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ABSTRACT 

An exploratory study looking at how body movements affected emotions in embodied 

gaming was conducted for two reasons. Firstly to determine whether existing findings 

from Walsh (2011) exploring how body movements affect emotions were generalizable 

towards other embodied games and secondly, to develop a better understanding of how 

jerky movements affect emotional valence (pleasantness of the emotion). An 

assumption was made whereby the type of emotional valence was postulated to be 

determined by an underlying emotion elicited from the games context with emotional 

valence also increasing as jerkiness in a player’s arm movement increases. I.e. 

aggressive games will increase aggressiveness and negative valence felt, increasing as 

jerkiness in a player’s arm movement increases while the absence of a negative emotion 

increases positive valence felt increasing as jerkiness increases. 26 participants (15 

male, 11 female), aged between 20-31 (mean age= 24.89, standard deviation= 2.71) 

were video-recorded playing two Kinect games (Fruit Ninja Kinect and Kinect 

Adventures, Space Pop) using different levels of jerkiness. Both games were deemed to 

vary both in genre and the underlying emotion elicited. Q-sensor wristbands were also 

worn which recorded acceleration data that would be used for measuring jerkiness. 

After each game was played, participants filled out assessment sheets measuring various 

emotional states, personality and movement perceptions. The results indicate that jerky 

movements increases the positive emotional valence felt in both games but it could not 

be determined whether negative emotional valence increased as jerkiness increased. The 

results also indicated that playing either game resulted in an increase of emotional 

arousal as jerkiness in a player’s arm movement increased, supporting the 

generalizability of jerky movement’s effect on arousal. The findings of this study hint 

towards a need for further research exploring the applicability of these findings using 
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different game genres that elicit different types of emotions. Further exploration would 

also place emphasis on being able to control the baseline jerkiness used for each level of 

jerkiness. The implications of these findings serve to better develop understanding of 

the effect jerky movements have on emotions in a step towards realising a principled set 

of design guidelines for embodied games. 
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Chapter 1: Introduction 

The development of motion capture technology for video games such as the Nintendo 

Wii and Microsoft Kinect sensor has led to the rise of embodied gaming. In these types 

of games, the body has become the medium used to interact with the game and in doing 

so, has provided a means by which such games can further enhance the gaming 

experience. 

Where traditional games requiring the use of controllers (i.e. the mouse, joystick, D-

Pad, keyboard, etc) has meant the gaming experience depended on both the players 

cognitive skills and the design of the games environment (Walsh, 2011). The use of 

body movements to interact with the digital environment was seen as having the 

potential to broaden the gaming experience through the utilisation of a larger human 

skillset (Dourlish, 2004). 

Various researchers have demonstrated support for this maxim, finding the use of 

embodiment enhanced various aspects of the gaming experience such as the 

engagement felt (Bianchi-Berthouze et al, 2007), social interactions used (Lindley et al, 

2008) and even the aggression felt (Melzer et al, 2010). Walsh (2011) in particular, 

found support for the effect of certain movement gestures on affective states. The 

implications of these studies are clear; if use of movement in embodied games can 

affect the emotions felt then the experience is influenced by the movement used. 

Such research in this area could lead to the development of a principled set of design 

guidelines that would benefit these games which as Walsh (2011) points out, remains 

unprincipled with no common design patterns appearing evident (Gray, 2011). 

The importance of developing these guidelines can also be seen when one considers the 

popularity of embodied gaming. Reports of high sales for both the Microsoft Kinect 
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Sensor (Graziano, 2012) and the Nintendo Wii (Smith, 2012) along with the 

development of future motion capture technology such as the Microsoft Kinect V2 (see 

figure 1, Russell, 2012) lends credence to developing such guidelines for supporting the 

design of the gaming experience.   

 

Figure 1: Concept sketch for Microsoft Kinect V2 showing an increase of players detectable by the 

sensors (previously only two people could play at the same time).  

However, the research is in this field is still developing and further research is required 

to better understand movement effects on emotions in embodied games before such 

principled guidelines can be developed. Recently, Walsh (2011) undertook a 

comprehensive study on a Xbox 360 Kinect game to explore whether research findings 

on movement effects on emotional states were generalizable to embodied gaming. 

While some of Walsh’s findings supported the literature, others contradicted.  

It is the aims of this study to build on the findings of Walsh (2011) by exploring their 

applicability to other embodied games and to develop a better understanding of the 

effect certain movements have on emotions; particularly on the effect jerky movements 

have on emotional valence (pleasantness of the emotion). The findings of this study will 
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provide some considerations for future research that may lead to the development of a 

principled set of design guidelines for embodied games.   

In this thesis, chapter two will provide a literature review outlining the research looking 

at body movements and emotions with an emphasis on how this has been applied in 

gaming to date.  Chapter three states the research question of this study along with the 

hypotheses used to answer the question along with the details of study including its 

design, rationale and how it was executed. Chapter four presents the results of the study 

with chapter five discussing these results along with the limitations of the study and 

how research could develop based on the findings of this study.  Finally, chapter six will 

draw a conclusion of the findings of this study. 
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Chapter 2: Literature Review 

This chapter presents research demonstrating the influence of body movements on 

emotions followed by research on embodied cognition that briefly explains why 

movements influence emotions. Research will also be presented looking at how body 

movements influence emotions and what has been found in a study exploring 

application of these findings in embodied gaming (Walsh, 2011).   Building on these 

findings, an assumption of how jerky movements in embodied gaming affects emotional 

valence is provided which forms the basis for this study. 

2.1 Body Movement and Emotions 

Early research by Wells and Petty (1980) demonstrated how movements could influence 

attitudes. In their study, participants listened to radio broadcasts while nodding or 

shaking their heads. Their findings revealed that those who nodded their heads had a 

tendency to agree with the content of the broadcast and vice versa.   

Sundström et al (2005) demonstrated a theory on how emotions are influenced by body 

movements. Termed an affective loop, the theory postulates that using body movements 

to express an emotion not felt at a particular time would form an engagement with that 

emotion, making it more dominant and subsequently affect how body movements are 

enacted. Using eMoto, a mobile phone messaging application, Sundström et al asked 

participants to create a scenario specific text message; adding a suitable affective 

expression to the background afterwards via affective gestures.  They found that after 

participants used the gestures, their body movements and posture adapted to reflect the 

emotions associated with that gesture. 

In embodied gaming, research has found that use of body movements in these games 

affect the experience differently compared to the use of traditional controllers. Bianchi-
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Berthouze et al (2007) for example, compared the differences between the two forms of 

interactions on player’s engagement. Their study compared participants playing Guitar 

Hero using either a guitar or a standard D-Pad controller where it was found that the use 

of guitar controllers induced movement that facilitated role-play (to act as guitar player) 

which increased the level of engagement felt compared to use of a D-Pad controller. 

Lindley et al (2008) explored the effect of body movements on social interactions. 

Participants in this study played Donkey Kong Bonga using either bongo controllers or 

wireless controllers with findings indicating the use of bongos facilitated more social 

interactions as players were more expressive then those using wireless controllers. 

Comparing the effects on aggression, Melzer et al (201 

0) explored the differences between use of a Wii remote for motion controls and a 

keyboard and mouse to play Dungeon Quest; an aggressive game involving ‘striking’ 

movements. Their findings indicated that the use of either controller increased negative 

feelings of anger, hostility and feelings of revenge but those using gestures had a 

significantly higher increase in feelings of anger. 

These studies have established a link between body movements and emotions; in 

particular, showing an enhancement of emotions felt from using the body to interact in 

games. Why this occurs can perhaps be explained by embodied cognition theories. 

2.2 Embodied Cognition and Movement Effects on Emotions 

Embodied cognition theorists claim bodily responses to emotional stimuli can influence 

the processing of emotions (Niedenthal et al, 2005). Supporting this, Riskind (1983) 

found positive postures such as smiling and sitting upright resulted in better retrieval of 

positive memories (where participants felt positive emotional valence) then negative 

postures such as frowning in a slumped position. Conversely, negative postures were 
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found to lead to better retrieval of unpleasant memories. Similarly, Dijkstra et al (2007) 

found use of body postures improved the retrieval of memories where a similar body 

posture was used.  

Notably, Casasanto and Dijkstra (2010) found the movement direction of an arm could 

influence the type of emotional memories retrieved. In their study, participants were 

prompted to recollect a memory where they felt either positive or negative valence 

while moving coloured marbles from one tray to another. Trays were vertically aligned 

so that participants used their arm to either move the marble upwards or downwards. 

Timing the speed of recollection, Casasanto and Dijkstra found that the direction of the 

movement affected the speed in which participants could retrieve memories. Positive 

emotional memories were retrieved faster during upward movements and vice versa.  

When comparing Casasanto and Dijkstra (2010) findings to Melzer et al (2010), a 

parallel can be drawn between the downward marble movement causing faster retrieval 

of negative valence memories and Dungeon Quest where players use downward 

‘striking’ movements causing negative valence. The implications for using movements 

in embodied gaming are clear. If movements in embodied gaming can affect cognitive 

processes of emotional memories, then it stands to reason that the movement itself can 

influence emotions. 

Other researchers have sought to discover how body movements affect emotions when 

using technology. Fagerberg et al (2003) combined Laban’s Movement Analysis theory 

(Davies, 2001) and Russell’s (1980) Circumplex Model of Affect to create a series of 

affective gestures that corresponded to specific emotions. Using these gestures, 

Sundström et al (2005) demonstrated how use of eMoto found these gestures not only 
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corresponded to specific emotions, but their use also elicited the emotions felt by 

participants.   

Exploring the applicability of these findings to embodied gaming, Walsh (2011) 

undertook a comprehensive study looking at how the use of different combinations of 

gestures (large or small, open or closed, flowing or jerky) influenced the affective 

dimensions of valence, arousal and dominance in an embodied game called Space Pop. 

The findings of this study showed certain gestures influenced affective dimensions; 

supporting Fagerberg et al (2003) who stipulated that use of jerky gestures would 

increase the feeling of emotional arousal.  

However, as Walsh (2011) only tested one game, it is uncertain whether the findings are 

applicable to other embodied games. Furthermore, the findings did not establish a clear 

effect between the use of jerky gestures and emotional valence. It is therefore of interest 

to develop a better understanding of these findings by viewing their applicability across 

different games and to understand the effect of jerky movements on emotional valence.  

Doing so may better realise the idea of a principled set of design guidelines for 

embodied games. 

2.3 The Effect of Jerky Gestures on Emotional Valence 

The difficulty in determining the effect of jerky gestures on emotional valence can be 

seen from the contradictory findings found in other research. Fagerberg et al (2003) for 

example, found movements involving high strain and tension resulted in feelings of 

negative valence and vice versa.  With strain and tension being characteristic of jerky 

movements, it is expected that such movements induce negative valence. Certainly, Lee 

et al (2007) seems to support this assertion. Through a series of interviews with 

choreographers and dance directors, Lee et al developed the Emotion-Movement 



 
 

Page | 15  
 

Relations framework. This framework stipulated smoother movements correlated with 

positive valence and vice versa. Using the Emotion Palpus; a device that could be 

controlled to move a stick in various ways; observers rated the movements where it was 

found that positive valence correlated with smooth movements. 

Other research however, contradicts this finding. Gross et al (2012) found in their study 

of gait(walking) that sadness, which is perceived as negative valence, correlated with 

slow, smooth, body movements which supported Montreparte et al (1999) findings.  

These findings make it difficult to assert the effect jerky gestures have on valence. One 

explanation for these contradictory findings may be that the underlying emotional state 

elicited from the context of a situation influences the type of emotional valence felt 

(whether positive or negative) with the use of jerky movements increasing the 

emotional valence. With research demonstrating that use of body movements enhances 

the gaming experience (Bianchi-Berthouze et al, 2007, Lindley et al, 2008, Melzer et al, 

2010), it can be inferred that playing embodied games will increase the type of 

emotional valence felt as more jerkiness is applied to a movement.  

In embodied gaming, the emotional state elicited from playing a game is primarily 

enjoyment, though as Ravaja et al (2006) points out, an enjoyable game can elicit both 

positive and negative emotions such as fear and anger. Therefore, the underlying 

emotion elicited as a result of the games context can correspond to either positive or 

negative valence. For example, playing an aggressive game induces feelings of 

aggression and therefore negative valence (Melzer et al, 2010) while a non-violent game 

may induced positive valence as Ravaja et al (2006) found with the game Super 

Monkey Ball 2. Although the emotions that non-violent games induce are not clear, 
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possibly in the absence of negative emotions, the enjoyment felt will induce positive 

valence.  

