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ABSTRACT 

Owais, Waleed Bin  Masters : June : 2021, Masters of Science in Computing  

Title: Quantifying Empathy in Virtual Reality 

Supervisor of Thesis: Elias Yaacoub. 

We propose a multidimensional model in virtual reality (VR) based intervention to 

quantify empathy enhancement and promotion of prosocial behavior. A simulation in 

virtual reality is developed, which can be used as a form of behavioral therapy, thereby 

facilitating the study of the impact of VR on quantifying empathy. This research 

investigates which type of virtual reality based intervention has the maximum efficacy 

in evoking empathy and other allied prosocial behavior. The framework is divided into 

three niches. The first niche is User-Avatar merging wherein the respondent takes the 

first person perspective (1PP) of being homeless in an immersive interactive virtual 

environment. The second is passive interaction wherein the respondent is immersed in 

a virtual environment and is exposed to simulation but with no interaction. This is done 

by transposing the viewpoint in third person perspective (3PP), and the third is baseline 

study group where no virtual reality based intervention was provided. The empirical 

evidence indicates that there is a significant impact of immersion on empathy and 

prosocial behavior, and user-avatar merging is the most effective type of VR based 

immersive intervention to evoke empathy.
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CHAPTER 1: INTRODUCTION 

Virtual Reality (VR) is defined as the usage of computer based technology to 

create a stirring and impelling surrounding to generate a replicated environment [1]. 

VR generates a simulated world for an end-user giving the illusion as if the person were 

psychologically present in the computer-generated environment. In this environment, 

the end users are able to move inside the virtual environment, in addition to interacting 

with it [1].  

It is the ability of a VR to stimulate presence, which is a personal sensation of 

‘being inside something’ that enables the end-users to gauge and understand other 

perspectives apart from their own. Attributed to the advent of virtual reality, its usage 

has augmented in different domains such as  education, healthcare, entertainment, and 

others just to mention a few. Mostly, the use of VR comprise of situations where realism 

is expensive and fraught with complications and danger. The foray of VR into such 

spheres has increased its popularity. One such realm is the quantification of empathy. 

Empathy can be defined as an emotional or mental reaction of a person when witnessing 

the situation from the other person’s perspective or vantage point. Extensive research 

suggests that taking the perspective of someone else is an efficient medium to enhance 

empathy and promote prosocial behavior [2]. However most perspective-taking tasks 

are imaginative or verbal. This adds a caveat, as we solely cannot rely on the 

imagination because of the limited knowledge and contact with a certain social target. 

This is the reason VR has been touted as the best medium in perspective taking. 

  

The outcome of its usage is phenomenal and the results are overwhelming. Over 

the past years, tech giants such as Facebook, Sony, HTC and now Microsoft are 

investing greatly in Virtual Reality. 
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However, lately, there has been a lot of discussion in the research community 

concerning the usage of VR as an “empathy machine”. There has been a plethora of 

research vis-a-vis quantifying empathy in VR. Flagship programs of Oculus such as 

“VR for Good” have been introduced which envisage the usage of Virtual Reality to 

increase empathy. HTC’s “VR for Impact” is another case in point [3], [4]. According 

to theories such as social presence and media richness, it has been investigated that an 

experience in VR increases empathy and responsibility. In addition, this further leads 

to stirring of prosocial behavior. This manifests itself in an improved intent for 

volunteerism in social causes, in addition to improved resolve to donate money and 

time [5]. 

There are people around us who are not privy to the social concerns, and this is 

where VR comes to play. Environments are designed in such a way that it gives the 

users a feeling of experiencing a situation from another person’s perspective. Research 

suggests that perspective taking can help manifest empathy and promote prosocial 

behavior. 

It is attributed to this reason that VR has been extensively used over the past 

few years by various NGO’s and global humanitarian organizations. Chris Milk in his 

famous 2015 Ted Talk described VR as “ultimate empathy machine”. This was mainly 

attributed to the fact that inside a VR environment we have the ability to experience 

almost everything notwithstanding the limitations of that experience in real life [6]. 

“Clouds over Sidra” [7] is another case in point. A heartbreaking VR movie about the 

Syrian refugees that was produced in association with the United Nations (UN). It has 

the distinction of being the first movie shot for the UN in VR. 

Set in Jordan, near the Za’atari camp, which houses hundreds of thousands of 

Syrian refugees, it revolves around the life of a twelve year old in the refugee camp, 
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highlighting her daily life in the ragged tent, school and playground in the camp [8]. 

Xifei Lu remarks that watching the movie is akin to coming to a Syrian refugee camp 

and witnessing her life by actually being with her. 

It was the overpowering reaction to the movie, which facilitated information 

dissemination about the refugee crisis. It also aided the cause of the Syrian refugees 

manifold, further validating the usage of VR as an “empathy-machine” [9]. 

 It is against this backdrop that researchers are using various VR intervention 

techniques to increase empathy and promote prosocial behavior. Immersive VR 

technology such as Computer Aided Virtual Environment (CAVE) and Head Mounted 

Display (HMD), establish user’s perspective inside the VR environment. This 

perspective is akin to being on-site, and is touted to have the maximum efficacy than 

any other immersive media.    

 

 1.1 Significance of Immersive Virtual Environment to Increase Empathy 

In an immersive virtual environment (IVE) the end-user is under the impression 

of being psychologically physically present inside a virtual environment [10]. An IVE 

can be established in two different ways: 

1. Computer Aided Virtual Environment also referred to as CAVE, projects the 

imagery onto a cubical shaped room. The cubical shaped room has translucent 

walls, ceiling and the floor. Inside the CAVE, the user’s position can be tracked 

using the infrared (IR) cameras. The user can move freely within the demarcated 

cubical room. Shutter glasses are used to give the user an illusion of depth. These 

glasses allow the user to see the generated imagery as a 3-D structure [11]. This is 

depicted in Figure 1. 
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2. Head Mounted Display (HMD) is usually part of a headgear. It has a small 

display optic in front of the eyes that enable the user to see the visual imagery. 

This HMD is connected to the computer on which the simulation runs. To track 

the user’s position separate IR cameras are used [12]. This is depicted in Figure 2. 

 

 

 

 

 

Figure 1. Computer Aided Virtual Environment (CAVE) 
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The importance of IVE is attributed to the following reasons as  per [13] : 

 IVE lets us have a precise control over the simulation distribution.  

 It allows increasing the thresholds of operating a simulation without having a 

trade-off with control mechanism. 

 There is an upsurge on the influence of experimental research. 

 It enables us to simulate situations that are otherwise difficult to be achieved in 

normal conditions. 

 It increases the efficacy in the precision in conduction of experiments 

 There is a provision of data gathering with respect to tracking coordinated eye, 

hand and head movements with increased precision.  

 

1.2 Research Questions 

 The project envisages the answers to the following research questions: 

 Can Virtual Reality be used as an intervention method to increase empathy and 

prosocial behavior? 

Figure 2. HMD and IR cameras attached to a VR ready laptop 
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 How effective is VR as an intervention method juxtaposed to other conventional 

methods to evoke empathy and promote prosocial behavior? 

 Which mode of VR intervention is most suitable to elicit empathy and promote 

prosocial behavior for the homeless? 

The investigation will mainly revolve to find empirical evidence that find 

validated answers to the aforementioned research questions. 

 

1.3 Research Objectives 

 The purpose of this research is to design a multidimensional intervention model 

in VR and gauge its efficacy in enhancing empathy and promoting prosocial behavior. 

