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Abstract  

We developed a Questionnaire Toolkit (QT) that embeds Google Forms questionnaires 

into a virtual reality (VR) environment (in-VRQs). It provides a novel implementation of 

in-VRQs and helps lower the entry barrier to VR research by providing researchers with 

an experimental task setup to conduct studies. We evaluated the QT’s self-reported 

presence, task load, and usability compared to Google Forms on a tablet. We found 

significant differences in task load measures’ presence and physical demand subscale 

items. Participants preferred using the in-VRQs generated by the QT for their VR 

applications because it was impossible to use out-VRQs due to the equipment users wore. 

When asked about their sense of presence, they reported heightened presence returning to 

VR tasks when using the QT. We conducted walkthroughs to evaluate the QT 

deployment. The walkthrough results uncovered usability issues and showed that 

researchers could deploy the toolkit on their devices with the developer’s help.   
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Chapter  1: Introduction 

1.1 Virtual Reality 

We interact with digital environments using 2-dimensional (2D) screens daily. When 

interacting “in” rather than “with” the digital environment, we enter a Virtual 

Environment (VE): “an instance of a virtual world presented in an interactive medium 

such as Virtual Reality (VR)” [3]. VR suspends disbelief by providing users with 

synthetic stimuli making the media seem real. This attribute, known as the sense of 

presence, elicits emotions and physical responses from users [3]. The sense of presence is 

the exhilarating feeling of being in the virtual world. Presence offers a range of potential 

opportunities for practical applications and research. 

VR is a non-traditional medium to experience a digital environment because it 

works in 3D space using 3D User Interfaces (UI), a new set of interface components. 

Although some tasks are straightforward due to the natural skills relevant to real-world 

tasks, more complex tasks lead to a lack of usability or low-quality User Experience (UE) 

[4]. In addition to lack of usability, other drawbacks such as simulator-sickness [4]–[6] 

might explain why VR displays remain a niche interest in daily consumer products. 

Simulator sickness is a “syndrome similar to motion sickness where users experience side 

effects during and after exposure to different VR environments” [7]. It causes discomfort 

and symptoms such as nausea, headaches, and disorientation. 

In 2016, Oculus and HTC introduced low-cost, easy-to-use VR head-mounted 

displays (HMD). The year marked the “boom” of VR interest, accelerating VR research 

on technical performance and industrial applications [8]. The trigger offered exciting 

opportunities for projects in various fields. Jones et al. argue that researchers from social 
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sciences and humanities are not utilizing VR technology to its full potential [6] , [7]. 

Skilled programmers and experts should provide them with programs and tools that help 

conduct user studies. VR technology can create impossible scenarios for such 

researchers, with successful examples such as treating phobias, PTSD, burn patients, and 

neurorehabilitation [11]–[13].  

Questionnaires are among the most common methods of collecting subjective 

quantitative data in social sciences and humanities research and are commonly employed 

in HCI and VR studies. Nevertheless, unwanted effects such as evaluator tone and 

privacy issues force researchers who work with pilots in flight simulations [14] to 

administer vocal questionnaires. Pilots in flight simulations wear a lot of equipment, 

including EEG caps, headsets, and helmets that researchers cannot remove to administer 

out-VRQs. Similarly, certain kinds of questionnaires necessitate frequent repeated 

responses. For example, Kroma et al. conducted a study [15] on simulator sickness; 

they administered nausea scale questionnaires 18 times in a 360 VR video 

experiment trial where participants could stop the experience when feeling very 

nauseated. In such situations, it is impractical to have users continually remove 

VR equipment to answer the questionnaire. Not only does this disrupt the 

experience, it likely also influences questionnaire results. Thus, embedding the 

questionnaire in VR becomes an attractive option to help ensure validity of the 

results; otherwise, pausing the video 18 times would ruin the experience, likely 

influencing participant responses. Questionnaires embedded in the VR environment in 

this fashion are referred to as in-VRQs, and questionnaires outside the VR environment 

are known as out-VRQs. 
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In this study, we designed and implemented a VR Questionnaire Toolkit that aims 

to provide researchers with an experimental setup to conduct VR studies, and an easy 

solution to embed questionnaires in VR environments. The toolkit integrates Google 

Forms questionnaires into the VE and exports the results to its database. We evaluated  

the toolkit in a user study and cognitive walkthroughs [16]. 

1.2 Questionnaires in Virtual Reality 

A questionnaire is a set of questions for collecting demographic information (age and 

gender) and users’ opinions. One of the advantages of questionnaires is the ease of 

distribution to a large population of participants, even those in remote locations. 

Questionnaires are often more convenient and consistent than personal interviews [17]. 

They come with drawbacks; however, if participants’ motivation is low and they need 

persuasion to answer the questions, interviews are a better option. Developing a good 

questionnaire is harder because an interviewer might not be available to clarify questions 

or ambiguities to participants [18]. Nonetheless, questionnaires are a well-established 

data collection technique that is part of most HCI experiments. They are the primary 

instrument for survey research [19]. 

 In the context of VR, researchers use questionnaires primarily to elicit 

information on user experiences such as presence and simulator sickness [17], [20], [21]  

[7]. Presence and simulator sickness do not have an analog in traditional UIs because of 

the unique attributes of VR experiences [6].  

Current VR user studies use standardized questionnaires such as pen and paper or 

computer-based to collect such measures [22], [23]. They use methods developed for 2D 

UIs to support 3D UI evaluation [6]. Extending 2D UI self-reporting methods and 
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metaphors do not provide a complete solution [17]. Participants must exit the immersive 

environment by taking off their HMDS to answer questionnaires, which introduces 

undesirable limitations and issues such as inaccurate recall, biases, anchoring effects, 

disorientation, and confusion when returning to the real world [22]–[24]. Furthermore, 

participants experience a break-in-presence (BIP): “a moment when the illusion 

generated by a virtual environment breaks down and the user finds himself where he truly 

is, in the real world wearing an HMD” [6], [25]. BIP can destroy the experience; VR 

content developers should avoid BIP as much as possible.  

The literature investigating in-VRQs started in May 2019 when Schwind et al. 

[24] published a study comparing the effect of questionnaire mode (in-VRQs vs. out-

VRQs) on presence measures.  They expressed three potential advantages of using in-

VRQs:  

1. Reduce experiment duration. 

2. Avoid breaks in presence. 

3. Avoid distractions and biases from the real world. 

Their results showed no significant difference in presence scores but a significant 

difference in variance between the conditions. Thus, they recommended in-VRQs over 

out-VRQs for presence measures. Six studies followed [22], [23], [26]–[29] advocating 

the use in-VRQs. They showed that in-VRQs are more reliable than out-VRQs and that 

participants preferred in-VRQs over out-VRQs. The studies called for in-VRQ alternative 

designs. Current approaches to employing in-VRQs involve extensive software 

development to include custom questionnaires in the VE.  
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We propose to streamline the process by developing a tool to facilitate easier 

deployment of in-VRQs with minimal software development, a tool we refer to as the 

Questionnaire Toolkit. This thesis has four main goals: 

1. Conduct a survey of recent literature to understand the current state of 

questionnaire usage in VR. 

2. Develop the Questionnaire Toolkit, to take Google Forms questionnaires 

and convert them to an in-VRQ. 

3. Empirically evaluate questionnaires developed using the Questionnaire 

Toolkit by comparing presence, usability, and task load scores against 

Google Forms on a tablet (following the approach employed in previous 

studies on this topic to compare in-VRQs and out-VRQs). 

4. Use cognitive walkthroughs to help us uncover usability issues researchers 

might face when using the Questionnaire Toolkit to produce in-VRQs. 

Based on the results from Shafikhani et al. [29], the only study that used a 3D in-

VRQ design, we hypothesize no significant difference between the conditions’ overall 

presence, usability, and task load scores (H1). We believe researchers will find interest in 

the Questionnaire Toolkit and prefer it over the tablet in VR experiences (H2). It will 

allow researchers to keep their participants in the VE and avoid the disadvantages of 

removing VR HMDs. Researchers will be able to deploy the Questionnaire Toolkit using 

a deployment instructions sheet (H3). 

The thesis will provide an alternative implementation for in-VRQs and introduce 

a toolkit that helps lower the entry barrier to VR research. Furthermore, expand our 

knowledge of in-VRQ applications, design choices, and practices. 
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In the next chapter, we present the current state of questionnaire usage in VR 

studies and review earlier published work that examined in-VRQs. In Chapter 3, we lay 

out the development process, structure, and design choices for the Questionnaire Toolkit. 

We outline the experimental design and procedures used to evaluate the Questionnaire 

Toolkit in Chapter 4. We then offer the results of our evaluations and discuss the 

significant findings in Chapters 5 and 6. 
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Chapter  2: Related Work 

In this chapter, we review the literature on the current state of questionnaire usage in VR, 

focusing on studies that examine in-VRQs.  

2.1  Literature Survey: Contemporary Use of Questionnaires in VR research 

Research methods change as the industry introduces new technological advances in the 

field of Human-Computer Interaction (HCI). Research studies in VR provoke a need for a 

shift in questionnaire practices and call for additional questionnaire design alternatives 

[22]–[24], [26], [27], [29], [30]. Alexandrovsky et al. [23] claim that VR studies usually 

neglect to report on questionnaire usage. There are currently no validated assessment 

methods of self-reports and no clear guidelines for designing in-VRQs [23], [29]. We 

support those claims through a thorough review of relevant literature. 

In this literature survey, we searched Carleton’s Omni digital libraries [31]. The 

search included publications from January 2019 to August 2022, building on a previous 

survey by Alexandrovsky et al., which spanned from June 2016 to July 2019 [23]. We 

follow Alexandrovsky’s literature review, methodology, and search parameters and 

reviewed papers that contain the keywords “virtual reality,” “head-mounted display,” 

“virtual environment,” “user study,” and “questionnaire.” Also, we only considered 

papers that used VR HMD displays published in peer-reviewed journals or high-quality 

conference proceedings. In total, we selected thirty-four papers summarized in Table 1. 

We categorized the VR user studies by: 

• Questionnaire administration describes the placement of questionnaires in 

a study, such as pre- or post-study. 
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• Questionnaire style portrays the presentation of questionnaires in a study 

such as in-VRQ, out-VRQ, or DNR (did not report). Many VR studies 

employing questionnaires did not indicate whether they were conducted in 

or out of VR. 

• Questionnaire type describes the questions used in questionnaires, such as 

multiple choice and Likert scale. We used Return to Original 

Questionnaires (RTOQ) for studies that use custom questionnaires or do 

not report on the type of questions used. 

• The questionnaire name states the name of questionnaires used in a study, 

such as a simulator sickness questionnaire (SSQ). 

• The questionnaire measure indicates the extent of questions in 

questionnaires —for example, cyber sickness and presence. 

When studies indicated that participants had to put on or remove their HMDs, we 

assumed that all questionnaires presented in their study were completed out of VR. In 

addition, if studies stated the tool used, such as Lime Survey or pen and paper, we again 

assumed these questionnaires were presented out of VR. We excluded generic 

questionnaires, in particular demographic-related ones, instead focusing on studies that 

employed questionnaires as a primary method to gather empirical data.  
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       Table references: [5], [32]–[64] 

Table 1: Questionnaire usage in thirty-four select VR studies between 2019-2022. 

First Author Administration Style Type Name Measure

Garrido 
1-2,7-8) Pre/Post-Study
3) Every minute 11 times
4-6) Post-Study  

1-2,7-8) Out-VRQ
3) In-VRQ
4-6) Out-VRQ

1-2) Likert scale
3) 20p-Likert scale
4-8) Likert scale

1) VRSQ, 2) MSAQ, 7) MSSQ-Short, 8) COPSOQIII
3) FMS
4) MPS, 5) IPQ, 6) TAM3

1-3) Cybersickness, 4-5) Presence
6) Enjoyment & behavioural intention 
7) Motion sickness susceptibility, 8) Cybersickness health factors

Farmani 

1) Every X minute 21 times
2) Pre/Post-Study 
3) Post-Study
4) Every minute 12 times

1) In-VRQ
2) Out-VRQ
3) Out-VRQ
4.) In-VRQ

1) 10p-Likert scale
2) Likert scale
3) Likert scale
4) 10p-Nasea slider 

1) Nausea rating
2) SSQ – study 2
3) PQ Witmer and Singer
4) Nausea scale 

1) Cybersickness 
2) Cybersickness
3) Presence
4) Cybersickness

Cadet 

1-3) Pre-Study
4) 12 Times every scene
5) 12 Times every scnece
6) Post-Study

1-3) Out-VRQ
4) In-VRQ
5) In-VRQ
6) Out-VRQ

1-3) RTOQ
4) 9p-Likert scale
5) 7p-Likert scale
6) RTOQ

1) HADS, 2) PANAS, 3) ITQ
4) SAM
5) Custom
6) ITC-SOPI

1) Anxiety and Depression, 2) Mood, 3) Immersive Tendency
4) Valence and arousal
5) Presence
6) Presence

Tsai 
1-3) Post-Study
4) Pre-Study
5) Every minute 8 times

1-3) Out-VRQ
4) Out-VRQ
5) In-VRQ

1-3) RTOQ
4) RTOQ
5) Vive touch pad

1) SUS-PQ, 2.) DNR 2 questions, 3.) SUS
4) SCS-Short
5) Annotation Tool

1) Presence, 2) Emotional inductance and dominance, 3) Usability
4) Mental Status
5) Valence and arousal

Shao 1) Post-Study Out VRQs 1) 7p-Likert scale 1) DNR 1) Acceptance of social VR

Kim 1) Pre-Study
2) Post-Study

Out-VRQs 1) 5p-Likert scale
2) 7p-Likert scale 

1) Custom based on Watts and Stenner [23]
2) Custom based on literature

1) Immersion level in media valence toward VR
2) Level of enjoyment memory

Yildirim 1-3) Post-Study Out-VRQs 1-3) RTOQ 1) ITC-SOPI, 2) MEC-SPQ, 3) TPI 1) Presence, 2) Spatial presence, 3) Temple presence

Andre 1) Pre/Post Study
2) Pre-Study

Out-VRQs 1) 4p-Likert scale
2) RTOQ

1) SSQ
2) MSSQ

1) Cybersickness
2) Motion sickness susceptibility

Szpak 1) Pre-Study
2) Pre/Post-Study

Paper-Based 1) RTOQ
2) 4p-Likert scake

1) MMSQ-Short
2) SSQ

1) Motion sickness susceptibility
2) Cybersickness

Hirt 1-2) Pre/Mid/Post-Study
3) Mid/Post-Study

Out-VRQs 1) 5p-Likert scale
1,3) RTOQ

1) Stress Quesitonnaire, 2) SSQ
3) SUS

1) Stress and fear levels, 2) Cybersickness
3) Presence

Barret 1) Post-Study Paper-Based 1) 7p-Likert scale 1-3) Custom (TAM, III, PU,PEU, ITU) 1) Immersion, Interaction, Imagination, Usability
Grassini 1-2) DNR Paper-Based 1-2) 7p-Likert scale 1-2) PQ (Witmer & Singer), SUS, MPS (Makransky) 1-3) Presence

Narciso 1) Post-Study
2) Post-Study

Out-VRQs 1) 5p Likert scale
2) 4p Likert scale

1) IPQ 
2) SSQ

1) Presence 
2)Cybersickness

Wenk 1-3) Post-Condition 4 times REDCap tools 1-3) 7p-Likert scale 1) IMI 2) Witmer & Singer 3) Longo & Kalckert et al. 1) Motivation, 2) Presence, 3) Embodiment

Misztal 
1) Pre-Study
2) Post-Condition
3-4) Post-Study

Out-VRQs
1) RTOQ
2) RTOQ
3-4) RTOQ

1) IRI (Interpersonal Reactive Index)
2) IPQ
3) MIDAS, 4) Custom (IRI + 6 questions)

1) Empathy
2) Presence
3) Migraine, 4) Empathy & Migraine

Kenngott 1) Post-Study Goolge Forms 1) 5p-Likert scale 1) DNR 1) System evaluation

Gottsacker 1) Pre/Post Study
2-3) Post-Study

Out-VRQs 1) RTOQ
2-3) 7p-Likert scale

1) SSQ
2) CRIQ – modified, 3) Basdogan et al.