Incorporating the assumption that jerky movements increase emotional valence, it is 

assumed then that in embodied gaming, games induces both feelings of enjoyment and 

underlying emotions that can be characterised as either positive or negative valence. 

Use of jerky movements to play an embodied game will increase the emotional valence 

felt from the underlying emotion. I.e. in an aggressive game, participants will feel more 

aggression and therefore negative emotional valence which increases with a rise in the 

amount of jerkiness applied to the movement. Conversely, when playing a non-violent 

game, the absence of a negative emotion will induce positive valence which will 

increase with a rise of jerkiness. 

This theory will be tested in this study to better develop an understanding of the effect 

jerky gestures have on emotional valence.  

2.4 Summary 

This chapter first presented studies that established a link between body movements and 

emotions with comparison studies between the use of body movements and use of 

traditional controllers highlighting this applicability to embodied gaming.  

Research from embodied cognition demonstrated how body postures and movement 

influences the type of emotional memory that can be recalled along with research 

showing a direct effect of movements on emotions. Generalising this to research in 

embodied gaming, Walsh (2011) found partial support for previous research, in 

particular, finding an increase of emotional arousal when using jerky movements and 

vice versa for flowing movements but no clear effect on emotional valence.   
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However, to further develop these findings, more games should be tested for 

generalizability. Furthermore, the relationship between jerky movements and emotional 

valence need to be further developed before a principled set of design guidelines can 

start to be realised.     

From the literature reviewed, this study proposes that use of jerky movements 

influences valence depending on the emotional state underlying the context of a game. 

That is, an aggressive game will induce emotions that correspond to negative valence, 

increasing with jerkier movements and vice versa with a non-violent game.  

This theory will be explored in the study along with the applicability of findings 

regarding jerky movements from Walsh (2011), leading to chapter three which presents 

the research question of this study and the methodology used to answer the question. 
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Chapter 3: Research Question and Methodology 

This chapter presents the research question of this study and the hypotheses used to test 

it. Details of the study are also presented here describing the participants of this study, 

the materials used, the design of the study, how it was conducted and how the data was 

analysed. 

3.1 Research question 

The previous chapter stated Walsh (2011) found certain principles of embodied research 

were evident in embodied gaming but it is not known if these findings are applicable to 

other embodied games which vary in genre. Further understanding of the effect jerky 

movements have on emotional valence was also viewed as necessary and a theory based 

on literature was proposed that could explain why jerky movements have varying 

effects on emotional valence. This study therefore has two aims. To establish whether 

Walsh’s findings are generalizable to other embodied games and to further develop 

understanding of the effect jerky movements have on valence.  

To achieve these aims this study seeks to generalise findings from Walsh (2011) by 

testing two Kinect games and to answer the following question: 

Does the game context affect the experience of emotional valence when playing games 

using jerky movements? 

To answer this question, the hypotheses of this study are:  

Hypothesis 1: Playing an aggressive game will elicit feelings of aggression and 

negative emotional valence that increases as jerkiness in a player’s arm movement 

increases. Conversely, playing a non-violent game will not influence negative emotions, 
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instead inducing positive emotional valence when a non-violent game is played, 

increasing as jerkiness in a player’s arm movement increases. 

It is expected that the games underlying emotion differs according to the context. From 

findings found by Melzer et al (2010) and Ravaja et al (2006), it is postulated that an 

aggressive game causes an increase of negative emotions and therefore negative 

emotional valence while a non-violent game causes an increase in positive emotional 

valence. Although the exact emotion elicited by a non-violent game is not too clear 

from Ravaja et al (2006), it is postulated that in the absence of negative emotions, 

enjoyment will lead to positive emotional valence. The emotional state and the 

emotional valence felt as a result of the games context is postulated to increase with an 

increase in jerkiness of a players arm movement.  

Hypothesis 2: An increase in jerkiness in a player’s arm movement will increase 

feelings of arousal across both games but no difference in feelings of dominance.  

One of the findings from Walsh (2011) indicated arousal increased with jerky 

movements due to players using more effort. This study will test the generalizability of 

this finding towards different games. However, as Walsh did not establish any link 

between jerky movements and feelings of dominance, this study will assume no 

differences will be discernible. It is assumed that dominance is the measure of how in 

control people feel (Broekens, 2012). As the controlled nature of the study requires 

participants to perform movements in a certain way, certain levels of jerkiness may 

contradict how participants would normally play the game, therefore affecting their 

dominance. 
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3.2 Method 

Participants 

Twenty six participants (15 males, 11 females) were recruited through emails and the 

UCL Psychology Subject Pool. Participants were students and young professionals who 

played with a friend to minimise the dissonance participants may feel towards acting 

naturally with an observer present. Participants were aged between 20-31 years of age 

(mean age= 24.89, standard deviation= 2.71) and were paid £4 each with one participant 

per pair winning another £4 during the study. To eliminate the effect experience may 

have, participants were not familiar with the Kinect games used for this study.  

Materials 

 Microsoft Xbox 360 and Kinect 

Sensor 

 Kinect Adventures game 

 Fruit Ninja Kinect  game 

 Widescreen projector 

 Assessment sheets 

 Information sheets 

 Consent forms 

 Kinect Health and Safety 

guidelines 

 Pens 

 2 Q Sensor Pod 

 Laptop 

 2 Video cameras 

 

Game information 

Two Kinect games were chosen to test the generalizability of the findings from Walsh 

(2011). These games were chosen based on genre, use of arm movements and co-

operative capabilities. 
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Fruit Ninja Kinect 

Fruit Ninjas Kinect involves players slashing fruit using arm movements. Player’s 

shadows are outlined in the background to indicate where they are in relation to the 

screen. This allows players to use their arms accurately to cut fruits and gain points. 

Players can work together to achieve a high score by avoiding bombs and hitting key 

pieces of fruit that have beneficial power effects (Figure 2). 

Kinect Adventures- Space Pop 

Kinect Adventures consists of a series of mini games one of which: Space Pop (Bubbles 

Blast level) was used in this study. Here, players use body movements to control an 

avatar in a 3D environment. The aim is to use the avatars to touch as many bubbles as 

possible in order to score points. Players can lift themselves up in the air using flapping 

arm movements in order to touch orbs located above the ground. This game can be 

viewed in contrast to Fruit Ninja as a nonviolent game (Figure 3).  

To minimize the differences between the two games, participants played cooperatively 

and used large movements combined with different levels of jerkiness. Future 

references to these two games will be Fruit Ninja and Space Pop. 

 

Figure 2: Fruit Ninja Kinect interface screen 

 

 

Figure 3: Space Pop interface screen 



 
 

Page | 22  
 

Choice of motion capture technology 

A Q-Sensor 
1
wristband was worn on participant’s dominant arm to capture acceleration 

data via an accelerometer (Frequency set at eight frames per second).  While a full 

motion capture suit to track movement data would have captured more in-depth 

movement data, it is a time consuming process to set up and likely to interfere with the 

gaming experience (Pasch & Landoni, 2011). As the study focuses on movements 

predominately in the arms, the Q-Sensor is ideal to capture movement data in a non-

intrusive way.  

The Design 

A within-subjects design was used with two independent variables and seven dependent 

variables. Two confounding variables and one profile variable were also considered for 

this study. 

Independent variables:  

 Arm Movements (3 levels) 

o Large and smooth (slightly jerky) movements  

o Large and jerky movements 

o Large and very jerky movements 

 

 Games/Context (2 levels) 

o Fruit Ninja Kinect (Aggressive genre)  

o Kinect Adventures : Space Pop (Non-violent genre) 

 

                                                            
1 Q-Sensor website: http://www.affectiva.com/q-sensor/ 

http://www.affectiva.com/q-sensor/
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Movements used 

Although Walsh (2011) used various combinations of gestures, this study focuses on 

jerky movements and their effect on emotional valence. To control the movements used 

in this study, participants were asked to use large movements combined with different 

levels of jerkiness.  

Games/Context: Measuring Aggression 

To establish whether both games elicited different types of emotional valence that 

allowed hypothesis one to be tested, an Aggressive Provocation Questionnaire (APQ-

12, O’Conner et al 2001, Appendix G) was used. This is a similar approach to the one 

used by Melzer et al (2010). 

The aggressive provocation questionnaire was used to measures aggressiveness over 12 

vignette style scenarios (split into two per condition). Participants are presented with a 

scenario and asked to selected the action out of five possible actions that best fit with 

how they would react if the scenario was to occur at that moment.  

Dependent variables:  

 Emotions 

o Valence 

o Arousal 

o Dominance 

o Enjoyment 

o Aggression 
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 Movement ratings 

o Movement enjoyment 

o Movement effort 

Measuring Emotions  

Walsh (2011) used the Self-Assessment Manikin (SAM, Bradley & Lang, 1994, 

Appendix F) to measure emotions as it portrayed the definition of valence, arousal and 

dominance in a way that conveyed understanding to participants. Its applicability in this 

study will help establish the validity for the generalizability of Walsh’s findings.  

Enjoyment was recognised as a main emotional effect of playing embodied games and 

was measured as it was assumed that the absence of a negative emotion felt as a result 

of the underlying game context (in this case, aggression) would cause enjoyment to  

induce feelings of  positive emotional valence.   

The SAM depicts a 1-9 scale for valence, arousal and dominance. Participants selected 

one picture on each scale that best represented how they felt at that moment. For the 

enjoyment measure, a 10 item scale was used where participants crossed or circled the 

value that best represented how much they enjoyed the round (1= not very and 10= very 

much). These measures can be found in Appendix F.   

Measuring Movement Enjoyment and Movement Effort 

It was of interest to measure these variables in order to gauge how much effect they had 

on the experience. If movement enjoyment was high and correlated with emotional 

valence, it could be inferred this may have an effect on emotional valence. Similarly, if 

movement effort was perceived as too high, this may affect the experience of valence. It 

is expected that movement effort and arousal would correlate each other (Walsh 2011). 
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Movement enjoyment and effort were measured via a questionnaire sent by email as 

these variables were of interest after the majority of studies had been conducted. 

Participants performed the movement asked in each question and were ask select one of 

three answers (Appendix I). 

Confounding variables: 

 Scores 

 Movement Difficulty 

Measuring Scores 

Hazlett et al (2006) found positive events were often correlated with positive emotional 

valence. As both games use points to symbolise the player’s performance, there is a 

possibility that a player’s performance may affect emotional valence. If a user obtains a 

high score as a result of using jerkier gestures and valence is also found to have 

increased, then it is difficult to state that the games genre influenced the emotions and 

subsequently the emotional valence felt. Scores were therefore measured and analysed 

to determine whether they are significantly affected by a change of jerkiness. 

Scores were recorded after each gaming session by the researcher using the researcher’s 

assessment sheet (Appendix D). 

Measuring Movement Difficulty 

Movement Difficulty was measured after it was revealed participants felt the use of 

slightly jerky movements while playing Fruit Ninja did not correspond very well with 

the games design. As a possible bias on emotional states, how difficult participants 

found the movements to be was measured. Due to the identification of this potential bias 

was found towards the end of the study, a questionnaire was sent by email where 
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participants first performed the jerky movements and then selected one of three answers 

(Appendix I).  

Profile factor: 

 Extroversion 

Fang and Zhu (2011) found personality traits could affect the gaming experience; in 

particular, they found extroverts were likely to play games that required social 

interactions while Ferrai (2007) found extroverted individuals enjoyed the game Guitar 

Hero more than introverted individuals, possibly due to introverted players feeling 

overstimulated from virtual crowds in the game providing either positive or negative 

support.  

It is therefore possible that extroverted individuals will experience positive emotional 

valence as a result of the social interaction element which will be taken into account.  

Extroversion was measured using questions related to extroversion from the Big Five 

Inventory Response Form (John et al, 2008, Appendix E). Participants read eight 

statements and rated themselves on a scale of 1-5 that best reflected whether they agreed 

or disagreed with the statement (1 being not very and 5 being very). These were then 

totalled up to obtain an extrovert rating. The minimum rating is eight representing an 

introverted individual while the highest possible rating is forty, representing an 

extroverted individual.  

Competitiveness 

To control the differences between the two games, participants played cooperatively 

rather than competitively. To check competitiveness was not affected by a change in 
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jerkiness, a prisoner dilemma exercise was used similar to the one discussed in the 

paper by Mueller and Bianchi-Berthouze (2010). 