This research will present a framework in which the targeted categories will be people 

enduring prejudice attributed to being homeless.  

The aforementioned framework will be divided into three proposed niches namely: 

  User-Avatar Merging: VR based intervention wherein the respondent takes the 

first person perspective (1PP) of the avatar thereby giving the illusion as if the avatar 

were its own body, facilitated by active interaction such as controlling the sequence of 

events etc. 

Passive Interaction: VR based intervention wherein the respondent  takes the 

third person perspective (3PP) and is exposed to simulation, although there is no 

interaction, as juxtaposed to User-Avatar merging. This includes witnessing the 

simulation. 

Baseline group: where no VR based intervention will be provided. The 

information with respect to the targeted category which is the homeless will be provided 

orally to the participants. This group will be used as a reference to measure the 

increase/decrease in empathy with the help of VR intervention. 
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The research will discuss and debate how efficiently VR can address or 

contribute in lessening prejudices or predilections people have towards homeless 

persons and how VR can be used as a behavioral tool to empathize with such people. 

The objectives that this research will try to accomplish are: 

 Explore and quantify the efficacy of Virtual Reality as an intervention tool in 

alleviating biases. 

 Explore and quantify the efficacy of Virtual Reality as an intervention 

mechanism to increase empathy and promote prosocial behavior among people 

towards the underprivileged section of society such as homeless people, who 

are often subjected to prejudice and are attached with numerous social stigmas. 

 Compare the efficacy of Virtual Reality based intervention with non-VR 

intervention. 

 Incorporate the use of different metric’s to evaluate and substantiate the 

influence of VR on empathy. 

 

The rest of the manuscript is divided as follows: Section 2 gives background 

information related to various concepts used in this research. Section 3 outlines the 

related work. Section 4 describes the methodology used in the experimentation. Section 

5 outlines various instruments used in the process of experimentation. Section 6 

discusses the results obtained. Section 7 includes a brief discussion. Finally, Section 8 

concludes the manuscript and outlines the limitations and envisaged future work. 
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CHAPTER 2: BACKGROUND 

 In this chapter, a brief outline of various concepts, techniques and models used 

in this investigation will be provided. Since the problem that we are investigating lies 

at the intersection of computer technology and psychology, it is imperative to 

understand the nuances of these fields. 

 2.1 COM-B Behavior Change Model 

 Before designing any intervention that that results in behavioral change, it is 

imperative to understand the sequence of events from scratch. This is where COM-B 

Behavior Change Model and intervention logic model (shown in Figure 3) comes into 

play. 

 

 

 

Based on the chain of events we can understand and gauge the parameters we need to 

facilitate increase in empathy and promote prosocial behavior. Adapting the 

intervention logic model [14] we can delineate the following parameters for our 

investigation as reflected in Table 1. 

 

Figure 3. Intervention Logic Model 
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Table 1. Intervention Logic Model Parameters 

Parameter                              Research Objective  

Problem Bias, prejudice and lack 

of empathy for homeless 

 

Intervention 

Methodology 

 

 

Target Behavior  

 

End Result 

Virtual Reality  

Validated self-report 

measurements 

 

Increase in empathy and 

prosocial behavior 

Increase in volunteerism, 

and donation of time and 

money 

 

   

  

Attributed to the COM-B [15] model it has been deduced that for a behavioral 

change to take place certain parameters need to be taken into consideration. 

Capability: This part of the model deals with the physical and psychological aptitude to 

facilitate a certain change in behavior. Information dissemination that increases the 

knowledge are included in the psychological aptitude. As aforementioned VR can 

provide an environment for the same. 

Motivation: This includes the motivational capability that augment a behavior change. 

This can also be facilitated by the use of highly immersive virtual environment by 

simulating disadvantages associated with a particular scenario. 

Opportunity: This refers to the interaction with an environment that enables behavioral 

change. VR can simulate such environments which may or may not be possible to 

encounter in real-life. 

Thus, it is concluded that VR is appropriate intervention to facilitate a behavioral 

change. 
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2.2 Empathy 

Empathy is derived from “empatheia”, where pathos refers to suffering. 

Empathy can be defined as an emotional and mental reaction of a person when 

witnessing the situation of the other person’s perspective or vantage point [16]. In the 

field of neuroscience and psychology, empathy can be classified into the following 

three types: 

 Cognitive Empathy: This type of empathy can be defined as the ability to see 

things from someone else’s perspective. It can be best explained by commonly 

used phrase “walking in someone’s  shoes”. Cognitive empathy leads to 

motivation and promotes prosocial behavior [17]. 

 Emotional Empathy: This type of empathy can be best described as an 

emotional contagion. It is manifested when we feel the same emotion as 

someone else is feeling. For instance if someone sees a friend crying, they 

instinctively start crying as well. In a nutshell, this type of empathy enables us 

to feel others’ emotional state [18]. 

 Somatic Empathy: This type of empathy is defined as a physical response to 

other person’s emotive state. It is this type of empathy that manifests itself in 

the form of helping behavior such as volunteerism, monetary donation etc. 

[19]. 

In this research we mainly focus on cognitive empathy as it manifested by taking a 

perspective of someone else, and since we are investigating the evoking of empathy 

using various perspective taking exercises, our objects mostly align with Cognitive 

empathy [20].  
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2.2.1 Simulation Theory in Empathy 

  According to this theory, empathy is manifested when we have a first person 

perspective of the actions and emotions of the other person. “Walking in the other 

person’s shoes” establishes empathy [21].  

This exclusively ascribes to our investigation where we will create a VR based 

simulation to generate an environment that will enable participants to see things from 

other people’s vantage point and perspective. 

 

2.3 Approach for testing in Virtual Reality 

 In accordance to our review [22] which outlined various VR based interventions 

to elicit empathy, the authors divided VR interventions into three types, shown in Figure 

4: 

1. Super Human Interaction 

2. User-Avatar merging 

3. Passive Interaction 

 

 

Figure 4. Different types of VR based intervention 
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2.3.1 Super-Human Interaction 

In this technique, a user is provided with a VR intervention in which it enjoys 

certain super-human capabilities. These capabilities manifest themselves in various 

forms, for instance changing the sequence of an event or to be acquainted with 

information, that are super normal in nature. An example of such intervention was given 

in [23], [24] wherein the participants were capable of having a flashback and changing 

the point of view (POV). Narrative empathy was manifested in interactive storytelling. 

Attributed to the change in POV the participant was able to witness a simulation from 

a diverse vantage point altogether. This coupled with flashback gave the user the 

discretion to immerse in the simulation with a self-chosen POV to witness a scenario, 

rather than witness from the vantage point of VR developer. The results indicated that 

change in POV and enactment of a flashback elicits empathy. 

 

2.3.2 User-Avatar merging (UAM) 

This type of VR intervention is also referred to as Body-ownership illusion that 

is we are under an illusion that we own another body, in addition to our own body. The 

virtual avatar inside an immersive virtual environment substitutes the first person 

perspective (1PP), thereby creating the body-ownership illusion. The avatar inside the 

virtual environment is coordinated with the user’s movements. The possession of 

virtual body via illusion is prompted by visual-motor congruent actions [25]. For 

instance in Rubber Hand Illusion, the illusory Body-ownership is represented by visual-

tactile stimulation. There are numerous examples of investigations that have used User-

Avatar merging to measure empathy. For instance, in [26] the respondents in the 

investigation were given a first person perspective (1PP) of a character imprisoned in 
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Guantanamo Bay. Although there were no self-report measures to quantify empathy or 

other prosocial behavior, many participants reported feeling anxiety and discomfort. In 

addition, many conveyed emotive correlation with the virtual prisoner. 