1) Cybersickness, 2) Perception of cross-reality interaction & 
presence, 3) Co-presence

Ito 1) Post-Tasks
2) Post-Study

1) 5p-Likert scale
2) 5p-Likert scale

1.) DNR
2.) DNR

1) Physical Load
2) Residual Effect

Cao 1) Post-Tasks
2) Post-Condition

1) 5p-Likert scale
2) 5p-Likert scale

1) In-game GEQ
2) Core GEQ

1) Gaming experience
2) Gaming experience

Hussain 1) Pre/Post-Study
2) Post-Study

1) 4p-Likert scale
2) 7p-Likert scale

1) SSQ
2) IPQ

1) Cybersickness
2) Presence

Nasu DNR 1-3) 7p-Likert scale 1-3) Custom VR Neuroscience Questionnaire 1) User Experience, 2) Cybersickness, 3) Baseball batting skills
Masuoka 1-2) Post-Study 1-2) 5p-Likert scale 1-2) DNR 1) Visibility 2) Usability

Oh 1) Post-Condition
2) Post-Condition

1) 4p-Likert scale
2) 7p-Likert scale

1) VRSQ
2) SSQ

1) Cybersickness
2) Cybersickness

Yang 1) Post-Trial 1) 7p-Likert scale 1) PQ 1) Presence

Soel 
1) Post-Study
2) DNR
3) DNR

1) Short answer
2) 10-p Likert scale
3) Multiple choice

1) Custom
2) Custom
3) Custom

1) Inquiry on conditions
2) User experience
3) Preferences and opionion

Pan DNR 1-4) Likert scale 1-4) Custom 1) Ownership, 2) Agency, 3) Presence, 4) Co-presence
Sadeghi DNR 1) 5p- Likert scale 1-3) Custom 1) Ease of use, 2) Usefullness & effectiveness, 3) Immersiveness

Malihi 
1-6) Pre-Study
7) Post-Study
8) Pre-Study/Post-condition

1-6) RTOQ
7) 5p-Likert scale
8) RTOQ

1) ADOS, 2) ADIS, 3) WASI, 4) SCQ, 5) CBCL 
(subscale), 6) SCARED, 7) ITC-SOPI (subscale),
8) STAI

1-2) Autism Diagnostic, 3) Intelligence quotient.
4) ASD symptomatology, 5) ADHD symptoms, 8) Anxiety
6) anxiety symptom severity, 7) Presence and Cybersickness

Ward 
1) Post-Condition 6 times
2) Post-Study 
3) Post-Study

1-2) 7p-Likert scale
2) Open ended text
3) Scale 0-100

1) Custom
2) Custom
3) Custom

1) Mental, physical demand, task load, condition related
2) Usability, fatigue, opinion on a condition
3) Overall satisfaction with a condition

Celikcan 1) Post-Condition 3 times 1) 4p-Likert scale 1) SSQ 1) Cybersickness

Reer
DNR 1,3) 7p-Likert scale

2) 5p-Likert scale
4) 5p-Likert scale

1) Natural Mapping, 3) IMI
2) PENS 
4) Playing skills scale

1) Natural/Realistic perception of gaming experience
2) Autonomy and competence experience, 3) Interest/Enjoyment
4) Playing Skills

Choudhary 
1) Pre/Post-Study
2-3) Post-Study

1) 4-p Likert scale
2-3) 7-p Likert scale

1) SSQ
2) SUS-PQ 3) Garau & Salter

1) Cybersickness
2) Presence, 3) Co-presence

Huerta-Torruco 
DNR 1) 7p-Likert scale

2) 4p-Likert scale
3) 3p-Likert scale

1) IPQ
2) SSQ
3) Canepas & Syberfelt et al.

1) Presence
2) Cybersickness
3) Usability

Ho Seok 1) Pre/Post-Trial 9 times DNR 1) SSQ 1) Cybersickness

DNR
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2.1.1 Literature Survey Analysis 

The findings of the literature survey indicate that the implementation of questionnaires in 

VR depends on the context and goal of user studies. We found ten distinct categories of 

self-reported measures commonly assessed via questionnaires in VR user studies. Figure 

1 below shows the frequency of each category. 

  

Figure 1: Frequency of self-reported measures in thirty-four select VR studies. 

Presence and cybersickness are the most self-reported measures, followed by 

other measures of psychology and cognition, including anxiety, stress, autism, mood, 

mental status, and perception. As seen in the questionnaire names of Table 1, we noticed 

that VR researchers used various presence questionnaires but typically SSQ for 

cybersickness measures (12/16). The small sample from our contemporary literature 

survey supports the claim by Szpak et al. [40] that “SSQ is the most commonly used 

questionnaire in simulator and VR studies.” Since SSQ and most presence questionnaires 

consist of Likert Scale questions, and 90% of the studies in the survey, we suggest 

designing in-VRQs and their interaction techniques around Likert scale questionnaires.  
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Out of the thirty-four studies in the survey, four used in-VRQs, twelve out-VRQs, 

and eighteen did not report on their usage —studies using in-VRQs administered diverse 

types of questionnaires subsequently or continuously. A study by Farmani et al. [33] 

measures cybersickness symptoms subsequently using the nausea scales shown in Figure 

2a. In two experiments, they measured cybersickness symptoms over twenty times every 

minute in one experiment and a minute and a half in the other. Using in-VRQs is ideal for 

decreasing experiment duration and avoiding frustration from having participants leave 

the HMD frequently. Similarly, Tsai et al. [35] used an annotation tool to assess valence 

and arousal continuously throughout the VR experience. We show the interface for the 

HTC Vive annotation tool in Figure 2b below.  

 

 

 

 

 

 

 

 

 

 

Figure 2: In-VRQs examples from the literature survey (images credited to the studies) (a)[33], 

(b)[35]. 

One of the essential advantages of in-VRQs is to capture temporal variations of measures 

peculiar to the VR environment [30]. Collecting data, like real-time nausea scores, is not 
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possible without in-VRQs. Hence, studies interested in participants’ immediate feelings 

in a VR experience should use in-VRQs. A study by Grassini et al. [43] investigates the 

sense of presence in a VR environment. After an 8-minute VR experience, they asked 

participants to take off the HMD and EEG equipment and go to another room to fill in the 

presence questionnaires. This gap between the experience and answering the 

questionnaires creates biases and anchoring effects, which in-VRQs aim to avoid [30]. 

Participants may forget the perceptions they had during the experience [65].  

Depending on the topic and nature of the study, some VR studies might not 

benefit from in-VRQs. For example, those interested in measuring self-reports before or 

after the VR experience only. Other studies require participants to rest and alleviate 

cybersickness symptoms [64].  

Overall, the literature review provided helpful insight into the current state of 

questionnaire usage in VR research. As previously mentioned, reporting on questionnaire 

application and design is still inconsistent because there are not enough guidelines [23], 

[29]. Based on the findings of the literature survey, future studies should consider the 

design of in-VRQ interfaces for continuous and subsequent measures. We plan to utilize 

these results further to improve the Questionnaire Toolkit’s successive iterations and 

provide the research community with additional creative in-VRQ interfaces. 

2.2 Studies that investigate in-VRQs 

This section presents seven influential papers in contemporary VR research that 

contribute to the in-VRQ literature by investigating the application of in-VRQs compared 

to out-VRQs. We summarize their measures, methodologies, and results in Table 2 
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below. Table 2 ranks the papers with the highest number of Google Scholar [66] citations 

credited to the lowest, at the time of writing (Sept 12, 2020). 

 Table References: [22]–[24], [26]–[29] 

Table 2: Seven influential studies that investigate in-VRQs. 

2.2.1 Presence 

Many VR user studies involve measuring users’ responses to experiences of VR and 

comparing them to other media. Presence is a unique evaluation metric, not usually 

considered in traditional UI evaluation but has a distinct advantage of being applicable to 

any VE. It defines how well users accept the virtual world as a reality and their level of 

mental engagement [4], [65].  

     The studies in Table 2 investigated the effect of questionnaire mode (in-VRQ 

vs. out-VRQ) on presence. The study by Schwind et al. [24] found no significant effects 

First Author, 
Year, & Citation Measure Method In-VRQ

Out-
VRQ Results Outcome

1.) Schwind, 2019, 
220 Presence Questionnaires

2D-
Controller-

World

Computer-
Based-

Controller

No sig. difference in mean 
scores

Recommend in-VRQ for 
presence due to  increase in the 
consistency of the variance.

2.) Putze, 2020, 54 Presence Physiological 2D-Pointer-
World

Computer-
Based

Physiological responses in 
the EDA for in-VRQs are 
significantly lower and 
shorter than to out-VRQs

In-VRQs are less invasive, 
influence BIP in subsequent tasks, 
and are more reliable self-reports

3.) Alexandrovsky, 
2020, 42

Presence, 
Task Load, 

Usability
Questionnaires 2D-Pointer-

World
Computer-

Based

Similar presence mean 
scores
Lower usability mean 
scores
Sig. higher task load 
subscale

Advocate the application of in-
VRQs, higher task load for in-
VRQs.  Participants preferred in-
VRQs

4.) Feick, 2020, 20 N/A N/A 2D-Pointer-
World

Computer-
Based

N/A Provides a toolkit that makes it 
easy to collect measures in VR

5.) Regal, 2019, 11
Presence, 

Positioning, 
Usability

Questionnaires
2D-Pointer-

World
Paper-
Based

No sig. difference in 
usability and  presence 
mean scores

Users prefer in-VRQs, 
Positioning depends on the 
context

6.) Graf, 2020, 6 
Presence, 

Task Load, 
Usability

Questionnaires
2D-

Controller-
World

Computer-
Based

Surveying participants in 
the VR does not lead to 
the same results as in the 
real world.

Recommends measures of 
presence in VR

7.) Shafikhani, 2021, 
4

Presence, 
Task Load, 
Usability, 
Duration

Questionnaires

2D-Pointer-
World 3D-

Direct-
World

Computer-
Based

No sig. differences in 
presence, usability, and 
task load for 3D.
No sig. difference in 
presence, usability for 2D
Sig difference in physical 
and mental demand

Calls for in-VRQ design 
alternatives, in-VRQs high task 
load but preferred
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on the presence mean score but a higher consistency of self-reported presence. They 

recommended using in-VRQs and suggested running future in-VRQ studies with 

subsequent tasks to increase the effect of BIP on the presence mean score. The results of 

the study by Alexandrovsky et al. [23] also showed no significant effect on the presence 

mean score. Besides, their data analysis does not align with Schwind et al. because they 

found no differences in consistency when surveying in VR. Graf et al. [22] found 

inconsistencies through the environmental interaction effects. The outcome of surveying 

participants in VR and the real world is not the same. Putze et al. [26] took a different 

approach; they used physiological data to examine BIPs caused by out-VRQs. The results 

favor in-VRQs because they are less invasive and provide more reliable self-reports. Out-

VRQs can affect the performance of subsequent tasks due to BIP. Shafikhani et al. [29] 

investigated two alternatives to in-VRQ designs. They introduced a 3D in-VRQ as an 

object in the environment and a 2D interface like the studies in Table 2. They reported no 

significant difference in the IPQ subscales: general presence, spatial presence, and 

involvement. Yet, a significant difference between the 2D in-VRQ and the out-VRQ 

condition in the experienced realism subscale. Finally, the study by Regal et al. [28] 

aligned with the other studies and found no influence on presence when administrating 

questionnaires inside and outside VR.  

2.2.2 Usability & Task Load 

Table 2 presents four studies (3,5,6,7) that examine the usability and task load of 

questionnaire modes (in-VRQs and out-VRQs). The studies by Shafikhani et al., Graf et 

al., and Alexandrovsky et al. used computer-based surveys for their out-VRQ mode, 

while Regal et al. used paper-based surveys. Shafikhani et al.’s findings showed a higher 
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mental and physical demand when comparing 2D in-VRQs against out-VRQs, and no 

significant difference when using the 3D design. Moreover, no significant difference 

between all conditions in terms of usability scores. 

Graf et al. had three conditions for questionnaire presentation: outside the VR 

(real lab), inside the VR (virtual lab), and inside the virtual scene. They used a 2D world 

layout in-VRQ with an Oculus touch controller to navigate and select answers. Statistical 

analysis revealed a significant difference in task load and no significant difference in 

usability scores when comparing questionnaire modes. Similarly, Alexandrovsky et al. 

found a significantly higher physical demand and effort for the in-VRQ condition. Their 

usability scores were high (above standard average) for both conditions. They conclude 

lower usability and higher task load for in-VRQs. Finally, the study by Regal et al. also 

did not find a significant effect of usability scores on questionnaire mode.  

