing the
interview data we can gain a better understanding about why this is the case.
Given that the distribution of the immersion factor scores does not follow a
normal distribution, a series of non-parametric Related-Samples Wilcoxon Signed
Rank Test were conducted for both genres; Tennis and Golf.
Mean Score
(as a % of
p
Immersion
Mean
Condition
highest
S.D.
W
(twoFactor
Score
attainable
tail)
score)
Standard
1.9
23.7%
1.1
Challenge
1.851 0.064
Motion Plus
3.4
42.5%
1.71
Standard
9.3
48.9%
4.11
Control
1.252 0.211
Motion Plus
11.5
60.5%
3.44
Standard
2.8
16.5%
1.69
Real World
0.849 0.396
Disassociation
Motion Plus
4.1
24.1%
2.85
Standard
19.8
66%
5.12
Emotional
0.897 0.37
Involvement
Motion Plus
20.9
69.7%
5.42
Standard
35.9
71.8%
4.7
Cognitive
0.199 0.905
Involvement
Motion Plus
37.2
74.4%
4.61
Table 13: Results of Wilcoxon Test on each Immersion Factor for Tennis
Mean Score
(as a % of
p
Immersion
Mean
Condition
highest
S.D.
W
(twoFactor
Score
attainable
tail)
score)
Standard
1.6
20%
2.41
Challenge
2.021 0.043
Motion Plus
2.9
36.2%
2.42
Standard
10
52.6%
1.7
Control
1.131 0.258
Motion Plus
10.9
57.4%
2.77
Standard
3.1
18.2%
3.31
Real World
1.136 0.256
Disassociation
Motion Plus
4.4
25.9%
2.41
Standard
18.1
60.3%
3.66
Emotional
2.565 0.01
Involvement
Motion Plus
21
70%
2.16
Standard
32
64%
5.39
Cognitive
2.259 0.024
Involvement
Motion Plus
36.5
73%
3.63
Table 14: Results of Wilcoxon Test on each Immersion Factor for Golf
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Figure 31: Histogram showing the effect of the Movement Recognition Precision
(i.e. the controller) on the Mean Immersion Factor Scores (%) in both genres
(Tennis and Golf) for the „Relaxing‟ motivation group
Table 13 shows that for Tennis there was a significant increase in the level of
Challenge when the level movement recognition precision increased. Table 14 that
for Golf there was a significant increase in the level of Challenge, Emotional and
Cognitive Involvement, when the level movement recognition precision increased.
As mentioned earlier, players motivated to „relax‟ are already above the required
amount of movement and don‟t use the additional movements. So, these two factors
can‟t be the cause of the increase in immersion, as they were for player‟s motivated
to „achieve‟. What we do know is that players motivated to „relax‟ invest a lot of
physical effort into trying to create a simulation of the actual sport and according to
the interview data the controller in the standard condition does not always pick up
their actions and sometimes misinterprets the actions. For this reason players find
the standard condition to be „frustrating‟ and „annoying‟. In the motion plus
condition, participants spoke about the improved „accuracy‟ and „responsiveness‟ of
the controller which allows them to create a better simulation i.e. their motivation
for engagement. Their movements were more accurately replicated with the motion
plus controller, unlike the standard condition where it was difficult to anticipate
what would happen next in response to their actions. They also spoke about there
being almost „no delay‟ with the motion plus, i.e. there was „one-to-one‟ response
time between their actions and on-screen feedback, hence why their level of
immersion increased. This is backed up by Slater, Usoh and Steed (1995) who state
that presence (i.e. immersion), in virtual environments may be enhanced the stronger
the match between proprioceptive information from human body movements and
sensory feedback from computer generated displays.
The reason why these players felt more challenged in the motion plus condition
because the accuracy and responsiveness of the controller made the game feel more
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like the real sport. For Tennis, the increased accuracy and responsiveness means that
players needed to pay more attention to the „timing of the swings‟. For Golf, the
increased accuracy and responsiveness means that players have a lot more control
over „putting‟. This gave the game a whole „new dimension‟ where players needed
to spend more time thinking about their putting swing, which in turn explains the
increase in cognitive involvement as well as challenge.
By improving the accuracy and responsiveness of the controller, the controls
were better at meeting up to the player‟s expectations. They said it was more
„realistic‟ and „natural‟ i.e. they were allowed to create a better simulation of the
actual sport. This in turn facilitates the players empathy for the character they are
playing (Rambusch, 2006), and hence explains the increase in emotional
involvement for Golf. Also, from creating a better simulation, the players will use
more body movement, which according to Berthouze et al (2007) will afford the
player a stronger affective experience.

