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Abstract
Computer game controllers have continued to develop over time from the relatively simple ones
to very sophisticated control pads. New trends in computer game development show that game
designers are now looking for novel styles of interaction with the game, where the interaction is
not only limited to a sequence of buttons press, but introduces body movements. There is no
doubt that these novel styles of interaction play a relevant role on the immersive experience of
the player. This study seeks to understand the relationships between body movements in
gameplay and immersion and how these are influenced by different personalities. Among
different personality traits this study will focus on extraversion. Results suggest that if players
are allowed to move they will get more immersed in the game and will have a more pleasant and
exciting experience. Furthermore, they support the hypothesises that the challenge and demand
of attention of the game, as well as extroversion affect the style of interaction and typology of
immersive experience.
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1 Introduction
Since the first computer game console was launched back in the 70’s, computer games have
become a vital part of contemporary culture and society. Nowadays they are fully integrated into the
daily lives of millions of people throughout the world. From the first primitive styles of interaction,
graphics and sounds effects, games have evolved and now show complex controllers (e.g. Sony PS2
Dual Shock™, see figure 1) together with advanced graphics and sounds that give rise to a deeper
gaming experience. However, most of them have been marketed towards a very limited segment
market: males aged 13 to 25 (Sheri (2003)).

Figure 1: Dual Shock 2 controller for the PlayStation 2.

Recently, in order to broaden the market, game producers have introduced novel styles of
interaction. An outstanding example is presented by Nintendo new console: Wii™. The success of
the game is mainly due to its innovative controller (see figure 2) which is wireless and endowed
with a motion capture and gyroscopic device. After the launch of its new product, Nintendo claims
“The Wii Remote provides a natural, intuitive and realistic feel”. However, so far little research has
been conducted to effectively assess those expectations (Berthouze et al. (2007)).

Figure 2: Wii™ remote for the Wii™ console (Credit Nintendo© 2007).

As stressed by Rambusch (2006) current research on computer games focuses mainly on what
computer games are and the effects of computer games on people. Typically they cover one of the
three interdependent dimensions highlighted by Aarseth (2003) that characterise computer games:
game play, game structure and game world. For example, research has been conducted on people’s
7

motivation to play games (e.g. Lazzaro (2004) and Bryce & Rutter (2005)), quality and suitability
of sounds in games (e.g. Raghuvanshi et al. (2007) and van den Doel et al. (2001)), game puppetry
(e.g. Shin et al. (2001) and Sturman & Medialab (1998)), immersion (e.g Jennett et al. (2006),
Cairns et al. (2006), Chen et al. (2004) and Brown & Cairns (2004)) and the role of personality in
gameplay (e.g. Jurnet et al. (2005) and Fritsch et al (2007)). More recently, a few researchers (e.g.
Berthouze (2007) and Rambush (2006)) have been looking at the game experience from a different
perspective. They have been investigating how the introduction of body and whole-body
movements to control computer games can affect the gaming experience of the player. While these
works have introduced a new perspective to understand the game experience, they have not
considered many factors that could affect the way movements and immersion interact.

This study aims to analyse this interaction by taking into account two important factors: the
complexity of the phenomenon of immersion and individual differences. Immersion is a complex
phenomenon (Jennet et al. (2006)) and hence it can be broken up in its parts. As Berthouze et al.
(2007) state, new types of controllers and the involvement of the body not only affect the level of
immersion but also the type of immersion. In their work, however, they attempt to investigate only
two aspects of immersion (emotion and fantasy). Besides, they consider immersion as a whole
without considering and describing further the single components that have contributed to
determine the level of immersion of players. Moreover, we believe that the differences of
individuals play an important role. The personality of the player may affect the player’s
involvement in the game in both terms of immersion level experienced and body movements
shown. For example, personality may influence the readiness of the player to be involved with
his/her own body in the game. A player may do movements that are not strictly required by the
game but that may facilitate the control or that may reflect the world depicted by the game (e.g.
dancing while playing a guitar game). Besides, personality may influence the tendency of the player
to be “drawn into a game”. Thus, we try to understand the role of extraversion and how it affects
body movements and immersion. By learning more about what can enrich the gaming experience
the information can be used by game designers to define new trends and it may give contribution to
current researches conducted to investigate gaming addiction. Also, it may be applicable to different
context rather than gaming where people interact with technology, e.g. distance learning.

This report begins with a review of

literature on immersion, embodied interaction and

extraversion in relation to computer gaming with a particular emphasis on extracting ideas from
relevant studies that can be used in the construction of our methodology. The experiment itself is
8

then considered and a procedure is devised to provide data relevant to the research questions
outlined above. Finally, the results will be presented and investigated to identify any relationships
that exist between immersion, body movements and extraversion.
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2 Literature review
The literature review provides salient information necessary to develop an appropriate
methodology to assess our research questions. It is divided in three main sections. In the first
section we will introduce the concept of immersion and the various techniques that have been
adopted to measure it. Then, we will focus on embodied interaction in computer games and in
particular on current research conducted to analyse the effects of body movements in gameplay.
Finally, we will define extraversion and depict on the basis of different studies how it can affect a
player’s reaction to the game.

2.1 Immersion
Despite the common usage of the word by gamers and reviewers, immersion is a complex
phenomenon (Jennett et al. (2006)). In order to make sense of such complex concept in this section
we will describe immersion on the basis of current literature available and introduce methods that
have been used in past researches to quantify it. Our purpose is not to investigate the validity of
current definitions or whether immersion could be measured quantitatively or qualitatively. We will
instead provide a framework to support our hypothesis, develop our methodology and highlight
limits of the study conducted by Berthouze et al. (2007) that attempted to identify relations between
immersion ad body movements in gameplay.

Definition of immersion

An essential requirement for the success of any computer game is that it has to have the ability
to draw people in. Players have to forget about their everyday concerns and worries and “lose”
themselves in the world of the game. This experience is described by games and reviewers as
“immersion” (www.gamereview.com). Immersion is in fact viewed as critical for a good gaming
experience. Nevertheless, there is still not a clear and exact definition of immersion and what is
causing it. In literature, the subjective degree of involvement in games has been described with
different terms: immersion, engagement, flow, presence, deep play. Despite this, they intrinsically
share some properties.
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In order to formulate an operational definition of immersion, Brown & Cairns (2004)
conducted a qualitative investigation in which seven players were asked to talk about their
experience playing their favourite computer games. By using grounded theory to analyse the results
it was found that immersion is indeed used to describe the degree of involvement with a computer
game and it can be limited by several human, computer and contextual factors.

Three different stages of immersion were identified, dubbed as engagement, engrossment and
total immersion. To enter the first level (engagement) the player needs to overcome the barriers of
access to control and gamer's preference. Factors such as attention, commitment in the game in
terms of time, effort, concentration and usability of the controls are the main barriers for
engagement. From the state of engagement the gamer can become further involved with the game
and enter the second level (engrossment) by overcoming the barrier of game construction. At this
stage the game has to affect the gamers’ emotions directly and the controls have to become
“invisible”. At this stage the gamer is less aware of their surroundings than the previous stage. The
experience of engrossment was described by one gamer as “A Zen-like state where your hands just
seem to know what to do, and your mind just seems to carry on with the story” (Brown & Cairns
(2004)). The final stage of total immersion is synonymous with “presence”, which can be thought of
as a mental state in which the individual feels as if they are in the gaming environment (Draper &
Kaber (1998)). According to Jennett et al. (2006) total immersion requires the highest level of
attention and is a rare experience when gaming, whereas engagement and engrossment are more
likely to occur.

A similar description is offered by Chen et al. (2005) by using different terms as fidelity,
immersion and engagement. His study draws from multiple disciplines of theories in flow
(Csikszentmihalyi (1990)), motivation theories from psychology, presence theory (Witmer & Singer
(1994)), theories from gaming, narrative (Douglas & Hargadon (2000)) and new media.

Csikszentmihalyi (1990) describes flow as the process in which people become so absorbed in
their activities that irrelevant thoughts and perceptions are forgotten. Flow is characterised by eight
components: 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. However, it can be argued that, when playing
computer games, players do not always have great inner clarity, clear goals and immediate feedback
(Jennett (2006)). In addition, even though gamers may experience a loss of self- consciousness, this
11

can not be described always as serene (Jennett (2006)). As a consequence, the two concepts are
similar, but differ greatly in certain aspects.