All studies in Table 2 show slightly lower usability and a significantly higher task 

load for in-VRQs. On the other hand, presence scores seem inconsistent but are 

comparable between in-VRQs and out-VRQs. The studies encourage the use of in-VRQs 

and motivate further research. Only Feick, et al. and Shafikhani et al. provided toolkits to 

embed questionnaires in the VE. Feick et al. shared an open-source toolkit that uses .json 

files to describe the in-VR questionnaires’ structure and a Drag & Drop unity package, 

allowing easy addition of the toolkit to a project. Shafikhani et al. allowed to import 

predefined questionnaires using the Lime Survey database directly. Their toolkit stores 

the results on online servers. Both toolkits demonstrated benefits for VR researchers, 

including the effortless implementation of in-VRQs and the ability to run remote VR 
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studies. We took a similar approach to develop our Questionnaire Toolkit, anticipating a 

positive outlook toward our toolkit from experts and users.  

2.3 Gap Analysis 

Figure 3 below shows the user interfaces of the seven studies examined in-VRQs. They 

all used world-anchored 2D interfaces (e.g., floating menus) using laser pointers or 

controllers to interact with them. In contrast, Shafikhani et al. [29] are the only previous 

researchers to compare 2D and 3D interfaces for their in-VRQs. However, the problem 

with world-anchoring is that users can only access the questionnaires in specific locations 

in the VE. Another issue with Shafikhani et al.’s 3D design was that it was challenging to 

learn and use, thus significantly increasing the duration of experiments compared to their 

2D interface and out-VRQ. Based on these points, we designed our in-VRQs to employ a 

“VR watch” (Questionnaire Watch) form factor. It allows users to access the 

questionnaire anywhere in the VE yet presents a 3D menu affixed to the watch positioned 

easily in arm’s reach.  

The Questionnaire Watch uses a 3D user interface with bimanual (two-handed) 

direct interaction. 3D user interfaces have benefits because they inherently rely on direct 

manipulation, increasing the realism of the VR. These benefits might positively impact 

presence and allow users to leverage their knowledge of interacting with objects in the 

real world, making the technique easy to learn and intuitive [14][10].  

  Each of the previous studies depicted in Figure 3 used different interaction 

techniques for their in-VRQs and out-VRQs. On the other hand, we used bimanual direct 

interaction for both our in-VRQ and out-VRQ. This provides greater experimental 

consistency between conditions, enhancing the internal validity of our experiment results. 
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Using an identical interaction technique further allows us to conduct equality tests in 

future studies between our conditions, testing for rather than against the null hypothesis.  

Figure 3: In-VRQ literature user interfaces. (a) Schwind et al. [24]  (b) Putze et al. and 

Alexandrovsky et al. [23], [28], (c) Feick et al. [29], (d) Regal et al. [27], (e) Graf et al. [22],  

Shafikhani et al. [26]. 

Overall, this thesis intends to address these gaps. Previous studies have not 

evaluated a body-fixed 3D in-VRQ presentation method (the VR watch). Moreover, 

when we conducted this work, there were no easy-to-use tools for developing in-VRQs. 

The closest examples to our proposed design are Shafikhani et al. and Feick et al. Feick’s 

tool require direct modification of JSON structures, which is not user-friendly. 

Shafikhani’s tool works with LimeSurvey, similar to our tool (which works with Google 

forms), but they only published in Dec. 2021, at which point, development on our tool 

was already underway.   
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Chapter  3: Software 

In this chapter, we explore the components of the Questionnaire Toolkit system and 

describe its design. We developed the Questionnaire Toolkit using the Unity 

Development Platform [67]. Our application aims to ease the implementation of in-VRQs 

by providing researchers with a system to effortlessly embed Google Forms 

questionnaires into the VE and then extract the results of the questionnaires to a desktop 

computer. 

The Questionnaire Toolkit is a system that encompasses multiple components, 

including:- 

• The Questionnaire Watch (the in-VRQ) is a VR watch that spawns a panel 

with embedded Google Forms questionnaires. 

• The database (Playfab Azure) [68] is used to input and output 

questionnaires in JSON format. 

• FormsConverter (Google Forms links to JSON converter) [69] is a small 

program that converts Google Forms questionnaires’ links to JSON text 

[70] format.  

We developed the FormsConverter program on Google’s web applications development 

platform, Google Apps Script. Step 4 under “send customized questionnaires to the 

environment” in Appendix on page 90 shows an image of the simple interface. The 

interface asks researchers to enter a Google Forms questionnaire link and then outputs a 

JSON text resembling the questionnaire. The researcher then copies the JSON and enters 

it into the database to embed the questionnaire into the VE. By utilizing a capable 

development platform such as Google Apps Script, we enable developers to stretch the 
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Questionnaire Toolkit beyond integrating Google Forms, but also the ability to integrate 

questionnaires from other questionnaire tools such as SurveyMonkey, Qualtrics, and 

LimeSurvey. 

3.1 Design Process 

Saffer suggests are four approaches to interaction design: user-centered, activity-

centered, system, and genius design [18], [71]. In this study, we adopted the system 

design approach, where the system is the focal point of the design, and users set the 

system’s goals.  We designed the system around three categories of users: - 

• Researchers: are users who utilize the Questionnaire Toolkit by embedding in-

VRQs in their VR environment to run studies. For example, a neuroscience 

researcher who equips participants with equipment such as electroencephalogram 

caps would prefer using in-VRQs in their study to avoid removing and installing 

equipment multiple times throughout the experiment.  

• Developers: are users who want to enhance the toolkit and explore other design 

choices. One example is a developer who would like to examine different design 

choices by modifying the presentation method of the toolkit’s questionnaire. 

Another example could be a developer who would like to build on the toolkit, 

extending it to support short-answer questions. 

• Participants: are users who fill in questionnaires generated by the toolkit in the 

VE, developed by researchers.  

Each user category provides us with distinct types of requirements; we considered 

each category individually to capture the Questionnaire Toolkit’s requirements 

categorized as follows [72]: 
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1. Project Drivers: the purpose of the toolkit, stakeholders 

2. Project Constraints: constraints, terminology, assumptions 

3. Functional Requirements: the scope of the toolkit, data model 

4. Non-Functional Requirements: look and feel, usability, performance, 

environmental, security, maintainability, cultural 

5. Project Issues: risks, ideas for solutions, open issues, migration, documentation 

In our development cycles, researchers determine project drivers and functional 

requirements. On the other hand, participants set non-functional requirements about the 

characteristics of the user interface. They interact with the questionnaire’s user interface 

and perform tasks in the VE. Finally, developers set maintainability, support, and 

documentation requirements alongside project issues and constraints. Note: a user can 

belong to all three categories, a researcher, a participant, and a developer. 

Figure 4 below shows the components of the Questionnaire Toolkit system, 

including the type of users and their requirements. The first version of the Questionnaire 

Toolkit went through pilot testing in a user study performed by two colleagues for a VR 

course at Carleton University. One was a psychology student, and the other was a 

software developer. After running their study, we interviewed them to learn the 

difficulties and needs their participants expressed, also modifications they required as 

researchers and developers. We captured the information they provided as requirements 

through user stories. For example, as a researcher <role>, I want to be able to share 

online builds of the Questionnaire Toolkit <behavior> so that I can ask participants to 

install them on their VR devices and perform studies remotely <benefit> [18]. The user 

stories decompose into smaller chunks called tasks. Figure 4 below shows the tasks 
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captured for each user category (in blue boxes) throughout the design process to develop 

the second version of the Questionnaire Toolkit. It highlights users’ roles in the system 

and the interaction between system components. 

In addition to the requirements we gathered from pilot testing, we formed 

requirements based on Sharp et al.’s usability goals: effectiveness, efficiency, safety, 

utility, learnability, and memorability. Also, Sharp et al.’s design principles: visibility, 

feedback, constraints, consistency, and affordance [18]. An example is using a virtual 

television to provide participants with feedback confirming they submitted their 

questionnaire answers. Another example is constraining participants from submitting 

their questionnaire answers immediately to the database. The answers they submit are 

kept internally in the software allowing multiple submissions if they decide to change 

their answers. They submit their answers in a different tab by selecting the red button 

“send to database.” Participants interact with all buttons using direct interaction for 

consistency, except the send to database button, requiring users to click an additional 

button on the VR device controller while directly selecting the database button. 
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Figure 4: Components of the Questionnaire Toolkit system including the type of users and their requirements.
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3.2 Questionnaire Toolkit Usage and Design 

This section summarizes the deployment procedure of the questionnaire toolkit and the 

design considerations in the development process. We provide the complete procedure of 

deployment and images in Appendix B on page 90. 

3.2.1 Usage 

As shown in Figure 4, a researcher creates questionnaires for their VR environment 

using Google Forms on a desktop computer [73]. Since we developed FormsConverter 

using Google Apps Script, researchers must use the Google Chrome web browser for the 

program to work.  They open their Google Forms questionnaire and copy the edit link. 

On a different tab, they post the edit link into FormsConverter. The web application 

converts data acquired from the Google Forms edit link to JSON text. The user then 

copies the JSON text into an associated JSON field, for their VR device, on the PlayFab 

database website. Finally, the Questionnaire application on a VR device retrieves the 

information on launch from the database and transforms it onto the Questionnaire Watch 

shown in Figure 5 below. 
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Figure 5: An image of a Google Forms questionnaire embedded in the environment. 

Users who complete the in-VRQs can submit their results by using a submit button 

that appears when they answer all required questions and are on the last page of the 

questionnaire. In the end, the researcher can obtain the questionnaire results, in JSON 

format, by going to the database from a field called SURVEYRESULTS. They convert 

the results to their desired format using any online JSON to text or JSON to excel 

converter.  

3.2.2 Design 

Both internal and external components were essential when considering the 

Questionnaire Toolkit design. However, there was a great deal of focus on the internal 

design to account for future expansion and maintenance. 

External  

Our application aims to introduce an alternative in-VRQ design to the world-anchored 2D 

interfaces used in the previous in-VRQ literature discussed in Chapter 2. We present the 
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questionnaire interface as a watch to provide users with body-referenced questionnaires 

accessible anywhere in the environment. The interface could be less intrusive than world-

anchored interfaces because it allows users to open or close it anytime during the VR 

experience. Most humans are right-handed, and a minority are left-handed [74]. Thus, the 

initial design of the watch is on the virtual avatar’s left hand. Developers who wish to 

experiment with other design choices can modify the presentation and reference method 

of the questionnaire. Developers can easily make changes due to internal design 

considerations discussed in the next section.   

We employed a watch design on the avatar’s hand to exploit the concept of 

embodiment. Embodiment “is the sense of one’s own body. The sense that something is 

of one’s own body” [75]. Embodiment in VR has three dimensions: ownership, location, 

and agency. In our design, we achieve ownership by having a virtual hand avatar (visual 

perception) linked to the movement of the physical hand (proprioception perception), 

which inclines a user to accept the virtual hand and virtual watch as their own, known as 

“the body ownership illusion.” The watch’s location is available through visual 

perception and the sense of proprioception, making it easier to localize during the VR 

experience. Ries et al. found that embodiment improves participants’ ability to estimate 

distances within the virtual world [76]. Users can launch or close the questionnaire 

interface by pressing the green button on the watch visible in Figure 5, which allows 

participants to control the state of the questionnaire interface, giving them a sense of 

agency. The sense of agency is one’s perception of control or influence in the virtual 

world. According to Sherman et al. [75], “knowing one has the ability to influence the 
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world seems to give them a more positive outlook.” Buetti and Lleras [77] argue that 

achieving agency generally enhances a VR experience.  

  In our Questionnaire Toolkit’s VE, participants can start a trial button by pressing 

the start trial button (see Sub-section 4.1.2). The button starts visual and audio timers 

when participants need to answer a questionnaire. Participants can see the visual timer in 

minutes and seconds on a virtual television screen in the VE and hear audio that goes 

faster and lowers its volume as a participant approaches the end of the timer. The 

additional audio sensory element benefits users when they cannot see the visual timer. 

They can still sense the time left by listening to the audio feedback. Once the timer ends, 

audio and active haptic feedback alarm the user to complete the questionnaires. The 

former is in the form of a computerized female voice that repeats, “Please fill the 

questionnaire;” The latter is the vibration of the left-hand controller. The alarms repeat 

until the user launches the questionnaire panel. The event that starts the alarms does not 

need to be triggered using the start trial button. However, developers could modify this so 

that different events in the VE or even the researcher from a desktop computer could 

trigger the alarm to complete a questionnaire.  

We chose a female voice for the audio alarm because a study by Ji et al. [88]  

showed that a female voice provides a better user experience as a communication 

method. Industries use female voices in most smartphone devices and navigation 

systems, for instance, Siri in Apple devices and Alexa in amazon products. They argue 

that the female voice is more trustworthy, acceptable, and pleasurable than the male voice 

as a communication method in interactive systems. 
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The Questionnaire Watch uses direct bimanual interaction. Using both hands 

allows users to transfer the knowledge and skills of interacting with everyday objects. For 

example, we coordinate both hands to interact with our mobile phones or write on paper. 

Balakrishnan and Kurtenbach’s study found that performance using the bimanual 

technique for a target selection task was 20% faster than a one-handed interface [78]. The 

questionnaire watch follows the three principles proposed by Guiard that characterize the 

asymmetric division of labor and the bimanual roles of hands in tasks [79]. A user 

initiates the manipulation by the non-dominant left hand (in our case) by turning the wrist 

for the dominant hand to press the green launch button (Figure 6a). The non-dominant 

hand adjusts the spatial frame of the questionnaire interface for the user to make 

selections using the dominant hand (Figure 6b). The dominant hand performs precise 

movements to select buttons that move between tabs, answer questions, and submit the 

questionnaires, while the non-dominant hand performs gross manipulation (Figure 6c). 

Figure 6: (a) Turn wrist to launch the survey; (b) Adjust spatial frame of reference (c) Select buttons 

(dominant hand), gross manipulate (non-dominant hand). 