 

 

2.3.3 Passive Interaction (PI) 

In this type of VR intervention, a participant is immersed in a virtual 

environment but with limited or no interaction. In Passive Interaction, a third person 

perspective (3PP) is established for the user. This is in sharp contrast to UAM where 

the user gets the body-ownership illusion attributed to establishment of first person 

perspective (1PP). This type of VR intervention is the most widely used. The stimulant 

in this type of intervention is mostly 360̊ degree movies, non-interactive simulation.  

Plethora of investigation has been done to quantify the impact of Passive 

Interaction on behavioral change, empathy enhancement and promoting social 

behavior. The targeted niches mostly in case of PI have been war-victims, refugees and 

autistic children, among others.  

By investigating the three paradigms, it was concluded that UAM and PI will 

be most suitable for our targeted niche which is the homeless. By establishing a first 

person perspective of being homeless in UAM, to establishing a third person 

perspective in PI of witnessing someone else being homeless, UAM and PI are most 

suitable. The reason why Super Human interaction was excluded was because we found 

it imperative to establish realism, and in most cases of Super Human interaction, the 

problem is fixed at the end. This would have had been conflicting  to our investigation, 

since we want the user to experience the suffering, anguish and distress that is ascribed 

to being homeless. 
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Summary 

 In this chapter, a holistic overview was given about various VR and psychology 

paradigms. The psychological models validate that VR can be used as a type of 

intervention to facilitate behavior change, enhance empathy and promote prosocial 

behavior. In addition, it was discussed as to why User-Avatar merging and Passive 

Interaction are most suitable frameworks in immersive virtual environment to provide 

intervention to enhance empathy for homeless people. 
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CHAPTER 3: RELATED WORK 

In this chapter, research that has been done thus far in using VR as an 

intervention tool to enhance empathy will be discussed. Attributed to the fact that the 

field of quantifying empathy using VR is quite nascent, there is a dearth of research in 

this facet. We have reviewed almost all the scholarly, peer reviewed studies that have 

used VR as a conduit to enhance empathy and promote prosocial behavior. 

In [27] emotional story-telling was used in VR. The  logical conclusion of the 

story was derived from the user  input. That is, the user had the discretion to choose one 

of the many vantage points of a same story. As per the authors, this imbibed a sense of 

super naturalism in the respondents giving them the illusion that they had control over 

how a particular scenario would end. This resulted in behavioral change of the 

participants and promoted prosocial behavior.  Another example in this regard is [24]. 

In this investigation, the concepts of flashback and change of point of view (POV) were 

used. The objective was to manifest interactive storytelling in such a manner than it 

elicits empathy. Attributed to the change in POV the participant was able to witness a 

story from a several vantage points. This coupled with flashback allowed the participant 

to select its own POV to witness a scenario in VR rather than witness from the vantage 

point of VR developer. The flashback made the respondent privy to certain things which 

are otherwise concealed in real-life scenarios. The results indicated that change in POV 

and enactment of a flashback elicits empathy. 

As per the outcome of a research in [28] , the authors concluded that perspective 

taking exercises in VR have an impact in enhancing empathy in real life, but added a 

caveat, that the subject of the perspective taking exercise should be based on realism, 

which is in contrast to the findings in super human interaction. 

 In a study [29] that investigated the impact of usage of VR as an intervention 



  

16 

 

tool to enhance empathy among people for colorblind, VR intervention was compared 

with traditional perspective taking exercise, and it was concluded that VR was an 

effective medium to enhance empathy as compared to non-VR intervention. It further 

added that behavioral change embodied in VR intervention indeed showed its impact 

in real life, which was validated that participants who were given VR intervention made 

twice the efforts to help people who are colorblind as compared to those participants 

who did not receive VR intervention.   

To raise awareness about bullying and to showcase the psychological impact it 

has on a victim, [30] simulated a virtual classroom. It showcased a foreign student 

getting bullied by his classmates. The respondent was given a choice to see the 

perspective of the bullied student and that of a teacher. The overall results of the 

experiment concluded that majority of participants’ empathy was enhanced as was 

validated by various  self-report measurements taken pre and post experimentation. In 

[31] the authors juxtaposed narration based perspective taking with Virtual Reality 

based perspective taking, and concluded that VR based perspective taking drives 

empathy and other allied prosocial behavior. 

Another experiment that used VR intervention to enhance empathy was [32]. 

This investigation created a virtual simulation that enabled the participants to see things 

from the perspective of a prisoner in Guantanamo Bay. Even though no self-report 

measures were recorded post intervention, many of the respondents reported discomfort 

and unease, and conveyed an emotional relation with the prisoners.   

In addition, VR based intervention has been used to improve the understanding 

of certain psychological disorders such as panic attacks. In [33] various simulations 

showcased what a person experiences when he/she is undergoing a panic attack. The 

objective of the investigation was to check the viability of VR intervention for empathy 
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enhancement. This was successfully validated in the results, which showed that 

participants had an empathy enhancement, increased understanding and sensitivity for 

people who undergo panic attacks. 

 Empathy is of utmost importance in the field of healthcare, in fact it is 

considered as one of the pillars in healthcare [34]. As per research, healthcare 

professionals who are empathetic facilitate reduction in anxiety in their patients and 

also make the patient more comfortable in confiding. However, there is a burnout 

associated with medical profession [35] , that is, with the passage of time there is an 

ebb in empathy. To this end, investigators in [36] created a VR intervention for medical 

students, simulating an old person with high degree of ailments. The results indicated 

that VR intervention made the medical students more empathetic with respect to old 

age patients, mostly having hearing and vision impairment. This was echoed in [37] as 

well, where students of dental science were provided with VR intervention to treat a 

virtual patient. It was concluded that participants who received VR intervention were 

found to be more empathetic, and devoted more time to their patients than the 

participants who did not receive VR intervention. 

 In [38] the respondents witnessed a 360 ̊ VR movie about a young refugee living 

in a camp. The investigation concluded that participants who viewed the VR content in 

HMD reported feeling more empathetic than the participants who viewed the same 

content in a 2D environment. Likewise, in [39] the participants who viewed a movie of 

horror genre in a VR environment reported more emotional response than the 

participants who watched it in 2D. This further corroborates the fact that there is a 

positive correlation between VR intervention and evoking emotiveness. To acquaint 

people with what autistic children endure and feel, investigators in [40] stimulated a 

passive VR environment that consisted of severe  mixture of sounds and visual imagery 
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of how an autistic child views things. The investigation concluded that majority of 

participants (87%) displayed visible-emotion, and anxious facial expression (79%).  

The results were validated with statistical analysis.  

 3.1 Envisaged Contribution 

 To the best of the knowledge of the author, there has been no investigation 

where the use of VR intervention has been investigated from a multimodal perspective, 

which is juxtaposition of various paradigms that we have outlined such as User-Avatar 

merging and Passive interaction. It is imperative to identify with suitable empirical 

evidence which mode of VR based intervention is most suitable to elicit empathy and 

promote prosocial behavior. In addition, most of the investigations that have been 

described in this section ascribe to either of the paradigms. 

 In the limitations chapter of [31] the authors have explicitly mentioned about 

the need to check the role of interactivity with non-interactive process, which is what 

we refer to as User-Avatar merging and Passive Interaction respectively. 