In summary, players motivated to „relax‟ become more immersed when the level
of movement recognition precision increases, however the increase is not as
significant as those motivated to „achieve‟. When there is low movement
recognition precision these players become frustrated by the poor accuracy and
responsiveness of the controller. The increased movement recognition precision
allows for their movements to be more accurately replicated, i.e. there is „one-toone‟ response time between their actions and on-screen feedback. This allows the
players to play more realistically, i.e. create a better simulation, which in turn makes
the controller better at meeting the players expectation, and as a consequence they
are more challenged, more emotionally and cognitively involved.
However, the level of challenge and real world disassociation are very low
across genres even with the increased movement recognition precision (Figure 31).
This was also true for players motivated to „achieve‟. It seems that this is problem
associated with exertion games across different genres. Game designers and
developers need to think of new ways to make these exertion games more
challenging and better at disassociating the player from the real world. Further
development in increasing the level of movement recognition precision could
facilitate these changes.
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CHAPTER 6.

GENERAL DISCUSSION

This study found that players approach exertion games with two different
motivations for engagement – to „achieve‟ or to „relax‟, which follows the findings
from the Pasch et al (2009) study and also the Lazzaro (2004) study which
differentiated between „easy fun‟, where players play for pleasure i.e. mental
relaxation, and „hard fun‟, where players enjoy the obstacles and challenges
presented in the game. Furthermore, the results of this study showed that each
participant provided the same motivation independently of the level of movement
recognition precision or the genre of game played.
The link between motivation and strategy in exertion games was clear – players
whose motivation is to „relax‟ will use a more realistic strategy than players whose
motivation is to „achieve‟, and this holds across genres and different levels of
movement recognition precision. These results followed the Pasch et al. (2009)
study who also showed that those players motivated to „achieve‟ use a „game‟
strategy (i.e. unrealistic strategy) and those motivated to „relax‟ use a „simulation‟
strategy (i.e. realistic strategy) (Figure 32).

