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Abstract 

 

This research is based on the design and implementation of a system that enables a player to 

engage in a virtual reality (VR) game with better immersion. The research was informed by 

the idea that real-time motion capture may improve the player’s immersion.  

Starting with the general topic on “Improving the immersion in virtual reality”, the researcher 

sought for ways to identify the problems with immersion that occur in VR. While playing VR 

games available in the market (during the year 2016), a common problem was observed: 

The user’s avatar (virtual agent) was not completely visible to the player as most of the games 

were played using controllers such as a head-mounted display and hand-held remote 

controllers with motion trackers. The tracking from these devices has limitations to generate 

real-time animation for the user’s virtual body. 

This research attempts to solve this problem by developing a technology to achieve full-body 

motion capture and establish performance capture in real-time within a VR game. This 

involves designing a system that utilizes effective technologies for 3D imaging and 

transmission with less latency and good haptic feedback. 

The research attempts to measure immersion by improving an existing measuring instrument 

(Witmer and Singer, 1998), that has been used by the US military, to measure the immersion 

by conducting experiments engaging humans to use the system.  

The research’s user-based studies involved collecting both qualitative and quantitative 

measures from 45 users in 2 phases of experimentation. Overall, it was found that the 

inclusion of performance capture has increased the immersion for the users.  
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Chapter 1: Introduction 

In order to rate a virtual reality (VR) experience, it is important find a tool to measure how 

immersive the technology is to a user. This immersion is an ideal tool that sets a benchmark 

to examine new innovations in VR. The word immersion determines the fidelity of the 

technology that influences the presence among the users. Presence is a user-factor which is 

based on how a user feels. Articles from several authors (Slater and Wilbur, 1997; Witmer and 

Singer, 1998; Craig, 2013) refer to presence in VR as the sense of being in the virtual 

environment.  

Due to technological abundancies, immersive simulations are achieved in many ways in virtual 

reality. Also, the contemporary literature enables prediction of the next state of the art in VR. 

Therefore, it is necessary for research to approach literatures and understand gaps in the 

present technologies in order to innovate new technologies for empirical research. According 

to Dessing and Craig (2010) goal keeping experiments, it was believed that mapping natural 

movements in VR is essential as it improves or enhances the level of task behavioural 

presence of the user. Their article says “we created goalkeeping task using immersive, 

interactive VR that afforded natural body and hand movements” (2010, p.2). 

This research developed a cricket batting simulator to measure immersion because using a 

batting simulator can form a case study that involves tasks such as hand and eye coordination 

and handling objects in VR. In VR games developed from 2016 to 2020, the batting simulators 

in STEAM store (Virtual Reality on Steam, 2003) such as Cricket Club, Howzat, Just Bat, Balls! 

Cricket, Cricket FeVR, Natwest VR Challenge were designed without capturing the user’s real-

time performances to an in-game avatar. Here, most of the games render only the moving 

bat and hide the entire user avatar. Even the best-selling game “IB Cricket”(ProYuga Advanced 

Technologies Ltd, 2020), which was released in 2020 while this research was underway, could 

only achieve a user avatar upper body with partial fidelity due to the lack of tracking 

references. The novelty of this research is to address this issue by mapping the user’s natural 

tracking references and to provide haptic feedback based on the tracking references.   

There are studies which are close to the one researched under this thesis title. An study from 

Emma-Ogbangwo (Emma-Ogbangwo et al., 2014) analysed real-time tracked user’s natural 
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tracking references in a form of gesture control. In that research, the authors used the hand 

gestures to turn the character’s direction in a multi-user virtual environment and studied the 

immersion factor called user presence. However, this research differs from that study as this 

study analysed real-time tracked user’s natural tracking references in a form of performance-

capture with haptic feedback in VR for an overall immersion. There is much research 

discussed in detail in the literature review that measures user-presence and immersion under 

the topic “Immersion and Presence in VR” but this did not use real-time performance 

capturing. There are research papers discussed in detail in the literature review about 

performance capturing and haptics techniques under the topic “Technologies in VR” but they 

did not measure immersion. 

The focus of this research is an innovation that implements performance capture to enable 

deformation of the player’s self-avatar in a real-time virtual reality game application. In this 

research a cricket batting simulator was developed in VR for a novel user-experience study 

for measuring the increase in immersion when applying the users’ performance capture in 

the present technology. 

A depth-based (3D Time of Flight) camera capturing technique was used in this research. The 

development considers the mentioned approach for rig-free tracking. Thus, the experience 

eliminates the need for any special rig or suits. The research uses a quantified method for 

user-experimentation and aims to measure immersion by analysing the factors influencing 

the user’s presence and experience. The reliabilities of the obtained data were analysed using 

and comparing Cronbach’s alpha and the author’s reliability prediction. 

The achievement of real-time performance capture provided opportunities to emulate 

feedback with precision. The experiment achieved an improved tactile feedback experience 

by engineering the novel actuator devices that provide a sensation with respect to the 

collision made to a deforming user-avatar in VR.  

The actuators use Bluetooth to receive commands from the VR application. The game 

simulation was designed and implemented by using 3D computer graphics tools from 

Autodesk and the Unity game engine. Therefore, the experiment aimed to provide an 

immersive VR experience followed by evaluating the player’s degree of immersion. 
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1.1 Research Question 

The central question to be investigated in this thesis is: 

How can immersion of VR Cricket or a VR batting simulator game be improved? 

This research will seek to demonstrate how to improve immersion by capturing the player’s 

natural body movements in real-time and applying them to the in-game User-Avatar 

contributing to the user experience. 

Secondly, how and whether immersion can be improved by adding haptic feedback referring 

to the player’s performance capture in real-time. 

Justification: To capture the player’s performance in real-time, it is necessary to track the 

player’s entire body using a motion capture technology added to a VR Game. Using this 

additional technology with haptics, players during the gameplay can have an elevated visual 

and kinaesthetic experience by mapping their body movements to their avatar and 

performing a gaming action. Apart from gameplay experiences this technology allows users 

to watch live or replay their performances in the game from another point of view.  

This research was conducted based on the previous studies on user avatar’s fidelity 

contributing to the immersion. User experience was studied on scenarios of applying this 

technology to a VR Cricket Game for measuring the immersion. This research contributes to 

improving the immersion in Virtual Reality.  

1.2 Hypothesis 

 In VR sports games that involve batting, technology can be made more immersive by 

applying real-time performance capture and haptic-feedback based on mapping the 

users’ natural movement.  

1.3 Objectives 

 To develop a (cricket) batting game as a VR simulation that reflects all the attributes 

in a contemporary commercial game.  

 To integrate a real-time motion capturing technology as a feature of a (cricket) batting 

simulator for a significant improvement in user-immersion. 
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 To conduct a user-based experiment for player immersion with and without the 

motion/performance capturing feature by forming a best methodology.  

1.4 Summary 

The research involves development of a novel technology for translating real-life body 

movements into corresponding actions of a virtual avatar inside a VR simulation and analyse 

the resulting degree of immersion by trialling the system with users. The experiment 

considers the formed hypotheses and the developed research question to design the novel 

technology and evaluation was conducted to measure the level of immersion among the 

participants. 
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Chapter 2: Literature Review 

For this empirical research, a number of literature sources were reviewed. The chapter 

contains a review of the most relevant recent research papers. These literatures were 

reviewed aiming to identify research methodologies that were adopted in user-experimental 

studies which examine an improvement made in technology in an existing VR system or a 

visual-based simulation.  

The chapter discusses various user-experiments in measuring the factors causing Immersion. 

The methodology followed in this research was formed by analysing the cumulative 

knowledge from these prior experiments. The chapter also identifies various technologies and 

simulators that have been utilised in the attempt to improve user-experiences, which in turn 

has inspired this researcher to adopt a technology implemented for proving this research 

hypothesis. 

2.1 Immersion and Presence in VR 

This part of the literature review aims to identify the factors causing Immersion and Presence. 

The term “immersion” was first mentioned in the research article (Bystrom, Barfield and 

Hendrix, 1999). It was mentioned that immersion will be raised when a user has continuous 

interaction with computers. According to McMahan (2003), Gaming Immersive-Ness could be 

said to be the mental process that is involved in a gameplay. As per his article, the word 

“Presence” could be used in a telecommunication context but not in a gaming context. Here, 

immersion is a gaming term that emulates the user’s sense of presence, and presence is 

considered as a major factor influencing immersion.  

A recent research meta-analysis paper (Cummings and Bailenson, 2016) is a compendium for 

immersion research. The paper analysed the immersion research from the past decade. 

Immersion studies started about 50 years ago. The first head-mounted display was 

Sutherland’s “The Sword of Damocles” (Sutherland, 1965). The device was heavy and bolted 

into the ceiling. This provided the first VR simulation in 1965. At present, there are many 

theses which describe the experience users had in the simulation. The research papers 

mention user-experiences such as presence and immersion in common but the relationship 

between “Presence” and “Immersion” was not clarified enough. They were standardised 
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concepts for “presence” and everyone understood that presence as the user’s psychological 

engagement, described as “a sense of being there”.  

“Immersion” is a new terminology that still needs to be standardised. In the meta-analysis 

paper (Cummings and Bailenson, 2016), the authors explained that researchers often confuse 

the term “presence” as synonymous with immersion, an expression for a larger presence or 

a completely different entity. According to the analysis of recent research papers, the term 

“immersion” was considered to carry a concept and was believed to be proportional to the 

presence of the users.  

The term “immersion” refers more to the achieved technology in a virtual environment. 

According to Slater and Wilbur (1997), the immersion of a technology can be categorised 

based on the  

1. Fidelity of the sensory cues such as from vision, sound and touch.  

2. Accuracy of mapping the virtual avatar to the user’s physical movement.  

3. Development of user involvement such as introducing cognition, plots and narratives. 

 

The meta-analysis article by Cummings and Bailenson also examined the degree of correlation 

between immersion and presence. Most research used user presence to figure out the 

immersion of the technology. Thus, the article discussed the user’s sense of presence in 

various categories referring to various specific papers (Wirth et al., 2007; Slater, 2009; 

Balakrishnan and Sundar, 2011). 

The article says “a designer seeking to maximize user presence should construct the most 

advanced, technologically immersive system possible” (Cummings and Bailenson, 2016, p.4). 

Improvement in update rates, tracking devices which are highly accurate and less 

cumbersome, wider stereoscopic visuals in head-mounted displays (HMD), binaural sounds 

and photorealistic avatars must be considered for a better immersion. The calibration 

procedures for the tracking devices must be minimised for a better technology. 

Regarding the user’s sense of presence, data are commonly acquired through a self-report. 

The other ways of measuring data are through studies that involve body posture, memory 

test and physiological arousal. These were considered to be completely objective compared 
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to a subjective self-report. Spatial presence (the feeling of being located in the virtual 

environment) is considered to be crucial and is categorised into social spatial awareness (the 

feeling of sharing the space with another avatar) and self-spatial awareness (the feeling of 

owning their own avatar). Little research has involved questionnaires that measure the user’s 

cognition, i.e. involvement and engagement under spatial presence, and questionnaires 

regarding emotion, arousal or affect. 

In regard to immersion (presence inducing system factors), such a questionnaire emphasises 

the system configurations and its content. The content entities are analysed for their 

narratives/plots, game elements and violence/emotional tone, whereas the system 

configurations are classified into tracking level, stereoscopic vision, image quality, field of 

view, sound quality, update rate, user perspective and high versus low examination. 

For the meta-analysis, (Cummings and Bailenson, 2016) collected research papers from 

various resources across the world referring to immersion or presence. They contacted the 

researchers and produced a collective report, of more than 200 studies regarding presence 

and immersion. They discarded the data which were irrelevant. After the empirical 

investigation and statistical analyses of the data, the results were discussed. 

Surprisingly, the results showing the degree of correlation between immersion and presence 

were not satisfied in some theories. The collective factors considered for immersion 

measurement have a medium-sized effect on presence due to the assumption of factors like 

resolution, image quality and sound. These factors were found not to contribute towards 

immersion, whereas factors such as tracking, stereoscopy and field of view had a larger effect 

on spatial presence, and the factor “update rate” contributed the highest sense of presence. 

These meta-analysis results were believed to help the technology designer to focus on the 

factors that have high effect on the user’s presence. Also, it was believed that the analysis 

would improve the scope of interesting theoretical implications such as (Wirth et al., 2007) 

spatial situational model and the findings on navigation according to Balakrishnan and Sundar 

(2011). 
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2.1.1 Measuring Immersion and Presence 

The measures for immersion are commonly categorised into two classifications. According to 

Norman (2010), two different tools are developed based on (Witmer and Singer, 1998) and 

used by the US military to measure a simulation. They are: 

 IAI, Immerse Ability of Individual 

 ING, Immersion of Games. 

Witmer and Singer (1998) initially sensed the requirement for measuring immersion when 

working for the US military on simulator training and simulator fidelity. Based on that, 

Norman (2010) developed the instruments Immersive Ability of Individual (IAI) and Immersive 

Ness of Games (ING) in the laboratory for simulation. IAI contains questionnaires that study 

the participants likely to get immersed. They should fall into one of the following categories: 

Daydreaming, Movie interested, Video Games interested and Sports interested. It also 

considers the player’s ability to undertake dual task, focus attention and maintain alertness, 

which can vary from person to person. For many the tendency to drift into a daydream causes 

a high vulnerability to becoming immersed in a game which is targeted towards people who 

like characters, epic and fantasy. Movie interested audiences are likely to become immersed 

in games created on their favourite movie. The love for their sport makes the sports audiences 

pursue the game and play the game continuously. Skills like Dual Task, Focus Attention and 

Alertness are called cognitive skills and they contribute to immersion. It is difficult for a game 

designer to control the IAI factors due to the diversity in the user’s interest. ING factors can 

be controlled for audiences looking for quality of game in terms of visual presence, auditory 

presence, sensory engagement and sense of control. The colours, graphics, ambience, mood, 

realism in rendering and quality of animation accounts for the visual presence (Norman, 

2010). This increases the user’s immersion in a game. Authentic sounds and 3D surround 

audio brings immersion into game. This is due to auditory presence. The interconnectivity in 

the visual-audio feedback is the sensory engagement and sense of control that allows the 

player to accept the interface of the game for viewing. Apart from ING and IAI, the player 

should be aware of the interface. As a player becomes familiar with the interface, the 

tendency to become immersed in the game rises. Awareness of the real world was also 

studied because it reduces whenever the immersion in the game increases. 
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McMahan (2003) states that three conditions are important to create the experience of 

immersion in video games: 

1. Convention should match user expectation. 

2. Things should be meaningful for a player. 

3. The game world must be consistent. 

According to Taylor (2002), a player must be familiar with the interface, i.e. the type of gaming 

controllers and the interpretation of the output. 

Familiarity and experience could influence immersion. Perron (2005) writes that players 

develop both cognitive and motor skills to engage in gameplay. The immersion drastically 

increases when a player progresses from unfamiliarity to familiarity. 

A questionnaire-type experiment was made by Ermi and Mäyrä (2005) while interviewing 

Finnish children to analyse immersion. The questionnaire mainly covers three major 

components: 

1. Audio-visual quality 

2. The number of challenges in the game 

3. The fantasy elements in the game 

The audio-visual quality involves sensory immersion related to graphic quality, providing 

visual and auditory experiences. The user personalities also simulate immersion. The 

difficulties in the games elivates challenge-based immersion. The interesting characterisation 

and fantasy elements in the game create an imaginative immersion. Ermi and Mäyrä (2005) 

developed a questionnaire of 18 items in order to analyse 13 different games. Apart from the 

analysis, there are other immersions to consider. They are cognitive immersion which refers 

to the mental involvement required to solve a problem and visceral immersion which refers 

to the gut feeling to strike. People also have the tendency to get immersed in activities that 

involve them like their favourite entertainments such as movies, sports and video games. The 

immersion also varies from person to person based on their focus and attention. 
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2.1.2 Virtual Embodiment Experimentation 

An article from Argelaguet (Argelaguet, 2016) studied the effects of virtual hand 

representation in a VR simulation. The experiment provides three degrees of VR simulation 

to perform a simple task like lifting an object in a game. The simulations are categorised based 

on the virtual hand representation: 

1. Without hand representation 

2. Hand representation with low fidelity (pointer like icon) 

3. Hand representation with high fidelity (realistic) 

The research investigates human reflexes by introducing a risk in the simulation, for instance, 

a chainsaw nearing the hand representation. The spatial awareness of the participant was 

evaluated by observing their behaviour in the simulations and also by the set of qualitative 

questionnaires after the experiment. The scores were rated high for the simulation with 

realistic hand representation. 

2.1.3 Wobbly Table Experimentation 

In the “wobbly table experiment”, (Lee et al., 2016) tested a simulation that mutually 

connected the physical and virtual worlds. Here, the simulation had a physical table that could 

wobble or move using an electro-mechanical pneumatic system. The other half of the table 

was extended into the virtual world using a television screen creating an illusion. The 

simulation was set in order to investigate the interaction between a participant and a virtual 

agent. The virtual agent was either a male or female that conducted an interview in the 

simulation. Two simulations were tested: 

1. With virtual agent 1 that does not express awareness of the environment. 

2. With virtual agent 2 that expresses awareness of the environment.  

The simulation produced a wobble/shake in the table during the conversation, synchronising 

the real and virtual worlds. During this period, virtual agent 2 expressed a spatial awareness, 

whereas virtual agent 1 remained inexpressive. After the experiment, the participants were 

asked to answer a questionnaire that measured the quality of the simulations. The results 

showed an increase in social presence among the participants sharing their space with virtual 

agent 2.  
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2.1.4 Deformable Hand Experimentation 

The research paper (Hirota and Tagawa, 2016) on the “Deformable Virtual Hand” also tried 

to improve the virtual reality experience aspect of manipulating objects. The experiment used 

a method called “contact simulation” that allows a user to grip a virtual object. The research 

investigated and applied realistic human techniques to grip virtual objects and these were 

analysed by studying finger and palm dynamics.  

The second part of the research investigated the hand tracking techniques. The research 

proposed a method to minimise position and orientation errors. This enabled the simulation 

to function with update rate of 50 fps. The deformable virtual hands were achieved by a Finite 

Element Method (FEM) and used a penalty method to detect the friction of contact. The 

research improved the interactional need for an immersive experience. 

2.1.5 Haptic Feedback Experimentation 

Many research studies have been conducted to make virtual reality more immersive. Haptic 

feedback is one such important aspect to be improved in a VR simulation. A research paper 

(Hummel, Wolff and Gerndf, 2016) used electro-tactile techniques to produce a haptic 

feedback. The experiment investigated previous research that attempted to produce a haptic 

feedback-like force and vibration which was in response to an event in the simulation. The 

electro-tactile techniques used were light-weight and did not harm the participant.  

The technology was achieved by implementing tactors and electrodes that were attached to 

the fingers, forearm and upper arm. The VR simulation was a scenario of servicing a satellite 

in space that has non-trivial tasks such as pushing a button, pulling a lever and replacing 

components. 

The study examined the participant’s sense of grasping in the experiment. After the 

experiment, participants were asked to complete a questionnaire comparing the simulations 

with and without haptic feedback. The results showed that the participant’s precision of 

interaction and sense of grasping were increased after the application of the electro-tactile 

feedback. Thus, feedback contributes to the user’s sense of presence. 
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2.1.6 Social Presence Transfer Experimentation 

According to Kim and Daher (2016), there is a transfer of social presence in an interaction 

between a human and a virtual agent. The real-virtual human interaction is one of the crucial 

spaces to be dealt with in virtual reality. The term social presence can be described as the 

“one’s sense of being socially connected with the other” (Lee et al., 2016, p. 1). Therefore, it 

was important to understand social presence by experimenting on real-human interaction. 

The research proposed a hypothesis on transferable social presence and conducted a test.  

The experiment involved physical-virtual conversation between a Real Human (RH) and a 

Virtual Human (VH) in the format of a guessing game. The virtual human answered either 

“yes” or “no” according to the real human’s probe questions. The answers, gestures and 

expressions of the virtual human were produced by controlling remotely in a studio nearby. 

The participants in the experiment could ask a maximum of 21 questions to guess what was 

in the virtual agent’s “mind”. 

The experiment was conducted by recruiting two groups of participants to play this game. 

Group one played the game mentioned above, whereas group two played the game with 

some additional features and effects. Before entering into the game hall, the participants 

from group two could hear ambient sounds from a conversation happening inside the game 

room. As the participant enters the room, they witnessed a video conference between an RH 

(an actor) and a VH finishing a conversation. When the participant entered, the actor stopped 

the conversation and vacated the room by greeting and interacting with the participant and 

the virtual human. After the experiment, the participants from the two groups were asked to 

complete a post-experiment questionnaire that measured social presence, presence, 

affective attraction, emotional and co-presence.  

As a result, the ability of the transferred social presence was studied in this research. Thus, 

the research used self-reports from the users to identify social presence and explained the 

importance of measuring social presence as a factor for the user’s sense of presence. 

2.1.7 Multi-Sensory Cue Experimentation 

An investigation was conducted into various aspects that improve immersion in walking in 

virtual environments (Feng, Dey and Lindeman, 2016). The research proposed multi-sensory 
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cues. Initially, the research worked on developing a VR walking experience that has less 

latency. In the second phase of the research, the system design aimed to produce additional 

features. The additional features were achieved by studying the user’s perception, such as 

field of view, movement cues and multi-sensory cues. In multi-sensory cues, the experiment 

attempted to fabricate cues on visual, audio and haptic senses. As a result, their hypothesis 

investigated the cues for motion and directional wind, footstep sounds and vibration. 

The research used Oculus DK2 (a 3 Degree of freedom version of the Oculus Head Mounted 

Display) and noise cancelling head phones to provide VR. The experiment was conducted in a 

cage that specified the play area. The cage had pan-tilt fan units attached at a uniform 

distance. The floor had vibration actuators to sense the steps and trigger the audio, 

respectively. The centre of the cage contained a swivel chair to reference the position of the 

participants. The chair was attached to the accelerometer to acquire its representational 

coordinates in the VR world. The actuators and the pan-tilt fans were wired to the system 

using Arduino controller boards. The experiment used pan-tilt fans for their lower latency.  

The research evaluated the participants by asking them to do a simple task of drawing a 

triangle in the virtual environment. The task was completed for both the simulations, i.e. the 

simulations with and without multi-sensory cues. The experiment evaluated 21 participants 

and asked them to complete a questionnaire that had eight objective questions. The results 

were statistically analysed.  

However, in this case the system suffered from performance issues on the application of 

external devices. The entire system worked only with a frame rate of 30 fps (frames per 

second). Whereas, 60 fps is considered as the best frame rate for immersive VR experiences. 

2.1.8 Chameleon Effect Experimentation 

The Chameleon effect is a theory in communication that proves that a person communicates 

better to a person who reciprocates through words and gestures than to a person who refuses 

to reciprocate. For example (van Baaren et al., 2003), “waiters who repeated their customers’ 

orders received larger tips than waiters who did not repeat their customers’ orders” (Bailenson 

and Yee, 2005, p-841).   
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The research article “Digital Chameleons” says gestures improve the immersion in the 

communication (Bailenson and Yee, 2005). The research demonstrated the “Chameleon 

effect” in virtual reality. The research aimed to achieve Immersive virtual environment by 

means of measuring communication in the simulation, especially with non-verbal 

communications. The studies were done by user-experiment to interact with embodied 

agents (digital representation of humanlike person which is controlled by AI) to measure the 

data. 

The agents were simulations of an interviewer that communicates with the participants. The 

simulation had an interviewer (3D model) in front of the camera asking a set of questions 

causing the user to emote. This was designed for viewing in VR and is called a Collaborative 

Virtual Environment (CVE). The participant’s head movements were counted in response to 

that of a virtual agent. The agents are the same for the CVEs but have a different degree of 

communication. The agents are categorized into: 

1. Mimicking agents (gesturing agents) 

2. Non-mimicking agents 

The research applied the theory to one of the interviewing agents and achieved a greater 

impact towards immersion in the simulation. The agents copied the head movements of the 

participants and mimicked them. Whereas in the simulation with the non-mimicking agents, 

the participants tended to move their head away from the subject by a measure of 12 degrees 

(yaw), which is said to be more than an approximation of visual attention. Hence, the 

mimicking agents were more effective in retaining the participant’s attention. 

The mimicking agents were further studied to find the factors causing the immersion. The 

mimicking agents were categorized into: 

1. Recorded mimicking agents 

2. Interactive mimicking agents 

The recorded mimicking agent mimicked the head gestures recorded from the previous 

participants. The interactive agent used an algorithm that recorded the head gesture for every 

sentence and animated the embodied agent with a delay of four seconds. The interaction 

improved the immersion. 
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The evaluation of this research was done among the students of Stanford University. The 

embodied agent avatar had both male and female versions and these were assigned to the 

participants for the studies. The questionnaire was categorized based on sex and age. The 

second set of questions examined the experience in the simulation. The answers were from 

the range of -3 (strongly disagree) to 3 (strongly agree) and the results were statistically 

analysed. 

Studies were conducted on analysing the responsive head gesture. The 3D precision data – 

roll, pitch and yaw – were recorded and studied. The hypothesis about the head movements 

was analysed. Among the participants, very few noticed that the simulation was actually 

mimicking what they did. 

Thus, the immersive experience must have virtual agents who respond to the participants’ 

activity in the virtual environment. 

2.1.9 Virtual Presence Counter 

“The Presence Counter” (Slater and Steed, 2000) collected the previous analyses on presence 

and figured out a novel way for measuring presence in an immersive virtual environment. 

According to the research, the word “transition” referred to the disturbance caused when a 

user was connected with the virtual environment. 

The method counted the number of transitions and presented a probabilistic Markov chain 

model for these transitions. The method also estimated the equilibrium probability of the 

sense of presence in the virtual environment. Apart from counting the transitions, the method 

also analysed the body movement of the users and interpreted the information into reliable 

data. 

The research had a solid background analysis of previous works; one of the discussions (Flach 

and Holden, 1998) was about the concept of functionality for VR rather than its appearance. 

The authors wanted to analyse the subject based on learning the virtual environment through 

body movements. The literature used the (Barfield and Weghorst, 1993) conceptual 

framework and their questionnaire of the sense of being there, the sense of inclusion in the 

virtual world and the sense of presence in the virtual world. 
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The literature questioned the works of (Witmer and Singer, 1998) and discussed the point 

that their measures did not attempt to elicit presence directly. Instead, their measures were 

passive and were based on the subjective response to the various factors of immersion.  

The literature also discussed (Freeman et al., 1999) that presented various aspects of the 

display to the user in VR and collected the data directly using a slider in the application and 

showed that the degree of presence is quantifiable.  

Another similar approach was the rigorous analysis by (Schloerb, 1995) that discussed an 

experiment conducted by asking the participants during the simulation. 

Slater and Steed believed that the active way of measuring presence is more reliable than the 

questionnaire that gives relative measures (Slater and Steed, 2000). The first stage of the 

experiment checked the user’s personality by providing them with some Gestalt images, 

images that have more than one interpretation. After identifying the user’s personality, the 

users participated in an experiment and were asked to locate chess coins within the VR 

simulation. The user needed to navigate within the simulation from a lounge to a garden 

where a chessboard had been placed. During the experiment, the user was asked to report 

whenever they felt disconnected. The transitions were counted and analysed statistically to 

a variable P (Presence). The value of P was then studied compared to the values of presence 

by questionnaire and the values of presence by body movement. After the comparison, it was 

concluded their method elicited the presence directly through the results acquired. 

2.1.10 Enhancing User Immersion and Virtual Presence 

Enhancing user immersion (Emma-Ogbangwo et al., 2014) is an on-going research in which a 

virtual environment that uses gesture for portraying real-world interaction is developed. The 

technology used in this research is a Social Immersive Virtual Environment (SIVE) application 

integrated with a VR-based Natural User Interface (NUI). A full-body gesture-analysing 

technology has been used. This was achieved by using Microsoft Kinect (Microsoft, no date) 

for tracking the hand and by using the head tracking device called TrackIR 5 (‘TrackIR5 - In 

Depth | TrackIR’, no date) that provided 6 degrees of freedom.  

The novelty of this research was the integration of the SIVE and the NUI in the embodiment 

of a UI such as Autonomous Non-Verbal Communication (ANVC), Motor Spatial Mapping 
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(MSM) and Lip-Sync Emulation (LSE). To achieve this, the author programmed custom-

designed software. 

The research used triangulation methodology and measured the HRV (Heart Rate Variation) 

using RE (Response Expectancy) concepts and qualitative measure in the form of standardized 

questionnaire templates such as PQ (Presence Questionnaire) and ITQ (Immersive Tendency 

Questionnaire). The research analysed the user interaction from various displays, i.e. playing 

with VR by using NUI-HMD tracking, by using NUI-desktop tracking and by using regular 

desktop VR. 

2.1.11 Requirement of Activity in a Sports Game 

A study (Langerak, Zaczynski and Whitehead, 2014) addressed the challenges faced while 

designing a video game that promotes more physical activity and an increased sense of 

involvement and engagement. The authors refer to video games based on sports as active 

video games and proposed a model that combines the engagement of a traditional video 

game and the experience of playing a sport.  

The research paper questions the absence of reality in present sports games by comparing 

the physicality, competition and institutionalization. Hence, there is a scope for research to 

prove that the physical activity improves the engagement of a sports-related game. 

2.1.12 Enabling Motivated Believable Agents with Reinforcement Learning 

The paper (Forgette and Katchabaw, 2014) discussed the social presence between the virtual 

agents to elicit believability. This was achieved by developing motivation-driven 

reinforcement system. The system alters the motivation of one virtual agent depending on 

the motivation of another virtual agent, making the virtual agents appear more human.  

For example, a virtual agent can give up a chase when another agent is in a closer proximity 

with the target. This is achieved by assigning four motives to the agent and by forcing the 

agent to select the motivation according to the tokens awarded. Thus, giving up and taking 

over nature was achieved among the virtual agents and this made the system more 

immersive. 
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2.1.13 Physiological Acrophobia: Physiological response analyses 

The experiment (Costa, Robb and Nacke, 2015) uses a novel way to achieve a physiological l 

measure that is used for treating the patients suffering from the condition called acrophobia 

(Fear of heights). The application CAVE (Computer Assisted Virtual Environment) provided the 

VR simulation which was used for this therapy. This conventional methodology evaluated the 

patient’s progress through self-reported questionnaire. This research paper argues that the 

results were objective and proposed another way to analyse the patients through their 

physiological response to the VR stimuli. The acquired results were accurate when compared 

to the questionnaire results.  

2.1.14 Perceptual Evaluation of Social Interaction 

The research article (Pettersson and Sundstedt, 2017) compared and studied whether user’s 

self-reported emotions are similar to the emotions that are tracked in real time. This was 

studied by referring to American psychologist Paul Ekman’s theory of universal emotions 

(Ekman, 1992). The authors provided results that happiness is conveyed realistically in both 

methods, whereas emotions such as disgust and sadness were poorly rated on observing the 

user's face. This is one of the studies where research works use the application of real-time 

capture. 

2.1.15 Video Game User Experience: to VR, or Not to VR? 

The paper (Yildirim et al., 2018) conducted user-experimentation to figure out the best 

immersive system. The investigation was based on a research question that VR games might 

affect video games’ user-experience. The experiment was inspired by a previous study 

(Shelstad, Smith and Chaparro, 2017) which studied the user-satisfaction between desktop 

and VR gaming using strategy games. This experiment collected data from the participants by 

asking them to play a “First Person Shooter Game” and these were compared for user-

experience when played on VR and non-VR platforms. The authors used gaming platforms 

such as desktop, Oculus Rift (‘Oculus | VR Headsets and Equipment’, no date) and HTC Vive 

(‘VIVETM | Discover Virtual Reality Beyond Imagination’, no date) for this research, to play a 

game called “Serious Sam: The first encounter”. The authors studied presence and user-

experience factors to test the hypothesis and used a one-way variance statistical analysis 

called ANOVA. A presence questionnaire and a standardized questionnaire called Game User 
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Experience Satisfaction Scale (GUESS) were used for this research. The research discussed the 

“sense of presence” as a strong predictor of the game’s user-experience satisfaction.  