Another concept related to flow is Cognitive Absorption (CA). CA is characterised by five
dimensions: temporal dissociation, attention focus, heightened enjoyment, control and curiosity
(Agarwal & Karahana (2000)). However, CA is strictly related to technology use. Again it can be
argued that CA and immersion differ mainly in the research focus. Whereas CA focuses on why
people use technology, immersion focuses on what happens as a result of a good experience.

Moreover, it can be suggested that most of the literature on presence is restricted to virtual
environments. Though some studies tried to take a more flexible approach and move away from
virtual environments, as stated by Jennett (2006) presence is 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.

Lazzaro (2004) tried instead to identify the main reasons why people play computer games and
the ways in which the player’s emotional experience can be heightened. She found four different
“keys” which unlock emotion and consequently heighten an individual’s engagement with the
game. The first is “hard fun”. Here the gamers enjoy the obstacles and challenges presented in the
game. Hard fun elicits frustration and personal triumph and encourages players to both challenge
and improve their gaming skills. The second key discussed is “easy fun”, gamers play purely for
pleasure and are driven and enticed to play in sense of curiosity and ambiguity. They want to
explore the world that has been created and experience a sense of adventure whilst doing so.
“Altered states” is the third key discussed by Lazzaro (2004). She suggests that some individuals
play purely to evoke sensations of excitement and enjoyment. The gaming experience therefore acts
as a form of therapy where players feel better about themselves. Finally, Lazzaro (2004) argues that
some people play as a form of social interaction with others outside or inside the game (“people
factor”).

The studies presented so far adopted common approaches to study immersion in games: they
discuss players’ subjective experiences through interviews or questionnaires. Subjective reporting
through questionnaires and interviews is quick, convenient and suitable to rapid statistical analysis
(Mandryk et al. (2006)). This methodology might be a good approach to understand the attitudes of
the players, but they are not conducive to find complex patterns, and subject responses may not
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correspond to the actual experience (Marshall & Rossman (1999)). Subjects are in fact bad at selfreporting their behaviours in game situations (Pagulayan et al. (2002)).

In recent years the study of immersion has adopted a new variety of qualitative and objective
methods. Jennett et al. (2006) and Cairns et al. (2006), for example, employed eye tracking to
examine immersion. These studies found that gamers who are highly immersed present a decrease
in eye movements.

Another method largely used is observational video analysis. Past researches have mainly
focused on categorising facial expression exhibited by gamers while playing. As argued by BianchiBerthouze et al. (2006) with this method many underlying emotions are ignored as the
accompanying facial expression is not recognised and categorised. De Gelder et al. (2003) in fact
provide evidence that the same facial expressions correlate with different body configurations and
that they are often not reliable. Thus, they suggest that the 7-38-55 rule proposed by Baesler &
Burgoon (1987), whereby the importance in communication is given 7% by the verbal content, 38%
by voice tone and 55% by facial expressions, should include in the 55% component also body
postures. Thus, they suggest to analyse emotional states in terms of body language. However,
coding observational data is a lengthy and rigorous process that needs to be undertaken prudenlty to
avoid biasing the results (Marshall & Rossman (1999)).

Many of these studies attempt to define and measure immersion in the context of computer
games using traditional controllers (using only buttons or an analogue thumbstick) or virtual
environments. Games that employ the use of body movement to control them are only recently
becoming widespread and hence very few definitions of immersion incorporate the concept of
movement into them. By identifying a relationship between body movements and immersive
experience, it will be possible to describe in more detail immersion. Quality and quantity of body
movements shown during gameplay could also be used to assess level and typology of immersive
experience of the player.

Berthouze et al. (2007), for example, by conducting video analysis found that task related
movements were correlated with a higher immersive experience and non-task related movements to
lower immersive experience. The study used to quantify participants’ level of immersion 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 & Singer (1998) who
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proposed several factors that are necessary for a sense of presence to occur. Although presence is
considered as “total immersion” (Brown & Cairns (2004)), it can be argued that the factors that
influence it vary greatly between gaming and virtual environment experiences. The questionnaire
tries to report naturalness of the interactions with the virtual environments and how much they
mimic real-world experiences. In particular, it focuses on factors such as consistency,
understandably and enjoyment of multimodal information, spatial orientation, anticipation of event
that are limited and irrelevant to evaluate accurately a gaming experience. In this study we will
attempt to overcome this limit by measuring quantitatively immersion on the assumption that it
shares some similarities not only with the concepts of presence, but also with the concepts of flow
and cognitive absorption. Therefore we will try to consider key factors that are contributing to the
phenomenon of immersion. As Jennett et al. (2006) argues an immersive experience grows in
relation to the attentiveness, temporal dissociation, temporal transportation, emotional attachment
and enjoyment experienced by the player. By breaking down immersion in its components, we can
understand in which way the game is affecting the player’s experience.
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2.2 Embodied interaction
The development of computer games is extremely challenging as there are several guidelines,
often in contrast with each other, that have to be followed. In general, the main aim is to provide an
immersive gaming experience. Typically immersion can be strengthen by increasing the virtual
realism or by improving the control of the game using novel input devices (Li et al. (2006)). Those
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)). An interesting description of traditional controlling devices is provided
by Crawford: “Given a bat and told that the goal in baseball is to hit the ball, few would have
problems deciding that swinging the bat at the ball should be their goal. A computer baseball game
is not so easy to decipher, however. Should one hit H for “hit” or S for “swing” or B for FPS
“bat”? Should one press the START key or press the joystick trigger? Without directions, the goal
remains unclear.” The player’s interaction with a game does not only affect the actual physical
activity of playing, but also the player’s understanding of the game (Rambusch (2006)). As stressed
by Rambusch (2006) the operational part of a gameplay has an impact on the player’s thinking
process. As Hirose (2002) points out “the body may change with tools and these changes in the
body may alter the observer’s action capabilities, and thus the observer must adjust perception of
affordances to these changes in order to fit the environment”. As also highlighted by Dourish
(2004) and Rambusch (2006) inappropriate controllers create breakdowns in the interaction and can
have serious effects on engagement. In contrary, controllers which match the users’ expectations
completely facilitate the players’ empathy for the character in the game and increase engagement
overall (Rambusch (2006)). Additionally, the latter type of controller would necessary introduce
body movements to interact with the gaming environment, which can be valuable in gameplay.
There is no doubt that the controller and the typology of interaction offered by it is a fundamental
element that can affect the quality of player’s experience.

The idea of providing players with more intuitive controllers explains the recent development
of games such as EYETOY: PLAY™ and DANCE DANCE REVOLUTION™ which utilise
motion sensing equipment. For example to play DANCE REVOLUTION™, which has been
particularly successful, a gamer must move his or her feet to a set pattern, stepping in time to the
general rhythm or beat of a song. However, so far very few empirical studies have been carried out
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investigating the impact of different input devices on people’s gameplay and gaming experience
(Rambusch (2006)).

Slater et al (1998) carried out an experiment to assess the effect of body movement on presence
in a virtual environment. Participants were asked to walk through a virtual field of trees and count
the number of trees with diseased leaves. One group however, was subjected to a field with greater
variation in tree height which then prompted participants to bend down and look up more than those
in the other group to complete the task. The study concluded that presence and body movement had
a significant positive association. The paper also suggests a positive feedback type mechanism
where increased body movement leads to increased presence which in itself will lead to higher body
movement thereby generating higher presence and so on. However, the experiment deals with
presence in a virtual environment which is somewhat different to the concept of engagement in a
video game. Nevertheless the ideas it proposes provide a useful framework for constructing the
final experiment.

Rambusch (2006) for example investigated the effect of two controlling modalities: a normal
control pad and a modified exercise bicycle. She found no significant difference between the groups
in terms of performance, action frequency, and gaming experience. However, the input devices
seemed to have a strong influence on people’s expectations about the kind of interaction they
allowed. It was difficult to control the game character for both groups, but the bike group blamed
the bike rather than the game as it did not have the same affordance of a normal bicycle while the
control pad group had a more negative attitude towards the game itself. This suggests that ‘natural’
input devices for computer games can lead to high user expectations and highly negative
experiences if they are not matched by technology.