Figure 32: The Relationship between Motivation and Strategy
Those motivated to „achieve‟ are looking to challenge themselves and find the
best way to make points. Thus, their related strategy is aimed to maximize all efforts
towards achieving a high score (hard fun) i.e. using the minimal movements
necessary. Those motivated to „relax‟ use a realistic strategy are looking for mental
relaxation rather from immersing themselves into the game. Instead of optimizing
their strategy towards achieving a high score they instead simulate the actual sport
(easy fun). They do this by using the same movements as they would in the actual
sport or how they think a good player would execute the movement in the real sport.
Hypothesis 1 explored whether increased movement recognition precision will
affect players‟ strategy. The results of this study show that players use a more
realistic strategy as the level of movement recognition precision increases, and this
holds across genres and motivation groups. However, the reason why players use
more realistic strategies differs between motivation groups.
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Those motivated to „achieve‟ will use a more realistic strategy because the
improvement in movement recognition requires them to, but only to a certain extent.
This insinuates that games with increased movement recognition precision are not
full simulations as they claim. These players will also use additional realistic
movements, if it will help them to achieve a higher score.
Those motivated to „relax‟ will use a more realistic strategy as the level of
movement recognition precision increases, although they are not required to. The
reason for this could be because they are trying to create a better simulation of the
sport and the improved controller allows them to do that because it is „more accurate
and responsive‟ and there‟s „less delay‟ between the players movement and onscreen feedback. However, these players will overlook additional realistic
movements that contribute to them achieving a higher score, as they are not
motivated to achieve.
Hypothesis 2 explored whether increased movement recognition precision would
affect players immersion level. The results of this study show that players are more
immersed when the level of movement recognition precision increases, and this
holds across genres and motivation groups. However, the reason why players are
more immersed differs between motivation groups.
Players motivated to „achieve‟ become more immersed when the level of
movement recognition precision increases. There are two reasons for this;
1. The increased movement recognition precision requires the player to play more
realistically, which in turn makes the controller better at meeting the player‟s
expectation, and as a consequence they are more emotionally involved, have
better understanding of the controls and are more disassociated with the real
world.
Players motivated to „achieve‟ know that they do not need to use realistic
movements when there is a low of level movement recognition precision in order to
successfully play the game. For this reason players find the exertion games to be too
simple and become bored, which is reiterated by Pasch et al (2009) who stated that
players motivated to achieve have low levels of physical activity and do not appear
to be emotionally engaged. So, having to play more realistically is one of the main
reasons why these players are more immersed when the level of movement
recognition precision increases. This follows Berthouze et al (2007) who showed
that an increase in body movement required by the game controller results in an
increase in the players‟ immersion levels. By imposing more realistic movements,
the controls become better at meeting up to the player‟s expectations. This in turn
facilitates the players empathy for the character they are playing (Rambusch, 2006),
and hence they become more emotionally involved, which is reiterated by Berthouze
et al (2007) who state that an increased involvement of the body can afford the
player a stronger affective experience. Also, players have a better understanding of
controls which are more natural and match their expectations built from everyday
interactions in the real world (Hoysniami et al, 2004). This in turn facilitates a
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feeling of real world disassociation i.e. that they are „present‟ in the gaming
environment.
2. The increased movement recognition precision also allows for additional
realistic movements which can help the player to „achieve‟ i.e. their motivation
for engagement. As a consequence they are more challenged, emotionally
involved and cognitively involved.
These additional realistic movements that come with increased movement
recognition precision all help the player to achieve a higher score, which is these
players main motivation for engagement, hence the increase in immersion. This is
backed up by studies from Berthouze et al (2007) and Lindley et al (2008) which
showed that by allowing more natural movements there will be an increase in the
level of immersion. These additional movements allow for more exciting game play
which allows the player to become more emotionally involved in the game. These
additional movements also make the game more challenging and require the player
to think more, thus allowing them to become more cognitively involved. This is
important because as player‟s skills improve, a new level of challenge is required to
meet the improved skill level (Berieter & Scardamlia, 1993).
Players motivated to „relax‟ also become more immersed when the level of
movement recognition precision increases, however the increase is not as significant
as those motivated to „achieve‟. This is because the effects of increased movement
recognition precision are less apparent to them i.e., they are already above the
required amount of movement and don‟t use the additional movements. So, the
reason why they are more immersed could be because a controller with increased
movement recognition is more responsive and accurate at replicating movements.
This allows the players to create a better simulation by playing more realistically,
which in turn makes the controller better at meeting the players expectation, and as a
consequence they are more challenged, more emotionally and cognitively involved.
Players motivated to „relax‟ will invest a lot of physical effort into trying to
create a simulation of the actual sport and controllers with low movement