Internal 

The questionnaire toolkit accounts for future developers and robustness by: - 

1.) The utility of standard software engineering principles 

Figure 7 shows our usage of the simple factory idiom [80]. The Survey Manager is a 

class that takes care of presenting the questionnaires in the VR environment. It is a client 
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of the QuestionFactory. The question types of Multiple-Choice Question (MSQ) and 

Likert Scale Question (LSQ) implement the Question interface. Question types are 

classes resembling a type of question; they contain attributes and behaviors specific to 

their implementation. For example, a question type of Multiple-Choice Question can 

create a question with choices between 1 to 4, each with short text presented in a certain 

way. The QuestionFactory can create those types of questions and hand them back to the 

client, in our case, the Survey Manager. This version of the Questionnaire Toolkit 

supports MS and LS question types. We decoupled the Survey Manager from the 

implementation of questions to eliminate dependencies between the classes and allow 

developers to add new question types in the future. Figure 7 shows an example in red of 

new types of questions developers can add by implementing the Question abstract class. 

  

 

 

 

 

 

 

 

 

 

Figure 7: A Class Diagram showing the structure of the Factory Idiom in the Questionnaire Toolkit 

code. 

2.) The use of Unity packages  
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The XR interaction framework is a high-level, cross-platform framework that provides 

utilities for 3D and UI interaction across multiple VR and Augmented Reality (AR) 

platforms [81]. 

3.) The integration of a third-party database 

Microsoft Azure PlayFab is a powerful tool for everything needed to build and operate a 

live application with multiuser services, cloud data management, and analytics [68]. The 

azure PlayFab database allows developers to write scripts to expand on the data that 

enters the database. For example, a developer can write scripts to produce analytics on 

the results of questionnaires or a script to save and share questionnaires with other VR 

devices. 

4.) Developing with software version control and online build. 

Unity Collaboration and Gaming Services allows developers to speed up development in 

team settings and share builds online effortlessly [82]. 

3.3 Other Software 

We used online packages to reduce our development time. First, a log prompter to print 

Unity’s log messages onto a text canvas in the VR environment [2]. The log prompter 

served as feedback for users’ interactions on the virtual television in the VE shown in 

Sub-Section 4.1.2 Figure 8. It ignores customized phrases such as irrelevant messages 

and errors we do not want to prompt. The second is a Unity Asset Store package (3D UI 

Concept) [1]. The package provided us with a concept design of a 3D UI panel . We used 

their buttons and pagination system but changed the UI’s interaction technique, 

functionality, look, and feel to embed questionnaires on the 3D UI panel.  
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3.4 Questionnaire Toolkit 

The Questionnaire Toolkit serves as an in-VRQ system to perform tasks and 

embed questionnaires in VR. Although this version is a prototype with limitations, it is 

still a proof of concept and a tool for conducting research studies. Feedback from other 

students who used the toolkit in their studies has helped improve this version of the 

Questionnaire Toolkit. We hope our study and the interest of other researchers help 

further enhance the toolkit in the future. 
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Chapter  4: Method 

This chapter describes our two approaches to evaluating the Questionnaire Toolkit. First, 

a user study to learn the differences in usability, task load, and presence; when 

participants use the Questionnaire Toolkit compared to Google Forms on a tablet. 

Second, a cognitive walkthrough to understand the ease of use and learnability of the 

Questionnaire Toolkit. The goal of the cognitive walkthrough was to unveil usability 

issues for researchers who would like to utilize the toolkit in research studies. We tested 

the first version of the Questionnaire Toolkit in the pilot testing discussed in Section 3.1. 

The pilot testing helped us develop the second version of the Questionnaire Toolkit, 

which we deemed sufficient for deployment in a user study. The order of evaluations 

does not matter in this research since modifications to the second version of 

Questionnaire Toolkit will be made in the next development cycle. 

This research has been cleared by Carleton University Research Ethics Board B 

Clearance #117705. The user study followed COVID-19 protocols. The evaluator wore a 

mask, provided participants with masks and sanitizers, and cleaned all surfaces using 

anti-bacterial wipes or the Clean Box CX2 [83]. 

4.1 User Study 

In the user study, participants performed tasks in a VR environment and then answered 

questionnaires to compare and test two different configurations of administering 

questionnaires in VR experiences.  

4.1.1 Participants 

We recruited fifteen participants through a study poster and a virtual invitation letter on 

Carleton’s research email and recruitment Facebook page. Two out of the fifteen 
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participants performed pilot experiments that helped identify problems with the 

experimental method; One out of the fifteen was an outlier. The final number of 

participants considered for the study was twelve. The results of the demographics and VR 

experience questionnaire show that participants’ age ranges were from 20 to 43 (9M:3F), 

with most participants (8/12) in the range of 27-33. All participants were right-handed; 

one participant stated being both left and right-handed. In terms of vision, five 

participants wore glasses and one contact lens. None of the participants indicated any 

color vision deficiencies. We informed participants that they must have previous VR 

experience. All twelve participants indicated experience with VR displays. Moreover, 

nine stated rarely using VR displays, two too often, and one occasional. The most VR 

display used by participants is the Oculus Quest (9), followed by Oculus Rift (4) and 

Google Cardboard (4).  

Five participants indicated an educational or work background that could benefit 

from using the Questionnaire Toolkit. They agreed to view the process of inputting and 

outputting data from and to the Questionnaire Watch. In addition, they participated in a 

semi-structured interview. 

4.1.2 Apparatus 

The experiment took place at a Carleton University laboratory of 12 by 16 meters with 

ample space for participants to walk. The large space enabled real walking for our travel 

technique, increasing presence compared to other locomotion techniques [17]. In 

addition, we applied other ideas to engage users, such as smooth immersion. Smooth 

immersion is the concept “that transition into the virtual world, whether the user starts 

from a replica or simply puts the HMD on, has to be a continuous process [84].” It is 
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known to increase users’ attention and reduce confusion [24]. We utilized smooth 

immersion by creating a virtual replica of the real-world lab. We also added an animated 

virtual person sitting at the exact location of the evaluator during the experiment. The 

addition of the virtual person was to enhance smooth immersion and avoid BIP.  When 

participants sense or talk to an evaluator that is not part of the virtual world, they could 

experience BIP [17]. Figure 8 below shows images of the virtual replica with objects 

matching the real lab except for the virtual door and the pit room. We added the virtual 

low-hanging door on purpose for behavioral observations. In addition, we carefully 

measured and calibrated the dimensions of the VE to fit the lab (with buffer added) so 

that participants do not collide but can still get tactile feedback from specific objects. For 

instance, participants could see a chair in the VR HMD and sit on it in real life for greater 

immersion.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Virtual replica of the real-world lab, with a pit room and a virtual door for experiment 

purposes. 
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Our experiment task implemented the pit room scenario, first proposed by 

Meehan et al. [85], who measured participants’ physiological responses when standing 

over a deep pit in VR. The study found a significant difference in participants’ heart rate, 

indicating a heightened sense of presence [86]. Other studies have also benefited from 

using a pit room as a proxy to induce presence in the VR environment. 

In our study participants stood on an elevated green platform shown in Figure 9 

below. While there was an empty lab floor in front of them, they were overlooking a pit 

room in the VE.  

 

 

 

 

 

 

 

Figure 9: Participant performing a task on the green platform overlooking the pit room. 

Participants performed the tasks while wearing an Oculus Quest HMD. The researcher 

sanitized the HMD after each participant with UVC LED in the Clean Box CX2 [89]. In 

addition, the researcher streamed participants’ HMD view on an Apple 13” laptop for the 

researcher to provide aid when needed. The researcher used a pen and paper to record 

participants’ behavior and reactions to the virtual door and the pit. Participants filled in 

the pre-study and post-condition questionnaires using a mouse and keyboard on a desktop 

computer. They answered the out-VRQs condition using a Samsung Galaxy 10.1 tablet 
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and the in-VRQs condition using the Questionnaire Watch through the Oculus Quest 

Controllers.  

Users can start a trial timer by pressing the red button on the office table in the 

VE shown in Figure 10 below. The trial timer visual countdown appears on a virtual 

television screen in the VE and plays an audio sound that goes faster and lowers as a user 

approaches the end of the allocated time. When the timer ends, audio and haptic feedback 

alarm the user to fill out the questionnaires. The former is in the form of a computerized 

voice that repeats, “Please fill the questionnaire;” The latter is the vibration of the left-

hand controller. The alarms repeat until the user launches the questionnaire and the panel 

appears. 

 

Figure 10: An image of the office table in the virtual environment showcasing the start trial (red), 

reset (pink), and launch survey (green) buttons. 
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There are four tabs in the Questionnaire Watch panel; the first is the introduction 

tab with instructions on the tasks. The second and third tabs contain two unique 

questionnaires. The fourth tab sends the questionnaire results to the database. Users 

control the orientation of the Questionnaire Watch panel using the left-hand controller 

and interact with it using the right-hand controller by touching the interface with the 

index finger of the right virtual hand. The panel features semi-transparent material that 

does not obstruct the user’s view and a dark background behind the questionnaires’ text 

for contrast. 
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4.1.3 Procedure 

In this sub-section, we provide details on the order and duration of the tasks in the 

experiment. Figure 11 and Figure 12 give an overview of the study procedure. 

 

 

 

 

 

 

Figure 11: Duration and order of experimental procedure. 

Pre-Study 

When participants arrived at the lab, the researcher greeted them and asked them to sit in 

an office desk chair. They provided participants with a debriefing and consent form to 

read and sign. Afterward, the researcher asked them to fill in a demographics and VR 

background questionnaire through Google Forms on a desktop computer.  

Preparation Stage 

Meanwhile, the researcher inserted the HMD into the Clean Box for sanitization and 

calibrated the VE to fit the real lab. Next, the researcher sat in the office desk chair and 

informed the participants to stand in front of the lab door, wear the Oculus Quest, and 

walk to the questionnaire chair marked in orange in Figure 12 below. The participants sat 

on the chair, exploring the VE around them. The researcher then helped participants 

adjust the HMD to see clearly and trained them on using the Questionnaire Watch. The 

researcher informed the participants of the two tasks in the experiment and offered them a 

test trial. When participants were satisfied with the training, the researcher asked them to 
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press the pink button on the office desk to reset the environment to its original state. 

Next, the researcher asked the participants to press the start trial button for the audio and 

visual timers to begin before starting each task. 

Experiment 

Participants performed two experiment tasks (refer to Figure 12 below):  

• Task 1 (Gather Material) – They navigated to the green platform in the pit 

room and leaned out over the virtual pit to pick up 4 large concrete blocks, 

2 small ones, and 1 wooden board. They placed the concrete blocks in the 

brown box on the office desk, and the wooden plank against the desk. The 

researcher recorded reflex reactions towards ducking under the low-

hanging virtual door each time a participant walked into or out of the pit 

room. 

• Task 2 (Build Table) – They built the display table on the wooden cube 

pallet using the gathered material. 

After each task, participants filled in an IPQ presence questionnaire using the 

Questionnaire Watch (in condition A) and Google Forms on a tablet by taking off the 

HMD and placing the VR controllers on their lap (in condition B) while sitting on the 

questionnaire chair. We counterbalanced the conditions for each subsequent participant. 

A participant can run the experiment by performing task 1 and task 2 in condition A, then 

task 1 and task 2 in condition B, or start with condition B and then condition A. 

Meanwhile, the researcher observed and noted participants’ behavioral responses to the 

virtual door and pit. 
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Figure 12: Bird’s eye view of the environment with Task (1) highlighted in blue, Task (2) in white 

and the questionnaire chair where participants sit in orange. 

Post-Questionnaires 

After performing the first set of tasks and completing questionnaires using one condition, 

participants took off the HMD and answered the task load and usability questionnaires on 

the desktop computer. Then, they returned to the questionnaire chair, put on the HMD, 

and repeated the process, but this time using the other condition. Afterward, they filled in 

the second set of task load and usability questionnaires for the other condition again on 

the desktop computer. At the end of the experiment, the researcher thanked the 

participants and provided them with their compensation of a 10$ Amazon gift card.  

Researchers  
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The final phase of the study included participants interested in using the Questionnaire 

Toolkit for research. Five participants stayed a little longer. The researcher walked them 

through the process of embedding Google Forms questionnaires onto the Questionnaire 

Watch and extracting the results from the database. The researcher asked the participants 

questions in a semi-structured interview. After the interview, participants left the lab, and 

the researcher sanitized all equipment with sanitizing wipes before receiving the next 

participant. 

4.1.4 Design 

Aside from the training, the number of trials was 12 participants x 2 questionnaire modes 

x 2 tasks = 48 trials. There is one independent variable (questionnaire mode) with two 

levels: in-VRQ – The Questionnaire Watch and out-VRQ – Google Forms on a tablet. To 

avoid order effects, we counterbalance the questionnaire modes using a 2 x 2 Latin 

Square. The dependent variables are the presence, task load, and usability scores 

discussed below.  

There are multiple techniques to for self-reported measures in user studies [3]: 

questionnaires, behavioral, physiological, psychological, interviews, and vocalizations. In 

this study, we applied three techniques:  

1.) We observed participants’ behaviors in the environment, such as ducking under 

the virtual door and their reactions to the pit. 

2.) We gathered participants’ subjective responses using in-VRQs and out-VRQs. 

3.) We conducted semi-structured interviews for select participants to capture user 

preferences and opinions on the toolkit.  

Presence 
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We chose the 7-point Likert scale I-group Presence Questionnaire (IPQ) to evaluate 

presence [87]. The IPQ, introduced by Schubert et al. [88], is one of the most used 

presence questionnaires in cyberpsychology [3]. Researchers use the 14-item 

questionnaire for all forms of virtual environments. The version we used includes an item 

on the general presence (GP) and features three subscales:- 

1. Spatial presence (SP) – the sense of being physically present in the VE. 

2. Involvement (INV) – measuring the attention devoted to the VE and the 

involvement experienced. 

3. Experienced realism (ER) – measuring the subjective experience of realism in the 

VE. 

Task Load  

The NASA-TLX is one of the most popular subjective workload methods developed by 

Hart and Staveland in 1988 [17], [89]. It consists of two parts: the first is a set of 100-

point Likert scale questions; the second is comparative selections to determine the 

weights of questions. Twenty years later, Hart [90] reported that the second part could 

decrease experimental validity and thus researchers should not use them in all studies. 

They recommend using only validated versions of the NASA-TLX. 