Here, the results obtained did not show any significance towards the presence factors but 

usability factors showed higher significance while playing the game on the desktop. The 

authors could not replicate the results from (Shelstad, Smith and Chaparro, 2017) that 

showed significance towards VR for greater user-experience. Hence, it is important to 

understand that usability factor have some conditions applied in order to replicate the 

Shelstad et al. experiment. 

As a conclusion, the authors believed that the user-experience may be contradictory when 

the game is more immersive in itself. Here, the major difference between the mentioned 

research was the video-game genre. Authors argued that VR gaming may not always be an 

alternative to all types of PC gaming. 

2.1.16 Analysing User Behaviour Data in a Smartphone Tennis Game 

This study (Mozgovoy, 2018) was conducted by analysing a large sample of data which 

observed a multiplayer game called “World of Tennis: Roaring ‘20s”. It is an empirical research 

and the authors tested their own AI technology to study user-behaviour. The AI was 

developed to replicate the user’s attribute in their absence as a solution to run the game 

during an issue with network connectivity. Machine-learning was used for developing the AI 

which learns from the player’s performance and assigns the appropriate performances to 

their agent in the absence of the user in the network.  

Since the game had been played for couple of years, a huge amount of quantitative data was 

collected from the game recordings. These recorded data were categorized into groups to 

study the significance and user-behaviours and were analysed when the games were being 

played with agents having different degrees of performance.  

This research was conducted in order to provide the users a fun and diverse gameplay 

experience. A heat map of the tennis court was drawn towards the zone of the users during 

the gameplay and was found to be a cluster of similar behaviour-patterns. These patterns 

were also observed to be similar when playing with agents having higher degrees of 

performance. The study concluded by mentioning that the agent’s degree of performance 



20 
 

must be under a threshold for a good matchmaking experience. By Identifying the play zones 

participants can be studied for their engagement in playing the games. 

2.1.17 Sense of Presence and Attitudes towards Exercise 

An experiment was conducted (Campelo and Katz, 2018) to prove Action Video Games (AVG) 

could encourage older adults towards physical exercise and studied the elevated sense of 

presence in this type of game. It was believed that presence factors are crucial and are 

correlated to a person’s attitude. For the experiment, the authors used semi-immersive 

virtual reality tools called Wii Remote and Wii Balancing Board to run six simulations from a 

commercially available game called “Wii Fit U”.  

The study was made with fourteen participants who were aged between 65-75 using a 

modified version of the “Multidimensional Outcomes Expectations for Exercise Scale” 

(MOEES) questionnaire and a standardized “Presence questionnaire” (Witmer and Singer, 

1998). The data were analysed using “Pearson’s correlation coefficient”. This study compared 

the two questionnaire’s results and found that the higher level of sense of presence 

contributed to users increasing their positive attitudes towards physical exercise.  

2.1.18 Prevention of Visually Induced Motion Sickness 

The article (Nie, Liu and Wang, 2017) addressed motion sickness in the virtual environment 

by blurring the non-salient area from the user’s field of view.  

According to the article, “Motion Sicknesses” during the VR gameplay is termed as visually 

induced motion sickness. This is due to the mismatch between the movements seen through 

the human eyes and the non-movements recognized from the human vestibular systems. This 

is a common sickness observed when human brains refuse to adapt to an unusual scenario. 

Medication and habituation for reducing these conditions have side-effects, and are 

cumbersome and un-ethical. Researchers around the world suggest altering the field of view 

(FOV) as an effective alternative solution to reduce the symptoms of visually induced motion 

sickness. Such alteration must be rendered continuously as FOV changes from frame to frame. 

This requires more computation and has limitation in the simulation speed and the user sense 

of presence.  
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This article suggests a real-time detection of the salient object with the help of training the 

Fully Convolutional Network (FCN) for an effective processing. This is developed based on the 

previous literature for saliency detection and content-aware image editing techniques. The 

user-studies utilized a psychological method and preferred to skip the physiological method 

for its complexity.  

The experiment was conducted with 28 healthy individuals. They were asked to play a 

gamepad-based first person racing game which is made using Unity for a VR device called HTC 

Vive (‘VIVETM | Discover Virtual Reality Beyond Imagination’, no date). The participants were 

asked to drive as fast as they could for 13 laps without having an accident. During the 

evaluation, the researcher used the general questionnaire GQ and the standard simulation 

sickness questionnaire SSQ to analyse the motion sickness. As a result, the study proved that 

there is a reduction in the severity of motion sickness in the experimental conditions.  

However, the model has certain limitations due to the inability of simultaneous identification 

of multiple objects and also due to the underutilization of the depth information obtained 

from the virtual environment. In general, the article discussed the influence of motion 

sickness in virtual reality and introduced standardized measuring tool to measure immersion. 

2.1.19 Self-Avatar for Cognition 

A study from (Steed et al., 2016) analysed the participant’s cognitive skills in VR. The 

experiment implemented a self-avatar to the user and studied the participant’s behaviours 

and cognitive abilities. Since “cognitive” means “Individual ability to process thoughts”, users 

in the VR are examined to have these abilities similar to the real world. Here, in the 

experiment, the participants are asked to solve a puzzle in the VR simulation. The tasks 

evaluated cognitive factors such as 

1. Memory  

2. Perception of the 3D structures 

In the VR simulation, the participants were asked to memorise two alphabet symbols at the 

beginning of the experiment. Later on, the participants are asked to solve two puzzles related 

to their perception of rotated 3D structures. In the final stage of the simulation test, the 
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participants were asked to recall the memorised pairs of alphabets. Each session of tasks is 

conducted in duration of 15 seconds. 

The set of tasks mentioned above were conducted in three VR simulations: 

a) Simulation without self-avatar 

b) Simulation with self-avatar 

c) Simulation with self-avatar and gesture capture. 

The authors of the study proposed three major hypotheses: 

 Letter recollection task performance should be higher using self-avatar 

 Mental rotation task performance should be higher using self-avatar 

 The participants with a self-avatar have gestured more than the participants without 

avatars. 

The evaluation has quantified the sample from the experiment. The participants are asked to 

answer the questions while doing the task in the simulation. The gestures of the participants 

were also observed. These data samples were taken and analysed using statistics. As a result, 

cognitive ability improved among the participants when having a self-avatar. This is due to 

the improvement in the interaction. In general, research has conducted experiments that 

require analysing a particular factor when an improvement is made to a self-avatar. 

2.1.20 Analysis 

Experimentation on user-experience: 

From the discussions in the  article “Measuring Immersion and Presence” (Norman, 2010),  

where various factors for measuring immersion were studied. 

Considering the discussion in the article, the research adopted a method of identifying the 

users’ immersive ability mentioned in Witmer and Singer’s standard tool for measuring 

immersion. Here, the experiment identified the participants’ individual immersion-ability 

through a questionnaire before the start of the experimental proceedings. Due to the factor 

that familiarity could improve immersion (Perron, 2005), the experiment was tested 

considering that the participant’s familiarity with being in a VR could have an effect on the 

measured immersion. Here, it was assumed that the familiarity could bias the participants’ 
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self-report. In order to justify this, tests were swapped for each participant that allowed the 

participants self-report to be consistently subjective.  

A few of the recommendations were considered for developing the simulation for the 

experimentation. Here, a simulation was made in a VR that satisfied McMahan’s condition. 

Gaming world conventions such as grabbing, dropping and physics transfer were made similar 

to real-life tasks and appeared meaningful and consistent to a user. The simulation was also 

designed to challenge users’ hand and eye coordination (Dessing and Craig, 2010) that 

contend with visceral immersion on each iteration with audio visual quality on following the 

suggestions by Ermi and Mäyrä. 

“Virtual Presence Counter” critically analysed the traditional methodologies used for 

measuring immersion (Slater and Steed, 2000). 

This article gave an in-depth understanding of the immersion experiments. The papers 

discussed in the research suggest studying the participant’s body movement during the 

simulation, apart from a questionnaire study. Considering Slater and Steed’s first 

methodology, user in-game performances were recorded, studied and compared with their 

presence questionnaire data for this research. 

But this research refutes Slater and Steed’s second methodology, which was inspired by 

Schloerb (Schloerb, 1995). It was believed to be conflicting to conduct an immersion study 

using rigorous analysis, since the methodology of reporting a feeling of disconnection during 

the simulation might also restrict the user from connecting with the simulation. Here, it can 

be argued that the users were forced to think about the feeling of disconnection instead of 

allowing them to be immersed in the simulation.  

For this research, an important suggestion was taken from Freeman and team (Freeman et 

al., 1999), for collecting the questionnaire data directly from the users as a quantified 

measure while in the simulation without disturbing user immersion. Here, GUI sliders were 

provided in the simulation to record questionnaire data while the users were trialling the 

simulation. Hence, a method of collecting user’s active measures was implemented in this 

research rather than collecting passive post-experiment measures. 
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“Video Game User Experience: To VR, or Not to VR?” analysed whether VR games might 

affect the video game user-experience (Yildirim et al., 2018). 

This research paper recommended that user-experiences can be reduced when VR 

adaptations, i.e. real-time tracking interactions, are made for a few video game genres, 

especially when the game is more immersive in itself.  

Hence, the suggestions were taken for this research to precisely study the adaptation of VR 

for this research’s simulation genre. For this research, a suitable genre was selected and a 

study was conducted as a post-experiment interview that compared the simulation with 

traditional video games. 

“Requirement of Activity in a Sports Game” discussed a scope for future research to prove 

that physical activity may improve the engagement in sport-related games (Langerak, 

Zaczynski and Whitehead, 2014). 

This research conducted a review on sport-related games and seeded the scope for an 

innovation in this research. It argued that there should be an increase in user involvement 

and engagement when a game provides an experience of playing a sport by capturing real-

time action rather than a conventional key-press video game. 

This experiment’s simulation found potential from the abovementioned research’s analysis 

since these games were developed aiming to enhance physical activity while playing a sports 

game. Considering the suggestions made, a pilot study comparing this research simulation’s 

engagement with traditional video games was conducted as part of the post-experiment 

analysis. 

“Sense of Presence and Attitudes towards Exercise” analysed the participants’ fitness after 

playing Action Video Games (AVG) for a period of a few days (Campelo and Katz, 2018). 

This article encouraged developing an action video game that captures real-time user 

movement for this research simulation to instil a higher sense of presence in users and 

motivated measuring sense of presence. 

The article was reviewed in order to identify the statistical analysis approach for the 

questionnaire data. Here, the article suggested analysing the data by using correlation. 
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Experimentation on user self-avatar: 

“Enhancing User Immersion and Virtual Presence” measured immersion between a Natural 

User Interface and standard tracking techniques. Apart from the questionnaire, the study 

also collected real-time data such as Heart Rate Variation in response to a VR stimuli 

(Emma-Ogbangwo et al., 2014). 

This research paper was ongoing research when it was cited. This was the closest known 

research reviewed related to this research. The idea of reviewing and analysing the 

standardised questionnaire for presence and immersive tendency were acquired from this 

research. The recommendation to observe the participants during the simulation and the 

comparison of various game displays such as first-person view and world view were motivated 

by this paper. 

This research also encouraged utilising Natural User Interface tracking such as Microsoft 

Kinect with head-mounted display to achieve gesture capturing in gaming interactions. 

However, the idea was modified to capture the users’ full-body performance as Microsoft 

Kinect was also identified as capable of performing real-time motion capture. 

The “Virtual Embodiment Experiment” showed how fidelity towards representing self-

avatar could improve the awareness factor (Argelaguet, 2016).  

This article inspired knowing how experiments are conducted when an improvement is made 

to a user avatar and also inspired adopting a methodology that observes participants during 

the experiment, apart from the post-experiment subjective questionnaire. 

An idea of introducing a risk and identifying the user’s spatial awareness was acquired from 

this research. Hence, it was considered to develop the simulation that could surprise the users 

with an approaching object and its speed and trajectory. 

“Deformable Hand Experimentation” tried to achieve a realistic hand-based gripping 

technique to move objects in VR for better immersive experience (Hirota and Tagawa, 2016).  

The experiment demonstrated how tests are conducted when a user-avatar’s deformations 

are studied. Here, participants’ hand-dynamics were observed, apart from a subjective 

questionnaire. This inspired this research to observe the user-dynamics during the 

experiment. 
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Also, the research collected insights about the technologies used for tracking the user’s hands 

for the simulation. An idea of implementing hand gripping pose for VR fidelity in the research 

simulation was acquired from this experiment. 

“Self-Avatar for Cognition” conducted experiments that required analysing particular 

factors when an improvement is made to user self-avatar (Steed et al., 2016). 

The mentioned experiment motivated quantifying the users’ questionnaire data. This article 

also encouraged including cognition in this research simulation when studying an 

improvement made to user self-avatar for an immersive experience.  

In this research simulation, participants were asked to perform a task with cognition by 

seeking an opportunity to score against the opponents within the stipulated time.  

“Perceptual Evaluation of Social Interactions” conducted a study using a real-time capture 

application (Pettersson and Sundstedt, 2017). 

This research suggested that the data acquired through the users’ self-report can be objective 

and inconsistent when compared to an evaluation on capturing the participants’ facial 

expressions in real-time. 

Hence, a method of analysing the reliabilities of the acquired self-reported data was studied 

and applied in this research’s evaluation.  

Experimentation on user social presence: 

From the “Wobbly Table Experiment”, it was identified that a responsive Virtual Non Player 

agent improves social presence among the users (Lee et al., 2016). 

The experiment inspired conducting this research to analyse user sense of presence as a 

factor for immersion. This sense of presence study measured a factor called social presence, 

which elevates user presence due to the actions of NPCs. The user-experience data were 

acquired in a form of post-experiment questionnaire.  

Also, the research identified the importance of improvements made to an NPC, following the 

real-world conventions contributing to user presence. Hence, these ideas were taken when 

developing the NPCs for this research’s simulation. 
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“Social Presence Transfer” experimentation measured the presence factors among the 

participants and proved that social presence is transferrable (Kim and Daher, 2016). 

This experiment also contributed to this research’s questionnaire on addressing the presence 

factor called social presence, influencing the system’s immersion. 

This inspired the researcher to develop the research simulation with meaningful behavioural 

entities to an NPC.  

“Crowd Simulation” inspired designing NPCs to resemble humans in behaviour by 

understanding social presence (Kim et al., 2016). 

This paper studied user social presence by subjecting the NPCs to an incidental hazard 

corresponding to an approaching collision. This inspired this research to study social presence 

for immersion. 

Experimentation on user physiological response: 

“Chameleon Effect” experimentation tried to elicit the immersion by introducing a virtual 

agent (i.e. an NPC) with realistic human behaviour (Bailenson and Yee, 2005). 

Apart from contributing to this research’s questionnaire on factors influencing the system’s 

immersion, the article also encouraged conducting the experiment and analysing the non-

verbal response from the user during the experiment. 

This inspired developing the research simulation that was programmed to count head 

movements and the angle of deviation of the user during the experiment.  

“Physiological Acrophobia” explains why VR simulation has physiological impact among the 

participants (Costa, Robb and Nacke, 2015) 

This research paper argued that the physiological responses from the acrophobic patients 

during VR therapy were more accurate than a questionnaire study. Here, the patients’ 

progress was contradictory to their questionnaire results.  

Considering the results from the study, this research conducted a physiological observation 

of the participant in the simulation by tracking their natural movements. 
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“Analysing User Behaviour Data in a Smartphone Tennis Game” conducted a user-

engagement experiment by observing the user play zones in the tennis ground (Mozgovoy, 

2018). 

The article encouraged adopting the heat map examination for this research by identifying 

the user play zone to measure degree of awareness shown by a user avatar. Here, the user 

play areas were observed and analysed by recording the game simulation. 

Apart from that, the mentioned examination also inspired conducting studies by categorizing 

the research participants’ data to analyse immersion based on each category.  

Experimentation on user sensory cues:  

“Haptic Feedback Experimentation” examined electro-tactile feedback to improve the 

sense of grasping (Hummel, Wolff and Gerndf, 2016). 

This research article contributed to this research’s questionnaire on addressing a presence 

factor called user sense of grasping. The experiment also inspired trialling a simulation with 

the degrees of improvement made to the haptic-feedback. 

This research also collected recommendation on haptics for the VR system for an immersive 

experience. 

“Multi-Sensory Cues” experimentation introduced various cues like wind, vibrations and 

binaural audio and measured the immersive VR experience (Feng, Dey and Lindeman, 2016). 

The evaluation of various sensory cues was considered from this experiment. Here, the 

questionnaire inspired including a few questions for this research as contributory factors for 

immersion. 

Also, the research simulation was developed considering the importance of the audio, visual 

and vibrational cues that were discussed in the experiment. 
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“Prevention of Visually Induced Motion Sickness” discussed the influence of motion 

sickness in virtual reality and introduced standardized measuring tools to measure 

immersion (Nie, Liu and Wang, 2017). 

Considering the discussion in the article, the SSQ standard simulation questionnaire was 

included in this research experimentation in order to identify whether the simulation caused 

any sickness to the users. Here, participants were asked to complete a questionnaire before 

and after the simulation experimentation. 

Suggestions were taken to developed the research simulation with optimised refresh rates 

and by using VR trackers with six degrees of freedom in order to reduce the symptoms of 

visually induced simulation sicknesses. 

Table 2.1: Literature analysed for the Immersion and Presence Study 

Experimentation on 

user-testing 

(Norman, 2010), (Slater and Steed, 2000), (Yildirim et al., 2018), 

(Langerak, Zaczynski and Whitehead, 2014), (Campelo and Katz, 

2018). 

Experimentation on 

user self-avatar 

(Emma-Ogbangwo et al., 2014), (Argelaguet, 2016), (Hirota and 

Tagawa, 2016), (Steed et al., 2016), (Pettersson and Sundstedt, 

2017) 

Experimentation on 

user social presence 

(Lee et al., 2016), (Kim and Daher, 2016), (Kim et al., 2016) 

Experimentation on 

user physiological 

response 

(Bailenson and Yee, 2005), (Costa, Robb and Nacke, 2015), 

(Mozgovoy, 2018) 

Experimentation on 

user sensory cues 

(Hummel, Wolff and Gerndf, 2016), (Feng, Dey and Lindeman, 

2016), (Nie, Liu and Wang, 2017)  
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2. 2 Technologies in VR  

This part of the literature review aims to identify the technologies used for real-time 

performance capture applications. Technology is crucial for the immersion study as an 

advancement made to the technology defines the immersion that affects user-experience. 

Hence, it is important to review and take inspirations from current technologies in order to 

innovate new technology that satisfies the need for immersion.  

2.2.1 Accuracy in Motion Capture 

Dallaire-Cote et al. (2016), focused on the virtual avatar’s biomechanical accuracy. The 

experimentation aimed to use a real-time vision-based motion capture for a rehabilitation 

application that treats physical and motor ability of patients. Therefore, the real-time 

animation was required to be accurate and must have low latency to provide biofeedback. 

The study presents a technique for realistic real-time representation of human avatars in high 

fidelity by investigating the kinetics of the entire human body. This was achieved by defining 

bone segments according to biomechanical methods. 

The “virtual mirror therapy” (Weber et al., 2019) is used for deforming an avatar based on a 

skeleton definition. Methods like this typically require Inverse Kinematics (IK). However, this 

research achieved real-time avatar deformation by using Forward Kinematics (FK) and studied 

motion to Photon latency (is the time required for a user movement to be fully revealed on a 

display screen). The implementation used a motion capture system of 12 Vicon cameras, 15 

trackers and Vicon MX software. The markers were grouped into 15 clusters that occupied 15 

critical positions on the human body and were attached using Velcro. The research used 

Blender 3D and Unity to create the VR experience. Function calibration was accomplished by 

creating the centres of joints and the axis of rotation. This formed a coordinate system in each 

segment. 

The coordinate system had a specification of axes. In every coordinate system,  

 The first axis was defined by rotation (flexion axis) in every joint except the shoulders. 

An abduction axis was defined for the shoulder joints. 

 The second axis was defined by a longitudinal axis that connects the joint centres. 

 The third axis was defined by multiplying the first two axes. 
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The calibration was executed by asking the participants to do calibration drills. This was 

achieved in three phases of 15 seconds:  

 In phase one, the participants were asked to rotate their hips and shoulders. 

 In phase two, the participants were asked to do a squat movement. 

 In phase three, the participants were asked to stand in a T pose. 

During calibration, a transformation matrix was obtained from the coordinate system in each 

segment. These matrices were utilized for performing real-time deformation of the avatars. 

The final part of the research evaluated the obtained real-time animation by comparing with 

the video which was captured at the same time. 

However, the achieved technology was cumbersome due to multiple configurations. The 

capturing involved a wearable sensor-rig that must be calibrated every time according to the 

difference in stature among the participants. The technology in the research provided 

accurate real-time motion capture with a higher performance cost. However, the Weber et 

al. article inspired exploring alternative solutions for calibration and a rig-free form of 

performance capture that involves less cumbersomeness.  

2.2.2 Depth-Based Gesture Capture 

The technology of 3D cameras incorporates a depth-based sensor to interpret the distance 

between objects. The sensor represents the foreground in a brighter colour and the 

background in darker colours. This mapping was done by understanding the stereoscopy 

related to the human eye’s functionality.  

The technique applies trigonometry to measure the distance of the objects by calculating the 

angle of deviation for the two cameras. The Microsoft Kinect used an infrared projector 

instead of a second eye (Kinect for Xbox One | Xbox, 2017).  

The projected infra-spectra pattern paints over the surface it was projected onto. The infrared 

projection is invisible to the human eye. The camera with the sensor analysed the variation in 

the pattern due to the irregularity of the surface it was projected onto. 
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Fig 2.1 Depth-Based Motion Capture 

 

Thus, by calculating the angles between the variations, the depth was mapped on the output 

video. The measures are represented by differentiating the colour and its brightness in the 

3D mode. 

The research by Davis and colleagues (Davis et al., 2016) in “Depth-based 3D-gesture capture 

and virtual object manipulation” conducted studies using hand gesturing techniques to 

navigate menus in a reality simulation. The navigations were achieved in 2D through the x 

and y axes. The system was constructed using a vision-based gesture-tracking sensor called 

“Leap Motion”. The sensor was attached to the forehead, tilting down such that the hand 

gestures were in line with the proximity range of 8 cubic feet and the angle of 150 degrees. 

The output was viewed through a display of a 50-inch monitor. 

The research also employed four gesture modes to control the menus: 

 Index finger extension 

 Index and middle finger extension 

 All fingers extension 

 All fingers contraction 

The design was improved to overcome limitations such as multiple-finger capture and the 

frequently occurring thumb obstructions. The tracked gesture used a Unity software collider 

component to highlight the collided objects.  

In Unity, the radial menu appears in torus shape when the object is selected. The inner-circle 

was the main menu. The outer circle, i.e. the sub-menus, appear when navigation is done 
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from the main menu. The navigation was made by drawing a line using the index finger. The 

design does not use the tapping motion traditionally made to liaise with the Z axis. An 

observation study was made involving 10 participants. The user experience was taught prior 

to the evaluation. The results proved that the usage of a motion-capture virtual hand 

increased the usability and the navigation in the menus for applications like augmented reality 

(AR), VR and merged reality (MR). The technology used in the research gives an alternate idea 

for rig-free motion capture using the depth-based camera technique. 

2.2.3 Vision-Based Gesture Capture 

Augmented reality (AR) uses vision-based techniques; typically, AR enhances the experience 

of the real-world environment using digital information. The technology uses a camera for 

identifying the variation in the visuals for tracking a video, thus allowing an overlay of the 

digital images and the virtual information over the physical world with respect to the surface. 

The first ever AR application, Sensorama, was made in 1962 (Morton Heilig’s Sensorama 

(Interview).mov - YouTube, 2017). Throughout the years, AR was applied to fighter jets for 

navigation display. At present, AR is accomplished in smartphones owing to the ubiquity of 

the technology (AR 101: The Basics of Augmented Reality - YouTube, 2017).  

Mobile applications such as Snapchat and Google Translate use the tracking and recognition 

by AR. The technology depends on image recognition and analyses the sent information from 

the smartphone camera using AR application software in real time. The SDKs from Metaio 

(metaio | Home, 2017) and Vuforia (‘Vuforia | Augmented Reality’, no date) enable a 

developer to design an AR application. 

(Ishiyama and Kurabayashi, 2016) examined smartphone camera-based tracking for virtual 

reality. The experimentation performed real-time gesture capture using AR technology. The 

study used a “Monochrome Glove” as a robust gesturing recognition method. The glove was 

made with fabric stitched with structured AR markers. 

Here, the design was accomplished by using a single camera accompanied with the 

Monochrome Glove. The structured AR markers recognize the hand’s structure along with the 

hand. The hand’s structure comprised of the finger’s angle and the hand’s orientation, angle 

and bending positions. 
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Fig 2.2 Vision-Based Motion Capture 

 

Most of the previous glove-based methods carried electronic sensors to attain the results 

described. Only a few researchers aimed to achieve the result by using vision-based and 

depth-based techniques since the camera technologies have improved phenomenally. The 

study has made vision-based method more effective by analysing a single colour for tracking 

gestures. As a result, the research achieved 96 gestures through monochromatic analysis of 

each frame. The monochromatic analysis follows the pattern of black and white. Therefore, 

the approaches are made by drawing white markers on a black glove. 

The system design follows five steps. They are: 

1. Detecting hand postures by using AR markers and Vuforia’s (Kim et al., 2014) AR SDK. 

2. Calculating hand posture through the circular markers at four junctions of the palm. 

3. Identifying palm posture by recognising the hand posture in the previous step. 

4. Detecting the fingertips by retrieving the palm image. 

5. Calculating the new hand posture by recognising the finger posture in the previous 

step. 

The hand posture recognition structures contain eight elements which consider four angles 

between the fingers and four distances between the fingers. This creates the possibility for 

32 combinations of poses. The evaluation of the research was conducted by graphical analysis 

of 122 hand postures. A prototype vector was determined for each posture by conducting a 

test analysing 1220 images. As a result, the designed system recognized 96 hand postures. 
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The technology used in the research gave an alternate idea for a rig-free motion capture using 

a vision-based camera technique. 

2.2.4 Kinetic Display 

The research paper on “MMSpace” (Otsuka, 2016) discussed a technology that increases the 

telepresence of a user in an online video conversation . The technology uses a kinetic display 

that can alter the displays mechanical movement by tracking the facial movements in real 

time with low latency and high accuracy using actuators that have four degrees of freedom. 

This can produce an extensive range of human behavioural reactions such as gestures, 

attitudes, attention and eye contacts. Furthermore, the research examines the technological 

development by evaluating the factors of eye contact, insights from non-verbal behaviour, 

sense of presence, common understanding and interpretation of gazing for an increased 

telepresence. The technology inspires developing hardware that functions in response to the 

real-time cues.  

2.2.5 Crowd Simulation 

Another research (Kim et al., 2016) introduced a new algorithm in a data-driven crowd 

simulation. The algorithm learns pedestrians’ dynamics from the trajectories extracted from 

a street video. These pedestrian dynamics were used to compute the trajectories of the 

virtual agents in a VR simulation. The data-driven formulas were applied to the multiple 

agents that use this algorithm in different environments and different situations. The 

technology examined the crowd trajectories using an online multi-tracker. Using the 

pedestrian-dynamics learning, the crowd in simulation avoided collisions when the density of 

the crowd was increased by applying this algorithm. 

Comparisons with the previous methods were evaluated with this optimised algorithm. In a 

test, the multiple agents in the simulation altered their paths according to the obstruction 

which was made interactively and they also expressed awareness to incidental hazards. The 

method also scales as the density of the scene increases. Thus, there was no disappearance 

of the agent in the algorithm. The evaluation in this research examined all the factors of social 

presence of the participant with the crowd in the VR simulation. 
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The participants were analysed by a questionnaire after the experiment and the results 

showed an improvement in social presence after applying the algorithm. Thus, the research 

inspired designing a non-player to resemble a human more in behaviour by understanding 

the social presence. 

2.2.6 Model Checking 

In another research regarding interactive real-time systems (Rehfeld, Erich Latoschik and 

Tramberend, 2016), estimation of latency and concurrency was achieved by a process called 

Model Checking. This research deploys model checking as an alternative solution for checking 

the system’s latency and parallelism. The studies explored the factors with respect to the 

problems in a real-time system and made a user-case guide by considering the five major 

concurrency and synchronisation aspects in virtual reality. 

This led to the development of a model checking system that has software primitives and a 

graphical editor for the specification of the concurrency mentioned in the user-case. In the 

software primitives, the design used a recognized model checking language called REBECA 

after sensibly analysing several available generic model-checking tools. The coded REBECA’s 

Model Checker (RMC) is applied to the model according to the user-case specification. This 

enabled the designed system to estimate the latency and parallelism.  

After the experiment, a comparative study was made by comparing the proposed model 

checker with the classical real-world “profiling” method. The result acquired has a minor 

variation in accuracy and has proven a model checker as an alternative solution. This research 

discusses the importance of latency and concurrency in a real-time system and inspires 

designing a system with less latency.  

2.2.7 Full-Body Avatar Interaction 

Another paper (Spanlang, 2009) reviewed was about full-body avatar interaction. The 

experiments were designed based on the research concept that the human brain can be 

tricked into believing that the virtual body is its own. The sense of ownership of the avatar 

was tested among participants. To achieve the real-time full-body motion capture, an 

Optitrack motion system (a low-cost optical tracking system) was used with high-definition 

stereo display and whole-body tracking software. The tracking was processed by using HALCA 
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Hardware Accelerated Library for Character Animation (HALCA) (Bernhard Spanlang, 2010) 

and the XVR virtual reality system (‘A guide to using HMDs with XVR | XVR Simulation’, 2019). 

The research cites the novelty by referring to a conventional research that could not provide 

a real-time experience and a Wii sensor-based capturing experiment that provided a real-time 

experience with fewer degrees of freedom. 

The Optitrack motion capturing is a 34-marker system which consists of 6 USB infrared 

cameras. The research paper spoke more about how to configure the motion capture system 

in order to achieve real-time motion capture. The authors included the pre, present and post-

process of the production, which are common in all motion capture production.  

The novelty of the research was considered for the inclusion of the HALCA character 

animation library that morphed real-time character animation to a humanoid 3D model using 

a Visualization Engine that supports OpenGL. The system architecture reduced the latency 

between the captured data and rendered animation and provided a real-time experience.  

The research paper did not discuss the methodology on presence, rather the experiments 

were assumed to measure immersion by visualizing the technology factors such as robustness 

and functionality. In the experiment, the simulations were displayed through a human-sized 

monitor on the wall. The participants were asked to perform and observe their movement as 

perceived by the avatar in the simulation. The authors concluded the paper by mentioning 

“Our subjects have reported, that the system has a very fast response time and that even fast motions 

are tracked consistently” (Spanlang, 2009, p-8). 

The paper did not discuss the utilization of the high-definition stereo display in the 

experiment for the user point-of-view experience. The research also did not discuss how the 

data were collected. However, the technology in the research inspires developing a real-time 

motion capture system by combining various hardware based on their characteristics.  

2.2.8 Intractable Haptic based on Terrain Surface 

Zordan and colleagues presented an immersive VR experience by engineering a simulator 

with actuated hardware rigs that in response with the terrain provided an interactive 

experience (Zordan et al., 2017). The novelty of the research was developing a physics-based 

communication framework that allows force-driven interactions and supports physics-based 
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proxies. Due to the generic and extendable framework, the application provided haptic 

feedback on various interaction modes such as riding biped robots and vehicles placed in the 

VR terrain. The technology inspires providing variations in haptic responses according to the 

impact which is made on a user.  