A similar experiment was run by Berthouze et al. (2007) using a traditional control pad and a
motion-sensed guitar shaped controller which required more natural movements. It was found that
the guitar shaped controller allowed higher levels of engagement in participants. To eliminate the
shape of the guitar as a confounding variable, another experiment was run were in both conditions
participants used the guitar shaped device, but in one condition they were using the guitar as a
normal control pad just by pressing buttons, while in the other condition they were allowed to use
the motion sensed functionality. They obtained that the latter group had higher engagement and
showed more task-related body movements. Moreover, they suggest that different styles of
interaction lead to different type of immersive experiences. Players who were not required to move
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whilst playing were driven by a desire to win the game (hard fun), while players who were required
to move had higher levels of excitement because they may felt like guitar players (easy fun). This
suggests us that the control modality of a game is not only one of most important variable that can
hamper engagement and immersion; it also can influence motivation of the player. However, it has
to be argued that the task in both conditions was not the same. The first group was not taught a
particular functionality that allowed them to get higher scores, which may have biased the results.

On the whole, we believe that the introduction of body movements and the use of controllers
that match the player’s expectation do have an impact on the perception of the game and therefore it
is worth exploring further. The studies presented so far begin to outline a theory on the relationship
between immersion and body movement in game interaction but they are affected by two
outstanding limits: the difference in the design of the controller used and in the task performed by
the two groups compared. In this study we overcome these limits and also look at the effect of
another confounding factor, the most evident of which is personality.
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2.3 Extraversion
Personality can be defined as a dynamic and organised set of characteristics that uniquely
influences a person’s cognitions, motivations and behaviours in various situations (Ryckman
(2004)). In detail, it is possible to identify five factors of personality: neuroticism, extraversion,
agreeableness, conscientiousness and openness to experience. As argued by Conati (2002),
personality has a significant role in influencing a gamer’s playing experience. Several researches in
fact have used personality factors as predictors of gaming behaviour (e.g. Griffiths and Dancaster
(1995) and McClure and Mears (1984)). Among these different traits of personality our study will
focus on the role of extraversion. We will first briefly define extraversion and then report relevant
studies that have tried to identify relationships between extraversion, immersion and bodily
expression. The purpose is to provide a framework to support our hypothesis and develop our
methodology.

Definition of extraversion
Extraversion includes qualities such as sociability, excitement seeking and positive emotions
that are considered particularly relevant in human-computer interaction (e.g. Krahmer et al. (2002),
Isbister & Nass (2000), and Nass & Moon (2000)).

Initially, the terms introversion and extraversion were used by Jung (1921) to refer to the
direction of psychic energy. According to the theory, extraverts feel an increase of perceived energy
when interacting with a large group of people, but a decrease of energy when left alone. In contrast,
introverts feel an increase of energy when alone, but a decrease of energy when surrounded by a
large group of people.

Eysenck (1967) overcomes the limits of Jungian theory by describing extraversion and
introversion as the degree to which a person is outgoing and interactive with other people. He
argues that behavioural differences are presumed to be the result of underlying differences in brain
physiology. Extraverts in fact seek excitement and social activity in an effort to heighten their
arousal level, whereas introverts tend to avoid social situations in an effort to keep such arousal to a
minimum
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More recently Goldberg (1999) subdivided extroversion into six main factors: friendliness,
excitement-seeking, assertiveness, activity level, cheerfulness and gregariousness.

The relevant role that extraversion can assume in influencing immersion and body movements
has been stressed by Berthouze et al. (2007). But in their work they only assured that there was the
same distribution of extravert players between the two groups and no attempt was made to identify
relations between these variables.

Few studies have been conducted to understand the relationship between extroversion and
immersion. Jurnet et al. (2005) argues that introverts are likely to get more immersed in a virtual
environment, as they have a narrower focus of attention and therefore are able to be less distracted.
Kahneman (1973) showed that introverts tend to have higher levels of emotional arousal than
extroverts for the same stimulus. Conati (2002) suggests that heightened arousal is manifested with
higher heart rate which is indicative of higher level of engagement.

The relation between extroversion and introversion and body movements is not clear. La
France et al. (2004) argue that extroversion is consistent with more gesticulation and a greater
variety of facial expressions. In addition, activity level is a facet of extroversion and hence it can be
reasonable to assume that extroverts show more body movements in everyday life as well as in
specific contexts like gaming.

In our work we would like to identify more clearly the effects of extraversion on a gamer’s
experience. We believe that indeed it can affect the experience, but we would like to push our
research further by trying to identify how and to what extent it affects the player’s reaction to the
game.

19

3 Research questions and hypotheses
By building up on the previous work done by Berthouze et al. (2007), we want to investigate
further if the use of body movement to control computer games affect the way players get
immersed. The main aims are to eliminate the confounding elements that affected Berthouze et al.
(2007) work, verify if their hypothesises still stand and explore other factors that were not
considered in their work.

Firstly, as Jennett et al. (2006) study showed, immersion is a complex phenomenon . By
breaking down immersion in its components, we attempt to understand in which way the game is
affecting the player’s experience. Therefore we will not consider immersion as a whole, but we will
look at the key factors that are contributing to the phenomenon. We will also try to identify the
typology of immersion experienced by players.

One more confound in the study conducted by Berthouze et al. (2007) was that the possibility
to get points was higher in one condition that the other because of the controller features used in
that condition. We want to investigate if a difference in score could be responsible for the
differences in engagement level, which is the first step towards total immersion. According to
several theories on immersion (see chapter 2), in fact, bad performance can have negative effects on
the experience.

Finally, we question whether extraversion in gameplay affects the player’s reaction to the
game. Especially in games where controllers require movements we maintain that with this different
type of interaction players will show different needs to move their body and different levels of
immersion. While, extroversion scores were collected in Berthouze’s study, they have been used
only to make sure that the two sets of participants were similar on this aspect and that extroversion
could not be the reason for different level of engagement in the two conditions.

In summary, following the findings of Berthouze et al. (2007) and the considerations made
above, we hypothesize that the use of body movements to interact with computer games allows
higher levels and different qualities of immersion to occur. Besides, we expect players with
different levels of extraversion to experience different levels of immersion and show different body
expressions in the gameplay. Finally, we investigate the effects of performance on immersion.
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4 Method
In the following sections we will describe the procedure and tools used to verify our hypothesis
(see chapter 3). In first place, we will describe and justify the suitability of the computer game
chosen: Guitar Hero I™ for Sony PlayStation 2. Next, we will introduce the approaches used to
measure immersion and typology of immersive experience and extraversion. We will measure
quantitatively the player’s subject immersive experience based on the assumption that immersion
shares some similarities with the concepts of flow, cognitive absorption and presence. Therefore,
we will use the questionnaire developed by Jennett et al. (2006). Besides, we will attempt to
describe further immersion by identifying the typology of immersive experience by proposing a
small set of questions grounded on the finding of Lazzaro (2004). Extraversion will be assessed
quantitatively with a questionnaire constructed from the International Personality Item Pool.
Finally, to assess qualitatively and quantitatively body movements, players will be video recorded
and video footage will be analysed.

4.1 Participants
Forty-six participants took part in the study. They had an average age of 26.45 (SD 5.16),
ranging from 19 to 44. Seventeen were female and twenty-eight were male. Only eight of the
participants had played the video game before. All participants were asked to help on a voluntary
basis. In addition, all participants enjoyed playing computer games in general as well as rhythmic
games.

4.2 The game: Guitar Hero I

4.2.1 Selecting a suitable video game

To compare our results with those of Berthouze et al. (2007), it was necessary to use the same
computer game used in their study. Of course the game used in the experiment had to meet some
specific requirements in order to fulfil the purpose of the research. Hence, in this section we would
like to discuss the suitability of the game chosen by Berthouze et al. (2007).
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First of all, to identify the relationship between immersion and body movements in games
control, it was necessary to use a video game which employs a motion-detecting control pad that
requires some level of body movements to control the game and which on the other hand allows to
perform the same tasks without body movements. To explore the relationship between these two
variables it would essentially require two groups of participants: the experimental condition which
uses body movement to control a game and the control condition which does not.

Furthermore, all possible initial barriers to immersion had to be eliminated by choosing a game
that was easy to learn and control and universally enjoyable. According to Brown & Cairns (2004)
in fact access of controls and player’s game preference affect sensibly their level of time, effort and
attention investment and as a consequence their gaming experience. To offer a deeper and more
immersive experience the game should evoke the players’ emotions in a relative short period of
time (Brown & Cairns (2004)).