recognition precision do not always pick up their actions and sometimes
misinterprets the actions, which in turn makes the player become frustrated. This is
reiterated by Pasch et al (2009) who also found that controllers with low movement
recognition precision often give the wrong feedback to player‟s actions. Hoysniami
et al (2004) state that controllers need to be responsive in order to strengthen the
gaming experience, while Dourish (2001) and Ramusch (2006) state that
inappropriate controllers create breakdowns in the interactions and can affect the
level of immersion. As the movement recognition precision increases the controller
becomes more accurate and responsive. This allows the player to create a better
simulation of the actual sport, which is their motivation for engagement. Their
movements are more accurately replicated and it‟s easier for them to anticipate what
will happen next in response to their actions. With the increased movement
recognition precision, there is one-to-one response time between a player‟s actions
and on-screen feedback, hence why their level of immersion increased. This is
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backed up by Slater et al (1995) who state that presence (i.e. immersion), in virtual
environments may be enhanced the stronger the match between proprioceptive
information from human body movements and sensory feedback from computer
generated displays. By improving the accuracy and responsiveness of the controller,
the controls become better at meeting up to the player‟s expectations. This in turn
facilitates the players empathy for the character they are playing (Rambusch, 2006),
and increases the emotional involvement. From creating a better simulation by
playing more realistically, the games start to feel more like the real sport as oppose
to just a game, which makes player feel more challenged and increases cognitive
involvement. Also, from creating a better simulation, the players will use more body
movement, which according to Berthouze et al (2007) will afford the player a
stronger affective experience.
When players come to play an exertion game, they have an expectation that it
will be like playing the actual sport i.e. a simulation, which is what many of these
exertion games claim to be. But when they find out that it‟s not a simulation, they
are inevitably disappointed. Controllers that match the user‟s expectation can
enhance the gaming experience, while inappropriate controllers can create a
breakdown in the gaming experience (Dourish, 2001; Rambusch, 2006). Increasing
movement recognition precision can make the control system more realistic and
therefore it is better at meeting up with the players‟ expectations that they build
from the real world. Hence, this explains the increase in the level of immersion.
However, movement recognition precision is still not at a level where it can create
an exact simulation of a sport, i.e. completely meeting up to a player‟s expectation.
A follow-up study could examine if newer systems (i.e. Sony‟s Playstation Move
and Microsoft‟s Kinect) with better movement recognition precision can achieve
this, and provide an even richer gaming experience.
So, this study has further advanced theory which showed that increasing the
body movement imposed or afforded by a game controller results in an increase in
the player‟s immersion level (Berthouze et al., 2007; Lindley et al, 2008), and
applied it to the concept of movement recognition precision which applies to a
whole new generation of exertion games. This study will also be of interest to
companies such as Nintendo, Microsoft and Sony who are all releasing systems with
increased movement recognition precision, as the results of this study has given an
insight into how increased movement recognition precision can affect the gaming
experience of players. This study also has relevance to exertion game designers and
developers, by highlighting how important the design of controls are when shaping
the gaming experience. For example, we have shown the importance of exertion
games needing to meet players‟ expectations. The set of movement controls need to
replicate movements from the actual sport or activity. Also, additional movements
can be added to create more exciting and challenging game play, however designers
need to be aware that these movements will not be used be all players i.e. those
motivated to „relax‟. Another interesting finding from the results was that while
increased movement recognition precision enhanced the level of immersion, the
factors „Challenge‟ and „Real World Disassociation‟ were particularly low for all
players, and across genres. It seems that this is problem associated with exertion
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games across genres. Game designers and developers need to think of new ways to
make these exertion games more challenging and better at disassociating the player
from the real world in order to facilitate a richer gaming experience. Further
development in increasing the level of movement recognition precision could
facilitate these changes although further research is needed to prove that claim.
There are some methodological concerns that might have affected the validity or
interpretation of the data. As with all much game research the artificial setting of
laboratory experiments brings into question the ecological validity of the results.
The use of the motion capture suit in this study was also intrusive and probably
influenced the players gaming experience. The fact that there was contradictions
between the observed realism ratings and the motion capture metrics, suggested that
the choice of metrics were not ideal. Also, with more time and resources a more
complex analysis of body movement could have completed. A follow-up study
using the data obtained from this experiment could explore this.
Mueller and Berthouze (2010) state that new tools for gesture and affective
movement detection are becoming available and a motion capture system could
capture different types of behaviour automatically and therefore limit the amount of
time needed to analyse data. They also highlight the need for new methodology to
measure experience in exertion games, such as physiological measurements, which
create a more objective measure as to how much exertion a player invests in a game.
This could contribute to a better understanding of immersion and user experience.
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CHAPTER 7.