2.2.9 Haptic Device with Tactile and Proprioceptive Feedback for Spatial Design Tasks 

Bakker attempted to solve the haptic feedback issue in VR (Bakker et al., 2017). The research 

designed a haptic device to be used along with a commercially available VR glove called 

“Manus”. The device tried to give complete haptics by addressing the kinesthetic 

(proprioceptive) and the tactile need for feedback. Tactile feedback is usually received on the 

surface of the skin by vibrations from vibrators. Whereas proprioceptive feedback is difficult 

to achieve as this is felt from muscles and bones.  

As a solution to this problem, a device was designed to limit the user-finger movement for 

the creation of proprioceptive feedback for the hands. According to this work, there are three 

concepts to achieve these effects: rail-based, hand palm-mounted and hand exoskeleton. 

These concepts have their own ways of limiting user-movement. From these concepts, the 

rail-based technique was selected to build the device due to the high level of freedom in ball 

joints. This prototype limited the movement between the index finger and the thumb and 

also vibrated the vibrators according to the input signal range. The haptic device was signalled 

when the users performed operations in the simulation. The users were expected to view the 

VR simulation using an “HTC Vive” (‘VIVETM | Discover Virtual Reality Beyond Imagination’, no 

date). Here in the article, the developments of the guiding rod, battery, printed circuit board, 

solenoid, casting with motors, and thumb and index finger rings for the construction of the 

proposed device that runs on Arduino Nano using 5V power supply, were discussed. 

For testing, a VR simulation was created using AutoCAD, which allows a user to deform a 3D 

model using the VR glove. In the virtual environment, the 3D model can be deformed by 

pinching and pulling the vertices. Seven male participants were recruited for the experiments. 

They were asked to do the tasks without the feedback in phase 1 and with the feedback in 

phase 2.  

The evaluation proved that their confidence and their immersion increased when the tasks 

were performed with the inclusion of the generated tactile and proprioceptive feedback.  
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The research also documented the related works regarding haptics in VR. In general, the 

research discussed the haptic issues in VR and inspired the development of more real-time 

capture-related haptic accuracy. 

2.2.10 Analysis 

Performance Capture technologies:  

“Depth-Based Gesture Capture” gave an alternate idea for a rig-free performance capture 

using a depth-based camera technique (Davis et al., 2016). 

The use of a depth-based camera, i.e. time-of-flight camera, was inspired by this article. Even 

though the technology has limitations in accuracy, it was found to be an affordable technique 

for achieving performance capture for games.  

The article also introduced a game engine, i.e. Unity, for connecting a time-of-flight camera 

called Leap Motion. However, this research simulation used a time-of-flight camera called 

Microsoft Kinect along with Unity for its extended range. 

“Vision-Based Gesture Capture” contributed towards another alternate idea for rig-free 

motion capture using a vision-based camera technique (Ishiyama and Kurabayashi, 2016). 

The article reported research using a technology for recognition and analysis of an image 

sequence called augmented reality, for capturing the user performances. The technology 

required a basic camera and eliminated the need for a time-of-flight camera.  

The research inspires evaluation by conducting posture analysis. However, this technology 

was not utilised for this research since it requires painting white markers on the user’s body 

as the system studies the contrast on the object captured. Hence, it was identified that the 

mentioned technology was not suitable for this research.  
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Haptic technologies: 

“Haptic Device with Tactile and Proprioceptive Feedback for Spatial Design Tasks” discussed 

the haptic issues in VR and inspired the development of more real-time capture-related 

haptic accuracy (Bakker et al., 2017). 

The article gave an insight into how vibrating feedback actuators are engineered. Also, the 

paper discussed the types of feedback, such as tactile and proprioceptive, for immersive 

haptic feedback.  

This research implemented a tactile feedback that provided vibration on the surface of the 

user’s skin inspired by the article.  

“Intractable Haptic based on Terrain Surface“ inspired providing variations in haptic 

responses according to the impact made on the user avatar (Zordan et al., 2017). 

Inspired by the article, haptics in this research were developed to produce feedback response 

to the speed of the collision. Here, the pitch of the collision sounds was produced based on 

the strength of the impact. These sounds were given as references to the vibrating actuators 

to produce a haptic feedback. 

Real-time Systems for Performance Capture: 

“Accuracy in Motion Capture” provided accurate real-time motion capture to study the 

motor-ability of patients with bio mechanical accuracy (Dallaire-Coteet al. 2016).  

The mentioned research used expensive Vicon cameras (‘Vicon | Award Winning Motion 

Capture Systems’, 2010) and trackers for achieving a real-time vision-based motion capture. 

Hence, an inspiration was taken towards exploring an alternative solution for achieving an 

affordable real-time vision-based motion capture using commercially available hardware. The 

suggestions were considered for a calibration-free and rig-free form of performance capture 

system that eliminated discomfort during this research’s experimentation.  

Considering “virtual mirror therapy” (Weber et al., 2019) which was mentioned in the article, 

an idea of introducing giant screens in the research simulation was implemented. The screens 

rendered the participants’ performance in real-time from a mirror point of view. Also, the 
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article provided a scope for future studies combining the research, on enhancing the 

immersion by improving the biomechanical accuracy of users’ performance capture. 

“Full-Body Avatar Interaction” inspired developing a real-time motion capture system by 

combining the various capturing technology (Spanlang, 2009). 

The research utilized the references from various capture hardware data in order to achieve 

an improved real-time full-body performance capture. Here, the research combined the VR 

tracking from XVR with a motion capture system called Optitrack (OptiTrack - Motion Capture 

Systems, no date). 

This inspired this research to combine Oculus VR tracking with Kinect motion capture. Also, 

the article motivated including a technological questionnaire that would determine the 

immersion by addressing factors such as robustness and functionality.  

“Kinetic Display” inspired developing hardware that functions in response to real-time cues 

(Otsuka, 2016). 

This is the only paper reviewed that measured users’ tele-presence because the technology 

discussed in the article does not involve any game or simulation. Here, the user’s real-time 

performance capture was applied to a physical robotic rotating head that has a display, in 

order to improve the user presence in online video conversations.  

Here, the robotic head in the research was considered an inspiration for future research in 

applying the user’s natural movements to a user avatar in the virtual world. 

“Model Checking” discussed the importance of latency and concurrency in a real-time 

system and inspired designing a system with reduced latency (Rehfeld, Erich Latoschik and 

Tramberend, 2016). 

An idea to understand the importance of refresh rate for an immersive VR experience was 

taken from the research article. It was ensured that the refresh rate did not go less than 60 

fps. Hence, an economical approach of using low polygonal models for this research 

simulation was adopted to maintain best refresh rates.  

Thus, the article encouraged developing an ideal VR simulation with reduced latency for this 

research. 
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Table 2.2: Literature analysed for the Technology Study 

Performance Capture 

technologies 

(Davis et al., 2016), (Ishiyama and Kurabayashi, 2016). 

Haptic technologies (Bakker et al., 2017), (Zordan et al., 2017). 

Real-time systems for 

Performance Capture 

(Dallaire-Coteet al. 2016), (Spanlang, 2009), (Otsuka, 

2016), (Rehfeld, Erich Latoschik and Tramberend, 2016). 

 

2.3 Batting Simulator in VR 

A batting simulator for cricket was adopted in VR to study participants’ immersion in the 

task of hand and eye coordination and handling objects in VR. This part of the literature 

review aims to identify the research that conducted experiments using a batting simulator 

made for playing cricket. Cricket was chosen because users can be asked to bat n number of 

balls pitched at them in a restricted tracking space, unlike any racket simulation that requires 

running towards a ball.  

Cricket was also chosen ahead of baseball and golf because the gameplay required playing 

the approaching balls in all directions. Hence, the simulation could be designed for a full 360-

degree range of gameplay experiences. In cricket, the user’s feet determine the best stance 

for blocking a ball and are also used for padding the approaching ball delivery. Thus, there is 

a need for full-body tracking in real time in the simulation.  

Here, the tasks involved batting and bowling/throwing. Cricket is a team sport played in an 

oval-shaped field. It has a rectangular area at the centre called the pitch which is about 20.12 

metres long1. The players are categorised as batters2 and bowlers. Batters play/strike the ball 

to score and bowlers try to restrict the batters from scoring.  

The bowling styles are based on speed. A fast bowler has the ability to bowl the ball at high 

speed. Whereas, a slow bowler uses lateral revolution and delivers the ball by causing a lateral 

deviation after bouncing in the pitch. The batter should intercept/contact all types of ball 

deliveries, to score against the opponent. On considering the skill in scoring and restricting 

                                                           
1 The pitch length is traditionally defined in Imperial units at 22 yards, not in Metric units. 
2 The batter has traditionally been called a ‘batsman’; however, this thesis uses ‘batter’ throughout. 
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the opponent from scoring, the highest scoring team is declared as the winner at the end of 

the game. 

2.3.1 Motion Capture for VR Cricket Experiment 

Cummins examined a VR simulator for cricket batting (Cummins, 2016). The research was 

about developing a novel interactive and immersive technology for this purpose.  

The research collected quantitative data on human motor skills, anticipation and kinematics 

while playing cricket in a simulation. The research employed VR to improve the simulation 

experience. The research also achieved a professional way of doing real-time motion capture 

using 21 Vicon cameras and motion capture cameras. 

According to Craig (2013), the research addressed the traditional video analyses for motion 

analysis. The research proposed VR technology as an extensive tool, as the study insisted that 

motor skills should be investigated in real time. The study also inherited some works from 

Shim (1999). 

The report by Cummins (2016), discusses how the increases in computer processing power 

and the availability of options for real-time rendering have overcome previous limits to 

genuinely immersive and interactive virtual environments. He foresaw that a VR cricket 

simulator could offer advantages to investigating human efficiency in playing the sport. 

The implementation had 21 Vicon cameras (Motion Capture Systems | VICON, 2017) and 48 

markers that captured the movements of the human body at 250 fps. The motion capture 

reconstruction was achieved using Vicon Nexus.  

In addition to this, three markers were utilized to record the ball’s trajectory and speed of 

release. The experiment measured the length and bounce of the ball’s delivery through an 

additional video camera and physically calibrated measures. The method also used 3D 

aerodynamics to examine the linear movements of the ball. The facility was used to record 

the bowler’s action and the ball’s trajectories. The research used Autodesk Motion Builder 

2012 to retarget the player’s movement to a virtual depiction/avatar and used Unity 4.0 to 

produce the experiment. 
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Here, VR was involved in the simulation of batting. The implementation had  

 Head-mounted display: Sony HMZ T1 (Support for HMZ-T1 | Sony UK , 2020) that 

provides a maximum resolution of 1280x1024 

 Trackers: “Inter-sense 900 System” were attached to the bat and Sony HMD to track 

the 6 degrees of freedom. The Inter-Sense trackers used acoustic and inertia to 

minimise the noise and jitter caused by the signal. 

 Motion capture: 8 Oqus cameras by Qualysis AB, Sweden. 

Aimed at the real-time synchronisation in Unity, the experiment used an Arduino 

microcontroller that was configured in Unity through the library called Uniduino (UNIDUINO 

- Arduino for Unity - Asset Store, 2020). In Unity, the plugin called MiddleVR was utilized to 

stream the stereoscopic data from the VR peripheral network. In general, the experiment has 

created a complete and sophisticated VR Batting experience at a higher cost. 

2.3.2 Motion Controller for VR Cricket Experiment 

The author, Jayaraj, was involved in studying the user-experience in a VR simulator (Jayaraj, 

Wood and Gibson, 2018). The experiments were done comparing the experiences of a game 

when played using a motion controller and other controllers. The article discussed creating a 

complete VR experience by developing a VR simulation, Head-tracking Head Mount Display 

(HMD) and a motion controller remote.  

The HMD and the motion controller remote were engineered using the magnetic, angular rate 

and gravity tracker to track the simultaneous movement. The tracker consists of a 

microcontroller which connects the nine degrees of freedom motion sensor comprising 

gyroscope, accelerometer and magnetometer. The device chosen utilised a Kalman-based 

filtering method called Madgwick’s Altitude Heading Reference System (AHRS) algorithm 

(Madgwick, Harrison and Vaidyanathan, 2011) to estimate the direction of the motion, 

thereby removing the noise and jitter caused due to the signals. A cricket simulation was also 

developed for play using PC and mobile platforms.  

Here, Unity 3D was used to produce the simulation showing the user located in a cricket 

stadium with another player. The NPC animations for the simulation were produced using a 

professional motion capturing system called “Motion Analysis”. The system has 8 infrared 
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cameras and 29 markers that record the movements of the human body at 250 fps. The raw 

motion-capture data are subjected to a process called cleaning; Autodesk Motion Builder 

2015 (3D Character Animation Software | MotionBuilder| Autodesk, 2020) was used to 

retarget the cleaned motion-capture data to animate the NPC, which was modelled using 

Autodesk Maya 2015 (Labsch et al., 2011). The technology used “Google Cardboard SDK” 

with Unity for streaming the stereoscopic data to the VR peripheral network.  

For the evaluation, the participants were asked to compare the user engagement with and 

without using the motion controller remote for rotating a cricket bat in the simulator. 

Correspondingly, the participants felt motion controllers as the more engaging controllers for 

virtual reality when compared to the gamepads or keyboards. 

2.3.3 Analysis 

“Motion Capture for the VR Cricket Experiment” argued with the traditional video analysis 

for batting and proposed VR technology as an extensive tool. It used a high-cost simulation 

technology to demonstrate the batting experience utilizing professional motion-capture 

devices (Cummins, 2016). The method of comparing the video footage of the user batting 

with the VR recordings for this research evaluation was inspired by the mentioned 

experimentation. Also, knowledge was acquired from the article about how to integrate 

motion capture in a VR simulation. 

“Motion Controller for the VR Cricket Experiment” demonstrated a complete VR experience 

by moving a bat using the Micro Electro Mechanical System (MEMS) prototype motion 

controller in a VR-simulated cricket arena (Jayaraj, Wood and Gibson, 2018). The article 

discussed the simulation development using Unity, Maya and Motion Builder and provided 

significant knowledge for developing the cricket simulator for this research. Also, the article 

inspired conducting a post-experiment interview that compared VR engagement with and 

without the achieved technology. 

Table 2.3: Literature related to the Cricket Simulation 

Motion Capture for the VR Cricket Experiment (Cummins, 2016) 

Motion Controller for the VR Cricket Experiment (Jayaraj, Wood and Gibson, 2018) 

 



46 
 

2.4 Literature Review Summary 

The reviewed articles provided sufficient knowledge and information to be supportive in 

developing the hypothesis, experiments and studies. The concepts regarding the 

technologies, methodologies and user-evaluation were considered from these sources in 

order to compose this empirical research. 

In particular, inspiration was taken from psychologically-based experiments listed in the 

literature review to design the user studies. Articles such as ‘Presence Counter’, ‘Enhancing 

the User Immersion’, ‘Measuring Immersion’ and ‘Presence’ gave an insight to look for a novel 

approach apart from the traditional self-report analyses. The review based on the technology 

inspired most of the hardware and software developments made for this research. 

In general, the empirical experiment aimed to achieve a proposed technology and examined 

the participant data by means of questionnaire and user-observation, utilizing both 

qualitative and quantitative measures. 
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Chapter 3: Methodology 

This chapter explains the methodology designed for this research. This comprised of literature 

review, framework and assessment heuristics, experiment design and questionnaire design. 

The performance of any interactive system can be measured in an approach that involves 

users and studying their responses. The VR technologies are also subject to measurement for 

the amount of immersion due to the experience provided in a simulation. Currently, there is 

no direct methodology standardised for measuring immersion without human intervention. 

As per the literature review, measuring the VR immersion was done by collecting qualitative 

and quantitative data from user’s responses. Some immersion research has employed 

psychological evaluation and conducted experiments on collecting subjective feedback from 

human participants.  

The common framework in these publications measured the advancement made to a 

technology through analysing the user-experience. An interesting framework in user-

experimentation from Li Yingzhu’s (LI, 2012) studied the factors in relationship with the 

technological improvements and human sense of presence. Therefore, the methodology in 

this research aimed to develop a similar framework and formed a set of questionnaires for 

studying the factors along with the observation from the simulation recordings.  

3.1 User Experimentation 

The user experimentation for this research preferred to study user-experience instead of 

usability. Usability describes a product’s functional aspects whereas the user-experience 

describes the overall aspect including the usability that can make a user enjoy a product. This 

research also followed traditional assessment for conducting the user-experience 

experiment. 

According to Sutcliffe and Kaur (2000), a computer simulation can be evaluated for its 

performance by systematic analysis of its usability. The word “usability” commonly describes 

the extreme limit for a product that can be used with the similar efficiency and satisfaction in 

order to achieve the goals (Cramer, 2004). In the context of computer science related to HCI, 
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Kawalsky explains, how easily and how effectively the computer can be used by a specific set 

of users (Kalawsky, 1999). 

Tests for user-experience were started in the year 1980, and became a crucial method for the 

evaluation of HCI projects (Bastien, 2010). This provides a collection of information and 

examples and provides structured guidelines to evaluate current design and technology 

(Jacko and Sears, 2003). These guidelines were best used by the experts from 1980 and 

became the tradition.  

3.1.1 Assessment based on Traditional Approaches 

According to Cramer (2004), the HCI for VR has many challenges in using user-

experimentation in a traditional assessment. The VR design involves interfaces which are 

novel and have different degrees of physiological interaction. Hence, it is a difficult task to 

develop a standard or general guideline to fill these areas. Moreover, In HCI for VR, the 

participants could feel the “presence”, the perception of being in the experience. So, it is clear 

that a traditional method of HCI evaluation can evaluate neither immersion nor interaction. 

There are various resources and publications available that describe “presence in VR”. Also, 

there are many experiments conducted on usability and user-experience. 

Even though there are direct measurements which are standardised to measure usability 

(Alencar, Raposo and Barbosa, 2011), it is widely seen in many publications that measuring 

the performance of VR has followed empirical studies based on the user-experience that 

involve analysing qualitative and quantitative measures. Quantitative data are collected from 

the experiments that involve the user doing a task. Data samples would be obtained from 

 Measuring the scores scored by the participant in the simulation (Finkelstein et al., 

2011). 

 Recording the time spent in performing the task in the simulation. This is also referred 

to as Navigation test, according to Von Kapri, Rick and Feiner (2011). 

 Measuring the time spent by the participant to acquire the skill by exploring 

(Champion, Bishop and Dave, 2012). 

The qualitative data are collected by questionnaire from the participants. The questionnaires 

are framed to study the quality of the system.  
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Here, the research’s framework adopts the traditional heuristics to evaluate VR that studies 

the experience of the user in the simulation based on (Alencar, Raposo and Barbosa, 2011) 

and (Chertoff, Goldiez and LaViola, 2010). The model records the expertise skills of learning, 

solving and exploring which are useful for identifying all the major and minor problems 

(Bowman and McMahan, 2007). Hence, the research heuristics support both user- and 

expert-based evaluation. 

Most of the studies and literature adopt experiments that evaluate the VR user-experience 

by implementing a set of measures which evaluate using either user-based studies or expert-

based studies. Little research has tried to form measures which are universal to solve the 

problems for all generic applications.  

Gabbard’s and Kalawsky’s method is popular among the universal heuristics. Gabbard’s 

taxonomy (Gabbard et al., 1997) addresses the user’s task, interface, input, virtual model and 

presentation factors, whereas Kalawsky’s VURSE (Kalawsky, 1999) addresses functionality, 

input/output, guidance, consistency, flexibility, fidelity, robustness, immersion, presence and 

usability. Despite the methods and questionnaires being effective, there were terms like 

“presence” which are difficult to understand for a general participant.  

Little other research developed user-centred methods (Lessiter et al., 2001) to interview 

participants. These questionnaires discuss in depth about presence. The literature 

categorised presence in various dimensions. According to Witmer and Singer (1998), the 

presence questionnaire contains the elements of control factor, sensory factor, distraction 

factor and realism factor. The evaluation was done by analysing the control, nature and 

interface quality. In Slater’s method (Slater, Usoh and Steed, 1994), the method contains laws 

of physics, visual cliff, virtual actors and subjective factors. Lessiter et al. (2001) and Cummins 

(2016) studied the sense of presence by analysing the sense of physical space, engagement, 

ecological validity and negative effects. 

Even though both Slater, Witmer and Singer’s (Slater, Usoh and Steed, 1994), (Witmer and 

Singer, 1998) Presence questionnaire studied Presence, few of the elements like interface 

quality and laws of physics contributed towards understanding usability. These studies 

focused on encountering the problems faced in user-experience. These evaluations did not 

discuss the interface between technology and perceived presence. Remarkably, the study was 
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not sufficient to solve weakness such as simulation illness and problems related to the 

personality of the user. 

Hence, a robust framework for this research included the standard simulation sickness 

questionnaire (Kennedy et al., 1993) and the immersion tendency questionnaire (Witmer and 

Singer, 1998). These questionnaires investigate more of the differences among individuals. 

Throughout the literature, it is understood that usability and perceived presence are highly 

related and the factors covered under them are connected to each other. Very few 

publications help to describe the relations between them.  

In general, VR engineers like to investigate elements of usability, presence, simulation 

manifestation and participant characteristics. Participant characteristics are useful when 

system assessments need comparison between experiences. 

3.1.2 Framework Design 

A framework has been made involving the factors discussed in the previous section based on 

the author’s heuristics. According to the design, the framework contains four major 

requirements, which are 

 Technology factors 

 Presence factors 

 User factors 

 Simulation illness factors 
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Fig 3.1 User Experience Framework design 

 

Based on these requirements a framework is illustrated in figure 3.1 which demonstrates the 

relationship between presence and immersion. The arrows indicate the influence on the 

factors following the heuristic from the literature. These are examined with the user-data 

during the evaluation of the experiments. 

3.1.2.1 Technology factors 

Evaluating the technology is the most important requirement in a user-experience test. The 

technology is based on three factors: the software, hardware and the relation between the 

hardware and software. 

The hardware evaluation is categorised into input and output devices: 

 The studies on the hardware input inspect the portability, minimal interference, 

degree of freedom, stability, and ease to learn and use. 
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 The studies on the hardware output analyse the areas of visual display and quality, 

view-field, audio-video feedback and haptic quality, portability and interference 

check.  

The software evaluation is categorised into categories such as scene, embodied agents, 

menus and user alerts, physics, theme, stereoscopy, narratives, sound and image quality. 

 The study of software scene, embodied agents, theme and menu investigate the 

aesthetics, fidelity and explanatory factors. 

 The study of software physics tests inertia, gravity and collisions. 

 The study of software rendering evaluates the quality of the processed image, 

stereoscopy and stereo sound. 

The evaluation of compatibility between the software and hardware considers four major 

studies: 

 Dimensional consistency is studied between the user’s movement and the response. 

This study inspects location, position and orientation. 

 Temporal consistency is also studied between the user’s movement and the response. 

Here, the study investigates latency, rendering speed, transmission and 

synchronisation. 

 Dimensional and temporal consistency investigate the combined effect on navigation 

and tracking objects. 

 Multi-mode consistency tests consistency of visual-audio and haptic feedback. 

The system development in the framework cannot be subjected to the usability test when it 

holds the application only. 

3.1.2.2 Presence factors 

Presence factors should be examined in the usability test especially in VR because immersion 

and presence are proportional to each other and users will experience the presence in the 

simulation. The sub-factors discussed in the technology development are proportional to the 

sense of presence, and are 

 Portability of the hardware in the hardware evaluation  

 Fidelity of the technology in the software evaluation. 
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These are identified as some of the factors for presence in the literature. According to this 

thesis, presence is the crucial concept. The list below notes some of the concepts of presence 

according to the perception of users. These are categorized into five factors which are 

received and enhanced from the current literature and described as follows: 

 Location: The sense of existing in the VR world and living with the VR objects 

 Seclusion: The sense of being segregated from the real world and both in mental and 

physical conditions 

 Instinct: The sense of real-world interaction in VR 

 Personal Engagement: The sense of being committed 

 Social Engagement: The sense of togetherness with characters in VR. 

Measuring the sense of presence does not refer alone to the technology development; but it 

does help to investigate both the extent and the drawbacks of the entire system that delivers 

the experience of presence in the user’s view. 

The study of location considers three major areas, the perception of the location or the sense 

of being more than a viewer (Lessiter et al., 2001);(Slater, Usoh and Steed, 1994); IJsselsteijn 

et al., 2000), the perception to relate and locate an object in the simulation (Sylaiou et al., 

2010) and the perception of motion and motion-related awareness caused by user action 

(Witmer and Singer, 1998). 

The study of instinct evaluates two major factors, the perception of natural ability and the 

perception of anticipation and prediction as a cause from the user’s manipulation (Witmer 

and Singer, 1998). 

The study of seclusion investigates two major criteria, the perception of the deep presence 

that affects the awareness of the interface (Witmer and Singer, 1998) and the perception of 

the presence at a point at which users become unaware and isolated from the real world 

(Sylaiou et al., 2010); (IJsselsteijn et al., 2000); (Slater, Usoh and Steed, 1994). 

The study of personal engagement examines motivation and willingness to do the tasks 

performed. Users engage more if they identify their experiences as meaningful (IJsselsteijn et 

al., 2000); (Witmer and Singer, 1998);(Chertoff, Goldiez and LaViola, 2010). Involvement was 

found contributing to the user-presence when the participant’s energy and time was utilized. 
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The study of social engagement investigates mutual experience perceived by the users, 

sharing the experience by playing the game between the players. (Chertoff, Goldiez and 

LaViola, 2010). The emotional response from the user emotes the real-world expression in 

the virtual world (Chertoff, Goldiez and LaViola, 2010); (Lessiter et al., 2001). 

All the above factors explain the experience of presence. These experiences vary depending 

upon the user’s personality and interest. Hence a study on the user’s personality must be 

crucial in this literature. 

3.1.2.3 User factors 

There are four factors to examine the user’s individual characters:  

 Personality attributes that measure level of involvement and willingness 

 Attributes related to the skills to learn and the ability to concentrate 

 Interest attributes that affect willingness 

 Health attributes 

 Weakness and mood attributes. 

3.1.2.4 Simulation illness factors 

The other major area is to evaluate simulation illness. Sicknesses like these are frequently 

caused due to health conditions. Hence it is crucial to note the health condition of the 

participant before entering the simulation. Simulation sickness may also be caused due to 

system design (Kennedy et al., 1993). Therefore, it is crucial to design a system that reduces 

the simulation sickness. The perfect VR system should have good 3D display and navigation 

technology. 

There are 16 standard questions developed by (Kennedy et al., 1993) that help in determining 

the sickness factor used in the study. This set of questions is accepted world-wide and is now 

in practice. 

Some studies also examine the factor called effectiveness of the application. This is widely 

used for a simulation that has the purpose of training the users. In this thesis it was not 

required due to the simulation being a game application. 
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3.2 Summary 

User experiments are conducted to identify immersion. Here, the research conducted user 

experiments by measuring user experience instead of usability testing since user experience 

testing covers overall aspects including usability for measuring immersion.  

In user-experimentation, this research followed the traditional assessment which involves 

qualitative and quantitative study in order to measure immersion and to correlate the factors 

causing the immersion by applying the universal heuristic which involves both user- and 

expert-based studies.  

Qualitative data were collected through “Pre-experiment immersive tendency 

Questionnaire (Pre-Q)” and “post-experiment interview (Post-Q)”. Pre-Q asked participants 

to complete questions to know their immersive tendency before the start of the experiment.  

Quantitative observations were acquired by observing participants’ performance in using a 

real and VR batting simulator. In real simulators, participants were asked to face a real bowling 

machine. During this stage, the number of balls blocked/connected by the participants was 

counted. 

In the VR simulator, observations were made by counting the number of balls blocked, head 

positions, playing areas, time and participants’ attacking shots. 

During the VR experiments, participants were asked to complete an immersion 

questionnaire that measured both technology aspects and presence caused during the 

simulation under various categories. This was a real-time acquired measure and was collected 

through GUI sliders inside the simulation. Likert scales were used to quantify the quality of 

the VR system under two conditions evaluating the hypothesis (with and without 

Performance Capture). 

Before and after the VR simulation, participants were checked for any sickness. This was 

done to identify any sickness caused due to the simulation. These tests used a standard 

simulation sickness questionnaire (Kennedy et al., 1993). 

A post-experiment session collected data from the participants in the form of interview on 

analysing the videos and comparing their experiences. Here, participants should analyse their 

point-of-view recordings from the VR simulations with the helmet cam recording from the 
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bowling machine experiment. The following table lists the literature linked with the 

developed methodology. 

Table 3.1: Literature related to the Developed Methodology 

User experimentation (Norman, 2010), (Slater and Steed, 2000), (Yildirim et al., 

2018), (Langerak, Zaczynski and Whitehead, 2014), 

(Campelo and Katz, 2018). 

User-experience and Usability (Bastien, 2010), (Jacko and Sears, 2003), Sutcliffe and 

Kaur (2000), (Cramer, 2004), (Kalawsky, 1999), (Alencar, 

Raposo and Barbosa, 2011). 

Traditional assessment 

heuristics 

(Alencar, Raposo and Barbosa, 2011), (Chertoff, Goldiez 

and LaViola, 2010), (Bowman and McMahan, 2007), 

(Gabbard et al., 1997), (Kalawsky, 1999). 

Qualitative method: Pre-

experiment Questionnaire 

(Pre-Q) 

(Witmer and Singer, 1998), (Norman, 2010), McMahan 

(2003), Perron (2005), Ermi and Mäyrä (2005), (Emma-

Ogbangwo et al., 2014) 

Qualitative method: Post-

experiment Interview (Post-Q) 

Ermi and Mäyrä (2005), (Yildirim et al., 2018), (Jayaraj, 

Wood and Gibson, 2018), (Lessiter et al., 2001). 

Quantitative traditional 

assessment 

(Cramer, 2004), simulation (Finkelstein et al., 2011), Von 

Kapri, Rick and Feiner (2011), (Champion, Bishop and 

Dave, 2012), (Bailenson and Yee, 2005), (Costa, Robb 

and Nacke, 2015), (Mozgovoy, 2018). 

Immersion Questionnaire (Witmer and Singer, 1998), (Spanlang, 2009), (LI, 2012), 

(Cummings and Bailenson, 2016), (Wirth et al., 2007), 

(Balakrishnan and Sundar, 2011), (Slater, 2009), (Lessiter 

et al., 2001), (Slater, Usoh and Steed, 1994), IJsselsteijn 

et al., 2000), (Sylaiou et al., 2010), (Chertoff, Goldiez and 

LaViola, 2010).  

Simulation Sickness 

Questionnaire 

(Kennedy et al., 1993) 
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In summary, the outline of the methodology is the research’s user experiments that are 

conducted by measuring user experience instead of usability testing and which have followed 

the traditional assessment by applying a universal heuristic. Qualitative data were collected 

through Pre-Q and Post-Q questionnaires. Quantitative observations were acquired by 

observing participants’ performances. Before and after the VR simulation, participants were 

checked for any sicknesses. During the VR experiments, participants were asked to complete 

an immersion questionnaire. After the VR tests, the experiment concluded with a post-

experiment interview comparing each user’s experiences. 
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Chapter 4: Experiment Design 

4.1 Aim of the Experiment 

The aim of this User-Experiment considers the two major traits such as by conducting tests 

and by applying an experimental framework in the test evaluation. Here, the framework for 

the examination was constructed by combining standardised methodologies with author’s 

heuristic and understanding thereby proving the reliability and the potency of the formed 

methodology. The tests are conducted to identify the user’s ability to be immersed in playing 

cricket and to identify the immersive experience provided by the VR simulations which are 

made for playing cricket. 

The users’ abilities were identified by observing them while asking them to bat using a 

physical cricket simulator whereas, testing the VR systems immersion requires participants to 

be observed while batting using the VR simulators for cricket. 

The test collects qualitative and quantitative measures in a form of user-observation and self-

reported questionnaire. These measures are studied for technological achievements and 

user’s perception of the presence to know the rate of user-immersion. 