Among all the commercial games available, the game chosen, Guitar Hero I™ for Sony
PlayStation 2™, seems to meet these fundamental requirements. In fact it allows the separation
between the control condition and the experimental condition and it has an extremely wellconceived learning curve. Besides, the game, as a rhythmic game, offers a complete and rich
emotional experience despite it is short.

4.2.2 Guitar Hero I™

Guitar Hero I™ is a rhythmic game produced by RedOctane and released in November 2005
for PlayStation 2. The game employs the use of a guitar shaped controller resembling miniature
Gibson SG to stimulate the playing of an electric guitar (Wikipedia (2006)).

In detail, the controller has five coloured fret buttons on the neck, a strumming bar or flipper, a
‘whammy bar’ and two buttons, START and SELECT respectively (see figure 3). The game
features 4 difficulty levels and a song selection that spans several generations and styles of rock and
each song lasts between 3 and 6 minutes.
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Figure 3: Guitar Hero I™ guitar shaped controller (Credit: RedOctane© 2005).

The game screen consists of a scrolling fret board that has various coloured notes on it (see
figure 4). Each colour corresponds to one of the buttons on the guitar, which the player must hold
down while strumming on the flipper. Some notes, called long notes, have lines attached to them,
implying that the player should hold down that note for a longer period of time (see figure 4 (b)).
The strumming bar and depression of a particular coloured button must be pressed in synchrony to
play that note.

The game has three different meters: the score, star power and stage meters. The three stage
‘rock meter’ changes as the player hits or misses notes. If the rock meter goes below red, the player
fails the game.

Figure 4: Screen shots of the game (Credit: RedOctane© 2005).

The star power meter indicates the amount of star power obtained by successfully playing the
sequence of star shaped notes or by moving inwards and outwards the whammy bar while playing
star shaped long notes (see figure 5 (a)). If the star power meter is half full, the player can release
the star power energy to gain double points by tilting the guitar upwards or by pressing the
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SELECT button. Once activated the star power mode, players can tilt back to normal or release the
button and this mode stays until the meter drains to zero (see figure 5 (b)). Star power can be
collected and used continuously during the game; therefore a player will raise and lower the guitar
neck or press the SELECT button several times during a song.

Figure 5: Screen shots with star shaped notes (a) and star power activations (b) (Credit: RedOctane© 2005).

4.3 Immersion questionnaire
Among all the questionnaires available it was decided to use the questionnaire developed by
Jennett et al. (2006). It allows in fact to break immersion in its parts and it is based on past work on
flow (Csikszentmihalyi (1990)), cognitive absorption (Agarwal & Karahana (2001)) and grounded
theory of immersion (Brown and Cairns (2002)).

It is made by six sections in total. The first three sections are concerned with varying degrees of
attention involved in gaming experience: basic attention, temporal dissociation and transportation.
As well as attention, there are other factors that are likely to influence whether immersion is
experienced: challenge, emotional involvement and enjoyment. In flow theory, Csikszentmihalyi
(1990) emphasises that there needed to be a balance between ability level and challenge. Brown &
Cairns (2004) highlighted the importance of emotional attachment, empathy and atmosphere that
can be barriers to total immersion. Also, Brown and Cairns (2004) report that immersive
experiences are thought to be enjoyable experiences.

Furthermore, the questionnaire was enriched to identify the type of immersion that players
experienced. From the work of Lazzaro (2004), other three sections were added, based on the
premise that some gamers enjoy the obstacles and challenges presented in the game (hard fun),
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others are driven and enticed to play through curiosity and ambiguity (easy fun), while others
typically play to feel excitement or relief (altered states).

Overall, there are 38 questions in total that describe the participants’ experience before their
gaming session was interrupted. Answers for each question are marked on a five point scale (see
Appendix I).

4.4 Extroversion questionnaire

Although peer report or observations are often conducted to gather more reliable measurement,
given the resource constraints of this study we assessed extraversion with a questionnaire made
from elements of the International Personality Item Pool. Among the sections that measure five
factors of personality (neuroticism, extroversion, agreeableness, conscientiousness and openness to
experience) only items relating to extroversion were used.

The IPIP test, evaluated by McBride & Harvey (2002), provided relatively good measurement
precision across most of the scale ranges. Gow et al. (2005) have also compared the test with other
two well known personality tests known as the NEO Five-Factor Inventory (NEO-FFI) and the
Revised Eysenck Personality Questionnaire (EPQ-R) assessing its reliability.

The questionnaire contains 60 statements that assess the participant’s level of extroversion.
Answers for each question are marked on a five point scale (see Appendix I).

4.5 Procedure

Each participant was assigned randomly and tested under one condition. In the experimental
condition participant were asked to tilt the neck of the guitar to activate the star power, while
participants in the control condition were asked to press the SELECT button. The SELECT button
was introduced to make sure that the possibility to make points was the same in the two conditions.
Participants were tested under one condition since those that were aware of how to use the tilting
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aspect of the guitar controller would find unnatural to restrain themselves from tilting the guitar up
during the control condition.

All participants were first asked to fill both the extroversion and the general questionnaires (see
Appendix I). If they have never played the game before, in the experimental condition, they were
permitted to run a basic introductory tutorial and a tutorial on how to collect and use star power by
moving the guitar. Participants from the control condition were instead permitted to run only the
basic tutorial, while the researcher conducted a second tutorial were participants were taught to
activate the star power by pressing the SELECT button.

In both conditions they were then asked to play a practise song in order to familiarise with the
game. They were encouraged to play as long as they wanted until they felt comfortable. Afterwards,
participants were asked to play at least two songs of any choice in order to not affect the player’s
preferences (Brown & Cairns (2004)) and to choose the difficulty level that they thought was
appropriate (see figure 6). This would have helped to keep the participant interest in game alive
especially for experienced players. Jennet et al. (2006) argues that when playing fast computer
games the challenge of keeping up with the pace allows the gamer to become more emotionally
involved in the game. Therefore, there is a need of balance between ability level and challenge
(Jennet et al. (2006)). If the participant failed any of the songs she/he was asked to play one more
song. The participant was video recorded while playing only during the main session.

Figure 6: A participant playing the game.
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After the main session was finished, the participant was asked to fill in the immersion
questionnaire. At last a semi-structured interview was conducted to understand how difficult
participants found the controls of the game and to obtain feedback on the two modalities to activate
the star power (see Appendix I).
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5 Results
Once all data were collected they were subject to analysis to verify our hypothesis (see chapter
4). First immersion scores for each participant in both conditions were calculated and an item
analysis of the questionnaire was conducted to evaluate the reliability of each question and to
understand in which way each question contributed to the total score. Total immersion scores and
single sections of the questionnaire were then compared to identify salient differences between
groups. Similarly, typology of immersion scores were calculated for each participant, an item
analysis was conducted and scores were compared between conditions. The main objective of this
analysis was to understand if the use of body movements to interact with computer games allows
higher levels and different qualities of immersion to occur.

Next, it was verified if there were significant differences in game scores gained by each
participant between conditions. It was also looked if there was a correlation between game and
immersion scores to investigate the effects of performance on immersion.

Video footage was analysed to identify quality and quantity of participants’ task related body
movements (that is movements other than tilting the guitar neck upwards e.g. nodding heads or
swaying hips) and positive and negative affective behaviour. Particular attention was given to
identify changes in bodily expression shown by participants before and after activation of the star
power. Movements were then compared between conditions to understand if movements required
by the game triggered more body movements.

Finally, extroversion scores for each participant in both conditions were calculated and it was
verified if there was a uniform distribution of different personalities between conditions.
Extroversion scores were then correlated with immersion scores and quantity of body movements to
identify possible relationships between these variables.

5.1 Immersion scores

Immersion scores were calculated in a scale of 0 to 4, 0 is for a strongly disagree and 4 is for a
strongly agree. This was also adjusted appropriately for positive or negative version of questions.
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Data from both conditions were tested for normality using the Shapiro-Wilk test (p=.911 in the
experimental condition, p=.996 in the control condition, see also figure 7).

Figure 7: Histogram displaying the frequency of immersion scores in the experimental and control group respectively.