CONCLUSIONS

This study has successfully shown that increasing the level of movement
recognition precision will lead to a richer gaming experience with higher levels of
immersion. The reason why players are more immersed differs between their
individual motivations for engagement.
Players motivated to „achieve‟, who will use the minimal movements required in
order to achieve a high score, use more realistic strategy when the level of
movement recognition precision in a controller increases because it requires them to.
This in turn makes the controller better at meeting up to their expectations, and as a
consequence they are more emotionally involved, have better understanding of the
controls and are more disassociated with the real world. These players will also use
additional realistic movements which can help them to „achieve‟ i.e. their
motivation for engagement. As a consequence they are more challenged,
emotionally involved and cognitively involved.
Players motivated to „relax‟, who try to replicate movements from the actual
sport in order to create a simulation, also become more immersed when the level of
movement recognition precision increases, however the increase is not as significant
as those motivated to „achieve‟, because the effects of increased movement
recognition precision are less apparent to them. So, the reason why they are more
immersed could be because a controller with increased movement recognition is
more responsive and accurate at replicating movements. This allows the players to
create a better simulation (i.e. their motivation for engagement) by playing more
realistically, which in turn makes the controller better at meeting the players
expectation, and as a consequence they are more challenged, more emotionally and
cognitively involved.
So, the reasons why players are more immersed differ between their individual
motivations for engagement, but the underlying core reason is the same. The
increased movement recognition precision makes the control system more realistic
and therefore is better at meeting up with the players‟ expectations that they build
from the real world. However, movement recognition precision is still not at a level
where it can create an exact simulation of a sport, i.e. completely meeting up to a
player‟s expectation. Further developments in movement recognition precision
could facilitate this.
The results of this study have academic relevance by further advancing theory in
body movements in exertion games, and also commercial relevance to companies
releasing new systems with increased movement recognition precision, as well as
exertion game designers and developers, by highlighting how important the design
of controls are when shaping the gaming experience.
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Appendix 7: Pre-trial Questionnaire
Pre-Trial Questionnaire
The questions below will ask you about your interests and experience with computer
games. Any data collected will be kept anonymous and confidential. If you have any
other queries, please do not hesitate to ask.

Gender (M or F):
Age:
Handedness (Right or Left):

How often do you play video games?
Less than
once a
month

Once a
week

2-3 times a
week

4-6 times a
week

Everyday

Other
(please
specify)

What is your experience with the Nintendo Wii?
Never played Played
it.
once

it Played it 5 You own one.
times+

What is your experience with the Nintendo Wii Motion Plus controller?
Never heard Played with it Played with it You own one.
of/played it.
once.
5 times+

How often do you exercise?
Less than
once a
month

Once a
week

2-3 times a
week

4-6 times a
week

- 79 -

Everyday

Other
(please
specify)

How interested are you in Tennis?
Not Interested Moderately
Interested

Very
Interested

How often do you play Tennis?
Never

Occasionally

Very Often

What is the likelihood of you buying a tennis computer game?
Unlikely

Maybe

Very Likely

How interested are you in Golf?
Not Interested Moderately
Interested

Very
Interested

How often do you play Golf or Mini Golf?
Never

Occasionally

Very Often

What is the likelihood of you buying a Golf computer game?
Unlikely

Maybe

Very Likely

Do you own any Tennis or Golf computer games?
No

Yes

If yes, please state game and console.

..................................................................................................................................
Thank you for participating.
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Appendix 8: Immersion Questionnaire
YOUR EXPERIENCE OF THE GAME
Please answer the following questions by circling the relevant number. In particular, remember that
these questions are asking you about how you felt at the end of the game.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

14.

15.

16.

17.
18.
19.
20.
21.
22.