In the exercise, participants were able to win another £4 based on a raffle system at the 

end of the study. To determine how many raffle tickets players obtained, participants 

had a choice to either place an X in a box or leave it blank. They were informed that if 

both players left the box blank then they would both get one raffle ticket. If one player 

placed an X, they would obtain two raffle tickets; however, if both players placed an X 

then no rewards were given (Appendix H).  Participants were asked not to discuss their 

answers with each other. 

Procedure 

The study was carried out in a usability lab located at UCL (University College 

London). Before starting, participants read through the information sheet, Kinect Health 

and Safety Guidelines and signed the consent form (Appendix A-C). Participants then 

filled in the extroversion assessment sheet before starting a practise round (see below) . 

They were then shown the movements they would do and had the opportunity to 

practise the movements before starting. Participants were also taught how to operate a 

Q-Sensor Pod which they wore on their dominant wrist.  

Participants first filled in the extrovert assessment sheet before starting the first gaming 

session. 

A total of four rounds were played for each Kinect game (eight rounds total, 

randomized for each pair of participants). Each game was played four times with 

participants filling in an assessment sheet after each round. Each round was recorded by 

two video cameras (one facing the participants and one facing the participant’s backs 

and the screen) and consisted of one of the following:  
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1. One round where participants familiarize themselves with the game  

2. One round using large and slightly jerky gestures  

3. One round using large and jerky gestures  

4. One round using large and very jerky gestures  

Rounds two, three and four were randomised between each type of game to counter for 

order effects (see table 10, Appendix J).  

After a pilot trial, it was found that the terminologies used to describe varying levels of 

jerkiness were not very well understood. Participants were therefore instructed to use 

large and slow movements (slightly jerky gestures), large and fast movements (jerky 

gestures) and large and very fast movements (very jerky gestures).  

With the exception of round one, participants filled out assessment forms after each 

round. The assessment contained the SAM, enjoyment scale, APQ-12 and the prisoner 

dilemma task designed to measure competitiveness, enjoyment of the games and 

movement ratings. 

As a late addition to the study, three questions were asked of the participants by email 

after the study to explore the effect of participant’s perception of movement effort, ease 

of the movement and movement enjoyment on emotional states. Participants were asked 

to re-enact the movements they had done as though they were playing the game for ten 

seconds before selecting an answer (Appendix I). 26 emails were sent to participants 

using this method with 21 participants replying.  
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3.3. Data analysis 

For the data analysis, boxplot graphs and bar graphs were used to identify whether 

variables were affected by a change in jerkiness before being analysed for their 

significance.  

Statistical analysis was conducted to determine the significance of the trends revealed 

from the boxplots and bar graphs. Relevant statistical analyses were run depending on 

the test of normality which established whether the data was normally distributed based 

on the Shapiro-Wilk level of significance (p < 0.05). If the data met the level of 

significance, then the data cannot be assumed to be normally distributed and therefore, a 

non-parametric test would be required to analyse the results. Table 12 lists the results of 

the test of normality for all the variables (Appendix L). 

Normally distributed data was run using a one-way Repeated Measures ANOVA test 

while non-normally distributed data required a one-tailed Friedman test. These 

statistical tests are suitable for a within-subjects dataset that consists of variables with 

two or more levels and comprises of ordinal data. 

For data which contained a mixture of normally distributed and non-normally 

distributed data, both the Friedman test and one-way Repeated Measures ANOVA test 

were used to triangulate the findings. Where discrepancies exist between the two results, 

the Friedman test was used as the data did not fully respect the requirements of normal 

distribution recommended for Repeated Measures ANOVA tests.  

Data that met the level of significance or were close to significance for these tests were 

subject to a post-hoc analysis to understand where the differences between the 

conditions were (one-tailed Wilcoxon Signed-Rank test for non-normally distributed 
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data or one-tailed T-Tests for normal distribution data). A Bonferroni correction was 

applied to account for the three conditions being tested in this way (p< 0.017). 

Where necessary, a one-tailed Spearman Rank Order correlation analysis was also 

undertaken to better understand the results by exploring the relationship between certain 

variables. These are explained in more detail in chapter four.  

While the correlations can not specify the cause of the relationship, it provides another 

means to interpret the data that allows for more valid speculations. Although as 

discussed in chapter five, some limitations exist from using this approach in this study. 

A summary of the variables considered in this study are presented in table 1. 

Variables of this study 

Independent Variables Dependent 

Variables 

Confounding 

Variables 

Other 

Variables. 

Arm Movements: 

Large and slightly jerky  

Large and jerky 

Large and very jerky 

Games:  

Fruit Ninja Kinect (aggressive) 

Space Pop, Bubble Blast (non-

violent) 

Enjoyment  

Aggression 

Valence 

Dominance 

Arousal 

Movement 

Enjoyment 

Movement Effort 

Scores 

Movement Difficulty 

Extroversion 

Competitiveness 

Table 1: Variables used in this study categorised by type. 

 

The next chapter details the results of the study, highlighting possible trends, the results 

of the statistical tests and if appropriate, the correlation analysis results. 
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Chapter 4: Results 

The results of this study are presented in this chapter with boxplot graphs and bar 

graphs identifying trends from the data and the statistical analysis establishing the 

significance of these trends. These are presented in the following order: Jerkiness, 

scores, movement difficulty, competitiveness, aggression, enjoyment, valence, arousal, 

dominance, movement enjoyment, movement effort and extroversion.  

The following table presents the legend used to describe the graphs and statistical 

analysis. 

Acronym Meaning 

F 

S 

J1 

J2 

J3 

Fruit Ninja 

Space Pop 

Slightly jerky movements 

Jerky movements 

Very jerky movements 

Table 2: Legend of acronyms 
 

4.1 Jerkiness  

Before the data analysis could commence, the total jerkiness values for each participant 

were first analysed using acceleration data captured from the Q Sensors. This was to 

validate whether participants performed the movements asked of them during each 

condition and where appropriate, to reorder or remove the data (see next section: re-

ordering jerkiness values). Acceleration data from each gaming round was used to 

compute the total jerkiness for each participant based on the first derivative of 

acceleration. This states jerkiness is the velocity of the movement divided by the time it 

takes to perform the movement (Flash & Hogan, 1985) and is often represented as:   
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Acceleration for each axis (x, y, z) was measured and averaged over the number of 

frames (time) participants used to play a game. The total jerkiness value was obtained 

by summing up all of the axis jerkiness value. This is represented in the following 

formula: 

 

 

J= jerkiness, n= number of frames, x= x-axis, y= y-axis, x= x-axis. 

The total jerkiness value for each participant is presented in table 12(Appendix I). 

Re-ordering jerkiness values 

Jerkiness values were reordered to correct cases where movements were carried out in 

the wrong order. ((Fruit Ninja, between jerky and very jerky movements (n=3). Space 

Pop, slightly jerky and jerky movements (n=1), table 12, Appendix L). Ratings for all 

variables across the modified jerkiness order were also adjusted to appropriately match 

the level of jerkiness used.  

Significance of Jerkiness Value between Levels of Jerkiness 

To ensure that the level of jerkiness was significantly different enough to separate the 

three levels, a statistical analysis was undertaken on total jerkiness values obtained 

across each level of jerkiness.  
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Figure 4: Boxplot graphs of total jerkiness values across all conditions and games. Higher values 

indicates high amount of jerkiness used. 

 

The analysis reveals higher levels of jerkiness appear distinguishable from lower levels 

of jerkiness. Space Pop movements often resulted in using less jerky movements 

compared to Fruit Ninja across all levels of jerkiness. This reflects the game design 

where Space Pop requires fewer arm movements then Fruit Ninja. That is, participants 

need only flap their arms whenever they needed to reach the orbs located above ground 

whereas in Fruit Ninja, arm movements were constantly used in order to attain points.  

Using a statistical test to determine the significance of this trend, a test of normality 

(Table 12, Appendix L) indicates data for jerkiness values consisted of both normally 

distributed and non-normally distributed data (jerky movements: p= .001, very jerky 

movements, p=.011) when playing Fruit Ninja. The same was found for Space Pop with 

only very jerky movements data not being normally distributed (p= .014).  

As both games consist of normal and non-normal distribution data for jerkiness values, 

both a Friedman test and one-way repeated measures ANOVA test will be used to 

determine the significance of the jerkiness values (Table 3).  
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Total Jerkiness Values Statistical Analysis Results 

 

Friedman test Repeated Measures ANOVA 

N 

Chi-

Square 

df 

Asymp. 

Sig (1-

tailed) 

Sphericity 

Sig. 

Source df F 

Sig  

(1- 

tailed) 

Partial 

Eta 

Squared 

Fruit 

Ninja 

26 50.077 2 .000** .007** 

Greenhouse-

Geisser 

2 84.644 .000** .772 

Space 

Pop 

26 49.650 2 .000** .346 

Sphericity 

Assumed 

2 61.127 .000** .710 

Table 3: Friedman test and repeated measures ANOVA test analysis results for jerkiness values across 

all conditions and each game.  

**One-tailed significance at p< .001 

Table 3 indicates both tests found a significant difference in jerkiness values across 

different levels of jerkiness when playing either game. Friedman tests reports jerkiness 

values for Fruit Ninja as X²(2) = 50.077, p= .000 and for Space Pop as X²(2) = 49.650 

p= .000.  The Mauchly’s Test of Sphericity showed jerkiness values for Fruit Ninja 

violated the assumption of sphericity
2
. This resulted in use of the Greenhouse-Geisser 

value to determine the significance of the data. The Repeated Measures ANOVA 

supports the Friedman test and reports a large effect size
3
 for jerkiness values when 

playing both Fruit Ninja ((F(2, 50)= 84.644, η²= .772, p= .000)) and Space Pop ((F(2, 

50)= 61.127, η²= .710, p= .000).  

Post-hoc analysis with a one-tailed Wilcoxon Signed-Rank and T-Tests using a 

Bonferroni correction indicates a significant difference for jerkiness values between all 

levels of jerkiness for both games (p= .000).  

                                                            
2 indicating that the variances of the differences between all combinations of the jerkiness levels are not 

equal thereby affecting the F-ratio 
3 Effect sizes are rated according to Walker (2008) 
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This indicates participants performed the movement asked of them with an increase in 

jerkiness found to be significantly different as participants applied more jerkiness to 

their arm movements.  

However, looking at the table 11 (Appendix K), it is evident that jerkiness values for 

jerky movements are often either closely related to slightly jerky values or very jerky 

values, therefore any significant results found are expected to be significant between 

slightly jerky values and very jerky values. This will be discussed further in chapter 

five.  

The analysis will proceed to look at whether the confound variables of the study: score 

and movement difficulty had any effect on the emotional states. 

4.2 Scores 

Scores were analysed to account for possible biases towards feelings of valence.  

As mentioned earlier, the re-ordering of jerkiness values required other variable ratings 

to be re-ordered to reflect the level of jerkiness used. Scores however, were removed 

from the data analysis as they were obtained as a pair and a re-ordering would not have 

reflected participant’s scores as a result of movement alone. The total number of 

removed scores was four (Fruit Ninja n= 3, Space Pop, n=1). 

 
Figure 5 and 6: Boxplot graphs of scores obtained across all conditions and games. 
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Scores obtained while playing Fruit Ninja can ranged between 150 and 690 depending 

on players performance (More can be obtained but the range indicated here represent 

scores of participants of this study). In Space Pop, only 240 orbs are released during the 

game, participants could therefore only score a maximum of 240 points. The standard 

deviation for the scores between each condition can be found in table 4. 

Standard Deviation of Scores 

 Fruit Ninja Space Pop 

Slightly Jerky 116.618 7.282 

Jerky 136.808 6.970 

Very Jerky 77.876 5.833 

Table 4. Standard deviation of scores for both games across all conditions 

Figures 5 and 6 shows that the use of very jerky movements can aid in achieving higher 

scores then using slightly jerky movement. Yet, the effect of using jerky movements 

falls outside this trend and differs between games. When playing Fruit Ninja, this 

movement helped obtain some of the highest scores but conversely, when playing Space 

Pop it resulted in the lowest scores. To determine whether scores were significantly 

affected by jerkiness and to discount it as a bias influencing emotional states, a 

statistical test was conducted. 