 Herein we present empirical evidence with respect to multimodal comparison 

of two paradigms in VR intervention. In addition, research suggests that the level of 

familiarity with Virtual Reality may influence the outcome, as most people are 

overwhelmed with technology. To this end, we will use the concept of dual immersion, 

that was introduced and recommended by [41] which means that participants who are 

not acquainted with VR should be immersed at least twice, but none of the work 

aforementioned have used this concept. Table 2 provides a summary of the related 

work. 
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Table 2. Summary of Related Work 

Type of VR 

intervention 

Targeted niche  Reference Empirical Analysis 

Super Human 

Interaction 

(SHI) 

 

Emotional story-

telling  

 

[24],[22],[28] 

 

Post 

 

Passive 

Interaction(PI) 

 

Colorblind 

 

[29]  

 

Pre and post 

 

User Avatar 

Merging 

(UAM) 

 

Bullying 

 

[30] ,[31] 

 

Pre and post 

 

PI 

 

Prisoners 

 

[32] 

 

No 

UAM 

 

Psychological 

disorders 

 

[33]  

 

Pre and post 

 

UAM 

 

Healthcare 

 

[34],[35],[36] 

 

Post 

 

UAM or PI 

 

Refugees/Homeless 

 

[38], [39] 

 

Pre and post 

 

PI 

 

Autism 

 

[40] 

 

Pre and post 
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CHAPTER 4: METHODOLOGY 

Here we have a design: T x S: (where T {T1, T2, no tech} represents the set of 

technologies and S {homeless scenario1, homeless scenario2, verbal representation} 

represents the contexts being simulated).  

A study was conducted to compare the effect of different types of immersion 

within (VR) and investigate its impact on empathy and allied prosocial behavior vis-à-

vis homeless people. The different types of immersive intervention include the User-

Avatar Merging and Passive Interaction. In the User-Avatar merging, the participants 

were immersed in an interactive virtual environment wherein a first person perspective 

(1PP) [42] of a homeless person was established. In the Passive Interaction, the 

participants witnessed a non-interactive (no user input) simulation, which led to 

transposing the respondents viewpoint to a third person perspective (3PP) [43] of a 

homeless person. There was no interaction (user input) with the simulation in the 

Passive Interaction as juxtaposed to User-Avatar merging.  

  A baseline study was also conducted wherein no VR based intervention was 

provided. The baseline group was only given a brief verbal introduction vis-à-vis 

homeless people. The intuition behind briefing the participants in G1 was to acquaint 

them to a small degree of information so that they would answer the questionnaires 

with ease. The primary reason for the establishment of G1 was to gauge the level of 

empathy people generally  have for homeless people and to find the degree of variation 

between VR and non-VR intervention. 

 The baseline study group will hereafter be referred to as the Control Group (G1) 

and the Experimental Group (G2) consists of the respondents who received the two 

types of VR based intervention as reflected in Table 3. 
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Table 3. Group Divisions in the experimentation 

Group                                VR Intervention Sample Size 

Control  Group (G1) No 13 

Experimental Group (G2) Yes 28 

   

 

The experimental group (G2) is further bifurcated into G2.1 and G2.2 that refer to the 

User-Avatar merging and Passive Interaction respectively shown in Table 4.  

 

 

 

 

Table 4. Experimental Group Bifurcation  

Group                               Type of VR 

Intervention 

G2.1   User-Avatar 

Merging 

G2.2  Passive 

Interaction  

   

 

4.1 Method 

The experimentation and the procedures were approved by the Qatar 

University’s Institutional Review Board vide letter number QU-IRB 1416-EA/20. The 

participants signed a consent form indicating their approval to voluntarily participate in 

the experiment and publish the results anonymously.  
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4.2 Participants  

The recruited participants were above the age of 18. The notification with 

regards to participation was sent via emails, social media and in addition, a flyer was 

posted outside the Virtual Reality Lab where the experiment was conducted. There was 

no bar with respect to eligibility vis-à-vis age or gender, except being above the age of 

18.  Participants who replied in affirmative were asked to come to the Virtual Reality 

Lab of Qatar University. The participants were also provided with a google map to 

locate the lab seamlessly. 

A total of 45 participants gave their written consent to voluntarily participate in 

the experiment. Of the 45, 4 participants were unable to complete the experiment 

attributed to motion sickness and thus the intervention was stopped immediately. No 

results were recorded in this scenario. Not all participants were native speakers of 

English but all of them were comfortable in answering in English with ease. Moreover, 

to ensure that participants did not feel fatigue in filling the self reported measures, the 

scores were pre-printed and the participants had to  merely encircle the score.   

 The absolute sample (n = 41) consisted of the following attributes: 

23 men (56.09%) and 18 women (43.9%) participated. The range of ages was between 

19 and 41. The mean age was 26.4 and the standard deviation was 4.91(M= 26.4, SD = 

4.91). The participants were mostly undergraduate and graduate students enrolled in a 

public university. 

 

4.3 Design and procedure of the experiment 

The participants were assigned randomly to the Control Group (G1) and to the two 

subgroups G2.1 and G2.2 of Experimental Group (G2). 

  



  

23 

 

4.3.1 Development of Simulation 

 The simulation was developed in Unity 2019.4.20f and Oculus SDK was used. 

The development was done in C#. Some of the assets used in the simulation were 

downloaded from the Unity asset store and made VR compatible.  

4.3.2 Scenario of the simulation 

The VR simulation begins inside a room. Throughout the course of simulation, 

a voiceover orients the participant from the beginning to the end.  Initially the 

participant finds himself inside a room. The voiceover directs the participant to locate 

the radio. The participant moves inside the room using the two oculus touch controllers. 

As the user locates the radio, the proximity sensor around the radio is activated and the 

user is directed to turn on the radio by  using the hands. 

When the user presses the button to turn on the radio, the news bulletin is on 

which mentions about a large number of people being laid-off because of the pandemic. 

As the participant is registering the news bulletin, the voiceover informs the 

participant about unread voicemails. The participant locates the telephone and presses 

the voicemail button. The voicemail is of a person who happens to be the boss of the 

participant. He regrettably informs the participant that attributed to the pandemic and 

recent economic downturn the participant is being laid off. After this, the voiceover 

directs the participant to move towards the table. The participant finds a document, 

which happens to be an eviction notice. The voiceover informs the participant that 

attributed to non-payment of dues (house rent); the room needs to be vacated 

immediately. After that, the participant is asked to pack the things in a bag and head to 

the door to exit the room.  

After exiting the room, the participant finds himself in a car. The voiceover 

informs the participant that there have been strict warnings by the local police to the 
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public to not sleep in their cars as the cases of homelessness were increasing.  

The participant is able to drive by placing his virtual hands on the steering and 

the sensors record the hand movement to steer the car left or right. The voiceover directs 

the participant to drive to a secret location where the car can be parked and the 

participant can spend the night in the car. As the participant was driving, flashing green-

colored signs were used to give directions to the desired location. After the participant 

reaches the desired location (an area demarcated by a flashing red sign), he is instructed 

to park the car there. After the passage of few seconds, a police siren is heard and a 

police patrol car approaches. The participant is informed that the police have 

impounded the car.   