4.2 Quantitative Measures 

Quantitative measures were taken from the participants on their performance in VR 

simulation. The measures are based on: 

1. Number of balls bowled in the simulation. 

2. Number of balls played by the participants in the simulation. 

3. Number of balls played on the right side of the ground in the simulation. 

4. Number of balls played on the left side of the ground in the simulation. 

5. Involvement Score: Counts the number of times the participants looked at the score 

board in the simulation. 

6. Awareness Score: Counts the number of times the participants looked down to know 

their position in the simulation. 

7. Confidence Score: Counts the number of times the participants have scored the 

maximum in the simulation. 
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Quantitative measures were also taken from the participants on their physical batting 

performances. The measure is based on the number of balls they have made contact with 

using the bat. 

4.3 Qualitative Measures 

Qualitative measures were taken from the answers provided by the participants during the 

VR experimentation and aimed to measure the participants’ feedback. There were three sets 

of questions.  

1. Technology Development Questionnaire (TQ) measured the technological factors. 

2. Presence Questionnaire (PQ) measured the factors which provide the sense of 

presence. 

3. Simulation Sickness Questionnaire (SSQ) measured the sickness due to the simulation 

(Kennedy et al., 1993). 

4. Visual Experience Interview (VEI) measured the participants’ viewing experience. 

The SSQ was completed before and after the VR simulation test and the difference between 

the two measurements gave the amount of sickness due to the simulation. 

Qualitative measures were also taken from the participants at the time of signing the research 

consent. It carried the Pre-Evaluation Questionnaire that measured the participants’ 

interests and personality. 

After the completion of all the experiments, the participants were interviewed for their visual 

experience. 

4.4 Experimentation Procedures 

4.4.1 Organising the Experiment, Strategies and Resultant Demographics 

Organising the experiment is an important part of research studies. Strategies were adopted 

to obtain more participants for accurate results. The research aimed to recruit a minimum of 

50 participants, which was believed to be the possible number of participants for a duration 

of 3 weeks. This was attempted in order to have enough samples for reliability analysis and 

for the significance test based on the participant’s demographics.  
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On the successful completion of the phase 1 experiment, a minimum of 30 participants were 

expected to join the phase 2 experimentation.  

 

Fig 4.1 Brochures for Experimentation 

 

In order to meet the requirements, phase1 and phase 2 experiments were designed to be 

conducted within the campus. The targeted participants were students and local people 

around the area. To reach them, brochures and posters were printed and were displayed 

around the university campus. Advertisements were made on university’s web portal. Within 

the advertisement a QR code was provided for participants to download the consent forms. 

 

Fig 4.2 Advertisement on the University’s Website 
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Fig 4.3 Posters for Experimentation 

 

Despite the advertisements, responses were not substantial during the first week. Hence, a 

strategy was designed to target close-knit groups. Here, teaching staff, non-teaching staff, 

student societies, student clubs and faith societies were invited to participate along with their 

peers as a team-building activity and to have a nice time.  

Videos related to the experiment were uploaded on YouTube to inspire them during the 

outreach. This required re-strategizing according to the outcome, and appointments were 

made according to the group’s availability. Each group comprised of 4 or 5 members.  

This increased the number of participants dramatically. In phase 1, 76 people participated, 

whereas in phase 2, 45 participated. Among the 76 participants, 31 skipped phase 2 due to 

their unavailability. Two female participants skipped phase 1 due to the speed of the 

approaching ball delivery. 

The participants were grouped based on demographic distribution such as gender, age, 

immerse-ability scores, skills, courage and gaming experience.  
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Fig 4.4 Participant Demographics 

 

4.4.2 Phase 1 Experimentation 

Following the methodology, tests were conducted in two phases in which phase 1 comprised 

obtaining participants’ consent and analysing their immerse-ability and interest using a pre-

experiment questionnaire followed by the experiment explanation and experimentation. For 

the test, participants were asked to bat using a physical simulator (Simulators | BatFast 

Cricket Simulators, 2020) for 15 minutes. 

The physical simulator consisted of a pitching machine (Cricket Direct - Paceman Bowling 

Machines, 2020) that could throw the balls at a constant speed of 85 kilometres per hour. The 

machine can deliver 6 consecutive balls within an interval of 7 seconds. Here, the participants 

were asked to bat, i.e. to make a contact with the balls, which were projected at them. This 

experiment was conducted to analyse and group the participants according to various aspects 

and to introduce a cricket experience if they had not had an opportunity to bat before. 

Controlled environments were provided to conduct the experimentation indoors at the Luton 

campus of the University of Bedfordshire. The batting area was covered with nets and the 

participants were provided a safety helmet with an action camera mounted on it. Protective 

gear was offered as a secondary option for a higher degree of protection. 

These experimental proceedings were documented in video format from the participants’ 

point of view. The videos were recorded in order to capture the participants’ visual 

experiences while batting using the physical simulator. These videos were later used for a 

comparative study with the participants’ virtual reality visual experiences. 

31

43

2

45

Missed Phase 2 Completed Phase 2 Completed Phase 2 but Skipped Phase 1
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Fig 4.5 Physical Simulator 

 

For the test, participants were asked to face 30 ball deliveries. The test consisted of five 

different levels of challenges and each level had 6 ball deliveries. The first 3 levels had 

variations in ball deliveries according to the defined length of the delivery whereas the last 2 

levels added swing to the ball deliveries and created a lateral movement in the ball’s 

trajectory. 

Here, the ball deliveries’ length variations are changed by positioning the pitching machine 

according to the predefined markings on the floor, whereas the swinging effects are achieved 

by rotating the thrower, i.e. the top part of the pitching machine, either way. 

In level 1, participants were asked to face full toss (FT) deliveries, in which the ball does not 

bounce on the ground before reaching the batter. In level 2, participants were asked to face 

short length (SL) deliveries, in which the ball bounces on the ground way before reaching the 

batter. In level 3, participants were asked to face full length (FL) deliveries, in which the ball 

bounces on the ground just before reaching the batter. In level 4, participants were asked to 

face in-swinging (IS) deliveries, in which the FL deliveries add lateral movement before 

reaching the batter. The movements were produced in the clockwise direction when 
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observed from the bowling machine. In level 5, participants were asked to face out-swinging 

(OS) deliveries, where the FL deliveries add lateral movement in the counter-clockwise 

direction before reaching the batter from the bowling machine. The scores were marked for 

each level out of 6 and were totalled out of 30. After the test, participants were arranged with 

the appointments for the phase 2 experimentation. 

 

Fig 4.6 Phase 1 Experiment 

 

The primary aim of the phase1 test was segregating the participants into many groups by 

analysing their results. The grouping as made based on the observed categories of skill, 

courage, academic level, gender and immerse-ability. According to the skill category, the 

participants were grouped into 3. The participants who scored above 20 were grouped as 

“above average”, whereas the participants who scored below 10 were grouped as “below 

average”. Remaining scorers were considered as “average”. Based on the courage attribute, 

the participants were grouped into “un-skipped” and “skipped due to fear”. The category 

based on student-status formed groups of “student” and “non-student”. Gender category 

groups were classified as “male” and “female”. From the phase 1 questionnaire, the 

participants were classified based on their personalities and personal interests and their total 
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scores out of 15 formed groups of “non-immersive”, “partial-immersive” and “total-

immersive”. Here, participants scoring above 10 were grouped into “total-immersive” and 

participants scoring less than 5 were grouped into “non-immersive”. The rest of the 

participants were grouped as “partial-immersive”. 

4.4.3 Phase 2 Experimentation 

After the phase 1 test, participants were arranged with the appointments for the phase 2 

experimentation. The appointments for phase 2 VR experimentation were done by emailing 

the participants according to the availability of the VR Lab.  

Emails were sent using the email ids gathered from the participant consent forms. The first 

set of emails was sent within the first week of the experimentation and the follow-up emails 

were sent in the weeks 2 and 3, respectively. Participants replying to emails were asked to 

choose one of the available days for the experimentation.  

Upon arrival, participants were asked to complete the pre-experiment simulation sickness 

questionnaire SSQ (Kennedy et al., 1993) to identify their degree of sickness before getting in 

to the virtual reality. It is a crucial test because it identifies whether the simulation has caused 

any sickness for the participants. After the completion of the SSQ, the participants were 

briefed about the experiments and procedures for three minutes.  

A walkthrough explaining the VR studio, capture volume, observing station, head-mounted 

display, sensors and controllers was given to the participants. Also, the charts displayed at the 

laboratory were used to illustrate and facilitate the training. Especially, “Dos and Don’ts” 

charts were explained in order to reduce human errors.  

The participants were trained individually for two minutes in operating the VR controllers by 

sensing them without seeing them. The training encouraged the participants to touch and 

feel the controller to identify the buttons and concluded with a blind-fold test.  

These tests were important, since the user would be blind to the real world on wearing the 

VR device. After the training, the participants were informed again about the two test games 

they were about to play: 

 Game with real-time camera-based performance capture 

 Game without performance capture. 
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The choice was made by the participants to choose which simulation to start with. 

 

Fig 4.7 Phase 2 Experiment 

 

In the VR simulation, participants were given a training to pick and hold the in-game bat. This 

was achieved by communicating to them from the observing station by using the in-game 

VOIP (Voice over Internet Protocol). The participants were given proper instructions prior to 

the actual gameplay in order to get them familiar with the game interactions, game menus 

and the stadium displays that showed scores and their avatar’s self-representation. Here, the 

training required the participants to understand how the game would be played. Upon getting 

most of the knowledge, the participants were asked to start the experiment without trialling 

the gameplay.  

For initializing the experiment, the participants  

 Inputted the opponent’s score, i.e. the NPC (Robots) team score. 

 Selected one of the featured simulations, i.e. to play the game with Kinect-based 

motion capture or not. 

 Selected one of the difficulty modes. 

 Selected one of the team’s Jersey. 

 Selected “Start game”. 

After starting the game, the countdown timer turned on, activating the NPC Robots. Here, the 

participant should instruct the bowler Robot to bowl by pressing a “trigger” button. 
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In response, the bowler Robot bowled the deliveries with random variation. To score, 

participants were required to make contact to the ball deliveries using the in-game bat and 

this would increment the score according to the distance of the ball from the bat due to the 

impact. The incremented user-scores were displayed in the scoreboard in the simulation 

along with the remaining time. The participant should aim to score more than the opponent’s 

score within a given period of time. 

The game stopped either when a participant had utilised all the chances or when the time 

period expired. This turned the countdown timer off and deactivated the NPC Robots.  

During the tests, participants were allowed to complete the Technology (TQ) and Presence 

(PQ) questionnaires by selecting the questionnaire option in the game menu. This was done 

in order to acquire the user data in real-time, inspired by an article from Freeman and 

colleagues (Freeman et al., 1999) which allowed users to document their experiences while 

trialling the simulation and to be more accurate while completing the questionnaire. Clicking 

the option paused the game and opened a menu in the simulation that displayed the 

questionnaire, which had default values or set to the previous thereby allowing the user to 

alter their answers whenever during the simulation. The menu provided one question at a 

time and collected the data in Likert-scale form by moving the GUI sliders in either direction. 

Usually, Likert surveys are used to measure latent variables (i.e. unobservable or hidden 

variables like user’s conscientiousness and openness/neurosis). The “next” button in the 

canvas opened the subsequent question page. Also, the questionnaire menu was designed to 

resume the game when it was closed.  

After the successful completion of 21 questions, an acknowledgement page appeared and 

received the participant’s acknowledgment of the chosen simulation, whether they played 

with Kinect tracking or not. In the acknowledgment page, the “calculate” button printed the 

participant’s result. This concluded test 1. It was observed that among 45 participants, 44 

participants preferred not to pause the game. They completed the questionnaire after the 

closure of each test. For the second test, participants initialised and played the game for the 

next simulation. Here, the questionnaire held the values of the previous test and the 

participants were required to alter their decision if that was reasonable. 
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After the completion of the experiment, the participants were asked to complete the post-

experiment SSQ Simulation Sickness Questionnaire (Kennedy et al., 1993), followed by a post-

experiment interview. 

At the interview, participants were asked about their viewing experience as a player and 

spectator by comparing both the featured simulations to the phase 1 physical simulation. 

Here, the video recordings from phase 1 were used. Participants were also asked to compare 

their previous cricket video game experience to the VR cricket gaming experience. 

4.4.4 Questionnaire Page 

The questionnaire page was programmed to open after clicking a button in the simulation’s 

menu. This led to 21 questionnaire pages, navigating by pressing the “next” button. 

 

Fig 4.8 Questionnaire Page (July 2019) 

 

Here, a “submit” button from the final questionnaire page published the result after the 

completion of the final question. The results were shown in a new page and were categorized 

according to the factors discussed in the methodology chapter.  
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Fig 4.9 Qualitative Results from the Experiment (August 2019) 

 

4.4.5 Participant Quantitative Data 

More quantitative data were also printed during the experiment. These were programmed to 

be displayed in a screen and were collected in real time during the experiment. The data 

contained components like balls bowled, balls played, off/leg ratio, Involvement Score, 

Awareness Score and Confidence Score, according to the discussion in the methodology 

chapter.  

 

Fig 4.10 Quantitative Results from the Experiment (August 2019) 
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4.4.6 Data Collection Format 

 Pre-experiment questionnaire and the Post-experiment interview questions were 

printed along with the participant consent form. These paper documents were stored 

in a research folder.  

 The phase 1 video recordings were stored on a research hard disk without 

compressing the format.  

 The phase 2 Simulation Sickness Questionnaires were printed as paper documents 

that consisted of pre and post-experiment SSQ analysis. These were also stored in the 

research folder.  

 The phase 2 Technology and Presence Questionnaire results were collected as the 

game recordings from the observing workstation. These were stored on the research 

hard disk without compressing the format. 

4.5 Questionnaire Design 

The questionnaire had a seven-point Likert scale for grading each item in the questionnaire. 

This shows the degree of expression from a participant, according to Witmer and Singer 

(1998). The grading was done on a scale of 1 to 7, where 1 indicated the lowest level and 7 

indicated the highest level. For instance, a question is done below. 

1. Much harder / Strongly disagree / Extremely negative  

2. Harder / Disagree / Negative 

3. Mildly harder / Slightly disagree / Partially negative  

4. Between hard and easy / No idea / Neutral 

5. Mildly easier / Slightly agree / Partially positive 

6. Easy / Agree / Positive 

7. Much easier / Strongly agree / Extremely positive 

How easily did you understand to use the system?  Much easier 
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4.5.1 Pre-Experiment Questionnaire 

As mentioned previously, the questionnaires were framed to evaluate the participants’ 

personality characteristics, interest and motivation, skills and ability. Questions 1 and 2 

investigated the personal characteristics about involvement and ability to focus. Questions 3, 

4 and 5 examined the participant’s interest and motivation. Then questions 6 and 7 

determined the participant’s skill and ability. 

4.5.2 Post-Experiment Interview Questionnaire 

This interview questionnaire was framed to compare the participant’s viewing experiences. 

 Question 1 investigated the viewing experience as a player by comparing both the 

featured simulations to the phase 1 physical-batting simulation.  

 Question 2 investigated their previous cricket video game experience to the VR cricket 

gaming experience. 

 Question 3 investigated their viewing experience as a spectator by comparing both 

the featured simulations to watching a cricket game. 

4.5.3 Technology Development Questionnaire 

The framework of the Technology Development Questionnaire considered three categories: 

 Technology Hardware Development Questionnaire 

 Technology Software Development Questionnaire 

 Factors between Hardware and Software Questionnaire 

4.5.3.1 Technology Hardware Development Questionnaire 

The questionnaire measured both the input and output device development. These questions 

were formed in order to check the factors such as portability, fewer distractions, stability, 

ease of access, area of view and image quality.    

4.5.3.2 Technology Software Development Questionnaire:  

The questionnaire was framed in order to question scene, objects, menus, physics factors 

such as collision and flight, stereoscopy and opponent’s avatar.  
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4.5.3.3 Technology Factors between Hardware and Software Questionnaire 

These questions analysed the factors that connect the hardware and the software. The first 

part of the framework analysed dimensional and temporal consistency. The second part of 

the framework examined the properties of navigation, operation and other tracked game 

objects as a combination of both dimensional and temporal consistency. The third part 

analysed the Multi-Mode Consistency, which tests the consistency on visual-audio and haptic 

feedback.  

4.5.4 Perception of Presence Questionnaire 

Location: 

The location data were subject to study while comparing with the quantitative data collected 

during the experimentation. 

Location is the sense of existing in the VR world and living with VR objects. The questionnaire 

which was developed addressed the issues of 

 Locating the simulated world 

 Locating the simulated objects 

 Locating the simulated animation, i.e. the movement of the flying ball. 

Seclusion:  

Seclusion is the sense of being segregated from the real world in both mental and physical 

conditions. This isolation factor was studied for both unawareness in the interface and in the 

natural world.  

Instinct:  

Instinct is the sense of real-world interaction in a VR. The questionnaire was formulated for 

the user’s anticipation and the natural world problems in the simulation.  

Personal Engagement:  

Engagement is the sense of being committed. The engagement factor examined the 

motivation and the involvement of the player.  
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Social Engagement:  

Social presence is the sense of togetherness with characters in a VR. The studies involved the 

questionnaire that considers the awareness of co-presence with another character, co-

experience with another character and the emotional response. 

4.5.5 Measures for the Questionnaire 

As the outcome of the experiments, both the qualitative and the quantitative data were 

collected.  

An observational document measured the participant’s skill level and was logged during the 

Phase 1 batting experimentations which comprised: 

 A quantitative data which is measured in a range of 0 to 30.  

The pre-experiment questionnaire measured the participant’s immerse-ability and their 

interests and was completed before the phase 1 batting experimentation which comprised 

 The quantitative questions’ range was 1 to 3 for the second, third, fourth and fifth 

questions; the first, sixth and seventh questions were qualitative. 

 Question 1 was yes/no. 

 Question 6 was selecting an answer among 5 options. 

 Question 7 was selecting an answer among 3 options. 

The questionnaire that measured the Simulation Sickness (SSQ) was completed before and 

after the VR simulation during the phase 2 test and it comprised:  

 A questionnaire for Simulation Sickness Pre-SSQ with range from 0 to 3 for all 16 

questions 

 A questionnaire for Simulation Sickness Post-SSQ with range from 0 to 3 for all 16 

questions 

The questionnaire that measured the participant’s analysis on technology was completed 

during the phase 2 VR test which comprised: 

 A questionnaire on “Technology Development (TQ)” ranging from 1 to 7 for all 21 

questions 
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The questionnaire that measured the participant’s analysis on Presence was completed 

during the phase 2 VR test which comprised: 

 The questionnaire on “Perception of Presence (PQ)” ranging from 1 to 7 for all 21 

questions 

The post-experiment interview questions measured participants’ viewing experience which 

comprised: 

 Quantitative questions ranging from 1 to 5 for questions 1a, 1b and 2a 

 Quantitative questions ranging from 1 to 3 for questions 3a and 3b  

 Qualitative question 2b requiring the participants to mention the video game names. 

Every element in the TQ and PQ questionnaire framework follows a 7-point Likert style of 

rating. Statistically, the rating data were generally wholesome and non-interval values. Even 

the values for ratings were considered as more than a regular ordinal data. Therefore, it added 

extra numerical information (Argyrous, 2011). 

Statistical analysis for the rating scale has used interval data in many of the previous works 

that deal with questions providing mode and standard deviation. This became the basic 

standard procedure for many marketing companies for survey assessment. Little research has 

employed Cronbach’s alpha, which determines the outcome on assuming interval data, 

normal distribution and the homogeneousness.  

The statistical evaluation of the questionnaire in this research was done by using the method 

shown in SPSS – Statistical Package for the Social Sciences (Pallant, 2013)(Allen, Bennett and 

King, 2010). According to Clarke and Cooke (2004), the statistical measurement for presence 

is named by the letter “p” that indicates the significance. 

4.6 Pre-Experimentation Questionnaire (Pre-Q) 

The following questionnaire contributes towards understanding the participant’s individual 

characteristics and immerse ability.  

Please circle your answers to the following questions: 

1. Have you ever been involved in a book or a movie to an extent at which you lose the 

awareness of your surroundings? No/Yes 

2. How focused are you on the activities that you like the most? 
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Not at all/Neutral/Very much 

3. How involved are you while playing a regular sports-related video game? 

Not at all/Neutral/Very much  

4. How involved are you while playing an interaction based (for instance the PS3, Xbox Wii) 

cricket video game?  

Not at all/Neutral/Very much  

5. How interested/involved are you in the sport of cricket? 

Not at all/Neutral/Very much  

6. How often do you play computer games? Choose one 

Barely/Irregularly/Monthly/Weekly/Often in a week 

7. How you rate your expertise in playing the game of cricket? Choose one 

a. I don’t know how to play 

b. I know how to play but I am vulnerable to many mistakes 

c. I can play like a professional (can skip the phase1 experimentation) 

4.7 Technology and Presence Questionnaire (TQ) and (PQ) 

The following questionnaire contains 21 elements to identify the immersion of the achieved 

technology. These questions are designed to collect the user experience using 7 point Likert scale.  

1. How closely did the movement of the in-game cricket bat match a real Cricket bat? 

2. Please rate how well the spatial movement of the in-game batsman match your own 

movements during the test: 

3. Please rate your level of satisfaction with the speed of the in-game bat and the batsman while 

playing in the simulation: 

4. Rate the consistency of information perceived via your different senses during the simulation 

(E.g. sight, hearing, and touch): 

5. Rate how closely the simulation matches your experience of playing a cricket game in the real 

world: 

6. Rate how realistic the ball physics (i.e. bounce, flight, collision) matches to that of cricket game 

in the real world: 

7. Rate the portability of the hardware used in this experience: 

8. Rate how much the usage of the hardware involved you in the simulation: 

9. Please rate the stability and level of freedom you had in looking around inside the virtual 

simulation environment compared to real life (e.g. ability to look at possible angles and 

directions): 

10. Rate how easy or difficult it was to learn to use the system? 



76 
 

11. Rate your level of pleasure or displeasure about the output in terms of visuals, sounds and 

vibrations: 

12. Rate the level of presence you've felt inside the virtual world compared to the research lab: 

13. Rate how often did you felt yourself located in the right position in the simulation: 

14. Rate the level of unawareness you've felt with the controllers and surrounding during the 

simulation: 

15. Rate your level of your anticipation when hitting the in-game ball to score against the fielders’ 

placement: 

16. Please how often did you predicted the progression of the game when chasing the target? 

17. Please rate the level of cautiousness you've felt when hitting the ball: 

18. Rate how much the challenges involved you to score more than your opponent: 

19. How satisfied were you with the believability of your opponents and their animations: 

20. Please rate the level of emotion you've felt when the opponents are outplaying you in the 

simulation: 

21. Please rate how much did you see the bowler and the fielders to judge the direction of the 

ball in the simulation: 

 

4.8 Post-Experimentation Interview Questionnaire (Post-Q) 

The questions below were asked to the participants after the VR experiments in order to rate their 

overall experience on comparing their visual recordings. 

To be completed later (After VR Test):  

1. How closely does the simulation match your experience of playing a cricket game physically? 

Without using improved motion capture:  

Extremely-unsatisfied / Partially-unsatisfied/ Neutral/ Partially-satisfied/ Extremely-satisfied 

Using improved motion capture:  

Extremely-unsatisfied / Partially-unsatisfied/ Neutral/ Partially-satisfied/ Extremely-satisfied 

 

2. How satisfied were you with this gaming experience compared to a Cricket video game which 

you have played before using PC or other gaming consoles?  

(Please ignore if you haven’t played a Cricket video game)  

Extremely-unsatisfied / Partially-unsatisfied/ Neutral/ Partially-satisfied/ Extremely-satisfied 

 

Please give the name of the Cricket Game: 

 

3. How much the recorded simulation from the spectator’s view engages you? 

Without using improved motion capture: Not at all/Neutral/Very much 

Using improved motion capture: Not at all/Neutral/Very much 
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4.9 Simulation Sickness Questionnaire (SSQ) 

This is a standard simulation sickness questionnaire used to measure any sickness caused due to the 

simulation. Participants must fill the questionnaire before and after the VR experiments.   

 

Pre/Post-Experiment SSQ Questionnaire  

 

SIMULATOR SICKNESS QUESTIONNAIRE  

(Kennedy et al., 1993) 

 

Instructions: Circle how much each symptom below is affecting you right now.  

 

1.General discomfort  
 

None Slight Moderate Severe 

2.Fatigue  
 

None Slight Moderate Severe 

3.Headache  
 

None Slight Moderate Severe 

4.Eye strain  
 

None Slight Moderate Severe 

5.Difficulty focusing  
 

None Slight Moderate Severe 

6.Salivation increasing  
 

None Slight Moderate Severe 

7.Sweating  
 

None Slight Moderate Severe 

8.Nausea  
 

None Slight Moderate Severe 

9.Difficulty concentrating  
 

None Slight Moderate Severe 

10.Fullness of the Head  
 

None Slight Moderate Severe 

11.Blurred vision  
 

None Slight Moderate Severe 

12.Dizziness with eyes open  
 

None Slight Moderate Severe 

13.Dizziness with eyes closed  
 

None Slight Moderate Severe 

14.Vertigo  
 

None Slight Moderate Severe 

15. Stomach awareness  
 

None Slight Moderate Severe 

16.Burping  None Slight Moderate Severe 
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4.10 Observation Table for Phase 1 Physical Batting Experimentation 

This is the observation table that collects the data of participant’s score during the physical batting 

experience. Here, participant’s unique number is mentioned in the first column and second column 

records the participant’s skill level according to what participant has mentioned in the Pre-Q. 3rd and 

4th column records balls bowled and balls played respectively.  

 

Participant No. Participant Level No. of balls bowled No. of balls connected 
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Chapter 5: Technology Design 

5.1 System Architecture 

System architecture comprises of hardware and software development. The architecture 

here used a Time of Flight (TOF) camera for the performance capturing technique using Kinect 

(Kinect for Xbox One | Xbox, 2017)(Davis et al., 2016; Ishiyama and Kurabayashi, 2016). The 

research proposed to have a capture volume by placing Kinect One sensors.  

The sensor was kept focusing on the centre of the capture volume. The Kinect One sensor is 

wired to the PC through the “Kinect One adapter for PC”. This forms the motion capture unit 

(MCU). The analogue data from the Kinect sensors were synchronised to the system’s real-

time by employing “Kinect for windows SDK 2.0 and Unity-packages for the PC” (Kinect - 

Windows app development, 2019) with Unity. Unity is a 3D game engine that has 

configuration properties, animation, ball trajectories, data recording and action loops (Kim et 

al., 2014).  

This architecture does not work with MiddleVR, which is a predominant middleware for VR 

that enables motion capture by streaming through the Virtual Reality Peripheral Network 

(VRPN) (MiddleVR User Guide, 2017). Rather, it works with a middleware that comprises of 

Oculus and Kinect SDK’s Unity package and Photon Unity Networking. This research used 

“Kinect V2 Examples”, which is a library that retargets the motion capture data to a 3D biped 

model (Kinect v2 Examples with MS-SDK and Nuitrack SDK - Asset Store, 2019).  

A haptic feedback unit (HFU) was connected to PC via Bluetooth and enabled an instant tactile 

feedback in the VR. Here, the mobile haptic server received the controls from the PC and 

vibrated the server and the client’s devices.  

The Virtual Reality Unit (VRU) hardware synchronised in the network using the middleware. 

The VRU used two sensors, a head-mounted display, a microphone, a headphone and two 

motion controllers (Shelstad, Smith and Chaparro, 2017). The design combined VRU and MCU 

capture techniques using Unity for achieving complete performance capture. 
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Fig 5.1 System Architecture 

 

A client unit (CU) uses the middleware to synchronise with the game in a network. The Unity 

application for the client unit was made to observe the participants’ VR performance from 

the audience’s point of view. Hence, the architecture had microphone and headphones to 

instruct the participants using VOIP. 

Therefore, the experimentation had one client connected as an observer in a simulation 

network. Here, the observations were recorded from the CU. The system architecture 

comprised of hardware and software developments.   

5.2 Software Design 

The software is the set of programs, instructions and data which requires executing when 

running a computer application. The developed system’s architecture required software 

development for accomplishing the artefacts for the VR simulation and for the simulation’s 

functionality.  



81 
 

5.2.1 Artefact Design 

All VR simulation requires artefact development (Reality and Simulation, 2016). The artefact 

development for the cricket simulation experiment required a set of 3D models and 

animations. Here, the 3D models were generated using software called Autodesk Maya 2015. 

The required 3D models were categorized as 

 Environments 

 Characters  

 Properties  

The environments of the cricket simulation demanded 3D models such as cricket stadium, 

buildings, crowd ambiance, cricket pitch in the stadium and stadium lights (Cummins, 2016). 

The character modelling demanded humanoid models for user, opponent and non-player 

characters, following anatomical guidelines. The properties for the simulation required bat, 

ball, stumps and other accessories in the simulation. The 3D models were generated with 

substantial fidelity following VR game-performance guidelines. 

All the designed models were then subjected to a process called texturing. In texturing, the 

materials and colours were added to the models. The process was performed using software 

such as Autodesk Mudbox and Adobe Photoshop (Adobe: Creative, marketing and document 

management solutions, 2016). 

The character models were then subject to having deforming functionality as a requirement, 

before applying the animation. The process of applying such functionalities is called rigging. 

In rigging, the characters are attached to the corresponding bones thereby enabling a 

deformation when the bones are rotated and animated. Advanced rigging techniques involve 

the usage of forward (FK) and inverse (IK) kinematics for achieving efficient poses for 

animations. Modern animations are produced using motion-capture data and require a 

technique called motion retargeting. Motion retargeting uses rigged characters which are 

characterised.  

Here, characterisation was done by defining the bone segments according to human 

anatomy. The characterisation in the research was performed by defining a rigged character 

by using 3D software called Motion Builder (Autodesk, 2018). 
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5.2.2 Game Design 

After the artefact development, the 3D models were converted to an intractable game using 

a 3D software called Unity (Reality and Simulation, 2016). Unity was also called a game engine 

because this software was used for engineering game applications (Labsch et al., 2011). Unity 

supports programming in C# and Java.  

The game engine supported VR development by enabling the software with an additional 

plug-in called a Software Development Kit (SDK). SDKs such as OVR, Google Cardboard, 

Stream and MiddleVR empower Unity to develop VR applications. For the current research, 

the VR simulation required a game in a first-person view, thereby allowing the user to view 

from the centre of the stadium and play the game from the batter’s point of view. 

5.3 Hardware Design 

The physical components of the computer or the electronic systems related to the computers 

are called hardware. The proposed system’s architecture combined various hardware items 

for the accomplishment of the technology. Thus, hardware development became a crucial 

part of the research. The hardware development required solutions for the Virtual Reality 

Unit (VRU), Motion Capture Unit (MCU) and Haptic Feedback Unit (HFU) and Client Unit (CU). 

5.3.1 Virtual Reality Unit (VRU) 

The proposed VRU required 3D glasses with head tracking. The present VR era finds many 

commercial products in the market. The head-mounted displays (HMD) for Oculus, 

PlayStation and HTC Vive have embedded such 3D glasses with the head tracking system. This 

research was done with Oculus Rift for its commercial affordability and its SDK for Unity (Ruyg, 

Verhage and Teunisse, 2014). This connected head tracker with hand trackers and produced 

programmable and interactive hands for the user-avatar. The Oculus HMD also has 

microphones and headphones embedded in it. These features were used for VOIP 

communication. 

5.3.2 Haptic Feedback Unit (HFU) 

The HFU devices are required to produce tactile feedback based on the collision made with 

the user’s in-game hands and legs. This requires printing commands (based on the collision 
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event) to a serial port which connects the PC and the smartphone. In this research, the serial 

port connection was established using Bluetooth.  

Here, an Android smartphone was used as an external device that would receive command 

signals from the PC whenever an event (collision) occurred. The phone was tied to the user’s 

left-arm using an arm band. Initially, the Android smartphone was programmed to vibrate 

whenever it read the command as “left-arm”.  

In the later stages, the Android smartphone application was designed to create a server in 

which the server connected other Android smartphones, resulting in vibrating the client 

smartphone while reading the command as “Left-Leg” or ”Right-Leg”, respectively.  