The scores obtained while playing Fruit Ninja were a mixture of both normal and non-

normal distribution data (jerky movements: p= .048). Therefore, both a Friedman test 

and a one-way Repeated Measures ANOVA test was used while scores for Space Pop 

were not found to be normally distributed across all levels of jerkiness (Table 12, 

Appendix L) therefore, a Friedman test was used (Table 5). 
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Scores Statistical Analysis Result 

 Friedman test Repeated measures  

 N 
Chi-

Square 
df 

Asymp. 

Sig 

(1-

tailed) 

Sphericity 

Sig. 
Source df F 

Sig 

(1-

tailed) 

Partial 

Eta 

Squared 

Fruit 

Ninja 
23 5.478 2 .033* .058 

Sphericity 

Assumed 
2 3.085 .028* .123 

Space 

Pop 
25 2.383 2 .152       

Table 5: Friedman test and repeated measures ANOVA test analysis results for scores across all 

conditions and each game.  

*One-tailed significance at p< .05 

The Friedman test show scores were statistically significant across different levels of 

jerkiness when playing Fruit Ninja (X²(2) = 5.478, p=.033) but not for Space Pop. The 

Mauchly’s Sphericity Test for Fruit Ninja scores show the sphericity assumption was 

not violated (p= .058), therefore the sphericity assumed value was used for the one-way 

Repeated Measures ANOVA. This showed scores were statistically significantly with a 

small effect size found between jerkiness levels (F(2, 4)= 3.085, η²=.123, p= .028). 

Post-hoc analysis with a one-tailed Wilcoxon Signed-Rank Test using a Bonferroni 

correction (p< .017) indicate that there was a significant mean difference on scores 

obtained between slightly jerky and very jerky movements when playing Fruit Ninja 

which was significant (p= .003). This was also confirmed by the T-Test. 

From this, it can be initially concluded scores may have a bias on emotional states if 

levels of jerkiness also caused a significant effect on other emotional states when 

playing Fruit Ninja using either slightly or very jerky movements. To investigate this 

further, a one-tailed Spearman Rank Order correlation test was undertaken between 

scores and emotional states which revealed no significant correlations between scores or 

any other variables when playing Fruit Ninja. The analysis will therefore proceed to 
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establish whether the difficulty of the movement could bias the emotional states felt by 

participants.  

4.3 Movement Difficulty  

Movement difficulty was measured due to participants finding the use of slightly jerky 

movements in Fruit Ninja unsuitable for the design of the game. To check whether this 

was a confounding variable that affected emotional states, a statistical analysis was 

performed.  

Only data gathered from participants who replied to the movement rating questionnaire 

(Appendix I) were analysed for this variable (n= 21).  

 

 

Figure 7: Bar chart of mean ratings of movement difficulty across all conditions and games. The higher 

the figure, the more difficult participants found the movement. 

F= Fruit Ninja, S= Space Pop, J1= Slightly jerky, J2= Jerky, J3= Very jerky 

Figure 7 indicates no clear trend between the movement’s difficulty and the jerkiness of 

the movement. 
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The test of normality revealed all movement ease data was normally distributed (Table 

12, Appendix L). A one-tailed Friedman test was therefore used which indicated no 

significant effect.  

From this it can be concluded that difficulty of the movement has no effect on 

emotional states allowing the analysis to progress.  

4.4 Competitiveness  

As both games were to be played cooperatively, competitiveness was analysed to ensure 

this was not affected by a change in jerkiness. An analysis of the data reveals that with 

the exception of four participants; participants were cooperative throughout the study. 

This leads to the conclusion that competitiveness was not influenced by either level of 

jerkiness or type of game and no further analysis regarding this will be required. 

Instead, the analysis focused on the effects level of jerkiness had on the emotional 

states.  

4.5 Aggression 

Between Games 

To determine whether both games differ significantly in their aggressiveness, results 

from the APQ-12 were compared between games. Aggression scores were summed up 

for each game to determine whether jerky movements exhibited more aggression in 

Fruit Ninja then Space Pop. 
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Figure 8: Line graph showing aggressiveness difference for each participant between both games. 

Higher values of total aggression indicate higher aggression of the game. 

Figure 8 indicates that both games produced similar levels of aggression (Fruit Ninja 

mean aggression= 20.270, standard deviation= 3.516, Space Pop mean= 20.154, 

standard deviation= 4.125). A test of normality reveals Fruit Ninja aggression data was 

normally distributed but Space Pop aggression data was not (p= .008). Both one-tailed 

Wilcoxon Signed Rank test and T-Tests was used to analysis the result with no 

significant difference found.  

 

Since no significance difference on aggression was found. The findings of this study 

cannot be used to fully explore hypothesis one. However, as part of the hypothesis was 

to explore whether the absence of a negative emotion elicits positive emotional valence; 

the analysis will resume with chapter five discussing why Fruit Ninja, a perceived 

aggressive game, did not elicit significantly more aggression than Space Pop.   
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Between Levels of Jerkiness 

An analysis of aggression was undertaken to explore whether an increase in jerkiness 

affected aggression. Although feelings of aggression were not found to increase 

between the games, it was of interest to see whether jerkier movements increased 

aggression. 

 

Figure 9: Box plot graph of aggression ratings across all conditions and games. The higher the rating, 

the more aggressive the participant feels 

F= Fruit Ninja, S= Space Pop, J1= Slightly Jerky, J2= Jerky, J3= Very jerky  

Aggression ratings were averaged for both scenarios in each condition. To determine 

the meaningfulness of this approach, the standard deviation was calculated for each 

level of jerkiness and can be viewed in table 6. 

Standard Deviation for Aggression 

 Fruit Ninja Space Pop 

Slightly Jerky 0.876 0.811 

Jerky 0.807 0.997 

Very Jerky 0.916 1.050 

Table 6: Standard deviation of mean aggression ratings for each level of jerkiness and game 
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Table 6 indicates the standard deviation to be low enough for the mean value to be 

meaningful for analysing. As Figure 9 indicates no clear pattern between aggression and 

levels of jerkiness, it is not expected to be significantly affected by a change in 

jerkiness. 

The test of normality (Table 12, Appendix L) indicates both games aggression data was 

not normally distributed. Friedman tests were therefore used to analyse the data for 

significance with findings indicating that the level of jerkiness had no significant effect 

on aggression. 

It is therefore plausible to conclude that Fruit Ninja cannot be categorised as an 

aggressive game despite the aggressiveness of the movement. Therefore, the analysis 

will proceed to determine whether the absence of a negative emotion results in 

enjoyment increasing positive emotional valence which increases as jerkiness in a 

players arm movement increases. Further analysis will also proceed to determine 

whether findings from Walsh (2011) are transferable across different embodied games. 

4.6 Enjoyment, Valence, Arousal and Dominance  

 
An analysis of the effect, different levels of jerkiness had on emotional states was 

undertaken with the understanding that both games facilitated feelings of 

cooperativeness and no significant difference in aggression.  
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Box Plot Graphs of Emotions felt Across Different Levels of Jerkiness 

 
             (10)                  (11) 

 

    (12)      (13) 

Figures 10,11, 12 and 13: Box plot graph of enjoyment, valence, arousal and  dominance ratings across 

all conditions and games. Higher values indicating higher amount of emotion felt. 

F= Fruit Ninja, S= Space Pop, J1= Slightly jerky, J2= Jerky, J3= Very jerky  
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 Emotional States Statistical Analysis Results 

 
 Friedman test Repeated measures ANOVA 

 Game N 
Chi-

Square 
df 

Asymp. 

Sig 

(1 

tailed) 

Sphericity 

Sig. 
Source df F 

Sig  

(1 

tailed)  

Partial 

Eta 

Squared 

E
n

jo
y

m
en

t 

F 26 20.347 2 .000** .079 
Sphericity 

Assumed 
2 11.203 .000** .309 

S 26 11.545 2 .002* .965 
Sphericity 

Assumed 
2 6.615 .002* .207 

A
ro

u
sa

l F 26 8.542 2 .007* .194 
Sphericity 

Assumed 
2 6.024 .003* .194 

S 26 4.314 2 .058 .966 
Sphericity 

Assumed 
2 3.085 .028* .110 

D
o

m
in

a
n

ce
 

F 26 5.281 2 .036* .336 
Sphericity 

Assumed 
2 1.918 .079 .071 

S 26 2.418 2 .150       

V
a

le
n

ce
 

F 26 7.862 2 .010* .412 
Sphericity 

Assumed 
2 3.462 .020* .122 

S 26 4.169 2 .062 .961 
Sphericity 

Assumed 
2 2.876 .033* .103 

Table 7: Friedman test and repeated measures ANOVA test analysis results for enjoyment, valence, 

arousal and dominance across all conditions and each game.  

F= Fruit Ninja, S= Space Pop V=Valence, A= Arousal, D= Dominance E= Enjoyment 

*One-tailed significance at p< .05 

**One-tailed significance at p< .001 

With the exception of Space Pop dominance ratings, the test of normality revealed a 

mixture of both normally and non-normally distributed data for each variable (Table 12, 

Appendix L). Therefore, both a one-tailed Friedman test and a one-tailed Repeated 

Measures ANOVA test were run for each emotional variable; the results of which can 

be seen in table 7. Due to the non-normal distribution of Space Pop dominance data, 

only a Friedman test was used to determine the statistical significance of the data. 
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Enjoyment 

Enjoyment was measured to determine whether the absence of negative emotions would 

induce positive emotional valence. As Fruit Ninja was unable to be distinguishable from 

Space Pop in eliciting more aggression, hypothesis one cannot be fully explored. 

However, if both games elicit higher levels of enjoyment and positive emotional 

valence with jerkier movements, then hypothesis one can be partially assumed to be 

true.  As Figure 10 indicates, the jerkier the movement, the higher the enjoyment felt, 

indicating some support for this.  

Table 7 shows the Friedman test revealed a significant effect on enjoyment ratings 

across different levels of jerkiness when playing both Fruit Ninja (X²(2) = 20.347, p= 

.000) and Space Pop (X²(2) = 11.545, p= .002). The Mauchly’s Test of Sphericity found 

the assumption for sphericity was not violated; therefore the Repeated Measures 

ANOVA used a sphericity assumed value which supported the findings by the Friedman 

Tests. Fruit Ninja enjoyment results were also found to have a medium effect size (F(2, 

50)=11.203, η²=.309, p= .000), while Space Pop enjoyment results were found to have a 

small effect size (F(2, 50)=6.515, η²=.207, p= .002).  

Post-hoc analysis using a one-tailed Wilcoxon Signed-Rank Tests was conducted with a 

Bonferroni correction applied (p<0.17) to discover where the difference in significance 

were. The results indicate that there was a significant difference on enjoyment when 

playing Fruit Ninja between slightly jerky and very jerky movements (p= .002) and 

between slightly jerky and jerky movements (p= .003). For Space Pop, there was a 

significant difference between the slightly jerky and very jerky movements (p= .001). 

This was also confirmed by the T-Tests. 
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These results indicate enjoyment is affected by the level of jerkiness and suggests it 

could primarily be the emotion that elicited positive emotional valence in the absence of 

negative emotions. A one-tailed Spearman correlation analysis was used to explore this 

in more detail. The results indicate a high positive correlation between enjoyment and 

positive valence for both games. (Fruit Ninja: rs=.808, p= .000, Space Pop, rs=.790, p= 

.000). Enjoyment was also found to be significantly correlated with arousal (Fruit Ninja: 

rs=.811, p= .000, Space Pop, rs=.777, p= .000) which supports jerkier movements 

increasing participants enjoyment of the game. What is not entirely clear from this is 

whether the enjoyment comes primarily from the experience of playing or whether the 

movement has some influence (see 4.7 Movement Enjoyment and Movement Effort). 

Valence  

Emotional valence was measured to determine whether enjoyment elicited positive 

valence which increased as jerkiness in a player’s arm movement increased. 

Figure 11 seems to indicate a slight trend towards higher valence when playing Fruit 

Ninja with very jerky movements then the other jerkiness conditions. This also appears 

to be the case when playing Space Pop and suggest hypothesis one may be partially 

confirmed.  