In the last scene of the simulation, the participant is without a car, on a street all 

by himself with his belongings. The participant is warned about thieves that may try to 

take away the belongings. As the participant is moving in the street he sees other 

homeless people around. Some try to attack him and take away his belongings. The 

participant is instructed to run in an alley by using the controllers. It is at this moment 

that the simulation ends followed by a few textual messages regarding homelessness. 

Some ideas for the  storyline of the simulation were adapted from a documentary 

titled Hotel 22 [44].  

 

 4.3.3 Procedure for Experimental Group G2.1 

 As aforementioned G2.1 is the subtype of the experimental group G2 also 

referred to as the User-Avatar merging. The total number of participants in G2.1 was 

(n = 14).  In this group before immersion, each participant was asked to fill a pre-

immersion questionnaire. After that, an intervention was provided to the participants 

by immersing them in an interactive virtual environment which is the simulation 
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aforementioned. The participants experienced the first person perspective (1PP) of what 

it means to be homeless. The participants were seated on a chair, and an Oculus Rift 

CVI was used as an apparatus. 

Oculus Rift CV1 [45] was used for immersion, which consists of a head 

mounted display (HMD), two touch controllers and two sensors which track the 

participants head and hand movement (orientation and translation) inside the 

simulation. The two hand-held Oculus wireless touch controllers provide the hand-

presence inside the simulation giving the respondent the illusion as if it were his own 

hands. The hands seen inside the simulation translate according to the respondents hand 

movements.  

The HMD has a resolution of 1080 x 1200 pixels and runs at 90 Hz. The inbuilt 

headphones of the HMD were used for the audio. The two sensors tracked the 

participant’s movement inside the simulation. The specifications of the laptop on which 

the simulation was run were Intel(R) Core(TM) i7-4720HQ CPU @ 2.60GHz   2.60 

GHz, the OS used was windows 10 and graphics-card used was NVIDIA GEFORCE 

1060. 

To configure the HMD, sensors and the touch controllers Oculus software was 

used. The tracking area was calibrated before every immersion to give the participant a 

seamless VR experience. The tracking was set within a radius of 200 cm from the chair 

on which the participant sat. Figure 5 shows all the parts of the Oculus Rift that were 

used. The participants were given a briefing session with regards to the use of 

controllers for movement. The participant in Figure 5 has given a written consent for 

the use of this picture. It is imperative to mention that participants who didn’t have a 

prior VR experience hitherto, were immersed in a random VR simulation to familiarize 

them with the technology and reduce the overwhelming side effects of VR. 
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Figure 6 below shows the various scenes during the User-Avatar merging 

immersion. 

 

 

 

Figure 5.  User-Avatar merging (A) Oculus Rift CV1 HMD (B) Right touch controller 

(C1 and C2) Left and Right Sensors. 

Figure 6. Different scenes in User-Avatar merging labelled from A to H 
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The scenes labelled from A through H depict the following as shown in the 

Table 5. 

 

Table 5. Scene labelling index for Figure 6 

Label  Description 

A  User locates the radio 

B  User switching on the radio using his fingers 

C  User locating the table 

D  User pressing the button on the answering machine 

E 

F 

G 

H 

 User grabbing the eviction notice 

User driving the car 

User seeing other homeless people in the streets 

User locating the bag inside the room 

 

The average running time of the simulation was 12 minutes. After the 

completion of the simulation, the participants were asked to fill in various 

questionnaires that will be discussed in detail in the next chapter.  

 

4.3.4 Procedure for Experimental Group G2.2 

G2.2 is a subtype of Experimental Group (G2) also referred to as Passive 

Interaction. The total number of participants in G2.2 was (n = 14).  In this group before 

immersion, each participant was asked to fill a pre-immersion questionnaire as was 

done in G2.1. After that, an intervention was provided to the participants by immersing 

them in an interactive virtual environment, which is the simulation aforementioned. The 

participants experienced a third person perspective (3PP) of what it means to be 

homeless. The participants were seated on a chair, and an Oculus Rift CVI was used as 

an apparatus. 

 In this experiment, the participants did not use touch controllers because 

there was no need of a user input. The participant witnessed the simulation. The 
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scenario of the simulation was same as that of G2.1, the only difference being the 

absence of user input. The participant used the HMD to turn the head and to focus on 

things as and how required. Figure 7 shows all the parts of the Oculus Rift that were 

used. The participant in Figure 7 has given a written consent for this picture to be used. 

It is imperative to mention that participants who didn’t have a prior VR experience 

hitherto, were immersed in a random VR simulation to familiarize them with the 

technology. 

 

 

The average running time of the simulation was 9 minutes. After the completion 

of the simulation, the participants were asked to fill in various questionnaires that will 

be discussed in detail in the next chapter. Figure 8 shows the chain of events for 

experimentation with G2.  

 

 

 

Figure 7. Passive Interaction (A) Oculus Rift CV1 HMD (C1 and C2) Left and Right 

Sensors 
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4.3.5 Procedure for Control Group G1 

 The control group did not receive any VR based intervention. The total number 

of participants in G1 was (n = 13). Participants were given a brief verbal introduction 

session about homeless people, and the impediments such people face in their daily 

lives. The intuition behind briefing the participants in G1 was to acquaint them to a 

small degree of information so that they would answer the questionnaires with ease. 

The primary reason for the establishment of G1 was to gauge the level of empathy 

people generally  have for homeless people.  

 

 

 

 

Figure 8. Chain of events for Experimetal Group 
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Figure 9 represents the schematic representation of the methodology used in the design 

of the  experimentation. 

Summary 

In this chapter, we gave a holistic view vis-à-vis various types of groups used 

in the investigation. We also delineated the design and the procedure for the experiment 

for each group, including the scenario of the simulation and the apparatus used.  

  

Figure 9. Methodology 
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CHAPTER 5: MEASUREMENTS 

In this chapter a brief overview of the various scales/self-report measures used 

in the pre-test and post-test scenarios is discussed. All the scales used in the 

experimentation are provided in Appendix: A. For all the scales, the overall Mean (M), 

Standard Deviation (SD) and Cronbach’s alpha (α) was calculated.  This is in addition 

to the statistical analysis done for G1, G2.1 and G2.2.  

The Cronbach’s alpha (α) was calculated [46] to gauge the internal 

consistency/reliability of the scale. The value of the Cronbach’s alpha (α) can be 

interpreted [47] from Table 6. 

 

Table 6. Cronbach’s alpha (α) interpretation  

Value                                Interpretation 

0.91 - 1.00   Excellent 

0.81 - 0.90  Good 

0.71 - 0.80 

0.61 - 0.70 

0.51 - 0.60 

Less than 0.5 

 Acceptable 

Fairly acceptable 

Poor 

Unacceptable 

 

 The equation to calculate Cronbach’s alpha (α) is given below 

𝛼 =
𝑘

𝑘−1
 × (1 −

∑ 𝜎𝑦
2𝑘

𝑖=1

𝜎𝑥
2 ), where k = number of items, 𝜎𝑦

2 = sum of variance of 

individual items, 𝜎𝑥
2 = variance of total score of each subject. All the instruments that 

were used in the experimentation are one of the most widely used instruments based on 

the number of citations and have been validated across various demographical cultures 

using exploratory factor analysis (EFA), confirmatory factor analysis and test-retest 

reliability. As such, all these instruments are highly reliable. 
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5.1 Interpersonal Reactivity Index 

 

 The Interpersonal Reactivity Index (IRI)  [48] is a scale that consists of 28 items. 

It has four sub-scales namely Perspective Taking (PT), Empathetic Concern (EC), 

Personal Distress (PD) and Fantasy Scale (FS). 