 

Fig 5.2 User with Haptic Feedback Unit 

 

The haptic feedback produced from the smartphones was found to be weak. This required 

improvements in vibration for immersive experiences.  

As a result, a change was made to boost the smartphone’s vibration. The device was named 

a “haptic booster” and required the smartphone to produce sound rather than vibratory 

feedback.  
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Fig 5.3 Haptic Booster Circuit 

 

The “haptic booster” connected to the smartphone via a headphone jack and switched a 

powerful vibrator motor when the audio was played. It used an NPN transistor that acts as a 

switch based on the audio level. The breadboard prototype was found non-functional in few 

smartphone models. Adding an amplifier IC provided efficient operation in all smartphone 

models.  

 

Fig 5.4 Haptic Booster Breadboard-less Prototype 

 

The first prototype that was made without a breadboard used a PAM8403 amplifier board, a 

BC 547 transistor and a L78L05 7805 TO-92 5V 100mA 0.1A Voltage Regulator, a flyby diode, 

a vibrator and a 9V power supply. The working prototype often had short-circuit issues due 

to the open soldering and became cumbersome for replacing the components. Hence, the 

prototype was outsourced to Orka Technologies, India (Orka Technologies, 2020) for an 
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improved fabrication. The improved circuit used TIP122 transistors and amplifiers fabricated 

in a single board.  

 

Fig 5.5 Haptic Booster PCB 

 

Another alternative approach for future HFU design requires a microcontroller, Arduino 

Grove Vibration Motor or Adafruit Vibrating Mini Motor Disc (‘Welcome to Adafruit IO’, no 

date) and a Bluetooth transmitter HC06 Module. The HFU devices are placed in a band and 

tied to the user’s hands and legs. The band vibrates using a small collision detection algorithm 

in the game design. The microcontrollers are connected to the serial port to synchronise with 

the Unity game. The prototype connections are as follows: 

 

Fig 5.6 Haptic Feedback Unit using Microcontroller 
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An example code for programming the (Arduino) microcontroller that vibrates the device 

every minute is listed in the appendix.  

The hardware requires a smaller version of the micro controller board with a Wi-Fi module 

such as ESP32 and 3V coin or Li-on battery for power supply. Also, the microcontroller board 

with an inbuilt Bluetooth transceiver is ideal for such projects. The Adafruit Bluefruit 

microcontroller runs in ATmega32u4 with a Bluetooth transceiver (‘Welcome to Adafruit IO’, 

no date).  

A haptic driver board like Adafruit DRV2605L Haptic Motor Controller can be included for 

customising the vibration (‘Welcome to Adafruit IO’, no date).  

5.3.3 Motion Capture Unit (MCU) and Network 

In general, MCU development looks for professional, depth-based 3D cameras available in the 

industry. The reviewed papers commonly used such 3D cameras from Vicon Technologies 

(Motion Capture Systems | VICON, 2017) for the real-time motion tracking. However, the 

present research uses the Xbox One’s Kinect sensor (Kinect for Xbox One | Xbox, 2017) as a 

3D camera for this purpose.  

After the accomplishment of the architecture, the research attempted to test the design with 

the best accessible professional 3D camera. The MCU design here aimed to attach the Kinect 

cameras facing the user and establishing a capture volume. The sensor captured the user from 

the front. The Kinect cameras were connected to the PC via USB 3.0 using a “Kinect adapter 

for PC”. 
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Fig 5.7 Server Unit and Client Unit 

 

The experimentation required one client PC connected to a server, thereby forming a 

multiplayer game that used the User Datagram Protocol (UDP) to synchronise the game in a 

high bandwidth network. The design used UDP as a transmission protocol due to its low 

latency. Therefore, the program executed by picking the random datagram regardless of 

dropping a few datagrams during transmission. 

The research attempted to achieve real-time motion capture. There are various available 

techniques that facilitate motion capture. The major players involve optical methods and 

these were classified into active and passive. A few capturing techniques also involve non-

optical altitude heading reference system methods (Jayaraj, Wood and Gibson, 2018).  

In this research, the accomplishment of the motion capture was achieved by combining two 

optical techniques. One of the techniques followed the passive capturing, using a hybrid 

optical sensor called Kinect (Kinect for Xbox One | Xbox, 2017). The method embeds a depth 

sensor with the camera, enabling a camera to capture a video with 3D-related information. 

The second technique used an active tracking. Here, the Oculus sensor used the IR LED 

trackers in the Oculus HMD and touch controllers to capture the position of the head and 
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hand (Oculus | VR Headsets and Equipment, 2020). The Kinect camera and Oculus sensors 

were stationary and were mounted on a tripod in front of the capture volume.   

5.4 Middleware Design 

Middleware is a software that behaves as a bridge between the applications and the 

operating systems connected in a network. OVR SDK (Oculus | VR Headsets and Equipment, 

2020) and Kinect SDK (Kinect v2 Examples with MS-SDK and Nuitrack SDK - Asset Store, 2019) 

are the middleware used for the experiment, having three main features: 

1. Simplification in design and deployment of VR 

2. Adaptation to all VR hardware 

3. Adaptation to all 3D applications 

Middleware contains a library that handles all the factors of an application made for VR, 

including input devices, interactions and stereoscopy. The middleware offers a good GUI for 

configuring a VR system and also offers the Application Programming Interface (API) for C++ 

and C#. The middleware was designed to be generic and easy to integrate and required the 

Windows operating system (version 7/8/10).  

Photon Unity 
Network

OVR SDK and 
Kinect SDK

HMD Motion Controllers

Kinect Motion
Capturing

VOIP

Haptic Devices Observing Client 
Station

 

Fig 5.8 Middleware: OVR and Kinect SDK 
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Photon Unity Network (PUN) is an open-source server. PUN streams data from various 

terminals. Games using PUN are relatively faster than those using in-built Unity Networking 

(UNET). It was also considered as an integral part of the system due to the ability to 

synchronise the Oculus tracking with the Kinect tracking for Unity applications within a 

network.  

PUN was responsible for the synchronisation of the client-side observing-station’s game 

application. This synchronisation enabled viewing the participant’s activities in the simulation. 

PUN was also used for the in-game VOIP to instruct the participant from the observing station. 
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Chapter 6: Simulation Development 

6.1 Introduction 

This VR experience research required simulation development. A competitive game 

environment was believed necessary to create an immersion. Games provide an environment 

that causes a user to forget the physical world, becoming immersed in the VR world. The 

immersion is proportional to the challenges faced in the simulation. The construction of 

games requires the game environment and game objects and programming for creating 

interactions between the user and the simulated environment.  

Various applications from Autodesk (Labsch et al., 2011) were commonly used to create 3D 

game objects. Whereas, the intractable part was developed using Unity’s game engine (a 3D 

application for games development). Unity (Kim et al., 2014) is an open-source game engine 

that has sufficient internet resources to enable learning game development. The simulation 

was for the study in this chapter and used C# to program in Unity. This chapter is a 

continuation of Chapter 5’s Software design. Since simulation development is an integral 

achievement in this research, an entire chapter on this topic is presented. The chapter 

discusses the simulation development that provided the user a realistic environment to play 

virtual cricket and enabled evaluating their performances. 

6.2 Game Art 

Autodesk Maya (Dylla et al., 2008) was used to generate the game art. The developed cricket 

simulation required a 3D environment to play the VR game (Labsch et al., 2011). A stadium 

was modelled and textured by referencing images of real cricket stadiums. Buildings were 

modelled and populated around the stadium to create an ambience. A few advertisement 

banners were also modelled around the stadium in order to increase the user immersion with 

elements like popular movies and brands which are related.  

Apart from the environment, the simulation required game objects to interact inside the 

simulation. Game objects such as cricket bat, balls, stumps, bails and a bowling machine were 

modelled. The crowd inside the stadium was achieved by duplicating the planes of alpha 

image. Finally, a directional light was kept to light the scene like the sun. 
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Fig 6.1 Top View of the Cricket Stadium (June 2017) 

 

6.3 Game Development 

Unity’s game engine was used for game development. Unity was preferred since it provides 

handlers which are similar to Autodesk’s Maya for setting up the scene. After setting the 

scene in Unity, the game objects to be interacted with were imported into the scene.  

Unity allows programming the game objects to determine the interactions. C# was used for 

scripting. The codes were compiled using Unity’s MonoDevelop. After the compilation of 

codes, the game scene could be executed within the Unity editor for previewing before 

building the game.  

Unity supports VR development for Oculus by installing a package called Oculus Integration, 

downloadable from the Unity Asset Store (Oculus Integration - Asset Store, 2020). The 

package contains a set of libraries that have utilities for Unity, Oculus Avatar SDK Unity (plug-

in), Oculus Platform SDK Unity (plug-in), Oculus Native Spatializer (plug-in), and the Unity 

Sample Framework.  

6.4 Developing VR Interactions using the Oculus Virtual Reality SDK 

The OVR SDK (Ruyg, Verhage and Teunisse, 2014) was imported along with the Oculus 

Integration custom packages in Unity. The OVR directory contains subdirectories such as 
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editor, materials, meshes, prefab, scenes, scripts and textures. The SDK enables programming 

the Oculus touch controller’s interactions in VR by using C#.  

The head-mounted device (HMD) and touch controller for Oculus have motion trackers and 

require a minimum of two constellation sensors (tracking cameras) for accuracy in tracking. 

Hence, these devices provide six degrees of freedom (6DOF) in the tracking data. Apart from 

hand tracking, the touch controller has other inputs such as press, touch, near touch, squeeze, 

horizontal movement and vertical movement. 

For the cricket simulation it was important for the player to grab game objects like ball and 

bat. This was achieved by holding the “trigger/grip button” continuously after hovering over 

the game object. 

6.4.1 Grabbing and Dropping Game Objects with Touch Controllers 

Grabbing was achieved by parenting game objects with the user’s virtual hand by following a 

condition. Unity uses techniques like “Raycast” and “Spherecast” to determine the proximity 

between game objects. By determining a condition that identifies the lowest proximity, a 

grabbing event was set by holding the controller’s trigger.  

Similarly, the dropping event was set by releasing the trigger. The grabbing function was 

emulated by parenting the corresponding game object to the user’s tracked game object to 

which the script was attached.  

A test experiment was conducted in Unity using blue-coloured cubes to represent the user’s 

tracked hands. The grabbing test was conducted by picking the red-coloured cuboids, as 

shown in figure 6.2.  

To achieve parenting, the kinematics of the game objects were set to true only if the objects 

were grabbed. In addition, the velocity and the angular velocity were also synchronised 

between the parent and child in order to get the physics transmitted during the release of a 

game object. 
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Fig 6.2 VR Interaction Test – Grabbing red cuboids with blue cubes (August 2017) 

 

6.5 OVR Avatars 

According to the research hypothesis, improvement in the fidelity of the avatars must 

improve immersion in the VR simulation. To improve the box representation of the hands, 

OVR Avatar SDK was utilised. This SDK provides interactive hand animations when using 

Oculus touch controllers (Zhang et al., 2017).  

The touch controllers have sensors embedded inside the buttons that measure the proximity 

of the touch. Such proximity-based inputs are categorised into touch and near touch, based 

on the range. These inputs were used to provide interactive real time hand animation.  

6.5.1 Grip Poses 

For the cricket simulation, various hand grip poses were required for simulating holding a bat 

or a ball. These poses were achieved as animation snapshots and were programmed to be 

activated while gripping the game object (Oculus Avatar SDK | Developer Center | Oculus, 

2020). This improved believability among the users grabbing the objects in the VR simulation. 
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Fig 6.3 VR Interaction Test – Grabbing with OVR Avatar Hands (September 2017) 

 

6.6 Physics on Impact 

When designing a sports simulation such as cricket, baseball, tennis and golf , it is important 

to have the physics transmission whenever an impact is made with another game object 

(Labsch et al., 2011).  

In the simulation of cricket, the game physics must drive the ball using the velocity of the bat 

whenever the ball makes a connection to a swinging bat. This is achieved by moving the “rigid-

body” (attributes that hold the physics) of the impacted game object (ball) according to the 

“rigid-body” of the impacting game object (bat) using a script.  

Sometimes, the objects pass through each other even after the collision, causing a glitch 

called a “tunnelling effect”. This is due to the high velocity of impact. For eliminating such 

tunnelling effect, an open-source script called “Don’t Go Through Things” was used.  

The cricket simulation used Unity’s predefined physics materials such as plastic and rubber 

for the game objects to determine the type of physics. For example, the in-game cricket ball 

utilized the rubber material in order to provide bouncing. 
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6.7 Player Simulation 

The functionalities discussed above were applied to build a VR game for PC. The simulation 

was designed to be played within the calibrated play area. This provides a grid to be appear 

in the VR whenever the user crosses the calibrated boundaries.  

Inside the VR simulation, the user enjoys maximum freedom of viewing the game 

environment from the calibrated area. The user can move, turn, squat and jump within the 

calibrated area and can experience a complete view of the cricket stadium from the middle. 

The scene provides a cricket bat that should be held by gripping using the touch controllers. 

The fire button in the touch controller was configured to launch the ball from the bowling 

machine. To play the ball, the user must swing the in-game bat and contact the thrown ball.  

 

 

Fig 6.4 Grabbing and Batting in the Simulation (January 2018) 
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The trail following the ball was achieved by using Unity’s particle effects. This trail gave a 

better user experience by enabling the user to see the trajectory of the ball. The stumps 

behind the user were programmed to be intractable on impact. The simulation also allows 

the user to grab the stumps, bails and the approaching ball within the area of influence.  

6.8 Graphical User Interface in the Simulation 

Based on (Labsch et al., 2011), a Graphical User Interface (GUI) was made to control the 

attributes of the bowling machine for instantiating a ball delivery. These attributes were 

categorised as speed, length and width, which are meant to be controlled based on the user’s 

preference.  

The canvas holding the attributes was placed above the bowling machine so that the batter 

can alter the attributes using the touch controller from the user’s area of influence. The 

pointer was shown visible whenever the touch controllers pointed at the canvas. The 

instantiated ball was programmed to be destroyed within five seconds after its instantiation 

in order to avoid the accumulation of ball clones in the simulation.  

 

Fig 6.5 GUI in the Simulation (December 2017) 
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6.9 Automatic Randomizations in Bowling Parameters 

As mentioned in the previous section, the bowling was performed following the 3 parameters 

such as length, speed and width. These parameters were controlled by manually moving the 

GUI sliders either way. This felt like a practice session rather than playing a competitive game. 

During the later stages, the bowling parameters were randomized for each delivery in order 

to surprise the batter and the GUI sliders were also hidden from the user to prevent the user 

from predicting the type of ball delivery. Thus, automatic randomisations in bowling 

parameters were achieved to the simulation in order to give a better gaming experience to 

the users. 

6.10 Non-Player Character (Initial Stage) 

Non-player characters are crucial for games. During the initial stages of the simulation 

development, NPCs were introduced as a hemisphere-shaped region to specify the fielders in 

the ground.  

These were created for restricting the batter from scoring. The instantiated ball is destroyed 

whenever it collides with these hemispherical regions, thereby preventing the user from 

scoring. Eleven such regions were populated around the ground and were coloured in 

transparent red.  

The regions were later given a “follow script” in order to follow the ball according to their 

proximity. Here, Unity’s raycast techniques were used for identifying the proximity between 

the NPC and an instantiated ball clone.  

These scripts were activated only when the ball entered the batting area after the delivery 

was bowled. During this stage of development, the bowling machine model was programmed 

to deliver a ball after three seconds for every request. Between the three seconds, an NPC 

was made to reach the bowling area by covering a distance from behind.  

This simulated a visual of accelerated bowling and was intended to make the human player 

believe the bowling was performed by the NPC.  
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Fig 6.6 Non-Player Character – Initial Stage (August 2018) 

 

6.11 NPC Position Randomization 

The simulation test required the NPCs to change their position in the field for each delivery. 

In order to accomplish this, an NPC’s positional horizontal axes were randomized. A 

“randomize” script was attached to it which randomizes the NPC’s positional values after the 

destruction of the ball clones after each delivery. Hence, it resulted in the NPC’s positional 

swap, causing the user to be more aware during the play. 

6.12 Non-Player Character (Final Stage) 

A robot was modelled to represent the opponent. The model was connected to the set of 

animations using Unity’s “Mech-Anim”. Here, the examples from Unity’s standard assets 

(Standard Assets (for Unity 2017.3) - Asset Store, 2020) were modified to control the robot’s 

animation using artificial intelligence. The AI was programmed to execute any of the 

animations among idling, walking, running, fetching and diving based on the spacing to the 

assigned target. Here, the target’s proximity determined the corresponding animations, 

creating a believable illusion. After achieving such functionalities, the position of the 

hemispherical NPC was assigned as the target for the robot. After this stage, the bowling 

machine and the hemispherical structures were hidden from rendering in the simulation. 
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Fig 6.7 Non-Player Character – Final Stage (Nov 2018) 

 

6.13 User Avatar 

Here, the developments of user-avatars for the simulation tests are discussed. After the 3D 

model of the user was created resembling a cricket player, the avatars were imported into 

Unity. Here, the avatars were classified and modelled according to the tracking from the 

hardware. 

6.13.1 Avatar using Oculus Tracking 

In the simulation, the default OVR avatar was replaced by the user avatar as shown in figure 

6.8. This avatar utilizes Oculus tracking data and represents the avatars shown in present 

commercial VR systems such as Oculus Rift, HTC Vive and PlayStation VR. Due to the limited 

tracking, the user-avatar carrying the Oculus input (for head and hands) was produced 

containing a half-body. Thus, the Oculus-based avatar resulted in an avatar showing head and 

torso.  
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Fig 6.8 OVR-based User-Avatar (January 2019) 

 

6.13.2 Avatar using Full-body Tracking 

The advancement in such avatars is made by applying motion-capture data from a low-cost 

TOF camera such as Kinect, Orbbec, VicoVR or Zed, which are commercially available. Here, 

the simulation used Kinect motion-capture data with Oculus tracking data, providing an 

improved avatar. Hence, the avatar consists of the full body.  

 

Fig 6.9 OVR-Kinect based User Avatar (February 2019) 
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The motion-capture data were synchronised in real time from the hardware using the Kinect 

SDK package for Unity. The advanced avatar used the head and hand tracking through the 

OVR SDK, whereas the rest of the tracking information was acquired from the Kinect SDK 

(Kinect v2 Examples with MS-SDK and Nuitrack SDK - Asset Store, 2019). Hence, the 

middleware for this application combined the SDKs of OVR and Kinect. In later stages, a 

multiplayer online engine called “Photon Unity Network” was used along with the 

middleware to synchronise these controls over the network. 

6.14 Cross-platform Gaming Experience 

During the final stages of simulation development, the research demanded a solution for 

multi-user environments, i.e. viewing the participant’s performance in VR using another PC 

with a larger display (Observing Station). This challenge required a modification to achieve a 

multiplayer game in order to support cross-platform users (Dhuri et al., 2015).  

Here, a client application was built to execute the VR game in a non-VR mode. This was 

achieved by assigning a condition to change the game platform based on the availability of 

VR devices while the game is being launched. This toggled the in-game VR camera to a normal 

static camera. A test was conducted to check whether the multiplayer simulation could 

synchronise the client game with the VR game in a network. This required an additional PC 

(Observing Station) to be connected to the server network’s sub-domain. Here, a test scene 

was made to synchronise a cube’s movement in both systems. 

 

Fig 6.10 Cross-platform Illustration (June 2018) 
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The cube resulted in moving in the (non-VR) PC client according to the interaction made at 

the VR server. Thus, the cross-platform gaming experiences were achieved. This enabled the 

client PC to control bowling to the VR server by synchronising the parameters. 

 

Fig 6.11 Cross-platform Test (June 2018) 

 

Initially, the client PC used a joystick to trigger bowling from the client-side. During the final 

stages, these controls were removed from the client to suit the research experiment better. 

Since the experiment needed a user to bat during a required period, the VR user was given 

complete responsibility to trigger n number of balls for their play within the given time period. 

The static camera was also made to auto-change its position according to the ball’s direction. 

Here, the client PC was used only for observation and communication purposes. Thus, cross-

platform developments were achieved to observe and record the participant’s performances. 

6.15 Voice over Internet Protocol (VOIP) 

In the research simulation, VOIP was crucial as it was used to communicate to the user during 

the gameplay. Here, an effective gaming solution was identified to integrate such VOIP 

functionalities into the simulation. The simulation used a plug-in called Photon Voice V2 to 

accomplish this connectivity (Voice Intro | Photon Engine, 2020). This is widely used for 

multiplayer games. This required a separate Photon server-space for voice and the simulation 

had to be linked to the voice server. Here, each terminal, which was connected in the server’s 
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network, would behave as a transceiver and allow the gamers to interact with each other 

while playing the multiplayer game.  

Photon Voice

Server

Client Client

Client

 

Fig 6.12 Photon Voice Implementation (September 2019) 

 

This was the final game asset developed for the simulation used for experimentation. The rest 

of the simulation developments are presented in the appendix. 
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Chapter 7: Evaluation 

7.1 Pilot Study (2017) 

A small-scale preliminary study was conducted before the start of the simulation 

development. The main findings from the pilot study were used for testing the developed 

methodology in order to study the rate of immersion using different game controllers; it was 

found that the motion-based controller gave the highest rate of immersion for a batting 

simulation. The acquired test results were attached as a piece of evidence to publish a 

research paper (Jayaraj, Wood and Gibson, 2017) which describes the experiment in more 

detail, with the technological proposal and methodology.  

Due to the absence of the proposed technology in 2017, the framework was applied to 

commercially available racket-based games. The games are played using a VR platform and a 

non-VR platform. Here, the participants were asked to test the games by playing with the 

natural user movement via motion-based controllers and with the gamepad. The results were 

collected through a self-report questionnaire which was formed from the framework.  

The session of 60 minutes was classified into four sub-sessions:  

 Introduction to the experimentation 

 Coaching  

 Single- and multiplayer VR game with motion controllers 

 Single- and multiplayer PC game with gamepad.  

For evaluation, an experiment was conducted at the university with 10 students and members 

of staff from the School of Computer Science and Technology. Nine of the participants were 

male and one was female. The studies compared two cases:  

1. In case 1, the participants played a sports game with the gamepad. 

2. In case 2, the participants played a sports game with the motion controller.  

The results were expected to have certain variations between the modes of playing the game. 

The statistical analysis used Cronbach’s/coefficient alpha to determine the “reliability”, which 

is one of the factors used to evaluate the quality of research through analysing the consistency 

of users’ data. 
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Pre-evaluation questionnaire: The pre-evaluation results had a moderate reliability score of 

coefficient alpha .578. The mean, variance and standard deviation were 22.1, 36.1 and 

6.00833, respectively. Generally, the result indicates that the participants had a 

predisposition to experience feelings of immersion when using video games.  

7.1.1 Result for the TQ Technology Questionnaire 

The technology questionnaire for the gamepad resulted in a reliability score of coefficient 

alpha .769. The mean, variance and standard deviation are 58.3, 111.567 and 10.56251, 

respectively whereas the technology questionnaire for motion controller resulted in a 

reliability score of coefficient alpha .898. The mean, variance and standard deviation are 62.1, 

200.322 and 14.15352, respectively. 

7.1.2 Result for the PQ Presence Questionnaire 

The perception of presence by using the gamepad has a reliability score of coefficient alpha 

.763. The mean, variance and standard deviation are 78.8, 163.956 and 12.80451, 

respectively.  

Whereas the perception of presence by the motion controller has a reliability score of 

coefficient alpha .796. The mean, variance and standard deviation are 89.4, 150.489 and 

12.26739, respectively. The data for the motion controller are more reliable when compared 

to the gamepad for playing the sports simulation. 

Kennedy’s SSQ questionnaire: The simulation sickness scores are the difference between the 

scores which are recorded before and after the experimentation. The mean, variance and 

standard deviation are .20, 11.067and 3.32666, respectively. This shows sickness was 

negligible during the simulation.  

The in-game analytics data count the strokes, i.e. returning of balls, in both simulations. It was 

observed that participants’ performance/strokes improved significantly while playing the 

game with the motion sensor. Participant stroke counts were higher for the motion controller, 

which indicates the participant’s ability to understand the controls without difficulty. 



106 
 

 

Fig 7.1 Pilot Study Experimentation Results (June 2017) 

 

7.2 Main Research Study (2019) 

After the accomplishment of the desired technology, a complete study was conducted in the 

winter of 2019. The analysis carried over ideas from the previous pilot study.  

7.2.1 Reliabilities 

The quality of the research can be verified using the two concepts “reliability” and “validity”. 

Both of them are closely related as reliabilities for the data need not be valid all the time 

whereas all the valid data are considered to be reliable. 

In order to answer the question “Does a research really require reliability to be measured?”, 

a test was conducted to compare the users’ statements with their performances. During 

phase 1, participants were asked to rate their expert level before batting the 30 balls delivered 

by the bowling machine. The levels were categorized into “rookie”, “mid-level” and “expert-

level”. 

The rookie category was expected to score/contact less than 10 ball deliveries. Mid-level 

players were expected to score/contact from 10 to 20 ball deliveries. People 

contacting/scoring more than 20 ball deliveries were considered as expert-level. Among the 

participants, 38% were correctly placed and scored according to their expected category, 
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whereas 54% were incorrectly placed and scored partially above or below their expected 

category. 

 

Fig 7.2 Reliabilities Inconsistency 

 

Here, 3% of the participants’ reports were completely contradictory. Hence, there is 

uncertainty in participants’ self-report. Therefore, participants’ reliability must be analysed 

when data are collected using a self-report.  

Participant reliability is an important consideration in statistical analysis. The reliability factor 

indicates whether the participants have taken a questionnaire seriously. This is achieved by 

checking the internal consistency of participants’ ratings when addressing the unidimensional 

entities that comprised of relevant or rephrased questions. The traditional method for 

reliability analysis is performed by Cronbach’s alpha / coefficient alpha. 

In this research, the participant reliabilities were analysed by understanding the importance 

of composing a questionnaire by categorizing similar questions into groups. Therefore, 

questions in the study was categorized into Technology Questionnaire (TQ) and Presence 

Questionnaire (PQ). The research tested the reliabilities of the participants according to the 

demographic categories. For example: “how immersive does the gamer/non-gamer feel 

during the experimentation?” 

7.2.1.1 Cronbach’s Alpha / Coefficient Alpha 

Cronbach’s alpha (Cronbach, 1951) is a traditional method for conducting a reliability analysis. 

This was developed by Lee Cronbach in 1951 and was used to see if multiple-question Likert-
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3%
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Self-report and Scores
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Conflict

No Result
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scale surveys are reliable. It measures reliability based on the internal consistency of acquired 

data. It requires grouping the dataset by either questions or participant categories measuring 

the same underlying construct and the subset data are analysed by performing mathematical 

calculations. 

Cronbach’s Alpha = ((No. of elements) / (No. of elements - 1) * (1 - sum of variance / variance 

of total score)), thus: 

 

Fig 7.3 Cronbach’s Alpha Formula 

 

 

Fig 7.4 Cronbach’s Alpha Results 

 

Cronbach’s alpha ranges from 0 to 1 in which alpha is 0 when all the scale items are entirely 

independent from one another. The alpha will be 1 if all the items have high co-variances. A 

negative number indicates absence of sufficient data. 

7.2.1.2 Author’s reliability 

Since Cronbach’s alpha has limitations and shows lower alpha when the samples are small, 

author’s reliability was developed by applying direct heuristics. These are applicable for a 

questionnaire group that has 2 or 3 questions. For instance, a group of two similar or 
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rephrased questions was analysed for reliability by calculating the difference between the 

scores. Here, the results are printed in real-time during the experimentation as “UNRELIABLE” 

when the differences are more than an assigned reasonable threshold.  

To achieve this, a C# code was written to arrange the data in a descending order within an 

array. After arranging in descending order, the second element “B” in the array was 

subtracted from the first element “A”. The differences which are more than 3 are unreliable 

since a 7-point Likert scale was used to quantify the data.  

If (A - B) > 3 print “UNRELIABLE” 

When rating unidimensional entities, the system identified that a participant was unreliable 

since the expected difference should be less than the threshold limit 3. 

 

Fig 7.5 Printed Reliability Score 

 

In figure 7.5, the “presence from location” was found unreliable by applying the mentioned 

reliability analysis. This made the participant score 5 out of 6 in the reliability. 

In the three-question group, the second element “B” was subtracted from the first element 

“A” and the third element “C” was subtracted from the first element “A”. The sum of the 

resultant scores was printed as UNRELIABLE when the difference was more than an assigned 

threshold. Here, the threshold limit was assigned as 6 since it involves two Likert scales. 
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If (A - B) + (A - C) > 6 print “UNRELIABLE” 

Author’s reliability was calculated out of six groups and was published along with the 

questionnaire results in real-time. Among the six groups the two-question relevant groups 

are: 

 Displeasure due to inconsistency (Relates a hardware output question with a 

multimode consistency question) 

 VR awareness due to sense of location (Relates an awareness question with a location 

question) 

 Anticipation due to prediction (Relates an anticipation question with a prediction 

question) 

 Cautiousness due to involvement (Relates a cautiousness question with an 

involvement question) 

 Fidelity due to social engagement (Relates a social presence question with a software 

fidelity question) 

The three-question relevant group is: 

 Social presence reliability (Relates the three questions which are related to social 

presence) 

The six reliability scores were averaged. Hence, the percentage of these scores showed the 

participant’s reliability. These reliabilities were also applied for the research studies. 

7.2.2 Test of Statistical Significance 

A test of statistical significance helps a researcher to confirm or reject a hypothesis. For this 

research, a null hypothesis (H0) and an alternate hypothesis (HA) were created: 

H0 = No difference between two simulations in improving the immersion in the VR 

cricket experience. 

HA = The new simulation is better than the old simulation in improving the immersion 

in the VR cricket experience.  
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Tests of statistical significance are divided into  

1. Parametric tests  

2. Non-parametric tests 

These tests are applied based on the nature of the acquired data. A parametric test is 

conducted when the data have normal distribution (i.e. when mean, median and mode are 

equal), in quantitative analysis, on a metric scale (i.e. measurement in a form of ratio and 

interval) and for studies comparing the mean and standard deviation. 

Whereas non-parametric tests are conducted when the data have skewed distribution (i.e. 

when a distribution is tilted to one side), in qualitative analysis, on nominal or ordinal scale 

and for studies that compare percentages and proportions. 

In this research, data were collected on an ordinal scale by asking the user to choose their 

satisfaction level via a 7-point Likert scale. Also, the research quantified the data from a 

qualitative questionnaire. Due to the inconsistency in mean, median and mode in the test 

data, a non-parametric test was preferred for this research. 

This research was also found appropriate for non-parametric testing because parametric 

approaches reject the null hypothesis when it is false or when the alternative hypothesis is 

found true. In the analysis, the non-parametric analysis was done using the Wilcoxon Signed-

Rank test (Rey and Neuhäuser, 2011) due to a smaller sample size and due to two 

independent population probability distributions. Hence, the outcome of sample “A” does 

not influence another sample “B”. Here, the assumptions were made on independent, 

random samples and based on the continuing population. 

Procedure:  

1. Calculate the differences between the A and B samples. 

2. In the difference, ignore the samples which are zero and count the remaining samples. 

The count gives the value n. 

3. Assign the rank to the absolute value of the difference, i.e. removing the minus sign.  

4. Now, segregate the ranks according to the positive and negative scores. 

5. Sum the ranks that are positive and the ranks that are negative. The lesser among the 

sum of ranks gives the test statistic score Ws after the continuity correction.  
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6. Calculate the mean using the value n 

Mean =  

7. Calculate the standard deviation using the value n 

Standard Deviation =  

8. Here, the Z curve is calculated by (Ws – mean) / standard deviation 

 

After the calculation of the Z curve, the p-value was calculated by applying the normal 

approximation to the Z curve. Here, p was located either by a one-tailed or a two-tailed test. 