The Friedman test (Table 7) found a significant difference in valence ratings across 

different levels of jerkiness when playing Fruit Ninja (X²(2) = 7.862, p= .010). For 

Space Pop valence ratings, this was almost significant (X²(2) = 4.169, p= .062). In the 

Repeated Measures ANOVA test, the Mauchly’s Test of Sphercity showed sphericity 

was not violated therefore allowing use of the sphericity assumed value which found 

significance in both games and a small effect size ((Fruit Ninja: F(2, 50)=3.462, 

η²=0.122,  p= 0.020. Space Pop: F(2,50) = 2.876, η²=0.103, p= .033)).  
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As the prerequisite, the Repeated Measures ANOVA generally requires normal 

distribution of all the data, therefore the Friedman significant value was accepted for 

deciding whether to run a post-hoc analysis. As this value showed near significance for 

Space Pop valence ratings
4
, the post-hoc analysis for valence was conducted using a 

one-tailed Wilcoxon Signed-Rank Tests with a Bonferroni correction (p< .17). The 

results indicate that both games found a significant difference on valence felt between 

slightly jerky and very jerky movements (p= .015). Similar results were found with the 

T-Test.  

This indicates positive valence increased as higher levels of jerkiness was used, 

although from the partial eta squared value, the effect is not entirely visible and this is 

supported by the boxplot (Figure 11). As enjoyment was found to increase with more 

jerkiness being applied to an arm movement along with the correlation analysis showing 

a strong positive correlation between enjoyment and positive emotional valence, it can 

be inferred that hypothesis one may be partially confirmed. In the absence of a negative 

emotion being elicited from the underlying game context, enjoyment was found to elicit 

positive valence which increased as jerkiness in a players arm movement increased.  

Arousal 

Data analysis was performed on arousal ratings to establish whether arousal increased 

with jerkier movements as postulated in hypothesis two. From figure 12, it appears 

evident that the jerkier the condition, the higher the arousal felt, indicting support for 

this hypothesis.  

Table 7 indicates the Friedman tests found a significant difference on arousal felt across 

different levels of jerkiness when playing Fruit Ninja (X²(2) = 8.54, p= .007) but a close 

                                                            
4 Significance level may have been reached with a larger sample size 
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to significant difference when playing Space Pop (X²(2) = 4.314, p= .058). The 

Mauchly’s Test of Sphericity revealed sphericity was not violated meaning the 

sphericity assumed value was used for the Repeated Measures ANOVA. The test 

revealed a significant difference on arousal and a small effect size when playing both 

Fruit Ninja (F(2, 50)=6.024, η²=0.194, p= 0.003) and Space Pop (F(2, 50)=3.084, 

η²=0.110, p= 0.028). 

As the data for arousal consisted of both normally distributed and non-normally 

distributed data, the Friedman significance value was used to consider whether a post-

hoc analysis was run. As this value was close to significant when playing Space Pop, 

post-hoc analysis using a one-tailed Wilcoxon Signed-Rank Tests were run. The results 

indicate significance difference on arousal felt between slightly jerky and jerky 

movements (p= .004) and between slightly jerky and very jerky movements (p= .005). 

Space Pop arousal ratings differed significantly between slightly jerky and very jerky 

movements (p= .007). One tailed T-Tests also confirmed this finding.  

The results support hypothesis two stating that an increase in jerkiness would lead to an 

increase in emotional arousal in both games, indicating findings from Walsh (2011) are 

generalizable towards another embodied game.  

Dominance 

Hypothesis two postulated emotional dominance would not be significantly affected by 

an increase of jerkiness in a player’s arm movement.  Figure 13 however, shows higher 

levels of dominance were found for very jerky conditions then for low jerkiness across 

both games.  



 
 

Page | 49  
 

The Friedman test (Table 7) reveals a significant difference between jerkiness levels for 

feelings of dominance when playing Fruit Ninja (X²(2)=5.281, p= .036) but not when 

playing Space Pop (X²(2)=2.418, p= .150).  

The Mauchly’s Test of Sphericity indicates Fruit Ninjas dominance data did not violatd 

sphericity, therefore the sphericity assumed value was used for the one-way Repeated 

Measures ANOVA test. The results found there was no significant effect. (F(2, 

50)=1.918, η²=0.71 p= .079). As there are elements of non-normally distributed data 

used in the analysis. The Friedman significance value was used to justify a post-hoc 

analysis. 

The post-hoc analysis using a one-tailed Wilcoxon Signed Rank-Test with a Bonferroni 

correction (p<.017) revealed there was no significance difference in dominance ratings 

between any level of jerkiness.  

The results support hypothesis two that an increase of jerkiness in a player’s arm 

movement would not be found to have a significant difference on dominance ratings.  

4.7 Movement Enjoyment and Movement Effort  

Enjoyment ratings were found to be significantly affected by a change of jerkiness used 

in a player’s arm movement, though it is not clear whether this may have been 

influenced by participant’s enjoyment of using the movement or the amount of effort 

the movement required. Movement enjoyment and movement effort were therefore 

analysed to explore their effects on emotional states. 

Only data gathered from participants who replied to the movement rating questionnaire 

(Appendix I) were analysed for this variable (n= 21).  
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Bar Graphs of Movement Enjoyment and Effort across Different Levels of 

Jerkiness 

 
   (14)      (15) 

Figure 14 and 15: Bar chart of mean ratings of movement enjoyment and movement effort across all 

conditions and games. The higher the value, the more participants enjoyed the movement or the more 

effort participants required to perform the movement.  

*indicates significance between the two conditions at p< 0.017. 

F= Fruit Ninja, S= Space Pop, J1= Slightly jerky movements, J2= Jerky movements, J3= Very jerky 

movements 

Figure 14 shows a trend towards movements being more enjoyable the jerkier they are 

while figure 15 shows that the jerkier the gesture, the more effort required by 

participants.  This indicates movement enjoyment may affect emotional valence while 

movement effort may explain why emotional arousal increased as jerkiness increased. 

The test of normality (Table 12, Appendix L) revealed movement enjoyment and 

movement effort data consisted of non-normal distribution data.  Friedman tests were 

therefore used to assess the significance of the data (Table 8). 

 

 

* * * * 
* 
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Movement Enjoyment and Movement Effort: 

Friedman Statistical Analysis Result 

 
Game N 

Chi-

Square 
df 

Asymp. Sig 

(1 tailed) 

Movement 

Enjoyment 

F 21 15.957 2 .000** 

S 21 8.642 2 .007 

Movement 

effort 

F 21 9.476 2 .005* 

S 21 14.913 2 .001** 

Table 8: Friedman test analysis results for movement enjoyment and movement effort across all 

conditions and each game.  

F= Fruit Ninja, S= Space Pop 

*One-tailed significance at p< 0.05,   **One-tailed significance at p< 0.001 

Movement Enjoyment 

Table 8 shows there was a significant difference in movement enjoyment ratings across 

different levels of jerkiness when playing both Fruit Ninja (X²(2) = 15.957, p= .000) 

and Space Pop (X²(2) = 8.642, p= .013).  

Post-hoc analysis using a one tailed Wilcoxon Signed-Rank Tests with a Bonferroni 

correction applied (p< .017) indicate that when playing Fruit Ninja, there was a 

significant difference on how much participants enjoyed the movement between slightly 

jerky and very jerky movements (p= .0043) and between slightly jerky and jerky 

movements (p= .0024). Movement enjoyment while playing Space Pop was significant 

between slightly jerky and very jerky movements (p= .0148). 

To understand the effect movement enjoyment had on the experience, a one-tailed 

Spearman Rank Order correlation analysis was undertaken between movement 

enjoyment and valence, arousal, dominance and enjoyment. The results found that when 

playing Fruit Ninja, a small, significant positive correlation existed between movement 
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enjoyment and valence (rs=.261, p= .019), movement enjoyment and dominance 

(rs=.222, p= .040) and between movement enjoyment and enjoyment (rs=.263, p= .018). 

For Space Pop, there was a slightly large, significant positive correlation between 

movement enjoyment and arousal (rs=.303, p= .008) and between movement enjoyment 

and dominance (rs=.304, p= .008). A small significant positive correlation was also 

found between movement enjoyment and enjoyment (rs=.211, p= .049). 

These findings suggest that while a correlation suggests the more people enjoyed the 

movement, the more positive valence was felt; it is unlikely that enjoyment of the 

movement had a large effect on increasing emotional valence though it may have a 

larger effect on emotional arousal and dominance.  

Movement Effort  

Table 8 shows there was a significant difference in movement effort across different 

levels of jerkiness when playing both Fruit Ninja (X²(2) = 9.476, p= .005) and Space 

Pop (X²(2) = 14.913, p= .001). 

Post-hoc analysis using a one tailed Wilcoxon Signed-Rank Tests with a Bonferroni 

correction applied (p< .017) indicates there was a significant difference between 

slightly jerky and very jerky movements when playing both Fruit Ninja (p= .003) and 

Space Pop (p= .020). 

To explore whether movement effort impacted on the experience, a one-tailed Spearman 

Rank Order correlation was undertaken between movement effort and the emotional 

states of valence, arousal, dominance and enjoyment. The results found a small, 

significant positive correlation between movement effort and arousal when playing 

Fruit Ninja (rs=.273, p= .015). When playing Space Pop, there was a small significant 
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positive correlation found between movement effort and arousal (rs=.235, p= .032) and 

between movement effort and dominance (rs=.217, p= .043). A slightly large, 

significant positive correlation was found between movement effort and enjoyment 

(rs=.331, p= .004).  

Based on the results of the movement difficulty analysis and correlation analysis, it is 

evident that the difficulty of the movement has no relation to the movement effort 

required and neither does it seem to affect valence ratings either. Movement effort also 

appears to have little effect on emotional arousal and dominance though it may have a 

larger effect on enjoyment ratings.  

4.8 Extroversion  

Extroversion was measured using a one-tailed Spearman Rank Order correlation 

analysis to determine whether personality had an effect on emotional states of valence, 

dominance, arousal and enjoyment. Due to the co-operative nature of the game, it is 

expected that higher extroverted individuals would experience an increase of emotions 

felt then less extroverted individuals.  

Extroversion ratings ranged between 18-39 (Mean extroversion= 27, Standard 

deviation= 4.858). The correlation analysis revealed that while playing Fruit Ninja, a 

small significant positive correlation existed between extroversion and valence (rs=.272, 

p= .016). A slightly larger significant positive correlation found to be strong existed 

between extroversion and arousal (rs=.372, p= .001) and between extroversion and 

enjoyment (rs=.362, p= .002). No significant correlation was found between 

extroversion and any of the measured emotional states as a result of playing Space Pop.  
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This result indicates that the more extroverted the player is, the more emotional positive 

valence, arousal and enjoyment they would feel when playing Fruit Ninja. As this was 

limited to one game, it can be inferred there is an element of Fruit Ninjas cooperative 

play that enhanced the emotions felt by extroverted individuals which will be explored 

in the discussion.  

4.9 Results Summary 

Data trends were first examined using box plots and bar graphs followed by statistical 

analysis to determine whether the data was statistical significance. The analysis showed 

different levels of jerkiness were significant enough to assume that any significant effect 

on the variables being measured were the result of a change in jerkiness in a player’s 

arm movement. This provided the basis for analysing other variables though confound 

variables were first analysed to ensure no bias was present in the study. The results of 

the confound variable analysis found Fruit Ninja scores were significantly affected by a 

change in jerkiness but no significant correlation was found between the scores and the 

emotional states. This allowed the analysis to proceed looking at the effects of jerkiness 

on emotional states, the results of which are summed up in table 9. 
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Summary of Significant Findings from the Statistical Analysis 

Variable 
Fruit Ninja 

Sig. between 

Space Pop 

Sig. between 

Score J3>J1  

Valence J3>J1 J3>J1 

Arousal J3,J2>J1 J3>J1 

Enjoyment J3,J2>J1 J3>J1 

Movement enjoyment J3,J2>J1 J3>J1 

Movement effort  J3>J1 J3>J1 

Table 9: Variables that were significantly or close to being significantly affected by a change in jerkiness 

levels.  

J3>J1= very jerky movements have a significant higher difference then slightly jerky movements 

J3,J2>J1= very jerky movements and jerky movements have a significant higher difference then slightly 

jerky movements 

Of particular note, the significance of variables found to be affected by a change of 

jerkiness were mostly found between slightly jerky and very jerky movements (see 

Table 13 and 14 for post-hoc analysis significant values). This will be discussed in 

chapter five (see significance of results found between certain levels of jerkiness) along 

with a discussion on the other findings explaining how the results fit the hypothesis, the 

factors that affected the results, limitations of the study and what future research can 

consider as a result of these findings.  
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Chapter 5: Discussion 

This chapter discusses the results found and how they match the hypothesis along with how 

they support other literature. Considerations to make when interpreting the findings of this 

study are also discussed along with how future research could further develop this field of 

study.  