 Therefore, we do not use the second part of the NASA-TLX; instead use a 

validated version, the Simulation Task Load Index (SIM-TLX) [91]. We used 7-point 

Likert scale questions with very low to very high anchors. The SIM-TLX builds on the 

NASA-TLX and SURG-TLX. Haris et al. [92] developed and validated it specifically for 

VR workload measures. It adopts the NASA-TLX subscales applicable to VR, including 

the mental, physical, temporal, and frustration demands. Furthermore, the subscales of 
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complexity, stress, and distractions from the SURG-TLX. In the end, Haris et al. added 

the items perceptual strain, task control, and presence for their importance in VR user 

studies.  

Usability 

An essential element of interactive design is understanding the usability of a product or 

interface. One measure of perceived usability in various fields and applications is the 

System Usability Scale (SUS). The SUS is a widely used standardized questionnaire that 

is highly robust and versatile [93].  

 We used a slightly modified 10-items, 5-point Likert-scale SUS with anchors 

from 1 to 5 (strongly disagree to strongly agree) [94]. The modification included 

replacing the word “system” in questions with either Questionnaire Watch or tablet. For 

example, “I think that I would like to use the system frequently” was modified to “I think 

that I would like to use the Questionnaire Watch frequently.” Brooke et al. [95] designed 

the SUS to produce a single overall measure from the questionnaire, standardizing the 

interpretation of the scores across diverse applications. 

For the complete list of questionnaire items used in this study, please refer to 

Appendix A on page 75. 

4.2 Walkthroughs 

This section discusses the walkthrough evaluations conducted in this study. The goal of 

the evaluations was to assess the ease of use and learnability of the Questionnaire Toolkit 

deployment process for researchers who would like to utilize it in VR research. We 

conducted two evaluations using pluralistic and cognitive walkthroughs. Participants 

walked through a set of tasks and highlighted usability issues in the pluralistic 
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walkthroughs, which involved a team of participants with different knowledge 

backgrounds offering different perspectives, and a cognitive walkthrough which involved 

a single participant. All participants deployed the Questionnaire Toolkit using the 

deployment instructions provided in Appendix B on page 90. They then evaluated the 

Questionnaire Toolkit on their VR devices using a slightly modified version of the SUS 

and SIM-TLX for this evaluation, with some of the items that do not apply removed. 

4.2.1 Participants 

Usability evaluations can expose many issues in an interface with few participants 

[19]. Three to five evaluators can detect up to 75% of the total usability problems [96]. 

For our evaluations, we recruited three male participants with an age range of 27-40. Two 

participants stated being right-handed and not wearing glasses or contact lenses; the third 

participant indicated wearing contact lenses and being both right and left-handed. All 

participants stated no color vision deficiencies and experienced using Oculus Quest 

previously. Participants had different educational and work backgrounds. Participant one 

stated being a Ph.D. in Cognitive Science and used VR devices occasionally. Participants 

2 and 3 stated working in the health data science and the information technology 

industry, respectively. Both rarely use VR devices. Participants one and two did a 

pluralistic walkthrough, while participant three did a cognitive walkthrough. 

4.2.2 Apparatus 

Participants used their personal computers to conduct the walkthroughs. The researcher 

provided them with a pdf version of the Questionnaire Toolkit deployment instructions 

shown in Appendix B. The participants used an Oculus Quest, a type-C charging cable, 

and paper and pen to write down comments. We conducted the pluralistic walkthrough on 
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a Microsoft Teams call and the cognitive walkthrough in person at Carleton University. 

Figure 13 shows an image of the setup used in the pluralistic walkthrough. Participants 

used Side Quest [97] to download the Questionnaire Toolkit, Google Forms [73] to 

access SUS and SIM-TLX pre-made questionnaire, our FormsConverter (discussed in 

Chapter 3) to convert Forms questionnaires to JSON, and the PlayFab Azure database 

[68] database to input questionnaire data into the VR environment and retrieve the 

results. Finally, they used a generic online JSON-to-text converter to convert the results 

into text for analysis. 

 

 

 

 

 

 

 

Figure 13: An image of the setup used in the pluralistic walk-through. 

4.2.3 Procedure 

The researcher provided participants interested in running the study with a date and time 

for the meeting. At the beginning of the meeting, the researcher started with a briefing 

session. They briefed participants about the goal of the evaluation. The researcher 

reminded participants to presume the role of a researcher when following instructions to 

deploy the Questionnaire Toolkit. As participants walked through the action sequences 

for each task, the researcher asked them to keep in context the following questions [16]:  

Q1.) Will a researcher know what to do to achieve each step? 
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Q2.) Can researchers understand and see buttons and items they should use for the 

following action? 

Q3.) Is there enough feedback to indicate a correct or incorrect action? 

 Throughout the walk-throughs, the researcher and participants identified and 

compiled why specific steps could cause problems to users. In addition, they noted side 

issues that would improve the process of deploying the questionnaire toolkit.  

 After deploying the Questionnaire Toolkit on their devices, the participants 

launched the application and answered the SUS and SIM-TLX questionnaires they 

embedded using the Questionnaire Watch. In the end, participants conducted a non-

structured interview to gather their opinions on the Questionnaire Toolkit. The duration 

of the walk-throughs was approximately 2 hours. The researcher thanked the participants 

and offered them a 10$ amazon gift card for compensation. 
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Chapter  5: Results 

This chapter presents results from the quantitative user study evaluating presence, task 

load, and usability scores between questionnaire modes.  

Also, the results of the SIM-TLX and SUS questionnaires participants answered 

in the Questionnaire Watch, post walkthroughs. 

5.1 User Study Results 

The questionnaire scores produced different results in the form of Likert scales 

and a single score based on Likert scales in the case of SUS. For practicality, we 

converted the questionnaire results to a standard scale aligned with the SUS from 0 to 

100, with 0 being worst and 100 being best [98].    

We did not invert the questionnaire scores in the user study, only the 

questionnaire scores of the walkthroughs we present in Table 3 and Table 4; instead 

marked positive-toned questions visually with a (+) for easier inspection and analysis in 

Figure 15 and Figure 16. Positive-toned questions’ scores are high when participants 

strongly agree, while negative tones questions’ scores are high when participants strongly 

disagree. After plotting the scores of the three questionnaires on scatter plots, we found 

outliers relating to the same participant. We removed the participant by trimming their 

data points.  

We logged participants’ behavioral responses to the virtual door and pit. All 

twelve participants ducked under the virtual door every time they passed through it; four 

participants hesitated before stepping on the green platform overlooking the pit. 
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In the following subsections, we summarized the results for each measure in a 

graph and then performed a statistical analysis investigating the effect of questionnaire 

mode on the scores. 

5.1.1 Presence 

Figure 14 below shows the results of the IPQ questionnaires for task 1 (Gather Material) 

and task 2 (Build Table). The mean IPQ scores for task 1 were 69.94 for in-VRQ and 

65.28 for out-VRQ. For task 2, the mean scores were 72.32 for in-VRQ and 69.84 for 

out-VRQ. The Shapiro-Wilk tests showed a significant departure from normality when 

using all the IPQ data (W (752) = .874, p < .001). We assessed homogeneity of variance 

using Levene's test between the conditions’ means. We found no significant difference ( 

F1,23 = 0.9337, p<.05). A one-tailed Wilcoxon Signed-Rank test on the means showed no 

significant difference between the conditions (tasks combined) at ( Z1,11 = -1.1406. p 

<0.05). Also, no significant difference when comparing the conditions’ task 1 results at ( 

Z1,11 = -1.412, p <0.05) and task 2 results (Z1,11 = 0.3556, p <0.05). The IPQ mean scores 

were slightly higher for the in-VRQ condition. However, we did not find a statistically 

significant difference between the IPQ mean scores. 

 

 

 

 

 

 

IPQ Scores 
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Figure 14: Results of IPQ scores for task 1, task 2, and tasks combined.  

5.1.2 Task Load 

Figure 15 below shows the results of the SIM-TLX questionnaires. The mean SIM-TLX 

score for in-VRQ was 75.56 and for out-VRQ was 78.47. The Shapiro-Wilk tests for all 

the data showed a significant departure from the normality (W (240) = .823, p < .001). 

Using the mean scores of conditions, we assessed homogeneity of variance using 

Levene's test. We found no significant difference ( F1,11 = 0.3388, p <.05). We used a 

one-tailed Wilcoxon Signed-Rank test on the means and found no significant difference 

between the conditions at (Z1,11 = -0.8664, p <.05). Figure 15 showed a noticeable 

difference between some of the subscales of the conditions. Thus, we analyzed the 

subscales using a one-tailed Wilcoxon Signed-Rank test. We found a significant 

difference at p <.05 in the subscales: presence (Z1,11 = -2.2934, p = .01101), and physical 

demand  (Z1,11 = -2.1405, p = .01618). We attempted a Wilcoxon- Signed-Rank test for 

task control, but the subscale data violated the test’s assumptions due to many ties in 

scores.  The results of the SIM-TLX questionnaires indicate that participants reported a 

higher sense of presence (question 1) when returning to tasks for the in-VRQ condition 

— also higher physical demand (questions 2). 

IPQ Scores IPQ Scores 
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Figure 15: Frequency of SIM-TLX Likert scale answers. Arrows indicate statistically significant differences  between conditions on a given 

questionnaire item,  p < .05.
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5.1.3 Usability 

Figure 16 below shows the results of the SUS questionnaires. The SUS scores were 78.75 

for in-VRQ and 81.46 for out-VRQ. Using a one-tailed Wilcoxon Signed-Rank Test on 

participants’ scores, we found no significant difference between the conditions at (Z1,11 = 

-0.2548, p <.05). The mean scores of the SUS are analogous between the in-VRQ and 

out-VRQ conditions. A further inspection of Figure 16 indicates a noticeable difference 

between the conditions in question 10. A higher number of participants would prefer the 

Questionnaire Watch in VR experiences over the tablet. 
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Figure 16: Frequency of SUS Likert scale answers. 
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5.2 Walk-through Questionnaires 

Three participants answered the questionnaires using the Questionnaire Watch post 

walkthroughs. Table 3 and Table 4 below show the results of their SIM-TLX and SUS 

questionnaires, respectively. The SUS scores for participants 1, 2, and 3 were 75, 90, and 

100; the SIM-TLX scores were 78,78, and 93, respectively. We reversed the scores of all 

negative toned questions in the SIM-TLX and SUS Tables to create a consistent heat map 

and marked them with (reversed) [99].  

The heatmaps are primarily green, indicating that participants highly scored the usability 

and task load of the Questionnaire Watch. However, we notice a few shades of yellow 

highlighting some of the issues they faced regarding usability and task load. 

 

 

 

 

 

 

 

Table 3: Results of the SIM-TLX walk-through questionnaires. Negative toned questions reversed. 

 

 

 

 

 

 

 

Table 4: Results of the SUS walk-through questionnaire. Negative toned questions reversed. 

1 2 3 4 5 6 7
Strongly Disagree Strongly AgreeLegend

1 2 3 4 5
Strongly Disagree Strongly Agree

SIM-TLX Participant 1 Participant 2 Participant 3
How mentally fatiguing is using the Questionnaire Watch?  (reversed) 5 5 6
How physically fatiguing is using the Questionnaire Watch? (reversed) 5 3 7
How hurried or rushed do you feel during answering the Questionnaire Watch? (reversed) 6 7 7
How insecure, discouraged, irritated, stressed or annoyed are you? (reversed) 6 6 7
How complex is the task of answering questions in the Questionnaire Watch? (reversed) 5 6 5
How stressed do you feel while anwering questions in the Questionnaire Watch? (reversed) 5 6 7
How distracting is the Questionnaire Watch environment? (reversed) 7 6 7
How uncomfortable/irritating is the visual aspects of the Questionnaire Watch? (reversed) 7 6 6
How difficult is the Questionnaire Watch to control/navigate? (reversed) 5 6 7

SUS Participant 1 Participant 2 Participant 3
I find the Questionnaire Watch unnecessarily complex. (reversed) 3 4 5
I think that I would need assistance to be able to use the Questionnaire Watch. (reversed) 3 5 5
I think there is too much inconsistency when filling the Questionnaire Watch. (reversed) 5 4 5
I find the Questionnaire Watch very cumbersome/awkward to use. (reversed) 3 5 5
I needed to learn a lot of things before I could get going with the Questionnaire Watch.  (reversed) 3 4 5
I think that I would like to use the Questionnaire Watch in VR experiences. 4 5 5
I think the Questionnaire Watch easy to use. 5 5 5
I find the various functions in the Questionnaire Watch were well integrated. 5 5 5
I would imagine that most people would learn to use the Questionnaire Watch very quickly. 4 5 5
I feel very confident using the Questionnaire Watch. 5 4 5
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Chapter  6: Discussion & Conclusion 

The study evaluated the Questionnaire Toolkit using two approaches: First, a user 

study to investigate the effect of questionnaire mode (in-VRQ vs. out-VRQ) on presence, 

usability, and task load self-measures. Second, a usability evaluation to discover issues 

researchers face when deploying the Questionnaire Toolkit.  

6.1 Presence 

The observational findings suggest that our VE immersed participants. A 

participant commented, “The mathematical modeling and physics in the virtual world 

was good; it felt real.”  

Four out of twelve demonstrated behavior of nervousness when performing task 1 

(Gather Material). Two participants froze before stepping on the green platform. When 

the researcher asked a participant to step onto the green platform, one participant said, “I 

cannot; I am scared.” Another stated, “Are you sure I am not going to fall in the pit?”. 

All twelve participants ducked under the virtual door every time they entered and 

exited the pit room. The more frequently they passed, the lower the intensity of ducking. 

The participants were not able to deliberately ignore the virtual door. A participant 

commented, “I cannot get over the ducking reflex even though I know the door does not 

exist.”   

The IPQ scores align with the studies reviewed in Section 2.2 Table 2 [23], [24], 

[28], [29]. However, we found a significant difference in the presence item of the SIM-

TLX questionnaire. A few participants mentioned feeling “more immersed” when using 

the Questionnaire Watch. The IPQ questionnaire solicits users’ opinions on their sense of 

presence in the virtual world we created. The results indicate that removing the HMD and 
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answering IPQ questionnaires on the tablet did not affect participants’ perceived sense of 

virtual world presence.  