 All the four sub-scales consist of seven items each answered on a 5-point Likert 

Scale. The Likert Scale [49] ranges from “Doesn’t describe me well” to “Describes me 

well”. The questions are answered as A, B, C, D and E scored as 0, 1, 2, 3 and 4 

respectively. Some questions are reverse coded.  

 The IRI is used to quantify the variation in empathy and the ability to be able to 

see things from other’s vantage point. The scale was validated in [50]. 

 Some of the questions in the scale are  “I often have tender, concerned feelings 

for people less fortunate than me” and “I sometimes try to understand my friends better 

by imagining how things look from their perspective”. Table 7 reflects the Mean, 

Standard Deviation and Cronbach’s alpha (α) for the four subscales of IRI. 

 

Table 7. Parameters of IRI 

Subscale Mean  Standard Deviation α 

EC 3.18 0.83 0.71 

PT 2.43 0.90 0.80 

FS 2.56 1.03 0.72 

PD 2.18 0.98 0.74 

    

    

 

 The Cronbach’s alpha (α) of all the subscales was above the required acceptable 

threshold. This scale was used as the pre-test scale for G2.1 and G2.2. In a later chapter, 

it will be described how the IRI was utilized to determine the success of random 



  

33 

 

assignment into various groups. 

5.2 Attitude towards the Homeless 

 

 The Attitude towards the Homeless [51] is a 7-item scale used to quantify the 

attitude towards the homeless people. The 7-items are answered using a 7-point Likert 

scale ranging from “Strongly Agree” to “Strongly Disagree” recorded as 1 and 5 

respectively. Item-1 and Item-7 were reverse coded. Some of the questions in the scale 

are “Homeless people do not choose to be homeless” and “Homelessness is a self-

inflicted state”. The greater the score in this scale the more is the positive attitude 

towards the homeless people. The scale was validated in [52]. 

 

 The Table 8 reflects the Mean, Standard Deviation and Cronbach’s alpha (α) for 

the Attitude towards the homeless scale. 

 

Table 8. Parameters of Attitude towards the homeless 

Mean Standard Deviation.  α 

3.6 0.93  0.92 

 

 

 

   

 

 The Cronbach’s alpha (α) of Attitude towards the homeless is excellent and 

thereby highly reliable. 

 

5.3 Social Presence Scale 

 

This 6-item scale is used to determine the participant’s ability to relate to virtual 
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objects inside the immersive virtual environment [53]. The answers determined the 

degree of the strong/weak feeling with which the participants felt that they were actually 

present in the virtual environment. This scale tests how successful the immersion was. 

This scale is answered using a 5-point Likert scale ranging from “Not at all” to “Very 

strongly”. The greater the score, the greater is the level of immersion. Some of the 

questions included in the Social Presence Scale are “To what extent you felt you were 

in the same room?” and “To what extent did you feel you could get to know someone 

that you met only through this system?”.  It is imperative to mention that attributed to 

the fact that this scale measures the level of immersion in an immersive virtual 

environment, it was only used in the Experimental Group (G2) and not in Control Group 

(G1) as there was no immersion in the latter. The scale was validated in [54].  

 

 The Table 9 reflects the Mean, Standard Deviation and Cronbach’s alpha (α) for 

the Social Presence scale. 

 

 

Table 9. Parameters of Social Presence Scale 

Mean Standard Deviation.  α 

3.54 0.76  0.72 

 

 

 

   

 The Cronbach’s alpha (α) of Social Presence scale is acceptable. 

 

5.4 Inclusion of the Other in the Self 

 

The Inclusion of the Other in the Self  [55] is a 2-item graphical representation 

of understanding and connectedness.  
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Each item has two concentric circles whose area of intersection varies from null 

to maximum. The area of intersection determines the degree of relationship that the 

participant felt with the homeless person. Greater the area of intersection, greater is the 

closeness.   

 

The second item represents the relationship of the participant with the homeless 

community. The participant was asked to circle the diagram which best describes the 

relationship with the other homeless person and with the homeless community as a 

whole. Each Venn-diagram has a score between 1 to 7 (1 = no intersection at all, 

maximum intersection). Greater the score, greater is the feeling of closeness. The scale 

was validated in [56].  

 

 The Figure 10. Inclusion of the Other in Self Scale shows a graphical 

representaion of an item in the Inclusion of the Other in Self Scale. Overall Mean and 

Figure 10. Inclusion of the Other in Self Scale 
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Standard Deviation for IOS was calculated. There was no need to determine Cronbach’s 

alpha (α), because unlike other scales used, IOS does not have a Likert scale. Table 10. 

Parameters of Inclusion of the Other in Self Scale shows overall Mean and Standard 

Deviation for the Inclusion of the Other in Self Scale. 

 

Table 10. Parameters of Inclusion of the Other in Self Scale 

Mean Standard Deviation.  α 

4.31 0.55  - 

 

 

 

5.5 Toronto Empathy Questionnaire  

 The Toronto Empathy Questionnaire (TEQ) [57] is a 16-item scale used for 

assessment of empathy having robust psychometric properties. The items are answered 

using a 5-point Likert Scale ranging from “Never” to “Always”. Some of the items on 

the scale are “I get a strong urge to help when I see someone who is upset” and “I have 

tender, concerned feelings for people less fortunate than me”. The answers are scored 

from 0 to 4 (0 = Never, 4=Always). Greater the score, greater is the quantification of 

empathy and of traits such as being sympathetic, tender or considerate. Some items 

such as Item-2, Item-7 were reverse coded [58]. This scale was validated in [59]. The 

Table 11. Parameters of the TEQreflects the overall Mean, Standard Deviation and 

Cronbach’s alpha (α) for the TEQ. 

 

Table 11. Parameters of the TEQ 

Mean Standard Deviation  α 

2.81 0.97  0.71 
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The Cronbach’s alpha (α) for the TEQ is above the acceptable threshold. The 

TEQ is further subdivided into four groups that can be used to determine the following 

prosocial traits shown in Table 12. TEQ Sub-grouping. 

 

Table 12. TEQ Sub-grouping 

Items Prosocial behavior  

1, 4 

3, 6, 9, 11 

2, 14, 16 

13 

Stimulate same emotions 

Sympathetic arousal 

Altruism 

Helping ability 

 

 

Summary 

 In this chapter, we discussed the parameters of various scales that were used in 

pre-test and post-test scenarios across the Control Group (G1) and Experimental Group 

(G2). Cronbach’s alpha (α) which determines the level of reliability for each scale was 

also measured. The overall Mean and Standard Deviation for each scale was also 

measured. 
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CHAPTER 6: RESULTS 

 

 To quantify the results Mean, Standard Deviation across the three groups was 

compared and contrasted. The account for how significant the impact of condition was 

on the outcome variables, analysis of variance (ANOVA) was calculated. The data 

analysis was done using the R programming language [60]. Also, to account that the 

random assignment across the three groups G1, G2.1 and G2.2 was successful ANOVA 

was calculated on the population variables of the IRI across the four sub-scales. In 

addition, correlation among outcome variables was also measured. 

 

6.1 Analysis for IRI (Population) 

 

ANOVA measurement across the four subscales of the IRI confirmed that there 

was no major variance among the various participants clustered under the three groups. 