An item analysis was then conducted to evaluate the reliability of each question and to
understand in which way each question contributed to the total score by running a Pearson’s
correlation between each item and the total score (see table 1). Out of 31 items, 27 items
significantly correlated with the total score. In particular, item Q18, Q20, Q22 and Q26 were
insignificant.
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Item

Question

R

Section: Attention
Q1

To what extent did the game hold your attention?

452(**)

Q2

To what extent did you feel you were focused on the game?

.482(**)

Q3

How much effort did you put into playing the game?

.347(**)

Q4

Did you feel that you were trying you best?

.280(*)

Section: Temporal Disassociation
Q5

To what extent did you lose track of time?

,437(**)

Q6

To what extent did you feel consciously aware of being in the
real world whilst playing?

.570(**)

Q7

To what extent did you forget about your everyday concerns?

.532(**)

Q8

To what extent were you aware of yourself in your surroundings?

.474(**)

Q9

To what extent did you notice events taking place around you?

.534(**)

Q10

Did you feel the urge at any point to stop playing and see what
was happening around you?

.288(*)

Section: Temporal Transportation
Q11

To what extent did you feel that you were interacting with the
game environment?

.400(**)

Q12

To what extent did you feel as though you were separated from
your real-world environment?

.644(**)

Q13

To what extent did you feel that the game was something you were
experiencing, rather than something you were just doing?

.348(**)

Q14

To what extent was your sense of being in the game environment
stronger than your sense of being in the real world?

.480(**)

Q15

At any point did you find yourself become so involved that you
were unaware you were even using controls?

.376(**)

Q16

To what extent did you feel as though you were acting in the
game according to you own will?

.409(**)

Section: Challenge
Q17

To what extent did you find the game challenging?

Q18

Were there any times during the game in which you just wanted to
give up?

Q19

To what extent did you feel motivated while playing?

.273(*)

.108

.654(**)
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Q20

To what extent did you find the game easy?

Q21

To what extent did you feel like you were making progress
towards the end of the game?

Q22

How well do you think you performed in the game?

.125
.337(*)
.214

Section: Emotional Attachment
Q23

To what extent did you feel emotionally attached to the game?

.659(**)

Q24

To what extent were you interested in seeing how the game’s
events would progress?

.283(*)

Q25

How much did you want to “win” the game?

.259(*)

Q26

Were you in suspense about whether or not you would win or lose
the game?

Q27

At any point did you find yourself become so involved that you
wanted to speak to the game directly?

.235
.462(**)

Section: Enjoyment
Q28

To what extent did you enjoy the graphics and the imagery?

.532(**)

Q29

How much would you say you enjoyed playing the game?

.522(**)

Q30

When interrupted, were you disappointed that the game was over?

.471(**)

Q31

Would you like to play the game again?

.518(**)

Table 1: Immersion questionnaire items and Pearson’s correlation between each item and the total score.
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Item Q18, Q20 and Q22 asked participants “if they have ever wanted to give up”, “to what
extent they found the game easy” and “how well they thought they performed in the game”
respectively. These questions belong to the challenge section and were introduced on the
assumption that performance and difficulty can influence motivation and the overall experience.
Analysing the trend in both conditions, it was found that scores for the items are concentrated
mainly between 3 and 4 (see figure 8). It is so possible to conclude that in both conditions all
participants were motivated. Most of the participant in fact stated that the main reason for playing
computer games is to challenge them.
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Figure 8: Histogram displaying the frequency of challenge scores in the experimental and control group respectively.

Item Q26 belongs to the emotional attachment section. As predicted emotional attachment to
the game can be difficult to be constructed with a first attempt to play the game and after a gaming
experience of just 10 minutes. As stated by Brown & Cairns (2004), players can become engrossed
and emotionally attached due to the time, effort and attention invested in the game. In addition, it
can be argued that, given the characteristics of the game, it can be difficult for the player to feel
anxious and in suspense about how they are performing. For these reasons, as shown in figure 9 the
distribution of the values is low.
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Figure 9: Histogram displaying the frequency of Q26 scores in the experimental and control group respectively.

To understand if the use of body movements allows higher levels of immersion to occur, total
immersion scores between conditions were compared. As predicted in the first hypothesis the
experimental mean of the total immersion score was higher than the control mean: 81.40 and 76.00
respectively and corresponding standard deviation of 12.20 and 12.73. Immersive scores were then
compared parametrically and found not to be significant: t=1.401 p=.168. In the same way single
sections of the questionnaire were analysed and compared between conditions. It was found that
only the scores related to the enjoyment section were significantly different (t=2.957, p=.005).

5.2 Typology of immersion

Typology of immersion scores were calculated in a scale of 0 to 4, 0 is for a strongly disagree
and 4 is for a strongly agree. An item analysis was conducted by running a Pearson’s correlation
between each item of each section and its total score. As it can be seen in table 2 all 17 items
significantly correlated with its total score.
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Item

Question

r

Section: hard fun
Q1

To what extent did you find the game challenging?

.264(*)

Q2

To what extent were you thinking of strategies to win the game?

.678(**)

Q3

To what extent were you applying strategies to win the game?

.690(**)

Q4

To what extend were you feeling rewarded by feedback on progress
and success while playing?

.568(**)

Q5

To what extent did you feel motivated while playing?

.463(**)

Q6

To what extent did you feel like you were making progress
towards the end of the game?

.492(**)

Q7

How much effort did you put into playing the game?

.397(**)

Q8

Did you feel that you were trying you best?

.406(**)

Section: Easy fun
Q1

To what extent were you interested in seeing how the game’s
events would progress?

.415(**)

Q2

At any point did you find yourself become so involved that you
wanted to speak to the game directly?

.635(**)

Q3

At any point did you find yourself become so involved that you
felt like a real rock star?

.751(**)

Q4

To what extent did you feel you and the character were one?

.704(**)

Q5

To what extent did you enjoy the graphics and the imagery?

.652(**)

Q6

How much would you say you enjoyed playing the game?

.436(**)

Q7

When interrupted, were you disappointed that the game was over?

.666(**)

Section: Altered State
Q1

To what extent were you feeling better about yourself?

.845(**)

Q2

To what extent did you feel you were clearing your mind while
playing the game?

.804(**)

Table 2: Typology of immersion questionnaire items and Pearson’s correlation between each item and its total
score.
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Scores were then analysed to understand if the use of body movements to interact with
computer games allows different qualities of immersion to occur. From the analysis (see table 3), it
resulted that the main typology of immersion experienced by players in both conditions is hard fun,
followed by easy fun and altered states. Only the mean of altered states of players in the
experimental condition (M=5.52, SD 1.30) is significantly higher (t=2.309, two-tailed p=.026) than
that of players in the control condition (M=4.52, SD=1.63).

Hard Fun

Easy Fun

Altered State

Condition

N

Mean

Std. Deviation

Experimental

25

21.96

4.67

Control

21

21.67

3.64

Experimental

25

15.68

5.14

Control

21

12.90

4.38

Experimental

25

5.52

1.30

Control

21

4.52

1.63

Table 3: Statistical description of typology of immersion.

Furthermore, typology of immersion scores were correlated with both immersion and
extroversion scores to identify possible relationships. It was found a high positive correlation
between immersion scores and scores related to types of immersive experiences, while only altered
state is slightly correlated with extroversion scores (see table 4).

Immersion
Extroversion

Hard Fun

Easy Fun

Altered States

.677(**)

.768(**)

.688(**)

.067

.239

.336(*)

Table 4: Typology of immersions and Pearson’s correlation between immersion and extroversion.

5.3 Game scores and immersion relationship
Since the players’ performance may affect their immersive experience, we tested if there were
significant differences between the performances obtained in the two conditions and if there was a
correlation between the players’ performance and their immersion and enjoyment scores (sixth
section of the immersion questionnaire). No statistically significant differences were found between
the performances obtained by participants from the two conditions (Mann Whitney U=237.50, two35

tailed p=.588). In addition, no significant correlation was found between performances, immersion
and enjoyment scores (ρ=.075, two-tailed p=.621 and ρ=-.006, two-tailed p=.968 respectively, see
also figure 10).

Figure 10: Scatterplot of immersion scores and game scores for both conditions.