To what extent did the game hold your attention?
Not at all
1
2
3
4
5
A lot
To what extent did you feel you were focused on the game?
Not at all
1
2
3
4
5
A lot
How much effort did you put into playing the game?
Very little 1
2
3
4
5
A lot
Did you feel that you were trying you best?
Not at all
1
2
3
4
5
Very much so
To what extent did you lose track of time?
Not at all
1
2
3
4
5
A lot
To what extent did you feel consciously aware of being in the real world whilst playing?
Not at all
1
2
3
4
5
Very much so
To what extent did you forget about your everyday concerns?
Not at all
1
2
3
4
5
A lot
To what extent were you aware of yourself in your surroundings?
Not at all
1
2
3
4
5
Very aware
To what extent did you notice events taking place around you?
Not at all
1
2
3
4
5
a lot
Did you feel the urge at any point to stop playing and see what was happening around you?
Not at all
1
2
3
4
5
Very much so
To what extent did you feel that you were interacting with the game environment?
Not at all
1
2
3
4
5
Very much so
To what extent did you feel as though you were separated from your real-world environment?
Not at all
1
2
3
4
5
Very much so
To what extent did you feel that the game was something you were experiencing, rather than
something you were just doing?
Not at all
1
2
3
4
5
Very much so
To what extent was your sense of being in the game environment stronger than your sense of
being in the real world?
Not at all
1
2
3
4
5
Very much so
At any point did you find yourself become so involved that you were unaware you were even
using controls?
Not at all
1
2
3
4
5
Very much so
To what extent did you feel as though you were moving through the game according to you own
will?
Not at all
1
2
3
4
5
Very much so
To what extent did you find the game challenging?
Not at all
1
2
3
4
5
Very difficult
Were there any times during the game in which you just wanted to give up?
Not at all
1
2
3
4
5
A lot
To what extent did you feel motivated while playing?
Not at all
1
2
3
4
5
A lot
To what extent did you find the game easy?
Not at all 1
2
3
4
5
Very much so
To what extent did you feel like you were making progress towards the end of the game?
Not at all
1
2
3
4
5
A lot
How well do you think you performed in the game?
Very Poor 1
2
3
4
5
Very well
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23. To what extent did you feel emotionally attached to the game?
Not at all
1
2
3
4
5
Very much so
24. To what extent were you interested in seeing how the game‟s events would progress?
Not at all
1
2
3
4
5
A lot
25. How much did you want to “win” the game?
Not at all
1
2
3
4
5
Very much so
26. Were you in suspense about whether or not you would win or lose the game?
Not at all
1
2
3
4
5
Very much so
27. At any point did you find yourself become so involved that you wanted to speak to the game
directly?
Not at all
1
2
3
4
5
Very much so
28. To what extent did you enjoy the graphics and the imagery?
Not at all
1
2
3
4
5
A lot
29. How much would you say you enjoyed playing the game?
Not at all
1
2
3
4
5
A lot
30. When interrupted, were you disappointed that the game was over?
Not at all
1
2
3
4
5
Very much so
31. Would you like to play the game again?
Definitely not
1
2
3
4
5
Definitely yes

- 82 -

Appendix 9: Factors of Immersion
FACTORS OF THE IMMERSION QUESTIONNAIRE
Factor 1: Cognitive Involvement (Person Factor)
Factor
Loading

Questionnaire Item

+.798
+.787
+.770
+.770
+.510
+.492
+.451

Q2
Q1
Q3
Q4
Q19
Q29
Q21

+.389
+.386
+.363

Q25
Q17
Q22

To what extent did you feel you were focused on the game?
To what extent did the game hold your attention?
How much effort did you put into playing your game?
Did you feel you were trying your best?
To what extent did you feel motivated while playing?
How much would you say you enjoyed playing the game?
To what extent did you feel like you were making progress towards the end of
the game?
How much did you want to “win” the game?
To what extent did you find the game challenging?
How well do you think you performed in the game?

# Factor accounted for 23% of the total variance

Factor 2: Real World Dissociation (Person Factor)
Factor
Loading

Questionnaire Item

+.796
+.778

Q8
Q6

+.666
- .629

Q9
Q12

- .592

Q14

- .403

Q7

To what extent were you aware of yourself in your surroundings?
To what extent did you feel consciously aware of being in the real world whilst
playing?
To what extent did you notice events taking place around you?
To what extent did you feel as though you were separated from your real-world
environment?
To what extent was your sense of being in the game environment stronger than
your sense of being in the real world?
To what extent did you forget about your everyday concerns?

# Factor accounted for 10% of the total variance

Factor 3: Challenge (Game Factor)
Factor
Loading

Questionnaire Item

+.725
- .715
+.467
+.376
- .331

Q18
Q20
Q26
Q17
Q22

Were there any times during the game in which you just wanted to give up?
To what extent did you find the game easy?
Were you in suspense about whether or not you would win or lose the game?
To what extent did you find the game challenging?
How well do you think you performed in the game?