This validated that random assignment to the three groups was successful.  For 

Perspective Taking we recorded F(2,41) = 0.59, p-value = 0.7 , for Fantasy we recorded 

F(2,41) = 0.86, p-value = 0.5, for Empathetic Concern the parameters recorded were 

F(2,41) = 1.10, p-value = 0.36 and for Personal Distress F(2,41) = 1.10, p-value = 0.34. 

The alpha (level of significance) was set at 0.5 and as can be seen the p-value 

obtained is greater than the level of significance. As such, we did not reject the null 

hypothesis (H0) which means that all the group means are equal, and that there are no 

statistical difference across the three groups. 

As can be noted, there is no significant differences in the ANOVA parameters 

across the four subscales. This validates the fact all the participants were almost 

uniform with respect to their epithetical traits pre-intervention. Thus, our random 

assignment was successful. 
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6.2 Outcome Variables 

 

 The outcomes variables include the IOS, Attitude towards the Homeless, the 

TEQ and the Social Presence scale. The Mean and Standard Deviation for all the 

outcome variables was calculated. ANOVA [61] was conducted on all the outcome 

variables which conformed to our hypothesis that  

a) the Experimental Group (G2) will have higher efficacy in evoking empathy 

for homeless as compared to the  Control Group (G2)  

b) the User-Avatar merging (UAM) is more effective than the Passive 

Interaction (PI) 

6.2.1 Attitude towards the Homeless 

 

 The Mean and Standard Deviation across the three groups were calculated as 

reflected in Figure 11. 

 

 

 

 

 

 

 

 

 

Figure 11. Mean and SD for Attitude Scale 
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The graph shows that more positive attitude towards the homeless was recorded 

in the UAM, followed by PI and G1 recorded the lowest amongst the three. To gauge 

how significant was the impact of the each condition we conducted ANOVA. F(2,41) 

= 3.27, p-value = 0.03 (which is less than the level of confidence 0.05). Thus, it 

indicates that there was a substantial impact of the type of grouping conditions, and that 

participants in the UAM type of intervention recorded more positive attitudes towards 

homeless. 

 

6.2.2 Toronto Empathy Questionnaire 

 

 As was done in the previous scale, Mean and Standard Deviation across the 

three groups were calculated as reflected in Figure 12.  

 

 

 

  

 

  

  

 

 

 

  

The graph in Figure 12 shows that more participants in the UAM elicited more 

empathy, compassion and sympathy for the homeless followed by PI and G1 recorded 

Figure 12. Mean and SD for TEQ Scale 
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the lowest amongst the three (conforming to the hypothesis). To gauge how significant 

was the impact of the each condition we conducted ANOVA. F(2,41) = 1.42, p-value 

= 0.024 ( which is less than the level of confidence 0.05). Thus, it indicates that there 

was a substantial impact of the type of grouping conditions, and that participants in the 

UAM type of intervention evoked more empathy towards homeless. 

As discussed before the TEQ has various subgroups, which can be used to 

quantify allied prosocial behavior. Item-13 in the TEQ is used to quantify the helping-

behavior. Thus, this item was analyzed separately. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 The analysis conformed to the trend seen hitherto. The participants in the UAM 

group exhibited more helping behavior followed by the participants in the PI group as 

shown in Figure 13. Participants in the G1 where no intervention was provided showed 

the lowest helping behavior. 

 

Figure 13. Helping behaviour in TEQ 
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 Item-5, item-14 and item-16 of the TEQ scale are used to quantify the altruistic 

prosocial behavior, which is the selfless concern for other human beings. The results 

determine that although there is no significant difference in altruistic behavior across 

the three groups, but UAM group showed highest altruism among the three. This is 

reflected in Figure 14 

 

 

 

6.2.3 The Social Presence Scale 

 

 The Social Presence scale is used to quantify the degree to which the 

participants felt like actually being present in the virtual environment. Analysis was 

done only on the two subgroups of Experimental Group (G2) as there was no immersion 

in the Control Group (G1). Mean and Standard Deviation was calculated as reflected in 

Figure 15. 

Figure 14. Altruistic Behaviour (Mean and SD) 
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The graph in Figure 15 shows that more participants in the UAM felt more being 

inside the virtual environment than the PI. To gauge how significant was the impact of 

the each condition we conducted ANOVA. F(1,28) = 8.76 , p-value = 0.003 (which is 

less than the level of confidence 0.05). Thus, it indicates that there was a substantial 

impact of the type of immersive intervention and that participants in the UAM type of 

intervention felt more being inside the virtual environment as compared to the 

participants in PI. 

 

6.2.4 The Inclusion of Other in Self Scale 

 

  The Inclusion of Other in Self scale measures the feeling of connectedness and 

understandability for the average homeless person and the homeless community as a 

whole. Mean and Standard Deviation were calculated. 

 

 

Figure 15. Mean and SD for Social Presence Scale 
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 As per the trend in the Figure 16, participants in the PI showed more 

connectedness and understanding for the average homeless person and the homeless 

community. This partly conforms to the hypothesis that the participants in the 

Experimental Group (G2) that received VR intervention will exhibit higher scores than 

the participants in the Control Group (G1) that received no VR intervention. 

 To quantify the significance of the condition across the three groups ANOVA 

was conducted. F(2,41) = 3.61, p-value = 0.03 (which is less than the level of 

confidence 0.05). Thus, it indicates that there was a significant impact of the type of 

intervention provided across the groups. 

 There is a deviation in the second part, which as reflected in the Figure 

establishes the fact that participants in PI were more understanding than in UAM. 

Although this seems to be a deviation from the expected trend but there is a lucid 

explanation for that. This will be discussed in-depth in the forthcoming chapter. 

 

Figure 16. IOS Scale Mean and SD 
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 It is also imperative to mention that a large number of participants showed signs 

of discomfort mostly during the UAM intervention during the scenes such as car 

impounding and receiving the information about being laid off.  

 

Summary 

 In this chapter a holistic analysis on the data was performed, by juxtaposing the 

data from each of three groups with the other. This was done by the calculation of Mean 

and Standard Deviation. In order to further validate the impact of immersion across the 

three conditions ANOVA was performed which validated the hypothesis. The analysis 

on the IRI scale reflected that there was no significant deviation across the basic 

empathetic traits amongst the three groups thereby validating the fact that the random 

assignment into the three groups was successful. Table 13 reflects the Mean and SD of 

all the scales. 

 

Table 13. Summary of Mean and SD across the three groups. 

Scale           G1 

Mean       

 

SD 

G2.1 

Mean 

 

SD 

G2.2 

Mean 

 

SD 

Attitude 3.31 0.91 3.78 0.84 3.52 1.05 

TEQ 2.05 0.94 2.98 0.88 2.55 0.75 

Presence  - - 3.8 0.62 3.28 0.89 

IOS 3.65 0.75 4.45 0.45 4.85 0.45 
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CHAPTER 7: DISCUSSION 

 

 The self-reported measurements clearly indicate that the baseline group, which 

received no VR based intervention, was the least effective in evoking empathy and 

other prosocial traits among the participants. Likewise, the positive attitude towards the 

homeless people, which is bereft of biases, predispositions and prejudice, was seen 

more significantly in the participants that received the VR intervention. In fact, the 

impact of VR intervention was very significant as was validated by the ANOVA. In 

addition, the positive traits concerning prosocial behavior was more prominent in the 

UAM group. UAM group actively interacted with the simulation in the first person 

perspective (1PP), as juxtaposed to the PI group, in which, although VR intervention 

was provided but there was no user interaction,  as in the user had no control over the 

sequence of events. This is in sharp contrast to the UAM in which the participants had 

full control of the movements within the simulation and could move and interact as per 

their discretion.  