5.1 Why the Results were Significant between Certain Levels of Jerkiness 

Most variables found significance only between slightly jerky movements and very jerky 

movements. An explanation of this can be found when reviewing the jerkiness values in a 

line graph (Figure 16 and 17). 

  

 Figure 16 and 17: Line graph of jerkiness values for each participant and each condition for each game.  

 

From figure 16 and 17, it is evident that the jerkiness values of jerky movements tend to be 

similar to either slightly jerky values or very jerky values. This was due to both an individual 

variance in how much jerkiness participants chose to apply in each condition and the 

difficulty in controlling the baseline of jerkiness required for each level of jerkiness. As 

figure 16 and 17 highlights, some participants used more jerkiness in a movement then others 

in the same condition which may be attributed to the physical capabilities of those 

participants to be able to apply more jerkiness in a movement then others.  
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Future research 

Future research could look at developing a game to control of the amount of jerkiness 

required to play a game such as enabling a level to be played using a minimum amount of 

jerkiness. This would help establish a baseline for jerkiness that would firstly, increase the 

difference in jerkiness values between each level of jerkiness and secondly, allow for more 

levels of jerkiness to be distinguishable between one another, allowing for use of a regression 

analysis to better understand the effect of jerky movements on emotions. 

5.2 Hypotheses 

Hypothesis 1 

Playing an aggressive game will elicit feelings of aggression and negative emotional valence 

that increases as jerkiness in a player’s arm movement increases. Conversely, playing a non-

violent game will not influence negative emotions, instead inducing positive emotional 

valence when a non-violent game is played, increasing as jerkiness in a player’s arm 

movement increases. 

This hypothesis was based on the assumption that the underlying context of a situation 

elicited an emotion (e.g. aggression from an aggressive game) and subsequently the 

emotional valence felt (i.e. negative or positive); with an increase of jerkiness in movements 

leading to an increase of the valence felt.  

However, the results of this study did not indicate any clear difference between the 

aggression felt playing either game or any difference on aggressiveness felt as a result of an 

increase of jerkiness. This makes it difficult to confirm the validity of this assumption.  
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Notably though, a one-tailed Spearman Rank Order correlation analysis between aggression 

and enjoyment revealed a small positive correlation which was significant when playing Fruit 

Ninja (rs=.254, p= .022) but not when playing Space Pop. This suggests playing Fruit Ninja 

does generate feelings of aggression but not significantly enough to perhaps override the 

emotional enjoyment of the game and thus the valence felt.  

An explanation for the lack of significant difference in aggression elicited between both 

games may be due to the theme of the game. While Fruit Ninja was postulated to be an 

aggressive game due to the similarity of aggressive movement tested by Melzer et al (2010), 

the game may not have generated strong feelings of aggression because the theme of the 

game was neither as gory nor as brutal as Dungeon Quest to warrant such emotional 

aggression. Therefore, in the absence of a negative emotion, playing Fruit Ninja was instead 

found to elicit positive emotional valence that increased as jerkiness in a player’s arm 

movement increased.   

This was also found to be true when playing Space Pop and the very strong positive 

correlation found between enjoyment and emotional valence seems to support this. 

To a lesser extent, it appears that emotional valance is also influenced by how much 

participants enjoyed the movement and suggests the shape of the movement used may have 

an effect on the emotional valence (I.e. in Fruit Ninja, players slash with downward 

movements while in Space Pop, players flap their arms). As embodied games use different 

types of movement, this will be of interest to explore in future research. 

Based on the findings of this study, this hypothesis cannot be fully supported. While it is true 

that in the absence of a negative emotion, enjoyment was found to elicit positive emotional 

valence that increased as jerkiness in a player’s arm movement increased. It cannot be 

determined here whether this applies to a different context where a game elicits underlying 
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emotions of aggression subsequently results in feelings of negative emotional valence that 

increases with more jerkiness.  

Future Research  

Based on the results discussed here. Future research could explore the validity of hypothesis 

one further by testing a game with a more violent theme or by developing a game which can 

elicit emotions that influences feelings of positive or negative emotional valence. I.e. to make 

them feel aggressive in one level or calm in another. This would expand the findings of this 

study by exploring whether the underlying context affects the feeling of valence, increasing 

as jerkiness in a player’s arm movement increases. 

Hypothesis 2 

 An increase in jerkiness in a player’s arm movement will increase feelings of arousal across 

both games but no difference in feelings of dominance.  

Arousal 

To test the generalizability of Walsh (2011) findings, this hypothesis assumes that the jerkier 

the movement, the more emotional arousal that would be felt by participants. While Walsh 

did not measure the effect jerky movements had on dominance, it was deemed of interest to 

investigate whether there was any effect as a result of jerky movements. Based on literature 

stipulating dominance as the measure of how in control participants feel (Broekens, 2010), it 

is postulated that the controlled laboratory environment used by this study will lead to no 

perceivable differences in feelings of dominance. 

The finding of this study found jerkier movements’ increased emotional arousal regardless of 

the game played. Looking at the correlation analysis between movement effort and emotional 
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arousal, it appears evident that arousal increases as movement effort increases, supporting 

Fagerberg et al (2003) and Walsh (2011).  

As both games found this trend, it can be said to be generalized across other embodied 

games. Ideally, more games with different genres ought to be tested to increase the validity of 

this finding.    

Dominance 

The results showed jerky movements had no perceivable effect on dominance. Broeken 

(2012) postulated dominance as how in control one feels in their environment. As the study 

occurred in a laboratory setting, this may have affected the findings as most games were 

played in a home where participants are in control of various aspects of their environment 

such as the game they play, how long they play for and even to some extent, how they play it. 

In essence, the laboratory setting epitomizes the exact opposite of this with the control of the 

environment remaining in the researcher’s hand. This also meant control of the level of 

jerkiness used to play a game may have possibly contradicted how much jerkiness 

participants would normally play it and thus, reduce the amount of control they feel. In 

addition, being video recorded may also have impacted how naturally some participants felt 

in performing the movements, contributing to the lack of control they have in their 

environment. 

The findings of this study therefore indicate support for hypothesis two. 

Future Research 

Future research could look at other embodied game genres to further validate these findings. 

It may also be of interest to explore the effect of movements on dominance further before a 

development of principled design guidelines can be realised. 
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5.3 How the Results Support Other Research 

In regards to other research, the findings support the idea that use of different body gestures 

when playing embodied games can help shape the player’s emotional experience (Walsh, 

2011). From the analysis performed in this study, it can be seen that the affective states of 

valence, arousal and enjoyment were influenced by a change in jerkiness which ought to be 

considered when designing interactive movements for embodied games.   

This study also provides further support for effect of the affective loop as discussed by 

Sundström et al (2005). As players performed jerkier movements, they became more engaged 

with the underlying emotion associated with that movement and the games context, which in 

turn caused players to adopt the body movements accordingly (Walsh, 2011).  

Discrepancy of Emotional Valence Findings 

However, the results of this study contradicts Walsh (2011) who found no clear effect of 

jerky movements on emotional valence and Fagerberg et al (2003) who found characteristics 

of jerky movements would cause negative emotional valence. Instead, this study found that 

when players enjoy playing an embodied game; in the absence of a negative emotion, 

enjoyment elicits positive emotional valence which increases with use of jerky movements. 

One explanation for the discrepancies found between this study and Walsh (2011) may be the 

motion capture sensors used. Walsh (2011) used a motion capture suit for some participants 

whereas this study used a less intrusive wristband Q-Sensor to track movement data. This 

supports findings stipulating the feeling of intrusiveness that derives from wearing a motion 

capture suit (Pasch & Landoni, 2011) may have influenced the valence felt.  
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Another explanation may be due to the small participant sample size used, in which case, a 

larger participant sample size in future studies would assist in determining the applicability of 

these findings.  

5.4 Interpretation Factors to Consider 

There are a few factors to consider that may have affected the findings found in this study. 

These are the use of correlation analysis to interpret the data, the effect scores may have and 

personality influences. Consideration of these factors will better inform future research 

undertaken in this area.  

Correlation Analysis 

The reliability of the correlation analysis ought to be considered for two reasons. Firstly, 

emotions are a subjective feeling. It is therefore difficult to establish a baseline for emotions 

as would be expected of other variables such as scores. Secondly, as mentioned earlier, there 

was no baseline used for measuring different levels of jerkiness. Participants were found to 

vary in how much jerkiness was applied for each level of jerkiness. This meant that some 

participants performed slightly jerky movements using more jerkiness than other participants 

did for jerky movements (see Table 11, Appendix K). This causes difficulty in ascertaining 

whether a set amount of jerkiness affects emotional valence differently.  

Scores 

Although scores were found not to have a significant effect on emotional states, it was 

significantly affected by a change in jerkiness, making it difficult to dismiss as a confounding 

variable. It is possible that the number of participants used in the study made it difficult to 

distinguish any significant effect on emotions in which case, a larger population sample 

would help identify clearer patterns and trends while also avoiding Type II errors from 
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statistical analyses (where small, strong and important effects are identified as non-significant 

due to a small population sample size (Levine & Hullett, 2002)).  

Another suggestion would be for future research to develop a game that does not incorporate 

a score element such as EmRoll (Zangouei et al, 2010). This will help eliminate performance 

as a bias on emotional states, allowing for a clearer identification of the effect movements 

have on emotions.  

Extroversion  

Feelings of valence, arousal and enjoyment were found to be positively correlated with 

extrovert scores which suggest the social element and personality had a role to play in 

influencing feelings. However, the correlations show only arousal and enjoyment have a large 

enough relationship with extroversion, allowing for the assumption that higher extroverted 

individuals felt higher amounts of emotional arousal and enjoyment and vice versa. This was 

also only significant when playing Fruit Ninja with extroversion seemingly having no effect 

when playing Space Pop.  

This suggests that the cooperative nature of Fruit Ninja has some influence on participant’s 

emotional state not evident in Space Pop. An initial explanation for this may lie in Fruit Ninja 

requiring more co-operation and social interactions then Space Pop, with participants making 

each other aware that a bonus fruit was on the screen (whereby cutting the bonus fruit would 

trigger a power bonus that helped increased their score) or to apologise whenever a bomb that 

deducted points was cut. This would support Ferrai (2007) who postulated that the social 

element of the game would increase the enjoyment felt by highly extroverted individual.  

However, it is not possible to establish the validity of this claim from the findings of this 

study.  
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Future Research 

Future research could look into investigating the effect of the games phasic episodes (Ravaja 

et al, 2007) on social interactions and their subsequent effect on emotional valence. This can 

be taken into consideration for the development of a game that would take into account any 

potential biases outlined in this study. 

5.5 Future Research 

Other sections of this chapter have already discussed what future research could do to 

develop these findings, leading primarily to the development of a game that considers the 

effect certain variables have on the effect of emotional valence. Such a game would ensure a 

minimum baseline of jerkiness is require for each level of jerkiness, allow for different types 

of emotional state to be elicited and shed the requirement of scores to prevent a potential bias. 

This would help develop further understanding of the effect jerky movements have on 

emotions, particularly emotional valence.  

Future research could also look at further developing understanding of the effect extroversion 

has on the gaming experience and the effect of body movements on emotional dominance.  

Further research could also look to generalize other findings from Walsh (2011) as this study 

focused primarily on the effect large, jerky arm movements have on emotional valence. Other 

movement combinations used by Walsh (2011) were large vs. small movements, open vs. 

closed movements and flowing vs. jerky movements. It would be insightful if future research 

could explore whether these findings were also generalizable towards other embodied games.  

To triangulate findings, observers could rate the body movements of participants from videos 

to determine whether emotional states differed between the levels of jerkiness. Gross et al 
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(2012) supports this method, finding that observers can accurately rate emotional states of 

elicitors who feel target emotions. 

Finally, it may be useful to explore whether different forms of arm movements influences 

affective states. Different movements vary in the amount of effort required with some 

movements being more difficult to perform than others. For example, in Space Pop, flapping 

arms is a difficult movement to sustain for a long time and requires more effort than the 

cutting movements used in Fruit Ninja. 

5.6 Discussion Summary 

The results of this study found a significance effect of jerkiness on the variables measured in 

this study primarily between slightly jerky and very jerky movements. This was due to both 

individual variations in how much jerkiness participants chose to apply for a given level of 

jerkiness and the difficulty in establishing a baseline of jerkiness required to perform each 

level of jerkiness.  