On the other hand, the SIM-TLX presence item asked participants specifically 

about their feeling of presence when using the Questionnaire Watch versus the tablet. 

Participants indicated a higher sense of presence going back to VR tasks after using the 

Questionnaire Watch. Thus, the Questionnaire Watch might increase the sense of 

presence in VR users over a tablet.  

6.2 Task Load 

Although there was no overall significant difference in the SIM-TLX scores, we 

found a significant difference between the conditions in 2 items shown in Figure 15:  

1. presence (question 1) - discussed in the previous subsection. 

2. physical demand (question 9) 

  The statistical analysis results suggest that each condition had one advantage and 

one disadvantage in task load measures. A significant difference in physical demand is 

coherent with the findings of our interviews.  

The results of the SIM-TLX scores are comparable with a previous study from the 

literature reviewed in Section 2.2, Table 2 [23]. Alexandrovsky et al.’s study used a 

world-space anchored 2D in-VRQ with a pointer ray. They found a significant difference 

in the physical demand subscale as well. They attributed the results to participants 

standing while using the VR controllers to complete questionnaires. Their reasoning does 

not apply to our study because our participants sat down when answering questionnaires. 

In our study, most participants reported issues reading the text when using the 

Questionnaire Watch. One participant said, “My biggest issue with the Questionnaire 



 64 

Watch was the text. It was very blurry.” Another stated, “The text was blurry; is that 

normal?”. One reason for this issue might be that nine out of twelve participants rarely 

used VR devices, as shown in (Section 4.1.1). We believe it takes experience adjusting 

VR devices for optimal reading. Furthermore, all twelve participants wore masks, causing 

the Oculus Quest lenses to fog up. Other factors, such as sweating and wearing glasses (5 

participants), could have also affected reading.  

 Some participants had unsteady or shaky hands while manipulating the 

Questionnaire watch, which made selections difficult with the right hand. The interface of 

the Questionnaire Watch is large to accommodate 7-point-Likert scale questions. We 

needed ample space between question choices for direct interaction. We suspect the 

interface panel size and closeness presented difficulties in viewing the panel and 

performing tasks efficiently. A participant said, “the interface was too big…I had to push 

it away” another stated, “I had to hold my left hand in an awkward position.” They 

suggested that the current angle of the Questionnaire Watch is unnatural for lengthy 

questionnaires such as the ones presented in the experiment.   

The overall outcome of the SIM-TLX questionnaires indicated no difference in 

overall task load performance between the conditions. However, the Questionnaire Watch 

might be more physically demanding than a tablet.. The results of the SIM-TLX 

questionnaire call for improvements to certain aspects of the Questionnaire Watch 

interface in future iterations. 

6.3 Usability 

The SUS scores for the Questionnaire Watch and tablet were 78.75 and 81.46, 

respectively. Previous studies that investigated in-VRQs (Section 2.2, Table 2) 
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established similar results in usability measures.  For example, Alexandrovsky et al. [23] 

report slightly lower usability for their in-VRQ condition than their out-VRQ. Yet, they 

found no significant difference in usability scores between the conditions. Regal et al. 

compare different mounting positions and placement of in-VRQs. They reported high 

UMUX scores (between 80 and 85) for their in-VRQ design choices. UMUX scores 

correspond closely to SUS [94]. 

Our conditions scored above average between Good (71.4) and Excellent (85.5) 

[93]. Question 10 in Figure 16 16 shows that participants preferred the Questionnaire 

Watch over the tablet in VR experiences. Below we detail findings from the user study 

interviews of five participants explaining the difference in score for this item: 

Participant 1 wants to use the Questionnaire Watch in VR experiences. The 

interaction felt natural and convenient. It felt straightforward after learning, like the 

tablet. They felt immersed and focused away from the distractions around them. 

Participant 2 works in a nuclear power plant. The Questionnaire Toolkit would 

benefit nuclear power plant VR training mock-ups because they can use it without 

removing our equipment. For their training, they wear heavy equipment, including big 

gloves and a radiation suit. It takes a long time to remove the equipment and answer out-

VRQs. Out-VRQs previously increased the duration of the training, and many trainees 

reported a loss of information trying to remember tasks performed in the VE. 

Participant 3 believes Out-VRQs increase the overall duration of firefight 

simulation training. By the time the firefighters remove their equipment and go to another 

room. They answer questions on things they did 5-10 minutes ago rather than 

immediately causing recall bias. 
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Participant 4 would like to test the Questionnaire Toolkit in their psychology 

studies with pilots using flight simulators. They currently use vocal questionnaires 

subject to tone bias and other issues. Pilots felt disoriented when using out-VRQs in 

flight simulations because they had to remove their HMD frequently, which affected 

flight performance significantly. 

Participant 5 works in the medical field. They use VR displays for rehabilitation. 

They would benefit from the Questionnaire Toolkit by surveying patients in the VE, so 

they remember the experience better. 

6.4 Walkthroughs 

Three participants evaluated the Questionnaire Toolkit in the walkthroughs. Overall, the 

participants felt that importing questionnaires and exporting the results was 

straightforward. One participant appreciates the Google Forms integration since it is a 

free service. On the other hand, a second participant expected the process to be “fluid” 

and mentioned that too many steps require researchers to copy and paste data, which 

introduces human error. In addition, they highlighted that the need to export results after 

each participant is a drawback. A researcher can forget this step and lose their data. 

The participants walked through each step of deploying the Questionnaire 

Toolkit. They used the remote study instructions in Appendix B to deploy the toolkit on 

their VR devices. Once they deployed the toolkit successfully, they answered the SUS 

and SIM-TLX questionnaires in the VR environment. Table 3 and Table 4 show the 

results from the questionnaires. The scores highlighted in green are a positive indication 

supporting the usability and task load of the Questionnaire Watch. Participants 

experienced some issues with physical demand highlighted in yellow, just like the 
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findings from the user study. We present the usability issues discovered in the 

walkthroughs: 

•        Unity build link: we learned that links to our Unity Online build could 

expire. We should store the toolkit application on a different storage cloud with a 

link that does not expire. 

•        FormsConvertor link: our FormsConvertor link will only work on Google 

Chrome. We must add a note to the instructions sheet informing users to open 

Google Chrome. 

•        Implementation of videos: participants suggested adding short videos to 

explain steps instead of animated images. 

•        Steps Enhancement: participants indicated that some steps are too long and 

complicated. They can improve by splitting them into multiple. Likewise, we can 

combine steps for efficiency. 

•        Additional Details: we asked participants to copy Google Forms 

questionnaire links without providing reasoning behind their actions. Participants 

asked for additional details in those steps explaining the reason for performing 

specific activities. For example: “We developed the ready-made questionnaires as 

an example of questionnaire researchers would like to embed in the VR 

environment.” 

The participants were able to deploy the Questionnaire Toolkit and use it but only with 

the help of the researcher. We conclude that the instructions sheet will need revisions 

before researchers can deploy the toolkit alone. The walkthroughs have provided us with 
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crucial usability issues to prepare the Questionnaire Toolkit as a methodological tool for 

researchers to use in the future. 
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6.5 Conclusion 

In this thesis, we surveyed 34 studies in the VR literature to understand the contemporary 

usage of questionnaires in VR and applications of in-VRQs. In addition, we inspected 

studies investigating the effect of using in-VRQs vs. out-VRQs. We conducted a user 

study comparing the self-reported presence, usability, and task load measures between 

the Questionnaire Toolkit and Google Forms on a tablet. Furthermore, we performed 

cognitive walkthroughs to uncover usability issues in the deployment process of the 

Questionnaire Toolkit.  

The literature survey findings suggest that future studies consider the design of 

novel in-VRQ interfaces for continuous and subsequent tasks (temporal variations). From 

our sample of 34, we found that most of the questionnaires used in VR literature are 

Likert scale questionnaires with measures of cybersickness leading, followed by 

presence. Our sample results support the claim that SSQ is the most used questionnaire in 

VR research. We recommend that future in-VRQ designs focus on Likert scale 

questionnaires. Our results support the claims by Alexandrovsky et al. [23] and 

Shafikhani et al. [29] that researchers still neglect reporting on questionnaire usage in VR 

literature. There are no standard guidelines on questionnaire design and usage. 

The observational results show that our VE immersed participants. We utilized 

the concepts of smooth immersion, pit room scenario, embodiment, and real walking to 

improve immersiveness. Participants’ comments and reports from the interview support 

the observational findings. 

Our study presents novel presence results for the in-VRQ literature. Schwind et 

al., Alexandrovsky et al., Regal et al., and Shafikhani et al. [23], [24], [28], [29] reported 
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no significant difference in presence scores. In our study, participants indicated a higher 

sense of presence in the Questionnaire Watch over the tablet in the SIM-TLX presence 

subscale. The outcome of the interviews supports those results. Most participants 

reported feeling more immersed when using the Questionnaire Watch. However, our IPQ 

results align with the results reported in previous in-VRQ literature. The inconsistency of 

presence measures findings could hint to considering other research methods. We suggest 

designing a user study focusing on the sense of presence. The study should use 

physiological measures for presence measures [100]. Slater suggests moving away from 

heavy reliance on questionnaires and exploring other ways to measure the sense of 

presence, such as physiological methods. Furthermore, increase the number of 

questionnaire administrations to at least 8 (from literature survey findings) to amplify the 

effects of BIPs, total experimental duration, and disorientation. 

The overall task load results showed no significant difference between the 

conditions; however a significant difference in physical demand for the Questionnaire 

Watch. Participants faced difficulties reading text in the Questionnaire Watch. Most 

participants rarely used VR devices; we believe it takes experience to set up the inter-

pupillary distance slider and position of HMDs for optimal reading. Moreover, 

participants wore masks that fogged up the Oculus Quest lenses, making them face 

difficulties in reading. Other issues were with the angle of the Questionnaire Watch and a 

shaky left hand. Participants got tired of raising their left hand when answering 

questionnaires. Thus, they rested the watch on their lap, placing it at an awkward angle. 

Regarding usability scores, the results showed no significant difference between 

the conditions. Some participants explained their preferences for the Questionnaire 
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Watch in the interviews.  Participants who used VR displays in their academic fields or 

industries all mentioned interest in using the Questionnaire Toolkit. Their users wore 

heavy equipment, including big gloves and suits, which made it difficult or even 

impossible to administer out-VRQs causing users to: 

1. Answer questions on things they did 10 to 15 minutes ago rather than 

immediately. (Bias, loss of information) 

2. Spend much time removing equipment which substantially increased 

training duration and costs. 

  We were particularly interested in two participants the psychology researcher 

who works with pilots in flight simulations and the professional engineer who 

administers training in nuclear power plants. They both provide us with novel practical 

findings where in-VRQs are the only solution for their application. Their VR setup does 

not permit the removal of HMDS, highlighting the importance of in-VRQs in some 

applications. Furthermore, both are not experts in VR and thus need VR developers to 

provide them with VEs to run user studies and a simple, easy-to-use toolkit to embed 

questionnaires into the VR environment. 

Finally, the walkthroughs effectively uncovered usability issues in the deployment 

process to improve future iterations of the Questionnaire Toolkit. The results of the SIM-

TLX and SUS questionnaires from the walkthrough support the results of the user study 

Researchers were able to deploy the Questionnaire Toolkit using the instructions sheet 

but only with the help of the evaluator (H3). 

A limitation of our study was that most participants recruited were right-handed. 

Left-handed users might struggle with the questionnaire toolkit since the design of the 
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Questionnaire Watch forces them to use their right hand for selection. Left-handed users 

can always manipulate the tablet with their right hand and perform selections using their 

left hand. Perhaps we can allow users to switch between hands in future iterations. 

Another limitation is the lack of comparison to most studies investigating in-

VRQs since they use 2D UIs. Shafikani et al. is the only study utilizing a 3D UI with the 

main drawback of an increase in total experimental duration compared to their 2D UI and 

out-VRQ. Although we observed a lower in-VRQ experimental duration than the tablet, 

we did not formally record the time. We will undoubtedly measure experimental duration 

in future studies to draw better conclusions. 

A third limitation is the low number of participants compared to previous in-VRQ 

literature. The number of participants prevented us from testing for significant differences 

in the task control subscale of the SIM-TLX questionnaire. Multiple ties in the task 

control subscale trimmed the data to a minimal number that does not meet our test 

assumptions. The low number of participants is because we conducted the user study 

during a summer semester with a limited number of students on campus. 

This thesis successfully expanded on the knowledge of in-VRQ applications, 

design choices, and practices. Moreover, it provided the in-VRQ literature with a novel 

alternative in-VRQ design in the form of a 3D UI Questionnaire Watch with a bimanual 

direct interaction technique. The study introduced a toolkit that helps lower the entry 

barrier to VR researchers by providing them with an experimental task system to use in 

their studies. Researchers found interest in using the Questionnaire Toolkit in VR 

experiences over the tablet and presented us with examples that regard in-VRQs as the 

only option in specific applications (H2). Although we found no significant difference in 
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overall presence, task load, and usability scores, our results showed advantages for using 

the Questionnaire Watch over the tablet for presence measures but disadvantages in task 

load increasing the physical demand on users (H1). We recommend using the 

Questionnaire Watch for presence measures and applications where immediate 

questionnaire administrations in the VR environment are necessary. In the next section, 

we suggest future design changes that could help alleviate or eliminate physical demand 

issues in future versions of the Questionnaire Watch 

6.6 Design Lessons 

The thesis outcome motivates future work on the design of the Questionnaire Toolkit. We 

suggest two areas for improvement with brief examples:   

Physical demand. One suggestion is to modify the interaction technique so that users no 

longer manipulate the questionnaire panel using their left hand. After launching the 

questionnaire, the panel spawns in space in front of users in the VE and follows the 

rotation of the HMD. This design choice would raise other questions about on whether 

the same selection technique still applies. Another suggestion is to introduce a minimum 

threshold before the Questionnaire Watch responds to users’ movements and add the 

capability to allow users to change the size and angle of the interface. These 

modifications target improvements to solve the issues reported by participants regarding 

a shaky left hand, undesired panel angle, and positioning but their feasibility in terms of 

development is questionable. 

Questionnaire toolkit deployment. One of the participants highlighted the issue of 

needing to export results after each participant to avoid data loss. We can solve this issue 

by storing long-term data in the database instead of temporary variables. The solution can 
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also extend to questionnaire input into the database, where participants would be able to 

save ready-made questionnaires in the database and share them with other Questionnaire 

Toolkit users. 