5.4 Immersion score and task related body movements
relationship

In order to investigate possible relations between immersion scores and body movements that
could be index of immersion ((Berthouze et al. (2007)) a first quantitatively and qualitatively
analysis of the video footage was conducted by counting the duration and the type of task related
body movements and affective behaviour (e.g., expressing frustration for missing a point) shown by
each participant. We define task related body movements as any body movement related to
movement performed by guitars player but not requested by the game controller (e.g., nodding the
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head or swaying hips in a rhythmic way, etc.).To avoid the fact that the songs freely selected by the
players could bias the results, only the video footages of one song played by most of the participants
were considered. Consequently the number of subject analysed was reduced to 13 in the
experimental condition and 9 in the control condition. A description of the results is showed in table
5.

Total task related
body movement

Total positive
affective
behaviour

Total negative
affective
behaviour

Experimental
condition

0:16:37

0:00:26

0:00:03

Control condition

0:08:08

0:00:20

0:00:21

Condition

Table 5: Total task related movement, positive and negative affective behaviour times.

As predicted the experimental mean of task related body movements was higher than the
control mean: M=0:01:16, SD=0:01:29 and M=0:00:54, SD=0:00:44 respectively. It was also found
that the mean of positive affective behaviour was slightly higher in the experimental condition,
while the mean of negative affective behaviour was slightly higher in the control condition. When
non-parametrically tested the difference appeared to be not statistically significant (Mann-Whitney
U=52.50, one-tailed p=.353). Moreover, it has to be pointed out that the duration of such
movements was very small compared to the length of the song.

Furthermore, the duration of task related body movements for each participant in both
conditions showed no significant correlation with the immersion scores (Spearman’s rho=-.167, see
also figure 11).

37

Figure 11: Scatterplot of immersion scores and total task related movements for both conditions.

5.5 Task related body movements and controller device
Additionally, to specifically understand the effect of the star power, body movement shown by
each participant while playing a song in both conditions was analysed before and after the star
power was activated. In detail, the movements, ten seconds before and ten seconds after the star
power was activated, were assessed by assigning a “movement score” from zero to four based on
the amount of task related body movement occurring, without considering the tilting of the guitar
neck upwards. From the values obtained, it was found that there were more increases in the amount
of task related body movement after activation of the star power in the experimental condition than
in the control condition. Specifically, in the experimental condition out of 46 star power activations,
15 triggered an increase of body movements, while in the control condition out of 45 star power
activation, 7 triggered an increase of body movements. Besides, the increases were more salient in
the experimental condition than in the control condition.
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5.6 Extroversion scores and immersion and body movement
relationships
The extroversion scores were calculated assigning 0 for a very inaccurate and 4 for a very
accurate. This was also adjusted appropriately for positive or negative version of questions. As
participants were randomly allocated to conditions, it was first of all necessary to determine if there
was a uniform distribution of different personalities between conditions. The box plot of figure 12
shows that in both conditions, extroversion score means were just about the middle of the
extroversion score range. We can also noticed that, even though the extroversion scores in the
control condition population cover a larger range, the mean is lower than the one of the
experimental condition. We then tested the significance of this difference. A Shapiro-Wilk test was
conducted to verify the normality of the distribution. These were found to have a normal
distribution (p=.057 and p=.390 for the experimental and control condition respectively) and their
means were compared parametrically. The t-test yielded to p=.082. It is possible to conclude that
the two groups are not statistically different..

Figure 12: Box plot of extroversion scores distributions for both conditions. Numbers on the first box-plot indicate
the total immersion score for the two outliers.
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Extroversion scores were then correlated with immersion scores. The Pearson’s correlation
coefficient (r=.283) shows a very low correlation between the two variables.. From figure 12 it is
possible to see that there is a very slight trend were high immersion scores are associated to higher
extroversion score

Figure 13: Scatterplot of immersion and extroversion scores for both conditions.

More specifically, Pearson’s correlation scores were calculated between the different sections
of the immersion questionnaire and the extroversion scores. From table 6 it is possible to see that
emotional attachment and enjoyment scores have a slightly higher correlation with extroversion
than the other components of the immersion questionnaire.
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Immersion Questionnaire Sections
Attention
Temporal Disassociation
Temporal Transportation
Challenge
Emotional Attachment
Enjoyment

Correlation with
Extroversion
Person’s coefficient
-.002
.259(*)
.248(*)
.090
.336(*)
.293(*)

Table 6: Pearson’s correlation between sections of immersion and extroversion scores.

5.7 Extroversion scores and body movement relationship

As regards the relationship between extroversion scores and quantity of task related body
movement, Spearman’s correlation test was carried out that yielded to rho=-.565. As in fact can be
seen from figure 14 there is a significant negative correlation between the quantity of body
movements shown and extroversion scores in both conditions. This result however has to be taken
carefully as the total task related movements times are small compared to the duration of the song
(4 minutes).
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Figure 14: Scatterplot of extroversion scores and total task related movements for both conditions.

In the following chapter, we will briefly summarise the results obtained and discuss their
implications and validity. First, the differences in immersion and typology of immersion
experienced by the two groups will be discussed, on the basis of that, it is sensible to presume any
factors that could have contributed to determine those differences. Second, the relation between
body movements and different typology of interaction with game will be described and other factors
that may have influenced our findings will be highlighted. Finally, it will be discussed the effects
that extroversion may have played on the immersion, typology of immersive experience and bodily
expressions shown by players. The results will also be discussed in relation to the results reported in
(Berthouze et al. (2007)) and also with results not published, but made available by Berthouze et al.
(2007).
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6 Discussion
The results obtained do not support the hypothesis that immersion levels are higher in
individuals who use body movement to control the game as shown in Berthouze et al. (2007).
Nevertheless, they show a significant difference between groups in the enjoyment of the game
supporting the hypothesis that the way players get immersed in a game is affected by their body
movements. In fact as regards to the type of immersive experience, the altered states variable
appears to be significantly different between the two conditions with higher score in the experiment
condition. Such difference was also visible in the enjoyment section of the immersion
questionnaire. The significant difference in terms of enjoyment between groups could be highly
related to the type of control of the game. The experimental group may have experienced a more
positive gameplay because they were required to move. This is also supported by the fact that there
were no difference in the performance between the two conditions (discarding hence the possible
confound in (Berthouze et al. (2007)) and that the body movement analysis showed more positive
affective expression in the experimental condition.

It is still not clear what is affecting enjoyment: the necessity to move the body (tilting the
guitar) to control the game or the fact that the movement of tilting the guitar is more natural and
easier to perform than pressing a button. From semi-structured interviews conducted at the end of
the gaming sessions, players in the control condition found less natural the physical controls, more
difficult to understand them and felt less proficient at controlling the game than in the experimental
condition. In particular, they declared that the button was difficult to find and press and from
observations of their gameplay it is evident that often the pressing of the button had disruptive
effects on the game. They often showed several negative expressive behaviour such as frustration
and boredom. On the other hand, participants from the experimental condition may found the
controller easier to use and understand, because they consider it more attractive. In fact, when
participants were debriefed on the purpose of the experiment and asked to give feedback on the two
modalities to activate the star power, they all stated that the possibility to move the guitar rather
than pressing a button was “of course more fun”. As Norman (2004) argues, attractive devices
produce positive emotions, causing mental processes to be more creative and more tolerant to
complexity.
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However, it has to be highlighted that even in the experimental condition, players often did not
performed the movement to use the star power. Many participants, in both conditions, declared that
they were too concentrated to perform well, that they totally forgot about the star power function or
that they found difficult to cope with everything. Since most of the participants were beginners,
because overwhelmed by a high cognitive burden, they were automatically ignoring the function
that was not essential to play the game. Rambusch (2006) suggests that sensory-motor activities are
intertwined with higher cognitive processes like decision making, problem solving. By providing a
motion-sensitive controller that requires physical movements, it necessarily influences the players’
cognitive processes. Therefore, it can be argued that the game itself results to be a barrier to trigger
movements. The game is in fact challenging and requires a lot of attention to keep the pace. It is in
fact clear from many clips that participants were not moving or stopping to move when the task
became demanding. This is also proved by the fact that the attention scores of the questionnaire are
high in both conditions (M= 85 out of 100), as well as challenge (M=68 out of 100). In particular, a
participant described this situation as “I like too much this song. It was natural for me to sing and
dance, but I was keeping on losing and I had to stop and concentrate”. This type of behaviour was
common for both beginners and experienced players, as the latter group preferred to choose higher
levels of difficulty and to give priority to the challenge factor. This also confirms the fact that the
way players want to engage with the game has an important role. In this case, most of the
participants stated that the play mainly to prove their abilities.