Here, the significance level was compared with p=.05. 

7.3 Experimentation Groups 

To study the reliability in the user data, participants were segregated according to the 

demographics and the groups were expected to have a large enough sample sizes in order to 

study data consistency following previous works. The research was designed to test a 

minimum of 30 participants to identify significance in immersion which is valid and reliable. 

For the experiment, 76 participants gave their consent. Among the 76 participants, 45 

participants were able to complete the entire experiment. Therefore, the hypothesis was 

evaluated among the 45 participants who completed the VR test. 

7.3.1 Phase 1 Demographics 

According to the phase 1 (i.e. physical batting) results, the participants were grouped in order 

to study their reliability and their significance in the immersion based on a demographic 

classification such as 
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1. Immerse-ability 

2. Score 

3. Courage 

4. Gender 

5. Student-Status 

The scores from the pre-experiment questionnaire were calculated to identify the level of 

immersion among the participants. On a scale of 15, participants scoring more than 10 were 

considered to be highly immersive. Participants scoring between 5 and 10 were considered 

to be partially immersive and participants scoring less than 5 were considered as non-

immersive. 

Based on the Immerse-ability, criteria 8% were found to be totally-immersive and 51% were 

found to be partially-immersive.  

Therefore, 41% of the participants were found to be non-immersive. These criteria were 

measured by quantifying the pre-experiment questionnaire. 

 

Fig 7.6 Participant’s Immerse-ability in Phase 1 

 

According to the score criteria, 12% were scored more than average, 57% were scored 

average and 26% were scored below average. These quantitative data were collected by 

testing the participants’ batting skills. Here, 5% withdrew from the phase 1 test. This was due 

to fear of the ball speed, despite providing them with protective gear. 
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Fig 7.7 Score and Courage in Phase 1 

 

The gender classification has a ratio of 7:3. Here, 71% were male and 29% were female. 

According to the student-status, participants were classified into student and non-student. 

Among the 76 participants, 66% were non-student and 34% were student. These quantitative 

data were collected during the pre-experiment questionnaire. 

 

 

Fig 7.8 Gender and Student-status in Phase 1 

 

7.3.2 Phase 2 Demographics 

In phase 2, 62% were male and 38% were female, which made the ratio 6:4. Among the 

participants, 78% were non-student and 22% were student. Here, the participants immerse-

ability ratio differs slightly from phase 1 as a few of the non-immersive participants skipped 
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phase 2. This resulted in an increase in the demographics for the partial and total-immersive 

participants. 

 

Fig 7.9 Immerse-ability in Phase 2 

 

The decrease in the participant number also affected the score ratio. Here, few of the 

participants who skipped or scored below average skipped the phase 2 test. This resulted in 

an increase in the demographics in average and above-average participants. 

 

Fig 7.10 Score and Courage in Phase 2 

 

Hence, it is identified that the experimentations were not immersive for the participants who 

were non-immersive and low-scorers during the phase 1 experimentation.  
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Apart from the phase 1 questionnaire, phase 2 also provided groups based on the 

participants’ performances in the VR simulations.  

1. VR performance 

2. Gaming experience 

Here, the quantitative data collected from the simulations were converted into percentages. 

The participants who secured above 40% were considered as “Passed”. A factor that “success 

and failure affect the immersion” was analysed by categorizing the participants based on their 

result.  

(PP) the passed-passed group consisted of participants who played well with and 

without performance capture. 

(FF) the failed-failed group consisted of participants who did not play well with and 

without performance capture. 

(PF) the passed-failed group consisted of participants who played well without 

performance capture but did not play well with performance capture. 

(FP) the failed-passed group consisted of participants who did not play well without 

performance capture but played well with performance capture. 

 

Fig 7.11 VR Performance in Phase 2 
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The VR performance demographics shows 44% were in (FF) category and 27% were in (PP) 

category. This shows 44% of the participants found it difficult to score using VR simulation 

whereas 27% found it easier to score in the VR simulation. Here, 16% were in (FP) category 

whereas 13% were in (PF) category. This shows a maximum number of participants played 

well with Performance Capture. 

During phase 2, participants were also asked about their previous cricket video gaming 

experience. Based on this, an analysis group was created for gaming experience. The group 

comprised 65% non-gamers and 35% gamers. The gamers had played cricket games using 

various platforms such as PC, PlayStation and Android. 

 

Fig 7.12 Gaming Experience in Phase 2 

 

Here, 20% of the gamers did not remember the name of the game. Whereas, 2% had played 

Brian Lara Cricket (for PC), 2% had played Android’s Stick Cricket, 2% had played a console 

game called Graham Gooch Cricket and 9% had played a popular PC game called EA Cricket 

(Best cricket games of all time: 20 you have to play, 2020). 

Thus, the evaluation analysed the 10 groups made by combining the phase 1 and phase 2 

experimentations.  

7.4 Immerse-ability Group Analysis 

The scores from the pre-experiment questionnaire were calculated to identify the level of 

immersion among the participants. On a scale of 15, participants scoring more than 10 were 
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considered as highly immersive. Participants scoring between 5 and 10 were considered as 

partially immersive and participants scoring less than 5 were considered as non-immersive. 

7.4.1 (TI) Totally-immersive 

The group consisted of four participants, three male and one female. Here, the students and 

non-students were equal in number and the majority were above-average scorers in the 

physical simulation test. The chart below shows their rating averages in the TQ and PQ 

questionnaires.  

 

Fig 7.13 Totally-immersive Group Analysis 

 

Even though the presence lower due to the inclusion of the performance capture, the 

participants in the TI group were found to have a higher immersion towards playing the 

simulation using performance capture by averaging technology and presence analyses. 

7.4.2 (PI) Partially-immersive 

The group consisted of 24 participants, 18 male and 6 female. Among the participants, the 

students were 6 and non-students were 18 in number. Here, the majority were average 

scorers in the physical simulation test.   
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Fig 7.14 Partially-immersive Group Analysis 

 

The participants in the PI group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the elements in the questionnaire were 

found to have a complete majority when measuring the immersion. 

7.4.3 (NI) Non-immersive 

This is a female dominant group of 15, where 10 participants were female and 5 were male. 

Only two participants among the group were students. This group has a maximum of 

participants who scored average during phase 1 experimentation. The NI group’s immersion 

rate was higher when playing the simulation using performance capture. Here, the deviation 

in the data was similar when compared to the partial-immersive group. 

 

Fig 7.15 Non-immersive Group Analysis 
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7.4.4 Quantitative Analysis  

Apart from quantifying the qualitative study, direct quantitative data were also observed 

during the VR experiment. This was a real-time observation reading programmed within the 

simulation to display quantitative data during the experiment based on analysing the user in 

the simulation.  

 

Fig 7.16 Quantitative Results from the Experiment (August 2019) 

 

Readings such as balls bowled, balls played, off/leg ratio were printed on the top-left of the 

screen whereas the involvement score, awareness score and confidence score were printed 

on the top-right. Here, the study-analysed participants’ involvement score, awareness score 

and confidence score. The involvement score was incremented by 1 whenever the users 

looked at the scoreboard behind them. This showed the user-involvement in the game. The 

awareness score was incremented by 1 whenever the users looked at the stumps behind 

them to position themselves comfortably to protect the stumps from the approaching ball 

delivery. This showed the user’s positional awareness in the game. The confidence score was 

incremented by 1 whenever the user sighted the approaching ball with confidence. This 

counted the number of attacking shots played in the game. 
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Fig 7.17 Immersive-ability Group Quantitative Analysis 

 

From the chart above, it was observed that totally-immersive (TI) participants showed 

substantial awareness even without the performance capture due to their natural ability. 

Whereas on the other side, the partially-immersive (PI) participants and non-immersive (NI) 

participants were able to show considerable awareness only after the inclusion of 

performance capture.  

The inclusion of the performance captured also affected the involvement rate among totally- 

and partially-immersive participants. However, non-immersive participants were found to 

have increased involvement and awareness due to the inclusion of performance capture. 

7.4.5 Reliability Analysis 

Here, Cronbach’s alpha was applied to the TI, PI and NI groups with the aim of analysing the 

groups’ reliability. 
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Fig 7.18 Immersive-ability Group Cronbach’s Alpha 

 

Cronbach’s alpha was found to be negative in the total-immersive group. This was due to the 

size of the sample because only four were found to be totally-immersive from their 

questionnaire. Here, the partially-immersive group was considered as more reliable when 

compared to the other groups.  

The reliability analysis was also done by applying the author’s direct heuristics. The results 

were converted into percentages and averaged to compare with Cronbach’s alpha. Here, the 

author’s reliability has a minor deviation from the Cronbach’s alpha. However, the results 

were shown positive even it was applied to a group which has a very small sample size. 

 

Fig 7.19 Immersive-ability Group Reliability Comparison 
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7.4.6 Statistical Significance 

According to the 7-point Likert scale, the technology and presence questionnaires for (TI) 

participants without performance capture had an average of mean, median and mode such 

as 4.95, 5.0 and 4.75, respectively. Whereas, the questionnaire with Performance Capture 

showed 5.31, 5.33 and 5.66, respectively, which has a major deviation in the mode. Hence, it 

was identified that the popular score in the first test was “partially satisfied” and the second 

test was “satisfied”. The significance test could not be performed due to the small sample 

size. Here, technology and presence questionnaires for (PI) participants without Performance 

Capture had average mean, median and mode of 4.92, 4.94 and 4.76, respectively. Whereas, 

the questionnaire with Performance Capture showed 5.09, 5.35 and 5.17, respectively. Since 

the distribution is skewed (i.e. difference in mean, median and mode), non-parametric 

analysis was conducted to verify the hypothesis as a test of significance. The hypotheses are: 

H0 = No difference between two simulations in improving the immersion in the VR 

cricket experience. 

HA = The new simulation (with performance capture) is better than the old simulation 

in improving the immersion in the VR cricket experience. 

Hence, the Wilcoxon signed-rank test was conducted for this research. In the Wilcoxon 

signed-rank test, the value of Z is-1.9161, the p-value is 0.05486, the value of Ws is 75 and the 

critical value for Ws at N = 23 (p<.05) is 62. Since the value of p was found greater than .05, it 

was identified that there is not sufficient evidence to suggest that there was a significant 

difference between the immersions.  

In this analysis, the technology and presence questionnaires for (NI) participants without 

Performance Capture had average mean, median and mode of 5.01, 5.12 and 5.29, 

respectively. Whereas, the questionnaire with Performance Capture showed 5.21, 5.37 and 

5.45, respectively. Hence, these scores also showed improvement during the second test. In 

the Wilcoxon signed-rank test, the value of Z is -1.6471, the p-value is 0.09894, the value of 

Ws is 31 and the critical value for Ws at N = 15 (p<.05) is 19. Since the value of p was found 

greater than .05, it was identified that there is not sufficient evidence to suggest that there 

was a significant difference between the immersions. 
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7.5 Score Group Analysis 

7.5.1 (AA) Above Average 

The group consisted of seven participants, six male and one female. Here, the non-student to 

student ratio was also 6:1, and the majority were partially-immersive as judged from their 

questionnaires. 

 

Fig 7.20 Above-Average Group Analysis 

 

Even though the presence scores were lower due to the inclusion of the performance capture, 

the participants in the AA group were found to have a higher immersion towards playing the 

simulation using performance capture. 

7.5.2 (A) Average 

The group consisted of 27 participants, 18 male and 9 female. Among the participants, the 

students were 5 and non-students were 22 in number. Here, the majority were partially-

immersive, from their questionnaire.  

The participants in the “A” group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the technology and performance elements 

in the questionnaire were found to have a complete majority when measuring the immersion. 
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Fig 7.21 Average Group Analysis 

 

7.5.3 (BA) Below Average 

The group consisted of 9 participants, 5 female and 4 male. Only three participants in the 

group were students. This group had an equal number of participants who were partial and 

non-immersive. 

 

Fig 7.22 Below-Average Group Analysis 

 

The BA group’s immersion rate was higher when playing the simulation using performance 

capture. Here, the deviation in the data was similar when compared to the “Average” group. 
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7.5.4 Quantitative Analysis 

Quantitative data were also observed during the VR experiment. Here, the study-analysed 

participants’ involvement score, awareness score and confidence score. 

  

Fig 7.23 Score Group Quantitative Analysis 

 

Contradictory to the immerse-ability groups, this group’s participants (i.e. above-average 

participants, average participants and below-average participants) showed an increase in 

awareness only after the inclusion of the performance capture.  

The inclusion of the performance capture also affected the involvement rate among average 

and below-average participants. However, above-average participants were found to have 

increased involvement and awareness due to the inclusion of performance capture. 

7.5.5 Reliability Analysis 

Here, Cronbach’s alpha was applied to the AA, A and BA groups with the aim of analysing the 

groups’ reliability. 
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Fig 7.24 Score Group Cronbach’s Alpha 

 

Cronbach’s alpha showed the below-average group as more reliable when compared to the 

other groups. 

The reliability analysis was also done by applying the author’s direct heuristics. The results 

were converted into percentages and were averaged to compare with Cronbach’s alpha. 

Here, the author’s reliability has a minor deviation from Cronbach’s alpha. 

 

Fig 7.25 Score Group Reliability Comparison 
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7.5.6 Statistical Significance 

According to the 7-point Likert scale, technology and presence questionnaires for (AA) 

participants without Performance Capture had an average mean, median and mode of 4.94, 

5.0 and 5.42, respectively. Whereas, the questionnaire with Performance Capture showed 

5.02, 5.28 and 5.0, respectively, which has a minor drop in the mode. However, the popular 

score in both the tests remained as “partially satisfied”. The Wilcoxon signed-rank test could 

not be performed due to the small sample size. 

Here, technology and presence questionnaires for (A) participants without Performance 

Capture had average mean, median and mode of 5.0, 5.07 and 5.0, respectively. Whereas the 

questionnaire with Performance Capture showed 5.20, 5.34 and 5.38, respectively. Hence, 

these scores showed improvement during the second test. In the Wilcoxon signed-rank test, 

the value of Z was-2.3409 and the p-value was .01928. Here, the value of Ws is 75.5 and the 

critical value for Ws at N = 25 (p<.05) is 76. Since the value of p is less than .05, it was 

identified that there is sufficient evidence to suggest that there is a significant difference 

between the immersions among average scoring participants. 

In this analysis, the technology and presence questionnaires for (BA) participants without 

Performance Capture had average mean, median and mode of 4.88, 4.88 and 4.77, 

respectively. Whereas the questionnaire with Performance Capture showed 5.05, 5.33 and 

5.22, respectively. Hence, these scores also showed improvement during the second test. The 

Wilcoxon signed-rank test could not be performed in this group due to the small sample size. 

7.6 Courage Group Analysis 

7.6.1 (US) Un-skipped Batting Test 

The group consisted of 43 participants, 28 male and 15 female. Here, 34 were non-students 

and 9 were students. In this group, the majority were partially-immersive and average scorers. 
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Fig 7.26 Un-Skipped Batting Test Group Analysis 

 

The participants in this group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the elements in the questionnaire were 

found to have a complete majority when measuring the immersion. The presence analysis 

had a marginal influence whereas the technology analysis had a significant influence. 

7.6.2 (S) Skipped Batting Test 

The group consisted of two participants, both female. Among the participants, the student to 

non-student ratio was 1:1. Here, both were found to be partially-immersive from their 

questionnaires.  

The participants in this group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the elements in the questionnaire were 

found to be equal when measuring the immersion, and the deviations in the technical analysis 

and present analysis were marginal. 
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Fig 7.27 Skipped Batting Test Group Analysis 

 

7.6.3 Quantitative Analysis 

Quantitative data were also observed during the VR experiment. Here, the study-analysed 

participants’ involvement score, awareness score and confidence score. 

  

Fig 7.28 Courage Group Quantitative Analysis 

 

In contradiction to the immerse-ability group, this group’s participants (i.e. un-skipped 

participants and skipped participants) showed an increase in awareness only after the 
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The inclusion of the performance capture also affected the involvement rate among un-

skipped and skipped participants. 

7.6.4 Reliability Analysis 

Here, Cronbach’s alpha was applied to the un-skipped and skipped participant groups with 

the aim of analysing the groups’ reliability.  

 

Fig 7.29 Courage Group Cronbach’s Alpha 

 

Cronbach’s alpha was found to be negative in the skipped group. This was due to the size of 

the sample because only two skipped the phase 1 batting experiment. Here, the un-skipped 

group was considered as more reliable when compared to other groups. 

The reliability analysis was also done by applying the author’s direct heuristics. The results 

were converted into percentages and were averaged to compare with Cronbach’s alpha. 

Here, the author’s reliability has a minor deviation from Cronbach’s alpha. 

However, the results were shown positive even applied to a group which has a very small 

sample size. 
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Fig 7.30 Courage Group Reliability Comparison 

 

7.6.5 Statistical Significance 

According to the 7-point Likert scale, technology and presence questionnaires for (US) 

participants without Performance Capture had an average mean, median and mode of 4.96, 

5.02 and 5.02. Whereas the questionnaire with Performance Capture showed 5.15, 5.34 and 

5.30, respectively. The popular score in both tests was “partially satisfied”, but the variation 

in score showed an increment towards using performance capture. In the Wilcoxon signed-

rank test, the value of Z is -2.4598 and the I-value is .0139. Here, the value of Ws is 227. The 

distribution is approximately normal. Therefore, the Z-value above should be used. When 

comparing Z, the value of p was found less than .05. Hence, it was identified that there is 

sufficient evidence to suggest that there is a significant difference between the immersions 

among courageous participants. 

Here, technology and presence questionnaires for (S) participants without Performance 

Capture had average mean, median and mode of 5.11, 5.5 and 5.5, respectively. Whereas, 

the questionnaire with Performance Capture showed 5.23, 5.35 and 6, respectively, which 

has a major deviation in the mode.  

Hence, it was identified that the popular score in the first test was “partially satisfied” and in 

the second test was “satisfied”. The Wilcoxon signed-rank test could not be performed in this 

group due to the small sample size. 
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7.7 Gender Group Analysis 

7.7.1 Female (F) 

The group consisted of 17 participants, 14 non-student and 3 student. Here, 9 were average 

scorers, 5 were below-average scorers, 1 was an above-average scorer and 2 withdrew from 

the test. In this group, the majority were non-immersive participants. 

 

Fig 7.31 Female Group Analysis 

 

The participants in this group were found to have a higher immersion towards playing the 

simulation using performance capture.  

Here, both the elements in the questionnaire were found to have a complete majority when 

measuring the immersion. The technology analysis had a significant influence compared to 

presence analysis. 

7.7.2 Male (M) 

The group consisted of 28 participants, 21 non-students and 7 students. Here, 18 participants 

were average scorers, 4 were below-average scorers and 6 were above-average scorer. In this 

group, the majority were “partially-immersive” participants. 

The participants in this group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the elements in the questionnaire were 
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found to have a complete majority when measuring the immersion. The presence analysis 

had a marginal influence whereas the technology analysis had a significant influence. 

 

Fig 7.32 Male Group Analysis 

 

7.7.3 Quantitative Analysis 

Quantitative data were also observed during the VR experiment. Here, the study-analysed 

participants’ involvement score, awareness score and confidence score. 

Here, the involvement rate and awareness rate were high for the male group when compared 

to the female group. In contradiction to the immerse-ability group, this group’s participants 

(i.e. male and female) showed an increase in awareness only after the inclusion of the 

performance capture.  

The inclusion of the performance capture also affected the involvement rate among male and 

female participants. 
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Fig 7.33 Gender Group Quantitative Analysis 

 

7.7.4 Reliability Analysis 

Here Cronbach’s alpha was applied to the female and male participant groups with the aim 

of analysing the groups’ reliability.  

 

Fig 7.34 Gender Group Cronbach’s Alpha 

 

Here, the Cronbach’s alpha of the male group was considered as more reliable when 
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The reliability analysis was also done by applying the author’s direct heuristics. The results 

were converted into percentages and were averaged to compare with Cronbach’s alpha. 

Here, the author’s reliability had a minor deviation from the Cronbach’s alpha in the male 

group. Whereas the female group had a major deviation among the reliabilities. 

 

Fig 7.35 Gender Group Reliability Comparison 

 

7.7.5 Statistical Significance 

According to the 7-point Likert scale, technology and presence questionnaires for female 

participants without Performance Capture had an average mean, median and mode of 5.04, 

5.05 and 4.88, respectively. Whereas the questionnaire with Performance Capture showed 

5.23, 5.64 and 5.64, respectively.  

Hence, it was identified that the popular score in the first test was “partially satisfied” and the 

second test was “satisfied”. In the Wilcoxon signed-rank test, the value of Z is-2.3855 and the 

p-value is .01684. Here, the value of Ws is 14.5 and the critical value for Ws at N = 14 (p<.05) 

is 15. Since the value of p is less than .05, it was identified that there is sufficient evidence 

to suggest that there is a significant difference between the immersions among female 

participants. 

Here, technology and presence questionnaires for male participants without Performance 
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Whereas the questionnaire with Performance Capture showed 5.05, 5.17 and 5.14, 

respectively, which has a no deviation in the mode.  

The popular score in both tests was “partially satisfied”, but the variation in score showed an 

increment towards using the performance capture.  

In the Wilcoxon signed-rank test, the value of Z is-1.3574 and the p-value is .17384. Here, the 

value of Ws is 132.5. The critical value for Ws at N = 27 (p<.05) is 92. Since the value of p was 

found greater than .05, it was identified that there is not sufficient evidence to suggest that 

there is a significant difference between the immersions. 

7.8 Student-Status Group Analysis 

7.8.1 Student (ST) 

The student group consisted of 10 participants, among students, 7 were male and 3 were 

female. Here, 5 participants were average scorers, 3 were below-average scorers, 1 was an 

above-average scorer and 1 skipped the test. In this group, the majority were partially-

immersive participants. 

 

Fig 7.36 Student Group Analysis 

 

The participants in this group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the elements in the questionnaire were 

found to have a complete majority when measuring the immersion. The technology analysis 

had a significant influence compared to presence analysis. 
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7.8.2 Non-Student (NST) 

The group consisted of 35 participants, among non-students 21 were male and 14 were 

female. Here, 22 were average scorers, 6 were below-average scorers, 6 were above-average 

scorers and 1 skipped the test. In this group, the majority were partially-immersive 

participants. 

The participants in this group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the elements in the questionnaire were 

found to have a complete majority when measuring the immersion. The presence analysis 

had a marginal influence whereas the technology analysis had a significant influence. 

 

Fig 7.37 Non-Student Group Analysis 
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7.8.3 Quantitative Analysis 

Quantitative data were also observed during the VR experiment. Here, the study-analysed 

participants’ involvement score, awareness score and confidence score. 

  

Fig 7.38 Student-Status Group Quantitative Analysis 

 

Here, the involvement rate and awareness rate were high for non-students when compared 

to the student group. In contradiction to the immerse-ability group, this group’s participants 

(i.e. student and non-student) showed an increase in awareness only after the inclusion of 

the performance capture.  

The inclusion of the performance captured also affected the involvement rate among the 

participants. 
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Here, Cronbach’s alpha was applied to the student and non-student participant groups with 
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Fig 7.39 Student-Status Group Cronbach’s Alpha 

 

Here, the Cronbach’s alpha of the student group was considered as more reliable when 

compared to non-student groups. 

The reliability analysis was also done by applying the author’s direct heuristics. The results 

were converted into percentages and were averaged to compare with Cronbach’s alpha. 

Here, the author’s reliability has a minor deviation from the Cronbach’s alpha in the student 

group. Whereas the non-student group has major deviation among the reliabilities. 

 

Fig 7.40 Student-Status Group Reliability Comparison 
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7.8.5 Statistical Significance 

According to the 7-point Likert scale, the technology and presence questionnaires for student 

participants without Performance Capture have an average mean, median and mode of 5.30, 

5.4 and 5.3, respectively. Whereas the questionnaire with Performance Capture showed 5.52, 

5.7 and 5.8, respectively. Hence, it was identified that the popular score in the first test was 

“partially satisfied” and in the second test was “satisfied”. The Wilcoxon signed-rank test 

could not be performed due to the small sample size. 

Here, technology and presence questionnaires for non-student participants without 

Performance Capture had an average mean, median and mode of 4.88, 4.94 and 4.97, 

respectively. Whereas the questionnaire with Performance Capture showed 5.05, 5.25 and 

5.2, respectively, with no major deviations. The popular score in both the tests was “partially 

satisfied” but the variation in score showed an increment towards using the performance 

capture. In Wilcoxon signed-rank test, the value of Z is-2.1977 and the p-value is .0278. Here, 

the value of Ws is 157.5. The distribution is approximately normal. Therefore, the Z value 

above should be used. Since the value of p was found less than .05, it was identified that 

there is sufficient evidence to suggest that there is a significant difference between the 

immersions among non-student participants. 

7.9 VR Performance Group Analysis 

7.9.1 Passed-Passed (PP) 

The group consisted of 12 participants, 8 male and 4 female. Here the non-students were 10 

and students were 2, and the majority were partially-immersive from their questionnaires. 
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Fig 7.41 Passed-Passed Group Analysis 

 

The participants in this group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the elements in the questionnaire were 

found to have a complete majority when measuring the immersion. The technology analysis 

had a significant influence compared to the presence analysis. 

7.9.2 Failed-Failed (FF) 

The group consisted of twenty participants, 12 male and 8 female. Among the participants, 

the students were 7 and non-students 13 in number. Here, the majority were partially-

immersive from their questionnaires.  

Even though the presence scores were lower due to the inclusion of the performance capture, 

the participants under the FF group were found to have a higher immersion towards playing 

the simulation using performance capture. The technology analysis had a significant influence 

compared to the presence analysis. 
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Fig 7.42 Failed-Failed Group Analysis 

 

7.9.3 Passed-Failed (PF) 

The group consisted of 6 participants, 2 female and 4 male. Only one participant in the group 

was a student. This group had more participants who were partially-immersive. 

 

Fig 7.43 Passed-Failed Group Analysis 

 

The presence scores were lower due to the inclusion of the performance capture. Here, the 

participants in the PF group were found to have a similar immersion when averaging the two 

cases. The influences of the technology analysis and the presence analysis were significant.  
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7.9.4 Failed-Passed (FP) 

The group consisted of 7 participants, 3 female and 4 male. Only one participant in the group 

was a student. This group had more participants who were non-immersive. 

 

Fig 7.44 Failed-Passed Group Analysis 

 

The technology and presence scores were high due to the inclusion of the performance 

capture. Here, the participants in the FP group were found to have a difference in immersion 

when averaging the two cases. The influences of the technology analysis and the presence 

analysis were significant.  

7.9.5 Quantitative Analysis 

Quantitative data were also observed during the VR experiment. Here, the study-analysed 

participants’ involvement score, awareness score and confidence score. 
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Fig 7.45 VR Performance Group Quantitative Analysis 

 

In contradiction to the immerse-ability groups, this group’s participants (i.e. passed-passed 

participants, failed-failed participants, passed-failed participants and failed-passed 

participants) showed an increase in awareness only after the inclusion of the performance 

capture. Here, the awareness rate was more than a substantial rate with the FP participants 

by using performance capture. 

The inclusion of the performance capture also affected the involvement rate among all 

participants.  

7.9.6 Reliability Analysis 

Here, Cronbach’s alpha was applied to the PP, FF, PF and FP groups with the aim of analysing 

the groups’ reliability. 

Cronbach’s alpha showed the passed-failed group as more reliable when compared to other 

groups. 
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Fig 7.46 VR Performance Group Cronbach’s Alpha 

 

The reliability analysis was also done by applying the author’s direct heuristics. The results 

were converted into percentages and were averaged to compare with Cronbach’s alpha. 

Here, the author’s reliability had a minor deviation from the Cronbach’s alpha. 

 

Fig 7.47 VR Performance Group Reliability Comparison  

 

7.9.6 Statistical Significance 

According to the 7-point Likert scale, technology and presence questionnaires for (PP) 

participants without Performance Capture have an average mean, median and mode of 4.74, 

0.82
0.86 0.83

0.91
0.87

0.79

0.88 0.89

0.81 0.81 0.78

0.87 0.87 0.9

0.8

0.72

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PP without
PC

PP with PC FF without
PC

FF with PC PF without
PC

PF with PC FP without
PC

FP with PC

R
e

lia
b

ili
ty

Technology Presence

0.81 0.83 0.81

0.89 0.87 0.84 0.84
0.8

0.87 0.84

0.94 0.95 0.97 0.94 0.92
1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PP without
PC

PP with PC FF without
PC

FF with PC PF without
PC

PF with PC FP without
PC

FP with PC

R
e

lia
b

ili
ty

Avg of Cronbach's alpha Avg of Aurthor's heuristic



147 
 

4.67 and 5, respectively. Whereas the questionnaire with Performance Capture showed 5.02, 

5.17 and 5.08, respectively. Hence, these scores showed improvement during the second test. 

In the Wilcoxon signed-rank test, the value of Z is-2.0894, the p-value is .03662 and significant 

at p<.05. Whereas the value of Ws is 9.5. The critical value for Ws at N = 11 (p<.05) is 10.  

Since the value of p is less than .05, it was identified that there is sufficient evidence to 

suggest that there is a significant difference between the immersions among the 

participants who have passed in both VR tests. 

Here, technology and presence questionnaires for (FF) participants without Performance 

Capture had average mean, median and mode of 4.87, 5.0 and 5.0, respectively. Whereas the 

questionnaire with Performance Capture showed 4.98, 5.10 and 5.20, respectively. Hence, 

these scores showed improvement during the second test. In the Wilcoxon signed-rank test, 

the value of Z is-0.7839 and the p-value is .4354. Here, the value of Ws is 67.5 and the critical 

value for Ws at N = 18 (p<.05) is 32. Since the value of p was found greater than .05, it was 

identified that there is not sufficient evidence to suggest that there is a significant difference 

between the immersions. 

In this analysis, the technology and presence questionnaires for (PF) participants without 

Performance Capture had average mean, median and mode of 5.58, 5.67 and 5.67, 

respectively. Whereas the questionnaire with Performance Capture showed 5.54, 6.0 and 6.0, 

respectively, which has a minor drop in the mean. However, it was identified that the popular 

score in the first test was “partially satisfied” and the second test was “satisfied”. Here, the 

Wilcoxon signed-rank test could not be performed due to the small sample size. 

In this analysis, the technology and presence questionnaires for (FP) participants without 

Performance Capture had average mean, median and mode of 5.15, 5.29 and 4.71, 

respectively. Whereas the questionnaire with Performance Capture showed 5.55, 5.86 and 

5.57, respectively. Hence, these scores showed improvement during the second test. Here, 

the Wilcoxon signed-rank test could not be performed due to the small sample size. 
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7.10 Gaming Experience Group Analysis 

7.10.1 Gamer (G) 

The group consisted of 16 participants, 13 male and 3 female. Here, 4 were students and 12 

were non-students. In this group, the majority were partially-immersive participants and 

average scorers during the phase 1 test. 

 

Fig 7.48 Gamer Group Analysis 

 

The participants in this group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the elements in the questionnaire were 

found to have a complete majority when measuring the immersion. The technology analysis 

had a significant influence compared to the presence analysis. 

4.10.2 Non-Gamer (NG) 

The group consisted of 29 participants, 15 male and 14 female. Here, 6 were students and 23 

were non-students. In this group, the majority were partially-immersive participants and 

average scorers during the phase 1 test. 

The participants in this group were found to have a higher immersion towards playing the 

simulation using performance capture. Here, both the elements in the questionnaire were 

found to have a complete majority when measuring the immersion. The presence analysis 

had a marginal influence whereas the technology analysis had a significant influence. 
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Fig 7.49 Non-Gamer Group Analysis 

 

7.10.3 Quantitative Analysis 

Quantitative data were also observed during the VR experiment. Here, the study-analysed 

participants’ involvement score, awareness score and confidence score. 