 The thesis offered invaluable knowledge on the design and implementation of in-

VRQs by conducting a literature survey, a user study, and a cognitive walk trough.  We 

hope future researchers utilize the Questionnaire Toolkit to embed questionnaires in the 

VR environment and conduct user studies using the experimental task setup we provide. 
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Appendix A: User Study Material 

A.1 Study Poster 
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A.3 Email Invitation 
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A.4 Clearance Certificate 

 

 

 



 78 

A.5 Debriefing and Consent Form 
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A.6 Post-Study Interview 

A.7 SIM-TLX Questionnaire 
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A.8 SUS Questionnaire 
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A.9 IPQ Questionnaire  
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A.10 Pre-Study Questionnaire 
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Appendix B: Walkthrough Material 

B.1 Deployment Instructions Sheet 
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B.2 Email Invitation 
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B.3 Debrief and Consent Form 



 97 

 

 

 

 



 98 

 

 

 

 

 

 



 99 

Bibliography or References 

[1] “VR 3D Menu - Concept UI Design | GUI Tools | Unity Asset Store.” 

https://assetstore.unity.com/packages/tools/gui/vr-3d-menu-concept-ui-design-

144993 (accessed Sep. 18, 2022). 

[2] “【Unity】Debug.LogをTextMeshProに表示する - Qiita.” 

https://qiita.com/_udonba/items/7453c1a2cca1517857e3 (accessed Aug. 08, 2022). 

[3] W. R. Sherman and A. B. Craig, “Introduction to Virtual Reality,” Understanding 

Virtual Reality, pp. 4–58, Jan. 2019, doi: 10.1016/B978-0-12-800965-9.00001-5. 

[4] J. J. LaViola, 3D user interfaces : theory and practice.  

[5] U. Celikcan, Detection and Mitigation of Cybersickness via EEG-Based Visual 

Comfort Improvement; Detection and Mitigation of Cybersickness via EEG-Based 

Visual Comfort Improvement. 2019. 

[6] D. A. Bowman, J. L. Gabbard, and D. Hix, “A survey of usability evaluation in 

virtual environments: Classification and comparison of methods,” Presence: 

Teleoperators and Virtual Environments, vol. 11, no. 4, pp. 404–424, Aug. 2002, 

doi: 10.1162/105474602760204309. 

[7] A. Rizzo, E. Nalivaiko, N. Du, ˙ Zmá Nska, P. Strojny, and A. Strojny, “Can 

Simulator Sickness Be Avoided? A Review on Temporal Aspects of Simulator 

Sickness,” 2018, doi: 10.3389/fpsyg.2018.02132. 

[8] W. R. Sherman and A. B. Craig, “Virtual Reality: Past, Present, Future,” 

Understanding Virtual Reality, pp. 780–821, Jan. 2018, doi: 10.1016/B978-0-12-

800965-9.00010-6. 



 100 

[9] P. JONES, T. OSBORNE, C. SULLIVAN-DRAGE, N. KEEN, and E. GADSBY, 

“What is VR and why use it in research?,” Virtual Reality Methods, pp. 1–27, Jun. 

2022, doi: 10.2307/J.CTV2N7J137.7. 

[10] P. JONES, T. OSBORNE, C. SULLIVAN-DRAGE, N. KEEN, and E. GADSBY, 

“Conclusion:,” Virtual Reality Methods, pp. 136–142, Jun. 2022, doi: 

10.2307/J.CTV2N7J137.13. 

[11] B. O. Rothbaum et al., “Virtual reality exposure therapy for PSTD Vietnam 

veterans: A case study,” J Trauma Stress, vol. 12, no. 2, pp. 263–271, 1999, doi: 

10.1023/A:1024772308758. 

[12] M. S. Cameirão, S. B. I. Badia, E. D. Oller, and P. F. M. J. Verschure, 

“Neurorehabilitation using the virtual reality based Rehabilitation Gaming System: 

Methodology, design, psychometrics, usability and validation,” J Neuroeng 

Rehabil, vol. 7, no. 1, pp. 1–14, Sep. 2010, doi: 10.1186/1743-0003-7-

48/FIGURES/9. 

[13] A. Garcia-Palacios, H. Hoffman, A. Carlin, T. A. Furness, and C. Botella, “Virtual 

reality in the treatment of spider phobia: A controlled study,” Behaviour Research 

and Therapy, vol. 40, no. 9, pp. 983–993, Sep. 2002, doi: 10.1016/S0005-

7967(01)00068-7. 

[14] A. Pejemsky, K. van Benthem, and C. M. Herdman, “Comparing the Impact of 

State Versus Trait Factors on Memory Performance in a Virtual Reality Flight 

Simulator,” Communications in Computer and Information Science, vol. 1498 

CCIS, pp. 369–376, 2021, doi: 10.1007/978-3-030-90176-9_48/COVER. 



 101 

[15] A. Kroma, N. al Kassm, and R. J. Teather, “Motion Sickness Conditioning to 

Reduce Cybersickness,” Proceedings - SUI 2021: ACM Spatial User Interaction 

2021, Nov. 2021, doi: 10.1145/3485279.3485300. 

[16] H. Sharp, Y. Rogers, and J. Preece, “Interaction design : beyond human-computer 

interaction,” pp. 561–566, 2019. 

[17] J. J. LaViola, 3D user interfaces: theory and practice. 2017. 

[18] J. Preece, H. Sharp, Y. Rogers, and J. Preece, Interaction Design - Beyond Human-

Computer Interaction, Fifth Edition. 2019. 

[19] I. S. MacKenzie, “Human-Computer Interaction,” Hum Comput Interact, 2013, 

doi: 10.1016/C2012-0-02819-0. 

[20] B. G. Witmer and M. J. Singer, “Measuring presence in virtual environments: A 

presence questionnaire,” Presence: Teleoperators and Virtual Environments, vol. 

7, no. 3, 1998, doi: 10.1162/105474698565686. 

[21] R. S. Kennedy, N. E. Lane, K. S. Berbaum, and M. G. Lilienthal, “Simulator 

Sickness Questionnaire: An enhanced method for quantifying simulator sickness.,” 

undefined, vol. 3, no. 3, pp. 203–220, 1993, doi: 10.1207/S15327108IJAP0303_3. 

[22] S. Graf and V. Schwind, “Inconsistencies of Presence Questionnaires in Virtual 

Reality,” Proceedings of the ACM Symposium on Virtual Reality Software and 

Technology, VRST, Nov. 2020, doi: 10.1145/3385956.3422105. 

[23] D. Alexandrovsky et al., “Examining Design Choices of Questionnaires in VR 

User Studies”, doi: 10.1145/3313831.3376260. 

[24] V. Schwind, P. Knierim, N. Haas, and N. Henze, “Using presence questionnaires 

in virtual reality,” 2019. doi: 10.1145/3290605.3300590. 



 102 

[25] J. Jerald, “The VR book : human-centered design for virtual reality,” p. 599. 

[26] S. Putze, D. Alexandrovsky, F. Putze, S. Höffner, J. D. Smeddinck, and R. Malaka, 

“Breaking the Experience: Effects of Questionnaires in VR User Studies,” 

Conference on Human Factors in Computing Systems - Proceedings, Apr. 2020, 

doi: 10.1145/3313831.3376144. 

[27] M. Feick, N. Kleer, A. Tang, and A. Krüger, “The Virtual Reality Questionnaire 

Toolkit,” UIST 2020 - Adjunct Publication of the 33rd Annual ACM Symposium on 

User Interface Software and Technology, pp. 68–69, Oct. 2020, doi: 

10.1145/3379350.3416188. 

[28] G. Regal et al., “Questionnaires embedded in virtual environments: reliability and 

positioning of rating scales in virtual environments,” Qual User Exp, vol. 4, p. 5, 

2019, doi: 10.1007/s41233-019-0029-1. 

[29] S. Safikhani, M. Holly, A. Kainz, and J. Pirker, “The influence of In-VR 

questionnaire design on the user experience,” Proceedings of the ACM Symposium 

on Virtual Reality Software and Technology, VRST, Dec. 2021, doi: 

10.1145/3489849.3489884. 

[30] W. IJsselsteijn, H. D. R.-P. in S. Virtual, and undefined 1998, “Measuring 

temporal variations in presence,” academia.edu, Accessed: Aug. 14, 2022. 

[Online]. Available: 

https://www.academia.edu/download/79122662/573292880861556.pdf 

[31] “Omni Search.” https://ocul-

bu.primo.exlibrisgroup.com/discovery/search?vid=01OCUL_BU:BU_DEFAULT 

(accessed Aug. 16, 2022). 



 103 

[32] L. E. Garrido et al., “Focusing on cybersickness: pervasiveness, latent trajectories, 

susceptibility, and effects on the virtual reality experience,” Virtual Real, vol. 1, p. 

3, doi: 10.1007/s10055-022-00636-4. 

[33] Y. Farmani, · Robert, and J. Teather, “Evaluating discrete viewpoint control to 

reduce cybersickness in virtual reality,” vol. 24, pp. 645–664, 2020, doi: 

10.1007/s10055-020-00425-x. 

[34] L. B. Cadet, · Emanuelle Reynaud, and H. Chainay, “Memory for a virtual reality 

experience in children and adults according to image quality, emotion, and sense 

of presence,” Virtual Real, vol. 26, pp. 55–75, 2022, doi: 10.1007/s10055-021-

00537-y. 

[35] T.-C. Tsai, T.-Y. Pan, and M.-C. Hu, “Investigating the Affective State of VR 

HMD User When Watching Videos Displayed in Different Formats; Investigating 

the Affective State of VR HMD User When Watching Videos Displayed in 

Different Formats,” 2021 IEEE International Conference on Artificial Intelligence 

and Virtual Reality (AIVR), 2021, doi: 10.1109/AIVR52153.2021.00055. 

[36] D. Shao and I.-J. Lee, “Acceptance and Influencing Factors of Social Virtual 

Reality in the Urban Elderly,” vol. 12, p. 9345, 2020, doi: 10.3390/su12229345. 

[37] S. J. Kim, T. H. Laine, and H. J. Suk, “electronics Article,” 2021, doi: 

10.3390/electronics10091051. 

[38] Ç. Yildirim, B. Bostan, and M. İ. Berkman, “Impact of different immersive 

techniques on the perceived sense of presence measured via subjective scales,” 

Entertain Comput, vol. 31, Aug. 2019, doi: 10.1016/J.ENTCOM.2019.100308. 



 104 

[39] L. Andre and R. Coutellier, CYBERSICKNESS AND EVALUATION OF A 

REMEDIATION SYSTEM: A PILOT STUDY.  

[40] A. Szpak, S. C. Michalski, and T. Loetscher, “Exergaming With Beat Saber: An 

Investigation of Virtual Reality Aftereffects,” J Med Internet Res 

2020;22(10):e19840 https://www.jmir.org/2020/10/e19840, vol. 22, no. 10, p. 

e19840, Oct. 2020, doi: 10.2196/19840. 

[41] C. Hirt, M. Eckard, and A. Kunz, “Stress generation and non-intrusive 

measurement in virtual environments using eye tracking,” J Ambient Intell 

Humaniz Comput, vol. 11, no. 12, pp. 5977–5989, Dec. 2020, doi: 

10.1007/S12652-020-01845-Y/FIGURES/12. 

[42] A. J. Barrett, A. Pack, and E. D. Quaid, “Understanding learners’ acceptance of 

high-immersion virtual reality systems: Insights from confirmatory and 

exploratory PLS-SEM analyses,” Comput Educ, vol. 169, p. 104214, Aug. 2021, 

doi: 10.1016/J.COMPEDU.2021.104214. 

[43] S. Grassini, K. Laumann, S. Thorp, V. De, M. Topranin, and B. Behav, “Using 

electrophysiological measures to evaluate the sense of presence in immersive 

virtual environments: An event-related potential study,” 2021, doi: 

10.1002/brb3.2269. 

[44] D. Narciso, M. Bessa, M. Melo, A. Coelho, and J. Vasconcelos-Raposo, 

“Immersive 360 ∘ video user experience: impact of different variables in the sense 

of presence and cybersickness,” Univers Access Inf Soc, vol. 18, no. 1, pp. 77–87, 

Mar. 2019, doi: 10.1007/S10209-017-0581-5. 



 105 

[45] N. Wenk, M. v Jordi, K. A. Buetler, and L. Marchal-Crespo, “Hiding Assistive 

Robots During Training in Immersive VR Does Not Affect Users’ Motivation, 

Presence, Embodiment, Performance, Nor Visual Attention,” IEEE 

TRANSACTIONS ON NEURAL SYSTEMS AND REHABILITATION 

ENGINEERING, vol. 30, p. 2022, doi: 10.1109/TNSRE.2022.3147260. 

[46] S. Misztal, G. Carbonell, L. Zander, and J. Schild, “Simulating Illness: 

Experiencing Visual Migraine Impairments in Virtual Reality,” 2020 IEEE 8th 

International Conference on Serious Games and Applications for Health, SeGAH 

2020, Aug. 2020, doi: 10.1109/SEGAH49190.2020.9201756. 

[47] H. G. Kenngott et al., “IMHOTEP: cross-professional evaluation of a three-

dimensional virtual reality system for interactive surgical operation planning, 

tumor board discussion and immersive training for complex liver surgery in a 

head-mounted display,” Surg Endosc, vol. 36, no. 1, pp. 126–134, Jan. 2022, doi: 

10.1007/S00464-020-08246-4. 

[48] M. Gottsacker, N. Norouzi, K. Kim, G. Bruder, and G. Welch, “Diegetic 

Representations for Seamless Cross-Reality Interruptions; Diegetic 

Representations for Seamless Cross-Reality Interruptions,” 2021 IEEE 

International Symposium on Mixed and Augmented Reality (ISMAR), 2021, doi: 

10.1109/ISMAR52148.2021.00047. 

[49] K. Ito, M. Tada, H. Ujike, and K. Hyodo, “Effects of the Weight and Balance of 

Head-Mounted Displays on Physical Load,” 2021, doi: 10.3390/app11156802. 



 106 

[50] L. Cao, · Chao Peng, and Y. Dong, “Ellic’s Exercise Class: promoting physical 

activities during exergaming with immersive virtual reality,” Virtual Real, vol. 25, 

pp. 597–612, 2021, doi: 10.1007/s10055-020-00477-z. 