The results found hypothesis one could not be fully confirmed due to the difficulty in 

determining whether Fruit Ninja elicited aggressive feelings. However, there was support for 

enjoyment; in the absence of a negative emotion, eliciting positive emotional valence that 

increased as jerkiness in a player’s arm movement increased. This lends some validity for 

hypothesis one which requires further exploration. 

This finding also contradicts Walsh (2011) with the discrepancy being explained as the result 

of the sample population used and the motion capture devices used in each study. 

Furthermore it was also found that the enjoyment of the movement may contribute to the 

emotional valence though this also requires further exploration.  
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Hypothesis two aimed to establish whether emotional arousal also increased with an increase 

of jerkiness (as found in Walsh (2011)), but no discernible effect on emotional dominance 

was postulated to occur due to the laboratory setting of the study. This study found that as 

movement effort increased due to more application of jerkiness in an arm movement, so too 

did emotional arousal in both games leading to a confirmation for this hypothesis. No 

discernible effect was found for emotional dominance in either game further supporting this 

hypothesis.  

Some considerations were also made in light of interpreting the data which are summarised as 

the use of correlation analysis, game scores and personality influences which should be 

considered for in future research. 

Finally, a few directions for future research were provided indicating a need to further 

understand the effect movements and personality have on emotional states with a focus on the 

development of a game that mitigates the possibility of scores acting as a bias while also able 

to elicit different emotional states and can establish a baseline of jerkiness values for each 

level of jerkiness. This will allow for a more in-depth exploration that can distinguish and 

compare the effect different levels of jerkiness have on emotional states. 

It is therefore summarised from this study that findings from Walsh (2011) regarding 

emotional arousal increasing with jerky movements are generalizable towards other 

embodied games but it is not possible to fully conclude that jerky movements influence 

emotional valence differently according to context. With this in mind, the findings from this 

study can be used to advance future research that seeks to further develop the answer to 

hypothesis one of this study and research in the area.  
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Chapter 6: Conclusion 

The present study aimed to test whether finding from Walsh (2011) regarding how jerky 

movements affected emotional states were generalizable towards other embodied games with 

an emphasis on further exploring the relationship between jerky movements and emotional 

valence. This was done by testing the assumption that the underlying emotion elicited by the 

games context influences the valence felt, increasing as more jerkiness is applied in the 

movement. The findings of this study has found support for Walsh (2011) who found jerky 

movements increased emotional arousal, but also contradictions, showing a positive 

relationship between use of jerky movements and  positive emotional valence. 

In addition, while this study could not establish whether the underlying context of a game 

affected the emotional valence felt, some support was found for the assumption that in the 

absence of negative emotions, enjoyment resulted in positive emotional valence which 

increased as jerkiness in a player’s arm movement increased. To develop these findings 

further, future studies could develop a game that could explore the validity of this assumption 

and further develop knowledge of how body movements affect emotions in embodied 

gaming.  

This study can be seen as advancing that of Walsh (2011) by acting as a stepping stone 

towards building a better understanding of how jerky movements influence emotions.  The 

implications of which, will hopefully contribute to the development of a principled set of 

design guidelines for embodied gaming.  
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Appendix A: Information Sheet 

Title of 

Project:   
Body Movement and Games 

This study has been approved by the UCL 

Research Ethics Committee as Project ID 

Number:  ___________MSc/1112/005_____________________ 

Name, Address and Contact Details of 

Investigators: Chi Chung Tsang, 

UCLIC, ucjt542@ucl.ac.uk 

 

We would like to invite you to participate in this research project. You should only participate if you want 

to; choosing not to take part will not disadvantage you in any way. Before you decide whether you want to 

take part, please read the following information carefully and discuss it with others if you wish. Ask us if 

there is anything that is not clear or you would like more information.  

You should be aware that physical exertion may be required, please do not volunteer if doing so will 

increase your health problems or if not recommended by your doctor as the researcher will not be held 

liable.  

 

This study will look at the user experience of playing video games requiring body movements. You will 

be playing Microsoft Kinect games on the Xbox 360 where you will be wearing a motion capture wrist 

bracelet for the duration of the gaming session. Please note that the gaming sessions will be video 

recorded for the purposes of the project and if you do not wish to be recorded then please withdraw from 

participating in the study. Before and after the gaming session you will fill in an assessment sheet. You 

will be able to rest between games if needed. 

You will be paid £2 for participating with the chance to win more money. Payment will be made only 

upon completion of the study.  

It is up to you to decide whether or not to take part. If you choose not to participate, you won't incur any 

penalties or lose any benefits to which you might have been entitled. However, if you do decide to take 

part, you will be given this information sheet to keep and asked to sign a consent form. Even after 

agreeing to take part, you can still withdraw at any time and without giving a reason.  

All data will be collected and stored in accordance with the Data Protection Act 1998. 
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Appendix B: Consent Form 

Title of Project:  Body Movement and games 

 

This study has been approved by the UCL Research Ethics Committee as Project ID Number:  MSc/1112/005 

 

 

Participant’s Statement 

 

I  …………………………………………...................................... 

agree that I have 

 

 read the information sheet and/or the project has been explained to me orally; 

 had the opportunity to ask questions and discuss the study; and 

 received satisfactory answers to all my questions or have been advised of an individual to contact for 

answers to pertinent questions about the research and my rights as a participant and whom to contact 

in the event of a research-related injury. 

 I understand that my participation will be taped/video recorded, and I understand, and consent to, 

these recording being used for analysis within UCL. 

 I understand, and consent to, these recording being used for analysis by other members of the UCLIC: 

Delete as appropriate: Yes/No 

 I understand, and consent to, the video or images of me, with no other identifying information, being 

used in an academic context: I.e. for demonstration at scientific conferences, teachings, publications 

or meetings Delete as appropriate: Yes/No 

 I understand that the information I have submitted will be published as a report and I will be sent a 

copy.  Confidentiality and anonymity will be maintained, and it will not be possible to identify me 

from any publications. 

 I understand that if I am being paid for my assistance in this research, some of my personal details 

will be passed to UCL Finance for administration purposes.  

 I understand that I must not participate if I have any health or fitness issues that might be exacerbated 

by physical exertion 

 

I understand that I am free to withdraw from the study without penalty if I so wish, and I consent to the 

processing of my personal information for the purposes of this study only and that it will not be used for any 

other purpose. I understand that such information will be treated as strictly confidential and handled in 

accordance with the provisions of the Data Protection Act 1998. 

 

Signed:                                                 Date: 

 

 

Investigator’s Statement 

 
I  …………………………………………………………………….. 

confirm that I have carefully explained the purpose of the study to the participant and outlined any reasonably 

foreseeable risks or benefits (where applicable).  

 

Signed:                                                    Date: 
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Appendix C: Kinect Health and Safety Guidelines 
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Appendix D: Researcher’s Assessment Sheet 

 

Information Sheet (To be filled by researcher) 

Participant Number: __ 

Age:  

Occupation: 

Gesture Type Order:  

Game Order:  

Vignette Scenario Order:  

Time:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Round No. 1 2 3 4 5 6 

Score        

Time       
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Appendix E: Big Five Inventory Questionnaire for Extrovert Scores (John et al, 2008) 

 

      How I am in general 

 

Here are a number of characteristics that may or may not apply to you.  For example, do you agree that 

you are someone who likes to spend time with others?  Please write a number next to each statement to 

indicate the extent to which you agree or disagree with that statement. 

 

1 

Disagree 

Strongly 

2 

Disagree 

a little 

3 

Neither agree 

nor disagree 

4 

Agree 

a little 

5 

Agree 

strongly 

 

I am someone who  

 

1. Is talkative    ____ 

 

2. Is reserved       ____ 

 

3. Is full of energy     ____ 

 

4. Generates a lot of enthusiasm  ____ 

 

5. Tends to be quiet    ____ 

 

6. Has an assertive personality   ____ 

 

7. Is sometimes shy, inhibited  ____ 

 

8. Is outgoing, sociable    ____  
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Appendix F: Self-Assessment Manikin (Bradley & Lang, 1994) and Enjoyment        

Assessment Sheet  

Post-Game Session Questions 

 

Q1. Please select a figure from each of the three lines that best represents your current emotional 

state. 

I feel very negative          I feel very positive 

 

 

 

I feel unexcited                        I feel very excited 

 

 

 

I feel very submissive                 I feel very dominant 

 

 

 

Q2. On a scale of 1-10, please rate how strongly you feel on this emotional state at the moment: 

a. I was enjoying the game 

 

 

Not very much         Very much 

 

 

 

 

 

1 2 3 4 5 6 7 8 9 

1 2 3 4 5 6 7 8 9 

1 2 3 4 5 6 7 8 9 



 
 

Page | 79  
 

Appendix G: APQ-12 Instructions and Scenarios (O’Connor et al, 2001) 

 

Instructions 

Please imagine how you would react AT THIS MOMENT to each situation. People differ in the way 

they react to these kinds of situations and reactions change overtime. Please indicate HONESTLY 

what you would do in each situation. The response you tick may not describe exactly what you 

would do, but should generally reflect how you would react.  

Don’t spend too much time on each answer; your first choice will usually be the best one.  

Answer all questions by both circling the number which indicates how you would feel and place 

ONLY ONE tick in the circle which comes closest to describing what you would do in each situation. 

An example is shown below. 

EXAMPLE: 

1. Imagine yourself in the following situation: 

You are down the pub with a couple of friends. You haven’t seen each other for a long time and 

therefore you have a lot to talk about. However, in the pub your two other mates spend the evening 

talking about things you know nothing about. As a result you feel left out of the conversation. 

 

What do you think you would do in this situation? 

O Leave without saying anything to them. 

O Let them see that I felt left out. 

O Say, “Oi lads, you’re boring! Can we talk about something else?” 

O Look at them angrily. 

O Shove one of the lads and shout, “That’s it, I’ve had enough” and then leave without them. 
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1. Imagine yourself in the following situation: 

It is Saturday evening and you are queuing to buy a lottery ticket. It’s very busy and the shop is soon 

to close. You have already been waiting for 10 minutes. Just when it’s your turn, someone else pushes 

in front of you.  

 

What do you think you would do in this situation? 

O Feel angry but do nothing 

O Push him and shout “wait your turn”. 

O Wait patiently until he had been served 

O Say “I’m sorry but it was my turn”. 

O Walk out of the shop 

 

 

 

2. Imagine yourself in the following situation: 

You have gone out to have a couple of drinks with your partner. Whilst you are at the 

bar, a stranger approaches your partner and grabs her/his backside. On your return, 

your partner tells you. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Leave and go somewhere else. 

O Do nothing 

O Threaten the stranger and swear at him. 

O Tell him that such behaviour is unacceptable and out of order. 

O Feel angry but do nothing at the time. 
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3. Imagine yourself in the following situation: 

You are in a great hurry and right in front of you a car stops. A man gets out but he carries on talking 

to the driver, blatantly ignoring your calls for him to move. You cannot get past the car. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Get out of your car, walk over to the man and threaten him. 

O Reverse the car and take another route. 

O Sit in the car and fume with anger, but do nothing. 

O Calmly wait until he moved. 

O Go over to him, tell him that he is being unreasonable and ask him to move 

 

 

 

4. Imagine yourself in the following situation: 

Your boss believes you have made a minor mistake at work. In the presence of all your work mates, 

he embarrasses you by calling you an incompetent imbecile. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Shout back to him that it wasn’t your fault. 

O Tell him that this is not the right way to talk to his employees. 

O Feel angry, but not do anything. 

O Shrug it off, and go back to work. 

O Walk away from him. 
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5. Imagine yourself in the following situation: 

You are in the cinema watching a movie. Behind you two lads are talking, laughing 

loudly and kicking the back of your seat all the time. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Turn round and ask them to be quiet or to leave. 

O Feel angry, and do nothing. 

O Move to another seat. 

O Try to ignore them. 

O Turn round and threaten to hit them if they do not keep quiet. 

 

 

 

 

6. Imagine yourself in the following situation: 

You are driving down the motorway. As you are in the process of changing to a slower lane, a 

reckless driver speeds out from the inside lane, cutting you off, causing you to slam on your brakes, 

swerve, and nearly lose control of your car. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Blast your horn several times at them. 

O Feel angry but do nothing. 

O Try to move away from that driver. 

O Chase after the other car and try to do the same to them. 