Although, Berthouze et al. (2007) describes players in the experimental condition as more
excited, we can not confirm their conclusion that players in the control condition are driven by a
desire to win the game (hard fun) and that players in the experimental condition have higher levels
of excitement because they may be feeling like guitar players (easy fun). Individuals in the
experimental condition would be more likely to maintain rhythm and moving the body to the
rhythm than in the control condition. However, in this study it was not possible to identify such
sharp difference between conditions. The results seem to contradict both findings of Berthouze et
al. (2007) and Bianchi-Berthouze et al. (2006). In the first work it was found a positive correlation
between engagement and quantity of body movements, while in the latter higher levels of
engagement were associated with fewer posture changes due to increased attention load. They in
fact believe that immersion is influenced by the typology of interaction with the game. We would
have expected players from the control condition to be influenced by game factors and show less
body movements and participants from the experimental condition to have an opposite behaviour,
because guitar tilts would have allowed them to feel their affective state more fully (Berthouze et al.
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(2007)). Nevertheless, when players’ movements were analysed before and after the activation of
the star power, therefore before and after pressing the button or tilting the guitar, no pronounced
differences were found between conditions. Thus, we argue that perhaps the requirement to move
induces more body movements, but other factors are having a bigger weight. According to Picard
(1998), the manner in which humans communicate emotions is affected by many factors such as
age, gender, posture, culture and context.
Matsumoto (2005) defines culture as “a shared system of socially transmitted behaviour that
describes, defines and guides people’s way of life”. There is no doubt that it also affects people’s
way of interacting with video games, especially rhythmic games. Fritisch et al. (2007), for example,
tried to identify potential differences between real and gaming behaviour. Although, the research
was limited to online gaming, they found that age and cultural background have a large impact. In
addition, at a first glance it is possible to identify common patterns of behaviour between
participants of the study with common background. Another interesting factor, it is that players who
showed more task related movements had previous experience in playing an instrument as a band
member and to perform publicly and it confirms the fact that people’s attitude to music and dance
has as a relevant role. For these reasons, it would be interesting to conduct a similar study, but
focusing more on cultural factors.

Moreover, at a first comparison, participants who participated differ greatly in terms of age,
culture and extraversion from those of Berthouze et al. (2007). In the work from Berthouze et al.
(2007) there were 20 participants, all of whom were male and ranged from 20 to 23 years of age
with an mean age of 20.42 (SD=0.77). Most of the participants had a South Asian background,
while in this study most of the participant had a European background. Besides, by comparing the
personality scores of our population and the personality scores of the population used in (Berthouze
et al. (2007)) (made available by Berthouze), we observe that the second population had
extroversions score higher than the one in this study (see figure 15 and 12). Since high extroversion
seems to be correlated with a higher need to move one’s own body (La France et al. (2004)), this
could have resulted in a higher difference in Berthouze’s study. It is here interesting to notice that
the relation between body movement and enjoyment could be affected by the level of extroversion
of the players. In fact, different relation could be observed in the experimental condition of
Berthouze’s study and the experiment condition of this study. In the case of high extroversion score,
in Berthouze’s study we could observe a linear correlation (R sq = 0.49) between the amount of
body movement and the level of engagement (results obtained by further analysis of Berthouze’s
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data, see figure16), while in our study a very low correlation was observed (R sq= 0.17, see figure
14).

Figure 15: Box plot of extroversion scores distributions for both conditions of population from Berthouze et al.
(2007) study.
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Figure 16: Scatterplot of immersion and extroversion scores from Berthouze et al. (2006) study.

By analysing the extroversion scores obtained in detail, it was found that participants, from
both conditions, did not show in general high level of extroversion (see figure 13). Perason’s
correlation shows a positive relation between immersion score and extroversion and a negative
correlation between extroversion scores and quantity of task related body movements. Moreover,
the positive correlation of extraversion with disassociation, temporal transportation and enjoyment
confirms that a relation between extraversion and some features of immersion do exist, and maybe
it can be extended to other personality factors. Jennett et al. (2006), for example, tried and found
some relations between openness to experience and immersion.

The results contradict both findings of Jurnet et al. (2005) and Conati (2002). They in fact show
that more extrovert players are likely to get more immersed while playing games. Probably the
typology and characteristics of the game is playing an important role. In Guitar Hero I™ the
player’s represented by a puppet on a stage and there is a crowd yelling positively or negatively
according to how the player is performing in the game. This type of context could appear
uncomfortable for introverts who tend to easily become over stimulated with too many people
around. Hence, the game itself could have acted as a barrier for introverts to get further immersed.
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It is particularly interesting is also the negative correlation observed between extraversion and
task related movements. In opposite with the suggestion of La France et al. (2004), the general
trend is that more introvert players tend to show more task related movements (see figure 14).
Probably, because introverts tend to be concentrated on one activity at the time and do not feel the
urge to seek what other people around are doing, they may have ignored distraction better and
therefore lived fully the excitement of the gaming experience.

Finally, it can be argued the context in which the experiment was carried out, in a big room
with other people engaged in different tasks, could have affected our results. Moreover, when
considering these results it has to be considered that total times of task related movements are low
in respect to the length of the song. However, participants show a general desire to move and the
demand of attention of the game is restraining them.

On the whole, although Slater (1998) suggests that body movements could lead to higher level
of presence in virtual environments, it seems that this can not be directly extended to immersion in
video games. The findings in fact demonstrate that the phenomenon of immersion is further
complex and that indeed many other factors than those analysed could have a determinant role.
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7 Conclusions
In this study we have discussed a number of issues in identifying possible relationships
between immersion, typology of immersive experience, body movements and extraversion. We
argue in fact that these factors are intertwined and affect a person’s gaming experience.

First, we found that there were no differences in the level of immersive experience between the
groups, however the experimental group showed higher levels of enjoyment and excitement. The
high levels of attention and challenge that players have put in the game suggests that both groups
are driven by the desire to win the game (hard fun). The results provide evidence that the
introduction of body movements in gameplay heighten positively the gaming experience.

Second, no sharp differences in the quality and quantity of body movements were found
between the two groups. We argue that other factors not examined are playing a determinant role
such as age, cultural background, personality and the game itself. The range of age, cultural
background and extraversion of participants in fact differed greatly from those of Berthouze et al.
(2007). Moreover, the challenge of the game acted as a barrier for expression of more task related
body movements.

Third, extroversion and immersion resulted to be positively correlated, while extroversion and
quantity of body movement were negatively correlated. Thus, it can be argued that extrovert people
get more immersed in games where there is a large social component, whereas introverts tend to be
concentrated on one activity at the time and live fully the excitement of the gameplay.

From this study we have identified several issues to be addressed in future research. First, a
different game that requires less attention and where players are able to deal with all the
functionalities and where moving does not represent a cognitive burden should be employed. Two,
it will be interesting to investigate other factors that affect players bodily expression, like crosscultural differences, age and other features of personality. Finally, the role played by extroversion
could be further explored by conducting peer-reporting to obtain more objective measures and
employ participants that form a uniform distribution of levels of extroversion within conditions.

These findings justify the reasons games like Wii™ or DANCE DANCE REVOLUTION™
have been particularly successful. If players are allowed to move and use novel styles of controlling
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the game that appear more attractive, there is no doubt that they will engage more and will have on
the overall a more pleasant and exciting experience. We also believe that game designers should
offer more adequate levels of challenge and demand of attention as they can affect sensibly the type
of involvement in the game and they can act as a barrier of bodily expressions.
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9 Appendix I

9.1 Questionnaire on participant’s gaming experience

The questions below are some general questions about your previous gaming experiences.
Remember you have the right to quit at any time without reason and confidentiality will be ensured.
If you have any other queries, please do not hesitate to ask.
Please read carefully the questions and answer by ticking one of the boxes that best describe you.
1. Do you like video games?