# Factor accounted for 6% of the total variance
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Factor 4: Emotional Involvement (Person Factor)
Factor
Loading

Questionnaire Item

+.736
+.599

Q23
Q27

+.554
+.532
+.457

Q31
Q30
Q24

+.452
+.415
+.365

Q26
Q19
Q13

+.345
+.328
+.305
+.303

Q29
Q7
Q25
Q6

To what extent did you feel emotionally attached to the game?
At any point did you find yourself become so involved that you wanted to speak
to the game directly?
Would you like to play the game again?
When interrupted, were you disappointed that the game was over?
To what extent were you interested in seeing how the game‟s events would
progress?
Were you in suspense about whether or not you would win or lose the game?
To what extent did you feel motivated while playing?
To what extent did you feel that the game was something you were
experiencing, rather than something you were just doing?
How much would you say you enjoyed playing the game?
To what extent did you forget about your everyday concerns?
How much did you want to “win” the game?
To what extent did you feel consciously aware of being in the real world whilst
playing?

# Factor accounted for 5% of the total variance

Factor 5: Control (Game Factor)
Factor
Loading

Questionnaire Item

+.625

Q15

+.566
+.510

Q28
Q16

+.368

Q14

+.366

Q10

+.360

Q11

+.312

Q13

+.312

Q21

At any point did you find yourself become so involved that you were unaware
you were event using controls?
To what extent did you enjoy the graphics and imagery?
To what extent did you feel as though you were moving through the game
according to your own will?
To what extent was your sense of being in the game environment stronger than
your sense of being in the real world?
Did you feel the urge at any point to stop playing and see what was happening
around you?
To what extent did you feel that you were interacting with the game
environment?
To what extent did you feel that the game was something you were
experiencing, rather than something you were just doing?
To what extent did you feel like you were making progress towards the end of
the game?

# Factor accounted for 4% of the total variance
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Appendix 10: Immersion Factors Matrix

Challenge
-1
-1
1
1

Control

Real
world
dissoc

Emot
involv

Cog
involv

-1
1
1
1
1
-1
-1
-1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Q num
18
20
17
26
10
11
15
16
28
6
8
9
5
7
12
14
13
23
24
27
30
31
1
2
3
4
19
21
22
25
29
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Total
Immersion
-1
-1
1
1
-1
1
1
1
1
-1
-1
-1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Appendix 11: Interview Questions

Interview questions – (After each game – Golf or Tennis)
What are your feelings towards the original Wii controller?
- Did you enjoy using it? Did you find it difficult to use?
- Were your movements accurately replicated? Is this important to you?
- Were you able to anticipate what would happen next in response to the actions
you initiated?
- How much delay did you experience between your actions and the expected
outcomes within the game?
- How well were you able to understand the physical controls of the game?
- How appropriate were the physical controls for the game?
- How natural did you find the physical controls for the game?

What are your feelings towards the Wii Motion Plus controller?
- Did you enjoy using it? Did you find it difficult to use?
- Were your movements accurately replicated? Is this important to you?
- Were you able to anticipate what would happen next in response to the actions
you initiated?
- How much delay did you experience between your actions and the expected
outcomes within the game?
- How well were you able to understand the physical controls of the game?
- How appropriate were the physical controls for the game?
- How natural did you find the physical controls for the game?

Which controller did you prefer? Why?
Did you feel more engaged with your partner in your preferred condition?
What was your motivation? i.e. to achieve or to relax
What type of strategy did you employ in each condition? E.g. Game or simulation
Did your strategy change for the different conditions? Why?
Do you think that your performance was affected by the two different controllers?
Why?
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Appendix 12: Protocol for coding video data

Instructions for coding video data of participants (Strategy):
You will be asked to watch a series of short video clips. For each video clip, rate
each participant on a scale of 1-5 on how realistic their movements were to playing
the actual sport, using your knowledge of the sport. Feel free to pause the video or
watch parts of it again in order to record events accurately:

SUIT WEARER
Participant No.
Genre:
Condition:
Realism:

NON SUIT WEARER
Participant No.
Genre:
Condition:
Realism:
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