O Just carry on driving. 
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7. Imagine yourself in the following situation: 

You are out with a group of friends and there is one guy who is continually ‘taking the piss’ out of 

you and generally insulting your family. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Tell him to shut his mouth and threaten him if he doesn’t. 

O Leave and go home. 

O Feel angry but do nothing. 

O Tell him that he is not funny and should stop. 

O Laugh it off and try not to let it get to you. 

 

 

 

 

 

8. Imagine yourself in the following situation: 

You find out from a friend that your partner has been unfaithful to you on one occasion, after a works 

Christmas party. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Confront your partner about it next time you see her/him. 

O Get angry creating a big scene when you next see her/him. 

O Be inclined not to believe what I had heard. 

O Just not bother about it. 

O Feel very angry but do not do anything 
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9. Imagine yourself in the following situation: 

You are walking down the street on your way to an interview for a new job. As you 

turn the corner, a window cleaner nearby, accidentally spills soapy, hot water on your 

newly dry-cleaned suit 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Move away from the scene as quickly as possible. 

O Feel angry but don’t do anything. 

O Attract his attention, shout and swear at him. 

O Attract his attention and point out what he had done. 

O Just walk on and think that you were unlucky today 

 

 

 

 

10. Imagine yourself in the following situation: 

You’re sat on a train quietly reading the newspaper. A couple of football supporters are sitting a few 

seats in front shouting, swearing and generally being obnoxious. Suddenly, one of them throws an 

empty beer can in the air and it accidentally hits you. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Sit there feeling angry. 

O Try to ignore them. 

O Find somewhere else to sit. 

O Attract their attention and ask them to be more careful. 

O Go over to them and threaten them. 
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11. Imagine yourself in the following situation: 

It is Saturday afternoon and you are looking for a parking space in the centre of town. You drive into 

a car park and just as you are about to reverse into one of the few remaining spaces another car speeds 

into your space. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Drive away to look for another space. 

O Get out of the car, go over to the other driver and shout and swear at him. 

O Do nothing. 

O Go over to the other driver and tell him that this was your space. 

O Feel angry but do nothing. 

 

 

 

12. Imagine yourself in the following situation: 

You arrive home from work, it has been a long day. The kids are screaming and running around the 

living room whilst you are trying to relax and watch the television. 

How would you feel in this situation? 

 Not at all A little bit Moderately Quite a bit Extremely 

Angry 0 1 2 3 4 
Frustrated 0 1 2 3 4 
Irritated 0 1 2 3 4 

 

What do you think you would do in this situation? 

 
O Feel angry but nothing at the time. 

O Say “Children, please sit down and be quiet”. 

O Shout at the kids to be quiet 

O Sit patiently and ignore the children. 

O Get up and go into another room 
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Appendix H: Prisoner Dilemma Assessment Sheet 

Q4. You may now choose to put an X in the box below for a chance to win extra money.  

Note:  

If you place an X but the other player did not, you will get two raffle tickets with your name at the 

end.  

If you both place an X, there will be no extra ticket for either player.  

If no one places an X you both get a raffle ticket.  

 

 

 

 

Please return your answers to the researcher when you are done. Please do not disclose your 

answer to the person you are playing with. 
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Appendix I: Movement Rating Questions 

For each of the following questions, please re-enact the movement as though you was playing the 

game Space Pop for ten seconds first before answering. 

Large, slow movements 

1. How enjoyable was it to do the movement? (Delete one)  

Not enjoyable                   Neutral                                 Very enjoyable 

 

2. How difficult was it to do the movement? (Delete one) 

Easy                       Fine                        Difficult 

3. How tiring was it to do the movement? (Delete one) 

Too tiring                             Fine                        Not tiring at all 

 

Large, fast movements.  

1. How enjoyable was it to do the movement? (Delete one)  

Not enjoyable                   Neutral                                 Very enjoyable 

 

2. How difficult was it to do the movement? (Delete one) 

Easy                       Fine                        Difficult 

3. How tiring was it to do the movement? (Delete one) 

Too tiring                             Fine                        Not tiring at all 

Large, very fast movements. 

1. How enjoyable was it to do the movement? (Delete one)  

Not enjoyable                   Neutral                                 Very enjoyable 

 

2. How difficult was it to do the movement? (Delete one) 

Easy                       Fine                        Difficult 

3. How tiring was it to do the movement? (Delete one) 

Too tiring                             Fine                        Not tiring at all 
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 For each of the following questions, please re-enact the movement as though you was playing the 

game Fruit Ninja for ten seconds first before answering. 

Large, slow movements 

1. How enjoyable was it to do the movement? (Delete one)  

Not enjoyable                   Neutral                                 Very enjoyable 

 

2. How difficult was it to do the movement? (Delete one) 

Easy                       Fine                        Difficult 

3. How tiring was it to do the movement? (Delete one) 

Too tiring                             Fine                        Not tiring at all 

Large, fast movements.  

1. How enjoyable was it to do the movement? (Delete one)  

Not enjoyable                   Neutral                                 Very enjoyable 

 

2. How difficult was it to do the movement? (Delete one) 

Easy                       Fine                        Difficult 

 3. How tiring was it to do the movement? (Delete one) 

Too tiring                             Fine                        Not tiring at all 

Large, very fast movements. 

1. How enjoyable was it to do the movement? (Delete one)  

Not enjoyable                   Neutral                                 Very enjoyable 

 

2. How difficult was it to do the movement? (Delete one) 

Easy                       Fine                        Difficult 

3. How tiring was it to do the movement? (Delete one) 

Too tiring                             Fine                        Not tiring at all 

 

 



 
 

Page | 89  
 

Appendix J: Rotation Order of Conditions 

Participant APQ Scenario 
Game 

Order 
Game 1 Jerkiness Order Game 2 Jerkiness  Order 

1 3 4 5 6 1 2 S F 2 3 1 3 1 2 

2 4 5 6 1 2 3                 

3 5 6 1 2 3 4 F S 2 1 3 3 2 1 

4 6 1 2 3 4 5              

5 6 5 4 3 2 1 S F 3 1 2 2 1 3 

6 5 4 3 2 1 6                 

7 4 3 2 1 6 5 F S 3 1 2 1 2 3 

8 3 2 1 6 5 4              

9 2 1 6 5 4 3 S F 3 2 1 3 1 2 

10 1 6 5 4 3 2                 

11 2 4 6 1 3 5 F S 1 3 2 1 3 2 

12 4 6 2 3 5 1              

13 6 2 4 5 1 3 S F 2 1 3 1 2 3 

14 6 4 2 5 3 1                 

15 5 3 1 2 4 6 F S 3 2 1 2 3 1 

16 3 1 5 4 6 2              

17 1 5 3 6 2 4 S F 1 3 2 1 3 2 

18 1 6 2 5 3 4                 

19 6 1 5 2 4 3 F S 3 1 2 1 2 3 

20 2 5 3 4 1 6              

21 3 4 1 6 2 5 S F 3 1 2 2 3 1 

22 5 2 4 3 6 1                 

23 4 3 6 1 5 2 F S 2 1 3 3 2 1 

24 2 3 4 6 1 5              

25 3 2 6 4 5 1 S F 2 1 3 1 3 2 

26 6 4 5 1 3 2                 

Table 10: Rotation order for participants. S= Space Pop, F= Fruit Ninja 
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Appendix K: Total Jerkiness Values Table for Each Participant 

Participant 

Fruit Ninja Space Pop 

Slightly Jerky Jerky Very Jerky Slightly Jerky Jerky Very Jerky 

1 1.06 2.95 5.32 0.72 1.64 2.72 

2 1.51 2.55 3.39 0.13 2.21 2.49 

3 0.79 1.67 3.37 0.83 0.86 1.17 

4 1.21 1.78 3.60 0.99 1.21 1.29 

5 1.68 3.17 3.93 0.73 0.91 1.03 

6 1.58 2.67 3.07 0.68 0.89 2.35 

7 0.42 1.14 2.53 0.48 0.68 0.95 

8 0.40 0.90 2.06 0.31 0.65 1.08 

9 1.45 1.47 3.05 0.54 0.85 1.57 

10 1.85 6.37 7.62 1.32 2.36 4.34 

11 1.00 2.11 4.83 0.91 1.21 1.66 

12 1.86 5.16 6.35 0.43 1.45 1.81 

13 1.53 2.43 3.81 0.97 1.86 1.87 

14 1.09 2.74 3.88 0.68 2.11 2.70 

15 2.57 6.37 6.82 1.32 2.69 2.77 

16 0.97 3.40 4.82 0.75 2.20 2.20 

17 1.27 2.48 3.28 0.65 1.21 1.83 

18 1.68 2.21 3.37 0.75 0.80 1.69 

19 0.95 2.07 2.20 0.89 2.08 2.35 

20 1.31 2.04 2.26 0.58 1.60 1.68 

21 1.52 2.45 2.46 0.42 0.88 1.02 

22 1.85 4.83 5.85 0.39 1.08 2.18 

23 0.87 2.86 2.93 0.52 0.60 2.04 

24 0.70 2.84 3.68 0.51 0.84 1.94 

25 0.96 2.22 3.48 0.60 1.49 2.03 

26 1.18 2.83 3.21 0.86 1.75 1.79 

Table 11: Total jerkiness value of X, Y and Z axis’s for each condition and participant. Highlighted figures in 

bold indicate reordered values. 
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Appendix L: Test of Normality Results 

Shapiro-Wilk       

 Level Statistic df Sig.   Level Statistic df Sig. 

Jerkiness FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.972 

.841 

.892 

.968 

.942 

.898 

26 .672 

.001* 

.011* 

.572 

.055 

.014* 

 Enjoyment FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.949 

.897 

.871 

.955 

.928 

.879 

26 .216 

.013* 

.004* 

.297 

.069 

.005* 

Scores FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.932 

.913 

.949 

.822 

.908 

.805 

23 .118 

.048* 

.277 

.001* 

.027* 

.000* 

 Movement 

Enjoyment 

FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.815 

.618 

.508 

.784 

.765 

.689 

21 .001* 

.000* 

.000* 

.000* 

.000* 

.000* 

Valence FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.936 

.908 

.906 

.930 

.904 

.874 

26 .111 

.024* 

.021* 

.076 

.020* 

.004* 

 Movement 

Ease 

FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.803 

.738 

.809 

.774 

.788 

.808 

21 .001* 

.000* 

.001* 

.000* 

.000* 

.001* 

Arousal FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.922 

.930 

.897 

.958 

.932 

.869 

26 .051 

.079 

.014* 

.358 

.087 

.003* 

 Movement 

Effort 

FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.713 

.808 

.812 

.661 

.779 

.756 

21 .000* 

.001* 

.001* 

.000* 

.000* 

.000* 

Dominance FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.919 

.890 

.932 

.816 

.874 

.896 

26 .042* 

.009* 

.087 

.000* 

.004* 

.013* 

 Aggression FJ1 

FJ2 

FJ3 

SJ1 

SJ2 

SJ3 

.902 

.912 

.910 

.839 

.909 

.862 

26 .018* 

.029* 

.026* 

.001* 

.025* 

.002* 

Extravert  .974 26 .716  
Table 12: Table of normality for all variables across all 

conditions and games. 

 * indicates normality assumption was violated at 

significance p<0.05.  

 F= Fruit Ninja, S= Space Pop, J1= slightly jerk 

movements, J2= jerky movements, J3= very jerky 

movements 
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Appendix M: Post-Hoc Analysis Significant Results Table 

 

Wilcoxon Signed 

Rank (1-tailed) FJ3>J1 FJ2>J1 SJ3>J1 

Valence 0.015  0.013 

Arousal 0.005 0.004 0.007 

Score 0.003   

Enjoyment 0.002 0.000 0.001 

Movement 

Enjoyment 
0.004 0.002 0.015 

Movement Effort 0.003  0.020 

    

T-Test  (1-tailed) FJ3>J1 FJ2>FJ1 SJ3>J1 

Valence 0.013  0.013 

Arousal 0.005 0.003 0.006 

Score 0.003   

Enjoyment 0.001 0.000 0.001 

Table 13 and 14: Table of significant One-tailed 

Wilcoxon Signed Rank and T-Test with a Bonferroni 

correction (p< .017) analysis results for all significant 

variables.  

J3>J1= very jerky movements have a significant 

higher difference then slightly jerky movements 

J2>J1= jerky movements have a significant higher 

difference then slightly jerky movements 

 

 

 

 

 

 