NOT AT ALL

MODERATELY

VERY MUCH

NOT AT ALL

MODERATELY

VERY MUCH

2. Do you like rhythmic games?

DO NOT KNOW
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3. What are the main reasons for you for playing?(Please order from 1 to 5 where 1 is the most
irrelevant reason, while 5 is the most)
I play to test my skills and feel accomplished
I play because I like to explore new worlds with intriguing people/characters and see
what happens next.
I play because playing makes me feel excited or relieved and it helps me to avoid
boredom.
I play to spend some fun time with my friends.
4. How often do you play computer games or video games? (Often should be taken to mean
every day or every two days, on average)

NEVER

MODERATELY

OFTEN

5. Have you ever played Sony PlayStation 2 Guitar Hero I?
Yes

No

6. If yes, did you enjoy it?

NOT AT ALL

MODERATELY

VERY MUCH

7. How old are you?

8. What is your gender?
MALE
FEMALE
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9.2 Extraversion questionnaire

The questions below are some general questions about your personality. Remember you have the
right to quit at any time without reason and confidentiality will be ensured.
Please read carefully the questions and answer by ticking one of the boxes that best describe you.
1. Make friends easily.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

2. Love large parties.

3. Take charge.
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4. Am always busy.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

5. Love excitement.

6. Radiate joy.
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7. Warm up quickly to others.

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

8. Talk to a lot of different people at parties.

9. Try to lead others.
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10. Am always on the go.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

11. Seek adventure.

12. Have a lot of fun.

13. Feel comfortable around people.
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14. Enjoy being part of a group.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

.
15. Can talk others into doing things.

16. Do a lot in my spare time.

17. Love action.
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18. Express childlike joy.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

*19. Act comfortably with others.

20. Involve others in what I am doing.

21. Seek to influence others.
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22. Can manage many things at the same time.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

23. Enjoy being part of a loud crowd.

24. Laugh my way through life,

25. Cheer people up.
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26. Love surprise parties.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

27. Take control of things.

28. React quickly.

29. Enjoy being reckless.
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30. Love life.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

31. Am hard to get to know.

32. Prefer to be alone.

33. Wait for others to lead the way.
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34. Look at the bright side of life.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

35. Like to take it easy.

36. Act wild and crazy.

37. Often feel uncomfortable around others.

Very inaccurate
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38. Want to be left alone.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

39. Keep in the background.

40. Like to take my time.

41. Willing to try anything once.
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42. Laugh aloud.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

43. Avoid contacts with others.

44. Do not like crowded events.

45. Have little to say.
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46. Like a leisurely lifestyle.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

47. Seek danger.

48. Muse my friends.

49. Am not really interested in others.

Very inaccurate
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50. Avoid crowds.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

51. Do not like to draw attention to myself.

Very inaccurate

52. Let things proceed at their own pace.

Very inaccurate

53. Would never go hang gliding or bungee jumping.

Very inaccurate

Moderately
inaccurate
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54. Am not easily amused.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

55. Keep others at a distance.

56. Seek quiet.

57. Hold back my opinions.
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58. React slowly.

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

Very inaccurate

Moderately
inaccurate

Neither accurate
nor inaccurate

Moderately
accurate

Very accurate

59. Dislike loud music.

60. Seldom joke around.
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9.3 Immersion and typology of immersion questionnaire
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. To what extent did the game hold your attention?
Not at all 1

2

3

4

5

A lot

2. To what extent did you feel you were focused on the game?
Not at all 1

2

3

4

5

A lot

3. How much effort did you put into playing the game?
Very little

1

2

3

4

5

A lot

4. Did you feel that you were trying you best?
Not at all 1

2

3

4

5

Very much so

5. To what extent did you lose track of time?
Not at all 1

2

3

4

5

A lot

6. 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

7. To what extent did you forget about your everyday concerns?
Not at all 1

2

3

4

5

A lot

8. To what extent were you aware of yourself in your surroundings?
Not at all 1

2

3

4

5

Very aware

75

9. To what extent did you notice events taking place around you?
Not at all 1

2

3

4

5

A lot

10. 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

11. 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

12. 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

13. 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

14. 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

15. 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

16. To what extent did you feel as though you were acting in the game according to you
own will?
Not at all 1

2

3

4

5

Very much so

17. To what extent did you find the game challenging?
Not at all 1

2

3

4

5

Very difficult
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18. 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

19. To what extent did you feel motivated while playing?
Not at all 1

2

3

4

5

A lot

20. To what extent did you find the game easy?
Not at all 1

2

3

4

5

Very much so

21. 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

20. How well do you think you performed in the game?
Very Poor

1

2

3

4

5

Very well

21. To what extent did you feel emotionally attached to the game?
Not at all 1

2

3

4

5

Very much so

22. 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

23. How much did you want to “win” the game?
Not at all 1

2

3

4

5

Very much so

24. 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

25. 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
77

26. To what extent did you enjoy the graphics and the imagery?
Not at all 1

2

3

4

5

A lot

27. How much would you say you enjoyed playing the game?
Not at all 1

2

3

4

5

A lot

28. When interrupted, were you disappointed that the game was over?
Not at all 1

2

3

4

5

Very much so

29. Would you like to play the game again?
Definitely not

1

2

3

4

5

Definitely yes

30. To what extent were you thinking of strategies to win the game?
Not at all 1

2

3

4

5

A lot

31. To what extent were you applying strategies to win the game?
Not at all 1

2

3

4

5

A lot

32. To what extend were you feeling rewarded by feedback on progress and success
while playing?
Not at all 1

2

3

4

5

A lot

33. At any point did you find yourself become so involved that you felt like a real rock
star?
Not at all 1

2

3

4

5

Very much so

34. To what extent did you feel you and the character were one?
Not at all 1

2

3

4

5

Very much so

35. To what extent were you feeling better about yourself?
Not at all 1

2

3

4

5

Very much so
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36. To what extent did you feel you were clearing your mind while playing the game?
Not at all 1

2

3

4

5

Very much so
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9.4 Semi structured interview
1. To what extent were you able to understand the physical controls for the game?
Not at all 1

2

3

4

5

Very much so

2. To what extent did you find natural the physical controls for the game?
Not at all 1

2

3

4

5

Very much so

3. To what extent did you feel proficient at controlling the game at the end of today’s
gaming session?
Not at all 1

2

3

4

5

Very much so

4. How were you engaged in the game?
Not at all 1

2

3

4

5

Very much so

5. Did you find difficult to tilt the guitar (press the SELECT button)? Please add
comments.

6. I have noticed that often during the game when available you were not using the star
power. Why?

7. It is possible to activate the star power by tilting the neck of the guitar (pressing the
SELECT button). Can you give me your opinion about these two ways of activating
the star power?
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8. Do you play or used to play a musical instrument? If yes, do/did you play as part as a
band?
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9.5 Consent forms
University College London
Remax House, 31-32 Alfred Place
London WC1E 7DP
United Kingdom

http://www.uclic.ucl.ac.uk/

CONSENT FORM A
Title of the project: Engagement and body movements in computer game play
Name of the researcher: Ferrai Daniela Angela

Please read and tick the following boxes:
1. I confirm that I have read and understood the information sheet for the
above study and have had the opportunity to ask any questions and
have received sufficient answers.
2. I confirm that I have read and understood PlayStation ™ ( Sony©
2007 ) health and safety precautions and that I do not have any
particular physical condition which can be affected by the experiment.
3. I understand that my participation is voluntary and that I am free to
withdraw at any time, without giving any reason, without my legal
rights being affected.
4. I agree for the researcher to video record my self during the
experiment.
5. I understand that any data collected during the session will be kept
anonymous and confidential and recorded videos will be kept in a
locked cabinet.
6. I agree to take part in the above study.

___________________________
Participant’s name

___________________________
Signature

_____________
Date

Daniela Angela Ferrai
___________________________
Researcher’s name

___________________________
Signature

______________
Date
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University College London
Remax House, 31-32 Alfred Place
London WC1E 7DP
United Kingdom

http://www.uclic.ucl.ac.uk/

CONSENT FORM B
Title of the project: Engagement and body movements in computer game play
Name of the researcher: Ferrai Daniela Angela

Please read and tick the following boxes:
1. I agree for the researcher to use pictures and video of me during the
experiment to be included in the thesis.
2. I agree for the researcher to use pictures and video of me during the
experiment to be included in articles to be published in academic
journals, conference proceeding and other equivalent articles.
3.

I agree for the researcher to use pictures and video of me during the
experiment to be presented in conferences and other equivalent
academic presentations.

Would you like to receive through e-mail a brief report on the findings of the study? If yes, please
write your e-mail address.
___________________________
E-mail

___________________________
Participant’s name

___________________________
Signature

_____________
Date

Daniela Angela Ferrai
___________________________
Researcher’s name

___________________________
Signature

______________
Date
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