  

Fig 7.50 Gaming Experience Group Quantitative Analysis 

 

Here, the involvement rate and awareness rate were high for the gamer group when 

compared to the non-gamer group. In contradiction to the immerse-ability group, this group’s 

participants (i.e. gamer and non-gamer) showed an increase in awareness only after the 

inclusion of the performance capture.  
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The inclusion of the performance capture also affected the involvement rate among the 

participants. 

7.10.4 Reliability Analysis 

Here, Cronbach’s alpha was applied to the Gamer and Non-gamer participant groups with the 

aim of analysing the groups’ reliability.  

 

Fig 7.51 Gaming Experience Group Cronbach’s Alpha 

 

Here, the Cronbach’s alpha of the gamer group was considered as more reliable when 

compared to non-gamer groups. 

The reliability analysis was also done by applying the author’s direct heuristics. The results 

were converted into percentages and were averaged to compare with Cronbach’s alpha. 

Here, the author’s reliability has a minor deviation from the Cronbach’s alpha. 
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Fig 7.52 Gaming Experience Group Reliability Comparison 

 

7.10.5 Statistical Significance 

According to the 7-point Likert scale, technology and presence questionnaires for gamer 

participants without Performance Capture had an average mean, median and mode of 4.87, 

4.8 and 5.0, respectively. Whereas the questionnaire with Performance Capture showed 5.24, 

5.37 and 5.31, respectively. The popular score in both the tests was “partially satisfied”, but 

the variation in score showed an increment towards using the performance capture. In the 

Wilcoxon signed-rank test, the value of Z is-2.4138 and the p-value is .01596. Here, the value 

of Ws is 17.5. The critical value for Ws at N = 15 (p<.05) is 19. Since the value of p was found 

less than .05, it was identified that there is sufficient evidence to suggest that there is a 

significant difference between the immersions among gamer participants. 

Here, technology and presence questionnaires for non-gamer participants without 

Performance Capture had an average mean, median and mode of 5.02, 5.13 and 5.06, 

respectively. Whereas the questionnaire with Performance Capture showed 5.10, 5.34 and 

5.34, respectively, which has no major deviations. The popular score in both the tests was 

“partially satisfied”, but the variation in scores showed an increment towards using the 

performance capture. In the Wilcoxon signed-rank test, the value of Z is-1.308 and the p-value 

is .1902. Here, the value of Ws is 124. The critical value for Ws at N = 26 (p<.05) is 84.  
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Since the value of p was found greater than .05, it was identified that there is not sufficient 

evidence to suggest that there is a significant difference between the immersions. 

7.11 Post-Experiment Interview Analysis 

After the completion of the VR test, participants were interviewed. Here, participants were 

asked about the simulation experience. During this session, the videos and screen recordings 

were played and shown to the participants using a television. Participants answered the 

question regarding the simulation-viewing experiences compared to the physical bowling 

machine simulation-viewing experiences. 

 

Fig 7.53 Post-Experiment Interview on Viewing Experiences 

 

The viewing experience was divided into first-person (player) and third person (non-player) 

views. When measuring their feedback via a Likert scale, 84% of the participants completely 

agreed to an improvement in viewing experience on the inclusion of Performance Capture. 

Whereas 16% did not completely agree to the improvement factor. 

Among the 16%, 9% of participants found both the simulations engaging. However, 7% of 

participants completely disagreed to an improvement in viewing experience on the inclusion 

of Performance Capture. 

Here, the majority of the participants found engagement when they were viewing the 

simulation with the inclusion of an avatar that had real-time performance capturing. 
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Apart from the viewing experiences, participants were asked to compare the gaming 

experiences to a previously played cricket-related video game using a Likert scale. The results 

showed 35% of participants have played such games before. 

 

Fig 7.54 Post-Experiment Interview on Gaming Experiences 

 

Among them, 22% were completely satisfied with this VR type of cricket game and 2% differed 

in their opinion. Here, 11% of the participants were neutral and found themselves satisfied 

with both types of playing experiences.  

Thus, the majority of the participants found engagement in the gameplay due to the inclusion 

of VR technology. 

7.12 Heat Map and Confidence Analysis 

The heat map idea was taken from (Mozgovoy, 2018). Here, the participants’ playing areas 

were plotted to form a heat map. The heat map identifies whether there is an improvement 

in the gameplay due to the inclusion of technology.  

In the research, participants’ gaming data were studied to know the difference in user play 

on the inclusion of performance capture. For this, quantitative data was obtained from every 

participant that showed their preferred region to hit the delivered balls. 

Here, the ground was segregated into right-side region and left-side regions from the player’s 

point of view. The data were obtained when the ball landed in these regions. 
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Fig 7.55 Heat-Map obtained during the VR Tests 

 

On comparing the obtained data, it was found that a higher number of participants found it 

easier to place the ball on their left side. The playing area on their right side was less used due 

to their positional awareness. 

On inclusion of performance capture, user positional awareness was improved and resulted 

in an extension in the region of play. Here, participants demonstrated an improvement in 

scoring towards their right side.  

Here, another quantitative data called “confidence score” backed the gameplay and 

immersion study. Participants using performance capture were found to have more 

confidence, and their attacking shots were 6.63%, whereas the participants found less 

confident scored 4.95% without using the technology. Thus, heat map study and confidence 

analysis also supported the participants’ qualitative data on the immersion. 

27

7
11

27

5

13

0

5

10

15

20

25

30

Left Both Right

A
ve

ra
ge

 S
co

re
s

Region of Play in the VR Comparison

Without MC With MC



155 
 

7.13 Simulation-Sickness Analysis 

Simulation sickness studies are conducted by using a standard questionnaire (Kennedy et al., 

1993) such as the Pre-Experiment SSQ and Post-experiment SSQ. Here, the difference 

between each factor was taken into consideration. Hence, it was identified whether the 

simulations caused any sickness to the participants. 

Here, the 45 participants had spent approximately 40 minutes in the simulation. The user data 

were averaged and converted into a percentage for the study. The most common simulation 

sickness was due to sweating. Here, 19.26% of participants reported sweating in the 

simulation.  

This was due to the HMD encapsulating their head and cutting down the ventilation. 

Moreover, the Kinect sensor radiates heat on utilizing an infrared camera. This also might be 

due to the game’s engagement and can be tested in future by regulating the room 

temperature using an air conditioner. 

Apart from sweating, 8.15% of participants felt fatigued after the simulation due to the 

amount of energy spent while playing in the simulation. Here, 7.41% felt eyestrain, 5.93% felt 

dizziness when their eyes were open and 5.93% found difficulty in focusing.  
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Fig 7.56 Simulation Sickness Result 

 

The rest of the symptoms were minor and due to a few of the participants’ personal 

conditions. Symptoms like general discomfort, headache, fullness of the head, blurred vision, 

dizziness when eyes are closed and vertigo were found less than 5%. Here, the symptoms for 

nausea, stomach awareness and burping were found at 0%. 

Surprisingly, the simulation also contributed a few participants with outcomes of sickness like 

salivation and difficulty concentrating. These were also minor and were decreased in a few 

participants due to their personal abilities. 

7.14 Significance Analysis on Reliabilities 

7.14.1 Cronbach’s Alpha Analysis 

In this section, non-parametric analysis was applied to the reliabilities for 18 groups in both 

tests. The groups were TI, PI, NI, AA, A, BA, US, S, F, M, ST, NST, PP, FF, PF, FP, G and NG. 

Wilcoxon signed-rank tests were used to perform non-parametric analysis (Rey and 

Neuhäuser, 2011). 
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In the Wilcoxon signed-rank test, the value of Z is-2.3432 and the p-value is .01928. Hence, 

the result is significant at p<.05. 

Here, the value of Ws is 27. The critical value for Ws at N = 17 (p<.05) is 27. Hence, the result 

is significant at p<.05. 

Thus, there is sufficient evidence to suggest that there is a significant difference between 

the immersions among all participants. 

7.14.2 Author’s Reliability Analysis 

In this section, non-parametric analysis was applied to the reliabilities for 18 groups in both 

tests. The groups were TI, PI, NI, AA, A, BA, US, S, F, M, ST, NST, PP, FF, PF, FP, G and NG. 

Wilcoxon signed-rank tests were used to perform non-parametric analysis (Rey and 

Neuhäuser, 2011). 

In the Wilcoxon signed-rank test, the value of Z is-0.7811 and the p-value is .4354. Hence, the 

result is not significant at p<.05. 

Here, the value of Ws is 60 and the critical value for Ws at N = 17 (p<.05) is 27. Hence, the 

result is not significant at p<.05. 

Thus, there is not sufficient evidence to suggest that there is a difference between the 

immersions.  

The finding of this research was that Cronbach’s alpha proved to be the better-suited 

reliability analysis compared to an alternative way of measuring reliability using the author’s 

direct heuristic. When comparing the Cronbach alpha and author’s direct reliability, the 

Cronbach alpha reliability was found more significant. 

7.15 Evaluation Summary 

The research studied the immersion among the users due to the inclusion of Performance 

Capture. This was done by segregating the participants into groups.  

In a classification based on immersing-ability, it was found that the totally-immersive 

participants had less presence compared to the part- and non-immersive group, but lacked in 
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reliability. In addition, their awareness rate was considerably high before the inclusion of the 

Performance Capture.  

In a classification based on the physical simulation scores, the high scorers’ presence was less 

when compared to average and below-average scorers. Their reliability score was marginally 

less compared to the other groups. Here, all the participants exhibited considerable 

awareness after the inclusion of Performance Capture. 

In a classification based on courage, participants who skipped the physical simulation were 

found equal in presence in both test cases. Whereas the participants participating in the 

batting test showed more presence on using the Performance Capture. Here, all the 

participants exhibited considerable awareness after the inclusion of Performance Capture. 

In gender classification, females were found to have more immersion since their presence 

scores were high on the inclusion of Performance Capture. Whereas the males’ presence 

scores were similar in both cases. Here, males’ reliability was high compared to females’ 

reliability. 

In a classification based on student-status, students were found to have more immersion due 

to their higher difference in their score for technology and presence analyses when compared 

to non-students. Here, their reliability was also high when compared to the non-students. All 

participants exhibited considerable awareness after the inclusion of Performance Capture. 

The classification based on the VR performance has paved a way to identify the participants 

influencing the immersion demographics. From analysing the participants’ scores it was 

identified that failures have caused the participants to rate negative score. Thus, the 

participants in FF and PF categories rated reduced immersion, whereas the participants in PP 

and FP rated increased immersion. Hence, it was identified that immersion can be biased 

based on user performance. Here, the PF group have the best reliability scores. 

In the gamer and non-gamer classification, it was found the gamers’ immersion was higher 

compared to the non-gamers’. This was again due to the presence factor among the non-

gamers having similar scores in both cases. Hence, it was identified that gamers are integral 

contributors to the system immersion. Here, non-gamers’ reliability was marginally high. All 
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the participants in this group exhibited considerable awareness after the inclusion of 

Performance Capture. 

Apart from the group analysis, the user-study also used techniques like interview, heat map 

analysis and simulation-sickness analysis. 

The research also collected feedback from the participants in the form of interview and found 

that the performance capture inclusion produced increased engagement on viewing the game 

from the player’s and the spectator’s views. The majority of the participants found the 

simulation was more engaging than the traditional video games. 

During the heat map analysis, a study was conducted to identify an improvement in user-

gameplay. The result showed an increase in participants’ playing regions. Hence, the 

gameplay improved on the inclusion of performance capture in the simulation. 

Simulation sickness analysis provided a standard questionnaire to the participants before and 

after the simulation. When averaging the scores, it was found that a few participants were 

exhausted, and sweated while playing using the simulation. Thus, the simulation can be used 

to improve physical-activity among the users. 
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7.16 Discussion 
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Fig 7.57 Methodology Framework 

 

The framework in figure 7.55 was designed by applying heuristics based on the 

understandings from the previous literature. This chapter discusses whether the results 

obtained in the research have satisfied the framework. Hence, an alteration to the framework 

can be made after the end of these discussions. 

7.16.1 User Experience Factors: Simulation Sickness 

The research framework identified that simulation sickness was contributed to by the 

developed hardware and by the users’ individual differences. It was argued that the 

simulation sickness was also an influencing factor for the user-sense of presence. Among the 

45 participants, 22 scored more than 80% in hardware. In this group, more participants were 

found without simulation sickness. 
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Fig 7.58 Simulation Sickness due to Hardware 

 

When comparing simulation sickness as an influencing factor for presence, it was identified 

that the participants without sickness found more presence. Here, the presence scores were 

higher for the users without sickness in both tests. 

 

Fig 7.59 Presence due to Simulation Sickness 

 

7.16.2 User Experience Factors: Presence 

The framework also relates software development as an influencing factor for the user’s 

sense of presence. In the statistical analysis of the data, it was observed that an increase in 

software development caused an increase in the user’ presence.  
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Fig 7.60 Presence due to Software Development 

 

Here, it was argued that individual factors like user-personality, interest/motivation and 

skill/abilities influence the presence human rate among the participants. Hence, the 

participants’ presence was studied for individual human factors. 

The research experiment conducted the user-personality study based on courageousness. 

Here, the presence rate was improved due to an increase in the level of courageousness. 

 

Fig 7.61 Presence due to User-Personality 
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The research experiment conducted user-skill and ability study based on the phase 1 test 

score. It was identified that the presence rate was influenced by an increase in the users’ skill 

level. 

 

Fig 7.62 Presence due to User-Skill and Ability 

 

For a study based on user motivation and personal interest, presence scores were found 

influenced on the immersive-ability of users. In contrast to other groups, the statistics were 

unreliable due to the average immerse-ability group’s presence rate being less than the least 

immerse-ability group’s presence rate. 

 

Fig 7.63 Presence due to User-Immersive-Abilities 
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The immersion of the application factor is studied by combining the scores from the 

technology analysis and the user’s presence analysis. 

7.16.3 Achieved Technology Factors 

According to the research framework, it is important to identify whether the compatibility 

between hardware and software influences the user-evaluation score for the software in the 

achieved technology. The statistical study analyses the software evaluation scores according 

to the level of compatibility between hardware and software. Here, users rated software high 

during the high level of compatibility between hardware and software.  

 

Fig 7.64 Software Score due to Hardware and Software Compatibility 

 

Similarly, it is important to identify whether compatibility between hardware and software 

influences the user-evaluation score for the hardware in the achieved technology.  

Here, the statistical study analyses the hardware evaluation scores according to the level of 

compatibility between hardware and software. The users rated hardware high during the high 

level of compatibility between hardware and software. 

Thus, the research framework was found reliable when applying statistical analysis. 
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Fig 7.65 Hardware Score due to Hardware and Software Compatibility 

 

7.17 Research Hypothesis Analysis 

The study analyses a novel hypothesis that has not been tested before for a novel empirical 

research that applies real-time performance capturing for a VR game of cricket for user-

entertainment.  

“In VR sports games that involve batting, technology can be made more immersive 

on applying real-time performance capture and haptic-feedback based on mapping 

the users’ natural movement.”   

H0 = No difference between two simulations in improving the immersion in the VR 

cricket experience. 

HA = The new simulation (with performance capture) is better than the old simulation 

in improving the immersion in the VR cricket experience. 

According to the research hypothesis mentioned above, it was observed in the evaluation 

that the VR application’s immersion was generally improved when experiencing a real-time 

performance capturing. This was due to the immersion scores being positive, when the 

difference in the immersions between the proposed hypothesis (HA) and null hypothesis (H0) 

were analysed. The difference in the measured immersions are shown in figure 7.66. The 

absence of negative immersion implies that HA is always higher than H0. 
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Fig 7.66 Immersion Difference due to the Implementation of Performance Capturing 

 

Even though everyone felt improvement in immersion, according to the evaluation for 

significance, it was found that participants who have rated themselves average in their 

immersion-ability survey have shown significant level of immersion level during the 

performance capture experience in the VR application. 

It was also found that participants who have shown average skills in the physical-batting test 

have shown a significant level of immersion level during the performance capture experience 

in the VR application. 

The research could find the females’ immersion levels are significant. when they find their 

real-time performances are shown during the simulation. Similarly, non-student’s and high-

courageous immersion levels were also found with significance improvement during the test.  
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Gamer’s immersion level was found higher than non-gamer’s during the performance capture 

experience in the VR application. 

Here, the immersion level was higher for the participants who performed well in the VR 

simulation. Especially, the participants’ who were victorious after a defeat in the first game 

have found more immersion due to the performance capture experience in the VR 

application. 

Apart from the user self-report, the immersion has also improved users’ awareness, 

confidence and gameplay when analysing the collected quantitative data from the simulation. 

In the quantitative analyses, the user involvement rate was found moderated due to an 

increase in awareness rate.  

The user-engagement due to viewing experiences also improved when analysing the 

interview results. 

Under simulation sickness test, 19.26% of participants had a complaint about sweating during 

the simulation. Here, 15 other expected simulation sicknesses were found to be less than 

10%. Hence, the majority of participants found the simulation sickness-free after spending 

approximately 40 minutes in the simulation. 

7.18 Technology Factors Analysis 

An analysis was made by comparing the technology factors before and after the inclusion of 

performance capture in the simulation.  

These factors’ data were collected in-real time during the experimentation through the 

questionnaire which was embedding within the simulation. This adds to the novelty of the 

research as the user could adjust these data anytime during the simulation. All of these factors 

combine to form the technology questionnaire for the immersion analysis.  
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Fig 7.67 Technology Factors – Screen Shot 

 

Participants’ scores are averaged for each factor and displayed in the diagram below. Here, 

the factors having high averages were represented in green and low averages were 

represented in orange. Here, technology factors before performance represent the null 

hypothesis (H0), whereas the technology factors after performance capture represent the 

alternate hypothesis (HA).  

H0 = No difference between two simulations in improving the immersion in the VR 

cricket experience. 

HA = The new simulation (with performance capture) is better than the old simulation 

in improving the immersion in the VR cricket experience. 

In the technology analysis, it was found that all the factors improved when the user 

experienced the real-time performance capturing in the VR simulation.  
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Fig 7.68 Comparison between Technology Factors 

 

7.18.1 Compatibility between Hardware and Software 

Dimensional consistency is a factor studied between the user’s movement and the response. 

This study inspects location, position and orientation.  

Temporal consistency is a factor studied between the user’s movement and the response. 

Here the study investigates the latency, rendering speed, transmission and synchronization. 
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Multi-Mode Consistency tests the consistency on visual-audio and haptic feedback. The 

system development in the framework cannot be subjected to the usability test when it is 

holding the application only. 

The factors’ averages were high when using the Performances Capture. Here, Cronbach’s 

alpha was 0.87 with performance capture and 0.81 without performance capture.  

7.18.2 Software Factors 

Study of Software fidelity and rendering investigated the aesthetics, fidelity and explanatory 

factors and evaluated the quality of the processed image, stereoscopy and stereo sound. 

Study of Software physics tests the inertia, gravity and collision. 

The factors’ averages were high when using the Performances Capture. Here, the Cronbach’s 

alpha was 0.82 with performance capture and 0.77 without performance capture.  

7.18.3 Hardware Factors 

Hardware input factors inspect the portability, minimal interference, degrees of freedom, 

stability, easy to learn and use. 

Hardware output factors analyse the area of the visual display and quality, view-field, audio-

video feedback and haptic quality, portability and interference check. 

The factors averages were high when using the Performances Capture. Here, the Cronbach’s 

alpha (Cronbach, 1951) was 0.64 with performance capture and was 0.37 without 

performance capture. 

7.19 Presence Factors Analysis 

These factors’ data are collected in-real time during the experimentation through the 

questionnaire embedded within the simulation. This adds to the novelty of the research as 

the user could adjust these data anytime during the simulation. All of these factors combine 

to form the presence questionnaire for the immersion analysis.  
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Fig 7.69 Presence Factors – Screen Shot 

 

Participants’ scores are averaged for each factor and displayed in the block diagram below. 

Here, the factors having high averages were represented in green and low averages are 

represented in orange. Here, presence factor before performance capture represents the (H0) 

null hypothesis, whereas the presence after performance capture represents the (HA) 

alternate hypothesis.  

In the presence analysis, it was found that factors such as locational presence, instinct 

presence and social engagement presence improved when the user experiences the real-time 

performance capture in the VR simulation. Whereas the factors such as seclusion/ 

consciousness presence and personal engagement presence have decreased during 

experiencing the real-time performance capturing in the VR simulation. 
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Fig 7.70 Comparison between Presence Factors 

 

The factors’ averages were when using the Performances Capture. Here, Cronbach’s alpha 

was 0.85 with performance capture and 0.81 without performance capture. 

7.19.1 Location 

Location is the sense of existing in the VR world and living with the VR Objects. The 

Questionnaire addresses the issue such as locating the simulated world; locating the 

Simulated objects; locating the simulated animation, i.e. the movement of the flying ball. 
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7.19.2 Seclusion 

Seclusion is the sense of being segregated from the real world, both in mental and physical 

condition. This is felt due to a deep presence which are categorized in to unawareness of the 

real-world interface which is been used, i.e. VR equipment and unawareness real-world 

environment, i.e. VR lab. 

7.19.3 Instinct 

The category studies the sense of human instinct for real-world interaction in VR. The 

questionnaire was formulated behalf of the user’s anticipation, prediction and the ability to 

solve natural world problems in the simulation. 

7.19.4 Personal Engagement 

Engagement is the sense of being committed. The engagement factor examines the 

motivation and the involvement of the player. 

7.19.5 Social Engagement 

Social presence is the sense of togetherness with opponents in VR. The studies involve the 

questionnaire that considers the awareness of co-presence with another character, co-

experience with another character and the emotional response. 
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Chapter 8: Conclusion  

8.1 Research Findings and Contributions 

The aim of the research was to increase user-immersion. An innovative enhancement in 

technology was achieved by improving the user’s avatar by involving real-time motion capture 

which could effectively improve the immersion.  

8.1.1 Contributions in Methodology 

This research sought to investigate this possibility through development of user-based 

research experiments that measure immersion. In this research, the studies consider that the 

previous methods of measuring immersion through self-report interviews and questionnaires 

are not sufficient. Hence, the author proposes a novel method that attempts to find the 

correlation between presence and immersion through a comparison of the observed factors 

(quantitative measures) with the factors from the self-report questionnaire. 

8.1.2 Contributions in Technology 

A novel solution for a low-cost real-time motion capturing system was implemented for the 

simulation that provided an improved player avatar by interfacing 3D cameras into the 

software application. Moreover, an immersive force feedback system was developed based 

on the collision made on the performing user-avatar, due to the real-time capture.  

These devices were also included in the experiment while measuring the immersion of the VR 

application. These devices were designed to improve the feedback experience thereby 

improving the user-immersion. 

The achievements in this research were the development of the simulation. From learning 

and understanding the VR development, the author utilized the Unity game engine. Here, the 

author integrated and tested a motion capturing Time of Flight camera – Microsoft Kinect V2 

– that provided passive capturing without using any markers or trackers. 

8.1.3 Hypothesis and Findings 

The novel methodology was applied for the evaluation and found that subjective 

questionnaire data and the observed quantitative data indicated the inclusion of the 
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improved user-avatar using the performance capture influenced the user-immersion. 

Thereby, proving the research hypothesis: 

“In Virtual Reality, the inclusion of an improved self-avatar using performance-

capture will improve the application’s immersion when it is observed from a user and 

also provides improved immersive feedback based on user performance.” 

Can immersion be improved for players when using a VR cricket simulation game 

when their natural body movements (i.e. performance) are captured in real-time and 

rendered in-game? 

According to the research hypothesis and questions mentioned above, it was observed in the 

evaluation that measured immersion was generally improved when experiencing a real-time 

performance capturing. The scores were positive when the difference in the immersions were 

measured by subtracting the previous experiment’s immersion from the Performance 

captured experiment’s immersion scores.  

8.1.4 Significance of Hypothesis 

The research performed Wilcoxon’s signed-rank test to compare the Likert scores to identify 

the significant experimental groups. Among the 18 groups, the participants’ scores according 

to the (A) Average score, (US) Un-skipped test, (F) Female, (NS) Non-Student, (PP) Passed-

passed and (G) Gamer groups were found with more significant difference. Hence, these 

groups are identified with people who have consistent immersion. Here, the participants’ 

scores according to the (PI) Partially-Immersive (NI) Non-Immersive, (M) Male, (FF) Failed-

Failed, (NG) Non-Gamer groups were found with no significant difference. Hence, these 

groups are identified with people who have inconsistent immersion. Wilcoxon’s signed-rank 

rank test could not be applied to the remaining participants groups (TI) Totally-immersive, 

(AA) Above Average, (BA) Below Average, (S) Skipped, (ST) Student, (PF) Passed-Failed and 

(FP) Failed-Passed groups due to their smaller sample sizes. 

8.1.5 Post-experiment Interview on User-engagement comparing the Visual Experiences 

In post-experiment interviews, it was found that the participants felt more engagement with 

performance-captured simulations based on the viewing experience in a multi-user 

environment as a first-person player and as a third-person viewer.  
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8.1.6 Post-experiment Interview on User-engagement comparing with the Traditional 
Video Game Experience 

The Gamers who have played traditional batting video games felt the VR-related sport 

simulations were more engaging than the traditional video game experience. 

8.1.7 Simulation Sickness in the Experience 

In the simulation sickness questionnaire, 19.26% of participants were found sweating during 

the simulation due to the workout. The other factors shown for the simulation sicknesses 

questionnaire were found to be less than 8.16%. Thus, the simulation can be recommended 

for a majority of normal users. These results were observed for the participants who were in 

the simulation continuously for 40 minutes.  

8.1.8 Quantitative Observations 

The heat-map analysis, showed sufficient evidence that the participants’ gameplay improved 

during the performance-capture. The quantitative measures such as awareness rate and 

confidence rate showed improvement supporting the heat-map analysis.  

Apart from supporting the heat-map, the observed quantitative data were also supporting 

the results of the questionnaire on immersion. The figure 8.1 below explains how the 

questionnaire and quantitative observations were related with each other.  

Here, it was found that the factor Immersion caused the improvement in quantitative 

measures such as Awareness rate (measuring the number of times the participants looked at 

their position) and Confidence rate (measuring the number of times the participants scored 

the maximum for a single ball delivery) due to the performance capture.  

It was also identified that the Involvement rate (measuring the number of times the 

participants have seen the scoreboard) was marginally reduced due to the inclusion of 

performance capture. This was due to the participants’ curiosity on experiencing their full-

body performance capture for the first time. Most of the participants looked at the stumps 

and legs to align their stance/position as they could find their legs tracked in real time. 

Participants invested more time in looking at the other displays in the stadium which showed 

their performance tracked in real-time. Most of them waved their hands, kicked their legs and 

danced to see the avatar mimicking in real-time. These results were significant and were 
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observed in all groups. These results formed a trend and were consistent throughout the 

studies. 

Participants’ scores were averaged for each observed quantitative factor. Here, observed 

quantitative data before performance capture represent the null hypothesis(H0), whereas the 

observed quantitative data after performance capture represent the alternate hypothesis 

(HA).  

Among the quantitative data collected, the involvement rate and awareness rate showed 

significance during testing the alternate hypothesis. While comparing reliability, the results 

showed the awareness factor was more reliable than the involvement and confidence factors. 

Hence, the awareness factor is predicted to be constantly high when the tests are repeated 

again with different sets of participants. 
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Fig 8.1 Quantitative and Qualitative Analysis for Immersion 
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8.2 Future Works 

8.2.1 Improving Real-time Performance Capturing using Machine Learning 

In future, the quality of performance capture can be enhanced by further research on the 

topic of “improving the user-immersion by improving the performance capture”. This will 

remove the uncertainties caused due to interference such as latency-in-network and 

capturing dependencies. These dependencies are observed during the Kinect performance 

capturing in which the user-avatar collapsed whenever the user moved out of the capturing 

area.  

Since the research was conducted using a single Kinect sensor, the user must perform facing 

the sensor. Here, the hands and legs are not detected well when the hands are hidden behind 

the body, when the legs overlapped each other or when the user turned their back. This has 

given a gap for research to conduct the experiment with multiple sensors covering the user 

in all directions in order to study whether the user-immersion will improve when 

enhancements are made to the performance capturing. 

In future, the field of performance capture can be enhanced by further research on low-cost 

machine-learning algorithms to predict user-movement. This will also remove the 

uncertainties caused due to interference such as latency-in-network and due to improper 

utilization of the capture volume.  

The inclusion of dynamic time warping (Hülsmann et al., 2017) and online-predictive time 

warping learning techniques will improve the quality of capturing (Randall, Williams and 

Athwal, 2017).  

Moreover, an extreme machine-learning algorithm can be applied to a user-avatar for solving 

a problem that occurs during the absence of a network connection in the case of a multiplayer 

game. Here, a user-agent could switch to an AI-agent that mimics the user-trained data during 

the absence of a user in the network (Mozgovoy, 2018). A summary of the relevant research 

articles is included below. 

8.2.2 Dynamic Time Warping for Motion Capture 

(Hülsmann et al., 2017) discussed a technology called Dynamic Time Warping (DTW). This 

technology is used for mapping movement according to the input reference. The real-time 
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extension of the technology called Open-End DTW has an issue with poor alignments. Their 

research proposed an update to the technology called WOOE-DTW that allows the online 

functionality with Weight-Optimization algorithm from the training data. The WOOE-DTW 

optimized the weights of the path-lengths, joints and improved the functionality of the online 

motion capture. Their research introduced an optimized algorithm that attempts to solve the 

misalignment issues in the real-time motion capture.  

8.2.3 Predictive Approach to Online Time Warping of Motion 

(Randall, Williams and Athwal, 2017) addressed uncertainty in motion capture systems. An 

application of raw motion capture data to the humanoid model causes strange deformation 

due to the noise, limited range, extreme poses, i.e. a user screening themselves against the 

capture, or even due to the loss of frames during transmission. To address such issues, an 

algorithm called DTW is predominantly used in the post-process to clear the uncertainties in 

the capture data. 

This uses an evident time series to align a new time series or the other way around. The new 

time series aligns itself according to the shortest and the most convenient references from 

the evident time series to estimate the path, hence resulting in aligning the deviation between 

two motions. This research paper discussed the development of another efficient algorithm 

called Online Predictive Warping (OPW). OPW offers a novel real-time solution for VR and 

mixed-reality applications by involving machine learning to train the system to overcome the 

uncertainties to achieve a temporal alignment. This algorithm combines the least cost and 

stepped DTW with the prediction-based smoothing algorithms. 

The evaluation method used the dead reckoning method and measured Euclidean distance 

for the alignment cost. The analysis of data showed that the algorithm provides less 

computation when compared to related algorithms like support vector machines (SVM), K-

nearest neighbour (KNN) and Linear Time Invariant (LTI). But the algorithm finds difficulty 

when the subject does not have any movement. Their research introduces another optimized 

algorithm that requires less computational cost for solving the misalignment issues in the real-

time motion capture. 
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8.2.4 Mozgovoy’s Research on Analysing User Behaviour 

This study (Mozgovoy, 2018) was conducted by analysing a large sample of data observed in 

a multiplayer game called “World of Tennis: Roaring ‘20s”. It is an empirical research and the 

author tested their accomplished AI technology to study user-behaviour.  

The AI was developed to replicate the user’s attribute in their absence as a solution to run the 

game during an issue with network connectivity. Machine learning was used for developing 

the AI which learns from the player’s performance and assigns the appropriate performances 

to their agent in the absence of the user in the network. 

8.2.5 Recommendations 

The abovementioned research articles discussed the achievements in improvement made to 

real-time performance capture systems by implementing machine learning. This addition 

increases the fidelity in the performance capture tracking.  

These warping algorithms learn the users’ natural movements and estimate the subsequent 

movements in case of a glitch in the capturing. These articles were reviewed and considered 

as an inspiration for future research on improving the fidelity in users’ performance capture. 

Deep learning and machine learning could lead to accomplishing this technology without a 

need for any special depth sensors like Kinect, Zed, Orbbec, Leap Motion, etc. A vision-based 

algorithm can be made very intelligent using an AI that could learn, predict and map users’ 

natural movement by analysing a video in real-time.  