[51] R. Hussain, M. Chessa, and F. Solari, “Foveated Depth-of-Field Blur,” Sensors, 

vol. 21, p. 4006, 2021, doi: 10.3390/s21124006. 

[52] S. Mohapatra et al., “Simplified Virtual Reality System Can Be Used to Evaluate 

the Temporal Discrimination Ability in Softball Batting as in the Real 

Environment,” Frontiers in Sports and Active Living | www.frontiersin.org, vol. 1, 

p. 843896, 2022, doi: 10.3389/fspor.2022.843896. 

[53] Y. Masuoka, H. Morikawa, T. Kawai, and T. Nakagohri, “Use of Smartphone-

Based Head-Mounted Display Devices to View a Three-Dimensional Dissection 

Model in a Virtual Reality Environment: Pilot Questionnaire Study,” JMIR Med 

Educ 2019;5(1):e11921 https://mededu.jmir.org/2019/1/e11921, vol. 5, no. 1, p. 

e11921, Jan. 2019, doi: 10.2196/11921. 

[54] H. J. Oh and G. C. Lee, “Feasibility of full immersive virtual reality video game on 

balance and cybersickness of healthy adolescents,” Neurosci Lett, vol. 760, p. 

136063, Aug. 2021, doi: 10.1016/J.NEULET.2021.136063. 

[55] Y.-S. Yang et al., “Assessment of Wheelchair Propulsion Performance in an 

Immersive Virtual Reality Simulator,” Public Health, vol. 18, p. 8016, 2021, doi: 

10.3390/ijerph18158016. 

[56] H. Y. Seol, S. Kang, J. Lim, S. H. Hong, and I. J. Moon, “Feasibility of Virtual 

Reality Audiological Testing: Prospective Study,” JMIR Serious Games 



 107 

2021;9(3):e26976 https://games.jmir.org/2021/3/e26976, vol. 9, no. 3, p. e26976, 

Aug. 2021, doi: 10.2196/26976. 

[57] M. C. Lin, S. Narang, B. Herbelin, Y. Pan, and A. Steed, “How Foot Tracking 

Matters: The Impact of an Animated Self-Avatar on Interaction, Embodiment and 

Presence in Shared Virtual Environments,” Frontiers in Robotics and AI | 

www.frontiersin.org, vol. 6, 2019, doi: 10.3389/frobt.2019.00104. 

[58] A. H. Sadeghi et al., “Remote multidisciplinary heart team meetings in immersive 

virtual reality: a first experience during the COVID-19 pandemic,” BMJ Innov, 

vol. 7, pp. 311–315, 2021, doi: 10.1136/bmjinnov-2021-000662. 

[59] M. Malihi, J. Nguyen, R. E. Cardy, S. Eldon, C. Petta, and A. Kushki, “Data-

Driven Discovery of Predictors of Virtual Reality Safety and Sense of Presence for 

Children With Autism Spectrum Disorder: A Pilot Study”, doi: 

10.3389/fpsyt.2020.00669. 

[60] A. R. Ward and R. Capra, “Immersive Search: Using Virtual Reality to Examine 

How a Third Dimension Impacts the Searching Process,” 2020, doi: 

10.1145/3397271.3401303. 

[61] F. Reer, L. O. Wehden, R. Janzik, W. Y. Tang, and T. Quandt, “Virtual reality 

technology and game enjoyment: The contributions of natural mapping and need 

satisfaction,” Comput Human Behav, vol. 132, p. 107242, Jul. 2022, doi: 

10.1016/J.CHB.2022.107242. 

[62] Z. Choudhary et al., “Revisiting distance perception with scaled embodied cues in 

social virtual reality,” Proceedings - 2021 IEEE Conference on Virtual Reality and 



 108 

3D User Interfaces, VR 2021, pp. 788–797, Mar. 2021, doi: 

10.1109/VR50410.2021.00106. 

[63] V. Alejandro Huerta-Torruco, Ó. Hernández-Uribe, L. Adriana Cárdenas-Robledo, 

and N. Amir Rodríguez-Olivares, “Effectiveness of virtual reality in discrete event 

simulation models for manufacturing systems,” Comput Ind Eng, vol. 168, Jun. 

2022, doi: 10.1016/J.CIE.2022.108079. 

[64] K. H. Seok, Y. H. Kim, W. Son, and Y. S. Kim, “Using Visual Guides to Reduce 

Virtual Reality Sickness in First-Person Shooter Games: Correlation Analysis,” 

JMIR Serious Games 2021;9(3):e18020 https://games.jmir.org/2021/3/e18020, 

vol. 9, no. 3, p. e18020, Jul. 2021, doi: 10.2196/18020. 

[65] W. R. Sherman and A. B. Craig, “Understanding virtual reality : interface, 

application, and design,” p. 908. 

[66] “Google Scholar.” https://scholar.google.com/ (accessed Sep. 18, 2022). 

[67] “Unity Real-Time Development Platform | 3D, 2D VR & AR Engine.” 

https://unity.com/ (accessed Jun. 18, 2022). 

[68] “Microsoft Azure PlayFab | Full Stack LiveOps, Real-time Control.” 

https://playfab.com/ (accessed Aug. 08, 2022). 

[69] “Apps Script  |  Google Developers.” https://developers.google.com/apps-script 

(accessed Jun. 18, 2022). 

[70] “Beginning JSON - BEN SMITH - Google Books.” 

https://books.google.ca/books?hl=en&lr=&id=ZYYnCgAAQBAJ&oi=fnd&pg=PP

3&dq=what+is+json+format&ots=ahGWp1VVEy&sig=UVx_QBV3G7xbP7fIDE



 109 

4JJxOlJ4k#v=onepage&q=what%20is%20json%20format&f=false (accessed Sep. 

06, 2022). 

[71] D. Saffer, “What is Interaction Design,” Designing for Interaction, 2010. 

[72] N. Maiden, “So, what is requirements work?,” IEEE Softw, vol. 30, no. 2, 2013, 

doi: 10.1109/MS.2013.35. 

[73] “Google Forms: Online Form Creator | Google Workspace.” 

https://www.google.ca/forms/about/ (accessed Aug. 29, 2022). 

[74] “Why are more people right-handed? - Scientific American.” 

https://www.scientificamerican.com/article/why-are-more-people-right/ (accessed 

Sep. 17, 2022). 

[75] W. R. Sherman and A. B. Craig, Understanding Virtual Reality: Interface, 

Application, and Design. Elsevier Inc., 2003. doi: 10.1162/105474603322391668. 

[76] B. Ries, V. Interrante, M. Kaeding, and L. Anderson, “The effect of self-

embodiment on distance perception in immersive virtual environments,” 

Proceedings of the ACM Symposium on Virtual Reality Software and Technology, 

VRST, pp. 167–170, 2008, doi: 10.1145/1450579.1450614. 

[77] S. Buetti and A. Lleras, “Perceiving control over aversive and fearful events can 

alter how we experience those events: An investigation of time perception in 

spider-fearful individuals,” Front Psychol, vol. 3, no. SEP, p. 337, 2012, doi: 

10.3389/FPSYG.2012.00337/BIBTEX. 

[78] R. Balakrishnan and G. Kurtenbach, “Exploring bimanual camera control and 

object manipulation in 3D graphics interfaces,” Conference on Human Factors in 



 110 

Computing Systems - Proceedings, pp. 56–63, 1999, doi: 

10.1145/302979.302991/FORMAT/PDF. 

[79] J. J. LaViola, E. Kruijff, R. P. McMahan, D. A. Bowman, and I. Poupyrev, 3D 

user interfaces. 2017. 

[80] E. Freeman and E. Robson, Head First Design Patterns, 10th ed. O’Reilly Media, 

Incorporated, 2014. 

[81] “XR Interaction Toolkit | XR Interaction Toolkit | 0.9.4-preview.” 

https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@0.9/manual/in

dex.html (accessed Jul. 06, 2022). 

[82] “Unity Gaming Services.” https://dashboard.unity3d.com/login?redirectTo=Lw== 

(accessed Aug. 08, 2022). 

[83] “Cleanbox CX2 - CleanBox Technology.” 

https://cleanboxtech.com/product/cleanbox-cx2-vr-ar-headset-cleaner/ (accessed 

Aug. 28, 2022). 

[84] D. Valkov and S. Flagge, “Smooth immersion: The benefits of making the 

transition to virtual environments a continuous process,” SUI 2017 - Proceedings 

of the 2017 Symposium on Spatial User Interaction, vol. 2017-October, pp. 12–19, 

Oct. 2017, doi: 10.1145/3131277.3132183. 

[85] M. Meehan, B. Insko, M. Whitton, and F. P. Brooks, “Physiological measures of 

presence in stressful virtual environments,” ACM Transactions on Graphics 

(TOG), vol. 21, no. 3, pp. 645–652, Jul. 2002, doi: 10.1145/566654.566630. 

[86] M. Meehan, S. Razzaque, B. Insko, M. Whitton, and F. P. Brooks, “Review of four 

studies on the use of physiological reaction as a measure of presence in stressful 



 111 

virtual environments,” Applied Psychophysiology Biofeedback, vol. 30, no. 3, pp. 

239–258, Sep. 2005, doi: 10.1007/S10484-005-6381-3. 

[87] “igroup presence questionnaire (IPQ) overview | igroup.org – project consortium.” 

http://www.igroup.org/pq/ipq/index.php (accessed Aug. 24, 2022). 

[88] T. Schubert, F. Friedmann, and H. Regenbrecht, “The Experience of Presence: 

Factor Analytic Insights,” Presence: Teleoperators and Virtual Environments, vol. 

10, no. 3, pp. 266–281, Jun. 2001, doi: 10.1162/105474601300343603. 

[89] S. G. Hart and L. E. Staveland, “Development of NASA-TLX (Task Load Index): 

Results of Empirical and Theoretical Research,” Advances in Psychology, vol. 52, 

no. C, pp. 139–183, Jan. 1988, doi: 10.1016/S0166-4115(08)62386-9. 

[90] S. G. Hart, “NASA-task load index (NASA-TLX); 20 years later,” Proceedings of 

the Human Factors and Ergonomics Society, pp. 904–908, 2006, doi: 

10.1177/154193120605000909. 

[91] D. Harris, M. Wilson, and · Samuel Vine, “Development and validation of a 

simulation workload measure: the simulation task load index (SIM-TLX),” vol. 24, 

pp. 557–566, 2020, doi: 10.1007/s10055-019-00422-9. 

[92] M. R. Wilson et al., “Development and Validation of a Surgical Workload 

Measure: The Surgery Task Load Index (SURG-TLX),” 2011, doi: 

10.1007/s00268-011-1141-4. 

[93] A. Bangor, P. T. Kortum, and J. T. Miller, “An empirical evaluation of the system 

usability scale,” Int J Hum Comput Interact, vol. 24, no. 6, pp. 574–594, Aug. 

2008, doi: 10.1080/10447310802205776. 



 112 

[94] J. R. Lewis, “The System Usability Scale: Past, Present, and Future,” Int J Hum 

Comput Interact, vol. 34, no. 7, pp. 577–590, Jul. 2018, doi: 

10.1080/10447318.2018.1455307. 

[95] “SUS: A ‘Quick and Dirty’ Usability Scale,” Usability Evaluation In Industry, pp. 

207–212, Jun. 1996, doi: 10.1201/9781498710411-35. 

[96] R. Mack and J. Nielsen, “Usability inspection methods,” ACM SIGCHI Bulletin, 

vol. 25, no. 1, pp. 28–33, Jan. 1993, doi: 10.1145/157203.157207. 

[97] “SideQuest.” https://sidequestvr.com/ (accessed Aug. 29, 2022). 

[98] “Converting Rating Scales to 0–100 Points – MeasuringU.” 

https://measuringu.com/converting-scales-to-100-points/ (accessed Aug. 29, 2022). 

[99] “Stats 2: Reliability.” 

https://psych.hanover.edu/classes/ResearchMethods/jamovi/reliability/reverseScori

ng.html (accessed Aug. 30, 2022). 

[100] M. Slater, “How colorful was your day? Why questionnaires cannot assess 

presence in virtual environments,” Presence: Teleoperators and Virtual 

Environments, vol. 13, no. 4, pp. 484–493, Aug. 2004, doi: 

10.1162/1054746041944849. 

  


	Abstract
	Acknowledgments
	Table of Contents
	List of Tables
	List of Illustrations
	List of Appendices
	Chapter  1: Introduction
	1.1 Virtual Reality
	1.2 Questionnaires in Virtual Reality

	Chapter  2: Related Work
	2.1  Literature Survey: Contemporary Use of Questionnaires in VR research
	2.1.1 Literature Survey Analysis

	2.2 Studies that investigate in-VRQs
	2.2.1 Presence
	2.2.2 Usability & Task Load

	2.3 Gap Analysis

	Chapter  3: Software
	3.1 Design Process
	3.2 Questionnaire Toolkit Usage and Design
	3.2.1 Usage
	3.2.2 Design

	3.3 Other Software
	3.4 Questionnaire Toolkit

	Chapter  4: Method
	4.1 User Study
	4.1.1 Participants
	4.1.2 Apparatus
	4.1.3  Procedure
	4.1.4 Design

	4.2 Walkthroughs
	4.2.1 Participants
	4.2.2 Apparatus
	4.2.3 Procedure


	Chapter  5: Results
	5.1 User Study Results
	5.1.1 Presence
	5.1.2 Task Load
	5.1.3 Usability

	5.2 Walk-through Questionnaires

	Chapter  6: Discussion & Conclusion
	6.1 Presence
	6.2 Task Load
	6.3 Usability
	6.4 Walkthroughs
	6.5 Conclusion
	6.6 Design Lessons


	Appendix A: User Study Material
	A.1 Study Poster
	A.2 TCPS2-ETHICS
	A.3 Email Invitation
	A.4 Clearance Certificate
	A.5 Debriefing and Consent Form
	A.6 Post-Study Interview
	A.7 SIM-TLX Questionnaire
	A.8 SUS Questionnaire
	A.9 IPQ Questionnaire
	A.10 Pre-Study Questionnaire

	Appendix B: Walkthrough Material
	B.1 Deployment Instructions Sheet
	B.2 Email Invitation
	B.3 Debrief and Consent Form

	Bibliography or References