 When it comes to traits such as empathy, compassion and sympathy the 

participants, which did not receive VR intervention, reported less empathy and 

compassion as compared to the group that received VR intervention. This conforms to 

Chris Milk’s famous words when he referred to VR as the “ultimate empathy machine” 

[6]. 

 Further, the participants that received the UAM intervention reported feeling 

more empathetic and compassionate than the participants that received the passive 

intervention. This is aligned with our idea that it is not only the use of VR intervention 

that elicits empathy, but also the type of VR intervention has a significant impact on 

the quantification of empathy. Further, the various traits that are measured by the TEQ 
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were analyzed such as helping behavior and altruism, it was reported that participants 

who received VR intervention showed more helping behavior as compared to the 

participants who received no VR intervention. This helping behavior can be interpreted 

that such participants will be more keen to help, donate time and money, and volunteer  

in causes vis-à-vis homeless people. Also, helping behavior was more prominent 

among participants who received UAM intervention, again conforming to our construct 

that the type of VR intervention   

 Among various factors that drive the prosocial behavior is altruism. We can 

speculate that participants with prominent altruistic behavior will feel a moral 

obligation to volunteer or donate to causes related to homelessness. In this investigation 

it was found that participants who received VR intervention recorded more altruism 

that the participants who did not receive the intervention. Although there were less 

significant difference across the three groups but the UAM group showed the most 

prominent behavior among the three groups. 

 The entire discussion gyrates around the fact that the type of VR intervention 

causes a significant impact on the outcome variables such as attitude, empathy etc. 

Thus, it was imperative to investigate the impact of the two types of intervention. The 

results indicate that there was a highly significant impact of the type of immersion on 

the presence inside the virtual environment. Participants who were given the UAM type 

of intervention reported the that they felt more present in the simulation as if it were 

happening in real as compared to the participants who received the PI intervention. This 

explains the difference in all the outcome variables of the self-report measures vis-à-

vis UAM and PI, and explains the prominence in parameters measured by UAM than 

the PI. 

 The IOS scale was used to measure outcome variables such as closeness and 
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connectedness. The participants who received the VR intervention reported feeling 

more connected and close to the homeless as compared to the participants that received 

no VR intervention. However, within the VR intervention the results showed that PI 

group felt closer and connected to the homeless post intervention. This deviates from 

the results that were recorded for the rest of outcome variables. To account for this 

deviation we would like to juxtapose the altruistic behavior shown by the participants 

with the IOS outcome variables shown in Figure 17.  

  

            

  

In the self-report measures for the IOS, the participants were asked to report 

how they felt about the homeless person present in the simulation. It is imperative to 

mention that in the UAM attributed to first person perspective (1PP), it was the 

participant himself who was homeless as compared to the PI intervention where the 

homeless person was seen in a third person perspective. It should be noted that there 

was no significant difference in the altruism behavior post intervention for the control 

group (although both the groups showed prominent altruistic behavior) which 

manifested in the participants feeling more concerned or connected to the “other” 

person and not to themselves.  

 

Figure 17. Relation between IOS and Altrusim 
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CHAPTER 8: CONCLUSION AND FUTURE DIRECTIONS 

 

 A Virtual Reality based intervention was proposed to evoke more empathy and 

other allied prosocial conduct such as helping behavior, volunteerism, altruism and 

eliciting attitudes that are more positive. The targeted category was chosen to be 

homeless people who endure a lot of prejudice, and are attached with social stigmas. 

The VR based intervention was used to emphasize on the efficacy of VR in addressing 

and contributing towards assuaging prejudices or biases society has towards 

stereotyped classes such as homeless people and its efficacy as an intervention  tool to 

empathize with, and to understand the people persecuted. The participants who received 

the intervention established the first person perspective (1PP) and a third person 

perspective (3PP) of being homeless. The investigation found that VR based 

intervention elicited more empathy and prosocial behavior as compared to the group 

that received no VR intervention. In addition, it was found that participants who 

received interactive intervention, also called User-Avatar merging showed more 

prominent empathy and other prosocial traits than the participants who were immersed 

in an non-interactive intervention also referred to as Passive Interaction. Thus, we 

conclude that although VR based intervention is more effective that an a non-VR based 

intervention, but an interactive immersion, in which the user controls the sequence of 

events such as in UAM in our simulation, has more efficacy in evoking empathy than 

immersing in a non-interactive immersion. 

 We recommend that UAM model be used by global bodies, non-profit 

organizations and NGO’s in their fund-raisers or other public events. This model will 

be instrumental to garner more monetary support and to increase the intention of 

institutions or individuals to volunteer for social services, to disseminate awareness 
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regarding homelessness and to alleviate biases and predispositions among people and 

ultimately make the world a better place to live. 

 

8.1 Research Expected Impact 

 On the accomplishment of all the objectives, we can use the effective 

intervention tool (of the two types of VR intervention) in different ways, as it will 

lead to increased empathy thereby facilitating an increased prosocial behavior. 

Various global bodies, non-profit organizations, NGO’s et al. can use this 

model in their fund-raisers or other public events. This model will be instrumental to 

garner more monetary support and to increase the intention of institutions or 

individuals to volunteer for social services, to disseminate awareness regarding 

homelessness and to alleviate biases and predispositions among people. 

 

 8.2 Future Directions 

  We envisage the following future work for this project 

 Since the quantification was done by self-report measures pre and post 

experimentation, in future we would like to use electrophysiological monitoring 

such as EEG to quantify and validate the results and to record electrical activity 

in the brain, mostly  in the prefrontal sites of the brain as it is associated with 

sadness and withdrawal symptoms [62]. A concept of mirror system in humans 

is speculative in nature and has been found in the premotor cortex, the 

supplementary motor area, the primary somatosensory cortex, and the inferior 

parietal cortex [63]. 

 It would be interesting to incorporate Neurofeedback, where based on 

physiological data (EEG), the course of the simulation changes [64].  
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 We would also like to use Machine Learning to incorporate eye tracking and 

neurofeedback. 

 Since the social target that was chosen for this investigation was homelessness 

which did not fall under the ambit of Super Human interaction, in future we 

would like to develop VR simulation that cater to all the paradigms in the VR 

intervention. 

 We would also like to increase the sample size for the experimentation in the 

future endeavors. 

  We would also like to stage a fundraiser with a local NGO and quantify the 

number of participants who would register to volunteer or donate money. 

 

 

8.3 Limitations 

One of the limitation in the experiment is the limited sample size. Although the results 

we obtained were statistically significant and we can infer generic information 

regarding empathy enhancement and promotion of prosocial behavior from the results, 

an increased sample size would validate the inferential statistics with greater efficacy. 

Another limitation of the design is that the richness of the experience that the participant 

is subjected leads to differences. Ideally the richness of the experience across the three 

conditions should have had been same but since this is infeasible in our case as 

difference in intervention model will lead to a difference in the experience, this poses a 

limitation. 

 In addition, as some parts of the simulation were adapted from a western movie, 

the population in our study was able to connect to it this can be ascribed to the following 

reasons: 
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The primary reason of being homeless in this simulation was laying off of the 

avatar because of the global pandemic and this has been a global phenomenon. The 

connectivity was also successful as reflected by the empirical evidence. Although this 

was adapted from a western movie, it is a general phenomenon as to what causes 

homelessness and its possible ramifications. 
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