This allows a normal web camera or a phone camera to behave as powerful capturing sensors. 

This will make the performance capturing cost much more affordable and help many 

animation and game content creators and would improve the production of entertainment 

applications that need real-time performance capturing similar to the one which was 

developed for this research. 

This study compared these hypotheses: 

H0 = No difference between two simulations in improving the immersion in VR batting 

experience. 
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HA = The new simulation (with performance capture) is better than the old simulation 

in improving the immersion in VR batting experience. 

As the real-time performance capturing used for the experiment was not made to the 

standard required to reflect the bio mechanical accuracies with full-body haptics, an alternate 

test hypothesis for comparing the immersion between reality and virtual-reality was not used 

for this research. 

When the technology is achieved to match the expectation, the virtual reality performance 

capture can be compared to the reality, which will be the ultimate scope for the future work 

in terms of the technology. 

The research has not compared immersion level of VR cricket with the generic non-VR mode 

of playing cricket video games using gamepad and keyboard or touch interfaces (in case of 

smartphone games). This was not done because this is not the major focus for this research’s 

hypothesis. These kinds of a studies would require developing a cricket game for both VR and 

non-VR platforms resembling the features of the present commercial cricket games. 

However, this research has compared the user-engagement for VR experience with the 

participants who have prior experience in playing cricket video games on non-VR platforms in 

the form of post-experiment interview. Hence, there is a future scope of conducting a study 

in this direction. 

During the initial phase of this research, a pilot study was made and published in order to test 

the methodology for identifying the level of immersion in playing a racket game on different 

platforms. For the experiment, the research used a commercial tennis game and tested it on 

both VR and non-VR platforms. This compared the motion play with the gamepad experience, 

since the developer of the game has made the game available to be played using different 

platforms (VR and non-VR). During the motion play, the navigation of the player in the tennis 

field was controlled by AI. This caused users in the gamer category to be more immersed while 

playing the game using a gamepad as they could control the navigation, whereas the non-

gamers found motion play as more immersive and did not mind the navigation. Hence, this 

research methodology can be applied to different scenarios (i.e. VR–non-VR or VR–VR 

comparisons) for future work in measuring any racket simulation’s immersion. Here, 

questionnaire will require adapting according to the batting sport. There is also another scope 
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for future researchers to test this study to check whether it is applicable for sports that do 

not required batting, such as volleyball, handball, basketball, football or any type of racing 

sport. 

Even though the research simulation is predominantly made for cricket batting, the 

simulation has nuances for handling the game objects using virtual hands for picking any game 

object, grabbing any game object, throwing any game object and catching any game object, 

and the simulation also has nuances for walking around the region of influence with the 

complete degrees of freedom along with the performance capturing included. The simulation 

can replicate a VR shooting game in the form of aiming and shooting at GUI menus to select 

the options and can also replicate a VR war game in the form of controlling the launching of 

projectiles. Hence, the future of this research can be extended to non-sport VR games. 

Regarding the methodology, it was observed that participants’ demographics were not 

sufficiently distinctive to perform Wilcoxon signed-rank test for significance due to the 

insufficiently sized samples in the groups totally-immersive (4 participants), above average (4 

participants) and below average (9 participants) in the batting test, less courageous (2 

participants), students (10 participants), passed before failed in VR test (6 participants) and 

failed before passed in VR test (7 participants). The least recorded success rate was for the 

samples in “passed before failed” in the VR test group which had 12 participants.  

Similarly, the Cronbach’s alpha for reliability could not be calculated for the groups totally-

immersive (4 participants) and less-courageous (2 participants). Here, the least recorded 

success rate was for the samples in passed before failed in the VR test which had 6 

participants. From the knowledge acquired through the evaluation, it is identified that a group 

should have a minimum of 12 participants to calculate significance and reliability.  

Hence, the future researcher should continue collecting data until 12 samples are 

accumulated in each demographic group in order to have enough samples for both Wilcoxon 

and Cronbach tests. 
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Appendix 

A. Pre-Evaluation Questionnaire 

1. Have you been involved in a book or movie to an extent at which you lose the 

awareness? 

2. How much you focused on the activities you like the most? 

3. How much the regular cricket video games involve you?  

4. How much the interaction based (for instance the PS3, Xbox Wii) cricket video games 

involves you?  

5. How much the sport of cricket involves you? 

6. How often have you played the computer games? Choose one 

i. Barely/Irregularly/Monthly/Weekly/Often in a week 

7. How you rate your expertise in playing the game of cricket? Choose one 

i. I don’t know to play/I know but I am vulnerable to many mistakes/I can play 

the balls without varying speed and spin/I can play the balls with high speed 

and spin/I can play like a professional 

 

B. Technology Hardware Development Questionnaire 

1. How you rate the portability of the tracking instruments? 

2. How you rate the distraction or interference caused by the tracking instruments while 

playing? 

3. How you rated the stability of the tracking? 

4. How easy did you understood to use the system? 

5. How much are you pleased with the area of view? 

6. How you rate the image’s quality? 
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C. Technology Software Development Questionnaire 

1. How closer the simulation suits to that of the Cricketing Game? 

2. How you rate the quality of the menu and the practice tutorial? 

3. How you rate the ball’s flight and movement? 

4. How you rate the bouncing of the ball? 

5. How you rate the 3D depth? 

6. How you rate the appearance of your opponent? 

 

D. Factors between Hardware and Software Questionnaire 

1. How you rate the sensitiveness of the rotation and translation of the game objects? 

2. How you rate the delay in the movements of the game object? 

 

E. Dimensional and the Temporal Consistency Questionnaire 

1. How you rate the view when you are walking in the simulation? 

2. How you rate your movement that in accord with your virtual avatar? 

3. How you rate the movement that in accord with your opponent’s avatar? 

The final part is the last question based on the Multimode consistency- which is 

1. How you rate the consistency of the information acquired from your various senses? 

 

F. Location Questionnaire 

1. How you rate the degree of feel that you were in the cricket stadium? Not this room? 

2. How you rate the degree of perception with the game objects i.e. the ball and bat that 

were in the space with you? 

3. How you rate your sense of perceiving the motion of the ball. 
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G. Seclusion Questionnaire 

1. How you rate your consciousness in playing the game rather than concentrating in the 

interface while playing the game? 

2. How you rate your awareness in the real world when playing in the simulation. 

 

H. Instinct Questionnaire 

1. How you rate your perception of the VR activities that are similar to the physical world 

activities  

2. How you rate your anticipation on the responsive reaction of your action performed in 

the simulation? 

 

I. Personal Engagement Questionnaire 

1. How you rate the extent of your intension in hitting the ball? 

2. How you rate the involvement the game had in you? 
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J. Social Engagement Questionnaire  

The questionnaire are as follows: 

1. How you rate the degree of awareness that you are sharing the simulation space with 

another character? 

2. How you rate the degree of feel that another character is playing with you? 

3. How you rate your extent of emotional response connecting a character in a virtual 

game rather than a real game? 

4. How you rate your degree of involvement on seeing the opponent’s avatar in order to 

judge the angle of the ball? 

5. How you rate your degree of involvement on seeing your avatar to strike the ball? 

6. How you rate your agreement that seeing the participant’s avatar would improve the 

attractiveness of the game? 

 

K. Arduino/Microcontroller Code 

 

void setup() 

const int motorPin = 3;  

{  

pinMode(motorPin, OUTPUT);  

}  

void loop() { digitalWrite(motorPin, HIGH);  

delay(1000); digitalWrite(motorPin, LOW);  

delay(59000);  

} 

 

L. C # Codes for Games Development 

i) Grabbing/Dropping Program 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class Grab : MonoBehaviour { 

 

 public OVRInput.Controller controller; 
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 public string buttonName; 

public float grabRadius; 

 public LayerMask grabMask; 

 

 

 private GameObject grabbedObject; 

 private bool grabbing; 

protected Quaternion anchorOffsetRotation; 

 protected Vector3 anchorOffsetPosition; 

private Quaternion lastRotation, currentRotation; 

 private Quaternion realRot; 

protected Vector3 lastPos; 

 protected Quaternion lastRot; 

protected Transform parentTransform; 

protected Vector3 grabbedObjectPosOff; 

 protected Quaternion grabbedObjectRotOff; 

[SerializeField] 

 protected Transform gripTransform = null; 

 

 void GrabObject(){ 

   

  grabbing = true; 

  RaycastHit[] hits; 

hits = Physics.SphereCastAll (transform.position, grabRadius, 

transform.forward, 0f, grabMask); 

 

if (hits.Length > 0) { 

   int closesHit = 0; 

   for (int i = 0; i < hits.Length; i++) { 

    if (hits [i].distance < hits [closesHit].distance) 

     closesHit = i;  

   } 

 

 

   grabbedObject = hits [closesHit].transform.gameObject; 

   grabbedObject.GetComponent<Rigidbody> ().isKinematic = 

true; 

   grabbedObjectPosOff = gripTransform.localPosition; 

realRot = Quaternion.Inverse(transform.rotation) * 

grabbedObject.transform.rotation; 

   grabbedObjectRotOff = realRot; 

   MoveGrabbedObject(lastPos, lastRot, true); 

  } 

 } 

 

 void Awake () { 

  anchorOffsetPosition = transform.localPosition; 

  anchorOffsetRotation = transform.localRotation; 

 } 
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 void DropObject(){ 

  grabbing = false; 

 

  if (grabbedObject != null) {    

   grabbedObject.transform.parent = null; 

   grabbedObject.GetComponent<Rigidbody> ().isKinematic = 

false; 

   grabbedObject.GetComponent<Rigidbody> ().velocity = 

OVRInput.GetLocalControllerVelocity(controller); 

   grabbedObject.GetComponent<Rigidbody> ().angularVelocity 

= GetAngularVelocity(); 

   grabbedObject = null; 

  } 

 } 

 

Vector3 GetAngularVelocity(){ 

Quaternion deltaRotation = currentRotation * Quaternion.Inverse 

(lastRotation); 

return new Vector3(Mathf.DeltaAngle(0, deltaRotation.eulerAngles.x), 

Mathf.DeltaAngle(0, deltaRotation.eulerAngles.y), Mathf.DeltaAngle(0, 

deltaRotation.eulerAngles.z)); 

 } 

 

 

 protected virtual void Start() 

 { 

  lastPos = transform.position; 

  lastRot = transform.rotation; 

  if(parentTransform == null) 

  { 

   if(gameObject.transform.parent != null) 

   { 

    parentTransform = 

gameObject.transform.parent.transform; 

   } 

   else 

   { 

    parentTransform = new GameObject().transform; 

    parentTransform.position = Vector3.zero; 

    parentTransform.rotation = Quaternion.identity; 

   } 

  } 

 } 

 

 void Update () { 

  Vector3 handPos = 

OVRInput.GetLocalControllerPosition(controller); 

  Quaternion handRot = 

OVRInput.GetLocalControllerRotation(controller); 
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Vector3 destPos = parentTransform.TransformPoint(anchorOffsetPosition + 

handPos); 

Quaternion destRot = parentTransform.rotation * handRot * 

anchorOffsetRotation; 

  GetComponent<Rigidbody>().MovePosition(destPos); 

  GetComponent<Rigidbody>().MoveRotation(destRot); 

 

  MoveGrabbedObject (destPos, destRot); 

  lastPos = transform.position; 

  lastRot = transform.rotation; 

 

  if (grabbedObject != null) { 

   lastRotation = currentRotation; 

   currentRotation = grabbedObject.transform.rotation; 

  } 

  if (!grabbing && Input.GetAxis (buttonName) == 1) { 

   GrabObject (); 

  } 

  if (grabbing && Input.GetAxis (buttonName) < 1) { 

   DropObject (); 

   }   

 } 

protected virtual void MoveGrabbedObject(Vector3 pos, Quaternion rot, bool 

forceTeleport = false) 

 { 

  if (grabbedObject == null) 

  { 

   return; 

  } 

  Rigidbody grabbedRigidbody = 

grabbedObject.GetComponent<Rigidbody> (); 

  Vector3 grabbablePosition = pos + rot * grabbedObjectPosOff; 

  Quaternion grabbableRotation = rot * grabbedObjectRotOff; 

 

  if (forceTeleport) 

  { 

   grabbedRigidbody.transform.position = grabbablePosition; 

   grabbedRigidbody.transform.rotation = grabbableRotation; 

  } 

  else 

  { 

   grabbedRigidbody.MovePosition(grabbablePosition); 

   grabbedRigidbody.MoveRotation(grabbableRotation); 

  } 

 } 

} 

ii) Hand Pose Program 
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using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class handPose : MonoBehaviour { 

 public string buttonName; 

 public GameObject pose1; 

 public GameObject pose; 

 private GameObject ball; 

 // Use this for initialization 

 void Start () { 

  ball = GameObject.Find ("ball"); 

 } 

 // Update is called once per frame 

 void Update () { 

  if (Input.GetAxis (buttonName) == 1) 

  { 

   if (ball.GetComponent<Rigidbody>().isKinematic == true) { 

    Debug.Log ("grabbing"); 

    pose1.SetActive (true); 

    pose.SetActive (false); 

   } 

  } 

  else{ 

   pose1.SetActive(false); 

   pose.SetActive (true); 

  } 

 } 

} 

iii) Bowling Machine Program 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class BallController : MonoBehaviour { 

 public GameObject thrower; 

 public Transform gun; 

 

 public void Slider_Changed(float newValue) 

 { 

  Vector3 pos = thrower.transform.position; 

  pos.x = newValue; 

  thrower.transform.position = pos; 

 } 

 

 public void SetLength(float newLength) 
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 { 

  gun.localRotation = Quaternion.Euler(-newLength, 90, 0); 

 } 

} 

iv) Ball Instantiation and Destruction Program 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class ball : MonoBehaviour { 

 public Rigidbody Ball; 

 public OVRInput.Controller controller; 

 public string buttonName; 

 private bool grabbing; 

 public float speed = 600f; 

 

 public void SetSpeed(float newSpeed) 

 { 

  speed = newSpeed; 

 } 

 // Update is called once per frame 

 void Update () { 

  Dest (); 

  if (!grabbing && Input.GetAxis (buttonName) == 1)  

  { 

   inst (); 

  } 

  if (grabbing && Input.GetAxis (buttonName) < 1) { 

   grabbing = false; 

  } 

 } 

 

 void inst(){ 

  grabbing = true; 

Rigidbody cB = Instantiate (Ball, transform.position, transform.rotation) 

as Rigidbody; 

  cB.AddForce (transform.forward * speed); 

 } 

 void Dest () 

 { 

  Destroy (GameObject.Find("ball(Clone)"), 5f); 

 } 

} 
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v) Network Programs 

 

Network Manager: 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

using UnityEngine.UI; 

public class PhotonNetworkManager : MonoBehaviour { 

 public readonly byte InstantiateVrAvatarEventCode = 123; 

 [SerializeField] private Text connectText; 

 [SerializeField] private GameObject lobbyCamera; 

  private void Start () { 

  PhotonNetwork.ConnectUsingSettings("LionelVRCricket"); 

 } 

 public virtual void OnJoinedLobby() 

 { 

  Debug.Log ("We have now joined the Lobby"); 

  PhotonNetwork.JoinOrCreateRoom ("New", null, null); 

 } 

 public virtual void OnJoinedRoom() 

 { 

  int viewId = PhotonNetwork.AllocateViewID(); 

PhotonNetwork.RaiseEvent(InstantiateVrAvatarEventCode, viewId, true, new 

RaiseEventOptions() { CachingOption = EventCaching.AddToRoomCache, 

Receivers = ReceiverGroup.All }); 

  lobbyCamera.SetActive (false); 

 } 

 private void OnEvent(byte eventcode, object content, int senderid) 

 { 

  if (eventcode == InstantiateVrAvatarEventCode) 

  { 

   GameObject go = null; 

   if (PhotonNetwork.player.ID == senderid) 

   { 

go = Instantiate(Resources.Load("LocalAvatar")) as GameObject; 

   } 

   else 

   { 

go = Instantiate(Resources.Load("RemoteAvatar")) as GameObject; 

   } 

   if (go != null) 

   { 

PhotonView pView = go.GetComponent<PhotonView>(); 

   if (pView != null) 

   { 

   pView.viewID = (int)content; 

   } 
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   } 

  } 

 } 

 public void OnEnable() 

 { 

  PhotonNetwork.OnEventCall += OnEvent; 

 } 

 

 public void OnDisable() 

 { 

  PhotonNetwork.OnEventCall -= OnEvent; 

 } 

 private void Update () { 

 

  connectText.text = 

PhotonNetwork.connectionStateDetailed.ToString (); 

 } 

} 

Player Network: 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

public class PlayerNetwork : MonoBehaviour {  

 [SerializeField] private GameObject playerCamera; 

 [SerializeField] private MonoBehaviour[] playerControlScripts; 

 private PhotonView photonView; 

 private void Start() 

 { 

  photonView = GetComponent<PhotonView>(); 

  Initialize(); 

 } 

 

 private void Initialize() 

 { 

  if (photonView.isMine)  

  { //this.transform.SetParent (playerLocal);} 

  else  

  { 

   playerCamera.SetActive(false);  

   foreach(MonoBehaviour m in playerControlScripts) 

   { 

    m.enabled = false; 

   } 

  } 

 } 

} 

 

Photon Avatar View: 
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using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

using System.IO; 

 

public class PhotonAvatarView : MonoBehaviour { 

 

 private PhotonView photonView; 

 private OvrAvatar ovrAvatar; 

 private OvrAvatarRemoteDriver remoteDriver; 

 

 private List<byte[]> packetData; 

 

 public void Start() 

 {        

  photonView = GetComponent<PhotonView>(); 

 

  if (photonView.isMine) 

  { 

   ovrAvatar = GetComponent<OvrAvatar>(); 

   packetData = new List<byte[]>(); 

   ovrAvatar.RecordPackets = true; 

   ovrAvatar.PacketRecorded += OnLocalAvatarPacketRecorded; 

  } 

  else 

  { 

   remoteDriver = GetComponent<OvrAvatarRemoteDriver>(); 

  } 

 } 

 

 public void OnDisable() 

 { 

  if (photonView.isMine) 

  { 

   ovrAvatar.RecordPackets = false; 

   ovrAvatar.PacketRecorded -= OnLocalAvatarPacketRecorded; 

  } 

 } 

 

 private int localSequence; 

 

 public void OnLocalAvatarPacketRecorded(object sender, 

OvrAvatar.PacketEventArgs args) 

 { 

  using (MemoryStream outputStream = new MemoryStream()) 

  { 

   BinaryWriter writer = new BinaryWriter(outputStream); 
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   var size = 

Oculus.Avatar.CAPI.ovrAvatarPacket_GetSize(args.Packet.ovrNativePacket); 

   byte[] data = new byte[size]; 

  

 Oculus.Avatar.CAPI.ovrAvatarPacket_Write(args.Packet.ovrNativePacket, 

size, data); 

 

   writer.Write(localSequence++); 

   writer.Write(size); 

   writer.Write(data); 

 

   packetData.Add(outputStream.ToArray()); 

  } 

 } 

 

 private void DeserializeAndQueuePacketData(byte[] data) 

 { 

  using (MemoryStream inputStream = new MemoryStream(data)) 

  { 

   BinaryReader reader = new BinaryReader(inputStream); 

   int remoteSequence = reader.ReadInt32(); 

 

   int size = reader.ReadInt32(); 

   byte[] sdkData = reader.ReadBytes(size); 

 

   System.IntPtr packet = 

Oculus.Avatar.CAPI.ovrAvatarPacket_Read((System.UInt32)data.Length, 

sdkData); 

   remoteDriver.QueuePacket(remoteSequence, new 

OvrAvatarPacket { ovrNativePacket = packet }); 

  } 

 } 

 

 private void OnPhotonSerializeView(PhotonStream stream, 

PhotonMessageInfo info) 

 { 

  if (stream.isWriting) 

  { 

   if (packetData.Count == 0) 

   { 

    return; 

   } 

 

   stream.SendNext(packetData.Count); 

 

   foreach (byte[] b in packetData) 

   { 

    stream.SendNext(b); 

   } 
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   packetData.Clear(); 

  } 

 

  if (stream.isReading) 

  { 

   int num = (int)stream.ReceiveNext(); 

 

   for (int counter = 0; counter < num; ++counter) 

   { 

    byte[] data = (byte[])stream.ReceiveNext(); 

 

    DeserializeAndQueuePacketData(data); 

   } 

  } 

 } 

} 

vi) “Don’t Go Through Things” Script 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class DontGoThroughThings : MonoBehaviour { 

  

 

 public LayerMask layerMask = -1;  

 public float skinWidth = 0.1f;  

 

 private float minimumExtent;  

 private float partialExtent;  

 private float sqrMinimumExtent;  

 private Vector3 previousPosition;  

 private Rigidbody myRigidbody; 

 private Collider myCollider; 

 

 //initialize values  

 void Start()  

 {  

  myRigidbody = GetComponent<Rigidbody>(); 

  myCollider = GetComponent<Collider>(); 

  previousPosition = myRigidbody.position;  

  minimumExtent = 

Mathf.Min(Mathf.Min(myCollider.bounds.extents.x, 

myCollider.bounds.extents.y), myCollider.bounds.extents.z);  

  partialExtent = minimumExtent * (1.0f - skinWidth);  

  sqrMinimumExtent = minimumExtent * minimumExtent;  

 }  
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 void FixedUpdate()  

 {  

  //have we moved more than our minimum extent?  

  Vector3 movementThisStep = myRigidbody.position - 

previousPosition;  

  float movementSqrMagnitude = movementThisStep.sqrMagnitude; 

 

  if (movementSqrMagnitude > sqrMinimumExtent)  

  {  

   float movementMagnitude = 

Mathf.Sqrt(movementSqrMagnitude); 

   RaycastHit hitInfo;  

 

   //check for obstructions we might have missed  

   if (Physics.Raycast(previousPosition, movementThisStep, 

out hitInfo, movementMagnitude, layerMask.value)) 

   { 

    if (!hitInfo.collider) 

     return; 

 

    if (!hitInfo.collider.isTrigger) 

     myRigidbody.position = hitInfo.point - 

(movementThisStep / movementMagnitude) * partialExtent;  

 

   } 

  }  

 

  previousPosition = myRigidbody.position;  

 } 

} 
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O. Multiplayer Simulation 

During this stage, a multiplayer VR simulation was also demonstrated by creating a server and 

a client using network programming (Wendel et al., 2010; Ruyg, Verhage and Teunisse, 2014). 

Thus, it is made possible to connect more than one user in a simulation over the internet. The 

Photon Unity Networking (PUN) was used for the network demonstration as it was faster than 

the in-built Unity networking (UNET). The PUN packages were downloaded from the Unity 

asset store and were configured to use the Unified Datagram Protocol (UDP).  

Setting up the network for the simulation requires two major scripts, namely “Network 

Manager” and “Player Network”. The “Network Manager” script in the scene has a method 

to create/join a lobby/room and also has a method to instantiate the player. Whereas the 

“Player Network” script was applied to the instantiate game objects (prefab) that must have 

a script called “OnPhotonSerializeView”.  

These methods establish communication between the players. The instantiating game 

object/prefab must have a script from the library called “Photon View” for their visibility in 

the network (Oculus Avatar | Photon Engine, 2020). 

Another important script called “Photon Avatar View” carries the transform data of the user 

avatar. This must be attached as an observed component in the “Photon View” script. This 

script updates the avatar’s actions in the network. 

 

Appendix 1: Multiplayer Simulation – Batter view (April 2018) 
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For the multiplayer simulation, the player terminals are connected under a particular network 

subdomain. Within the simulation, the players can see each other’s avatars and can interact 

by gesturing. 

Gear VR 

Testing the multiplayer simulation requires another VR device. Hence a device called Samsung 

Gear VR (Samsung Gear VR with Controller - The Official Samsung Galaxy Site, 2020) was used 

to include another player in the simulation. Gear VR is from Oculus and functions by inserting 

a Samsung smart phone into the HMD’s slot.  

Unity requires installation of the Android bundle and configuration of the Software 

Development Kit and Java Development Kit in order to build the android application files for 

the Android smart phones (Dhuri et al., 2015). The developer also needs to specify the 

operating system signature of the phone to build a compatible mobile application. Oculus-

Gear VR has a motion controller that has 3 degrees of freedom. This required remapping the 

Oculus-Rift touch controls to match the Gear VR controls. 

 

Appendix 2: Multiplayer Simulation – Bowler view (April 2018) 
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P. Scoreboard and Countdown Timer 

The gamification for the developed simulation required a scoreboard and a timer. Here, a GUI 

menu for game initiation was created and was kept in the simulation. This allows a user to 

print the opponent’s score using a slider before the start of the play. This feeds the opponent 

score to the scoreboard, which is located in the stadium behind the user. The user should look 

behind themselves to know the game proceedings. A countdown timer is also shown on the 

scoreboard in order to notify the user of the remaining time. In real cricket, the scores are 

achieved by running between the ends of the cricket pitch after making a contact to a ball 

delivery using a cricket bat; whereas in the simulation, the user need not run after a contact 

with the in-game deliveries. This was due to the limited play area. 

Here, the contact incremented the user’s score on the scoreboard. This was achieved by 

attaching a simple script to the user’s in-game bat. The script counts the number of collisions 

made with the game object with the name “ball” and increments the score by one after each 

occurrence. Thus, Score and Countdown Timer were applied in order to provide a better game 

involvement for the users. 

 

Appendix 3: In-game Scoreboard (June 2018) 
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Q. Score Counter 

A real-cricket game would reward a player the maximum score whenever the ball reaches a 

certain distance in the ground after being impacted by the bat. In order to simulate such 

experiences, additional scores were added to the scoreboard by identifying the region where 

the ball enters in the simulation. This is achieved by a function in Unity called “On Trigger 

Enter”. Here, the instantiated ball carries a script that identifies and triggers an event based 

on the region it enters in the simulation. The regions were specified by mounting invisible-

penetrable walls on the inner and outer circle in the in-game cricket ground. Apart from the 

default score, the scoreboard was programmed to add another score whenever the ball 

passed the inner-circle wall. When the ball falls across the inner-circle walls, the game enabled 

the user to score 2 points by granting this extra score. Similarly, additional scores were 

granted whenever the ball reached the outer circle walls following a condition. The condition 

grants 2 points when the ball passed by colliding on the ground but grants 4 points when 

passing without a ground collision. 

 

Appendix 4: Per-ball Score Notification (September 2018) 

 

This allowed a user to achieve a maximum score of 6 or 4 while playing a ball delivery. To 

notify the player, a notification canvas was added in the simulation. This congratulates the 

user on achievement of a maximum score. 
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R. User’s Turns Counter 

Cricket uses a term called “wickets” to count the batters’ turns. A user was provided with 10 

turns for achieving the target in the simulation. These wickets are reduced by one when the 

stumps behind the users are impacted by the ball after the delivery. Hence, a user should 

guard the stumps in order to play for a longer duration. Apart from restricting the scores, the 

NPCs also reduce the user turns by one, when a ball collides with them, without colliding on 

the ground after being played. The wickets are also displayed on the scoreboard to notify the 

user of the remaining turns. 

S. Animating Pop-up Text 

Notification of user score per ball delivery was also important apart from displaying the total 

score on the scoreboard. Here, an approach was made to print per ball scores during the play. 

A text canvas was made dynamic by parenting it with the instantiated ball.  

 

Appendix 5: Animating Pop-up Notification (September 2018) 

 

Hence, the display followed the ball and printed the calculated score according to the region 

it lands in. The displays were programmed to always face the user.  

In addition, pop-up animations were added to the display and these were triggered whenever 

the ball bounced on the ground. Thus, animating pop up texts were added to encourage user 

engagement.  
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T. Toggle Menus 

User-Avatar Toggle Menu 

The Game menu for initiating the gameplay, allows the user to select their player. This was 

achieved by programming the GUI toggle to change the model textures.  

The menu also has a “hardware requirement” panel to select the user-avatar. This panel in 

the menu was based on the hardware used for Performance capturing. Hence, this toggles 

the corresponding Oculus-based Avatar or Advanced Avatar based on the user selection. 

User-Mode Toggle Menu 

This menu was attached as a panel in the Game menu for initiating the game. The menu 

defines the game difficulty either by doubling or retaining the size of the bat’s collider. Hence, 

a user can play well in an easy mode rather than a difficult mode. This also changes the ball’s 

texture as white or red according to the mode selection. 

User-Hand Toggle Menu 

This menu panel was added to the Game menu for initiating the game during the final stages 

of the development. This toggle menu adapted the game for left-handed people from the 

default right-handed gameplay. 

  



226 
 

U. Game Menu for Initiation 

The menu for game initiation was amended following the information mentioned under 

topics such as “Scoreboard and Countdown Timer “, “User-Avatar Toggle Menus”, “User-

Mode Toggle Menu” and “User-Hand Toggle Menu”. 

 

Appendix 6: Game Initiation Menu (March 2019) 

 

V. Default Game Menu 

After the successful menu development, the menus were organised to simplify usage. The 

game initiation menu page was hidden and shown after clicking a start button on the default 

menu. This is located on the top of the bowling area. This was kept without disturbing the 

user’s view of play. The default menu also has the instruction button and Q button for 

displaying the instruction and questionnaire page in respect to the selection. The menu also 

has a button called “Connect haptics” that opens the PC serial port to establish a connection 

with haptic devices, discussed in the technology design chapter.  
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Appendix 7: Default Game Menu (June 2019) 

 

A “Bat button” was kept at the centre of the menu. The button transports the bat in front of 

the player in case the user misses the in-game bat outside the specified play area.  

A mini map was also kept beneath the bat button that presented the top view of the ground 

for the user to be aware of the fielders’ placement. 

Instruction Page 

The instruction page gives an illustration of the touch controller in a new canvas page.  

It displays the basic controls for authorizing the bowler, holding the bat, navigating the menu 

and viewing the fielders’ range (i.e. to show the hidden NPC hemispheres). 

 

Appendix 8: Instruction Page (June 2019)) 
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Table V 1: List of Technologies used in this Research 

Technology Software Middleware Hardware 

Client Unit (CU) 
Observing Station 

Unity 2017 
(Introducing Unity 
2017 - Unity 
Technologies Blog, 
2017) 

Photon Unity Network 
(Introduction | Photon 
Engine, 2018) 
Photon Voice 
(‘Voice Intro | Photon 
Engine’, 2019) 

GPU with Window 10 
operating system, 
85-inch Display, 
Microphone and 
Speaker/headphone 

Haptic Feedback Unit 
(HFU) 

Unity 2017 Unity’s Serial 
Connection library 
(Jayaraj, Wood and 
Gibson, 2018) 

Mobile phones with 
Bluetooth + 
PCB integrated with 
audio jack, amplifier, 
NPN switch, Vibrating 
motor. 

Virtual Reality Unit 
(VRU) 

Unity 2017 OVR Software 
Development Kit and 
OVR Avatar Software 
Development Kit 
(‘Oculus Integration - 
Asset Store’, 2017) 

GPU with Window 10 
operating system + 
Oculus Rift: (Oculus 
Rift: VR Headset for 
VR Ready PCs | 
Oculus, 2016) 
Head Mount Display 
that has Tracker, 
Microphone and 
Headphone. 
2 X motion controllers 
with trackers and 
transceivers. 
2 X constellation 
sensor cameras. 

1.  

Motion Capture Unit 
(MCU) 

Unity 2017 Kinect Software 
Development Kit 
(Microsoft, 2014) 

Kinect Sensor V2 
(Kinect for Windows 
v2, 2014) 

 

Table V 2: List of Software used for Simulation Development 

Game Engine Unity version 2017 

Scripting IDE MonoDevelop (‘Download | MonoDevelop’, 
2020) 

3D models Autodesk Maya (‘Autodesk | 3D Design, 
Engineering & Construction Software’, 2017) 

Texture Autodesk Mud box and Adobe Photoshop 
(Adobe: Creative, marketing and document 
management solutions, 2016) 

3D Animation Autodesk Motion Builder (Autodesk, 2018) 
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