
ABSTRACT 

DAVIS, REBEKAH SACCO. Exploring Adolescents’ Sense of Presence with Educational 

Content in Immersive Virtual Reality: A Mixed Methods Study. (Under the direction of Dr. 

Meghan M. Manfra). 

 

The rapidly improving quality and decreasing prices of immersive virtual reality (IVR) 

devices have recently heightened interest in the use of IVR in all sectors – business, 

entertainment, and education. Technology suppliers market IVR to educational institutions as a 

must-have tool even though research fails to converge on specific benefits in terms of learning 

outcomes. Though researchers and practitioners maintain understandable optimism about 

potential benefits of IVR for instruction, work that details the potential affordances of IVR for 

traditional educational settings, particularly with younger learners, is scarce. A widely noted 

affordance of IVR is the common experience of the sense of presence induced in users. Presence, 

often described as the sense of “being there”, involves a sense of being in a place that one’s body 

is not located. Knowing how adolescents experience the sense of presence in IVR can aid 

educators with the selection of IVR devices and support better planning of learning experiences 

that harness the full potential of the affordance.  

This mixed methods study investigated adolescents’ experience of the sense of presence 

while using a Pico G2 4K headset and science educational content from VictoryXR. A well-

known questionnaire, the ITC-Sense of Presence Inventory (Lessiter, Freeman, Keogh, & 

Davidoff, 2001), provided quantitative information about users’ feelings about engagement, 

ecological validity, sense of physical space, and potential negative effects. This information was 

enhanced with the analysis of qualitative data comprised of answers to open-ended questions and 

transcripts of focus group interviews. Integrated findings show that the sense of presence in IVR 

was more about what the adolescent users thought they could do than about where they were. 



Participants felt heavily engaged by the experience, and the potential negative effects (headache, 

nausea, etc.) were not a barrier to participation. The interactivity and vividness offered by the 

device and content figured prominently in the engagment and sense of presence. Participants 

were able to share a variety of informational content learned even though they were not 

instructed to try to remember anything. These understandings about how adolescents (11-17 

years-old) experience the novel feeling of presence add to the body of general knowledge about 

IVR use and provide insight for the selection of IVR materials for classroom use, taking into 

consideration what the affordance of presence might mean for learning. The discussion of results 

centers on considerations for educators interested in using IVR with adolescents starting with 

device, content and user characteristics. Finally, a framework developed from the findings 

presents what educators might think and ask, and gives suggestions for guiding learners when 

using IVR for teaching and learning. 

  



 

 

 

 

 

 

 

 

 

 

 

© Copyright 2021 by Rebekah S. Davis 

All Rights Reserved



Exploring Adolescents’ Sense of Presence with Educational Content in Immersive Virtual 

Reality: A Mixed Methods Study 

 

 

 

 

by 

Rebekah Sacco Davis 

 

 

 

 

A dissertation submitted to the Graduate Faculty of 

North Carolina State University 

in partial fulfillment of the  

requirements for the degree of 

Doctor of Philosophy 

 

 

 

Teacher Education and Learning Sciences 

 

 

 

Raleigh, North Carolina 

2021 

 

 

 

APPROVED BY: 

 

 

 

_______________________________                       _______________________________ 

Dr. Meghan M. Manfra                                                        Dr. Julia O. McKeown 

Committee Chair 

 

 

_______________________________                       _______________________________ 

Dr. Michelle Falter                                              Dr. Colleen Paeplow 



 

ii 

 

DEDICATION 

This work is dedicated to the girl who wanted to be a doctor and was directed elsewhere instead. 

She found her way back. 

 

 

 

 

 

 

 

 

 

 

 

 



 

iii 

 

BIOGRAPHY 

Rebekah grew up in the mountains of North Carolina and found Elon (then College) 

University through her high school guidance counselor who suggested she apply for the NC 

Teaching Fellows program. She was accepted to the Teaching Fellows program at Elon, where 

she majored in Middle Grades Education with a focus on Language Arts and Social Studies. 

After college she made Alamance County home and began her career at Graham Middle School. 

Rebekah married her partner, Joe, in 1997 and gave birth to a son, Foster in 2000. She then 

returned to school full time and obtained a Master’s degree from NC State in Curriculum and 

Instruction in 2002. She went back to teaching in Alamance County at Woodlawn Middle 

School, and her daughter Ella was born in 2004. After the birth of her second child, Rebekah 

transferred to Turrentine Middle School where she became interested in gifted education. 

Certification from UNC Pembroke’s online program helped her shift to a new role in education – 

still in Alamance County – as a gifted education facilitator at multiple elementary and middle 

schools.  

Throughout her career in education, exploration and innovation with technology has been 

a constant. Early on she found herself searching for ways to incorporate new technologies into 

teaching. As a classroom teacher, Rebekah often volunteered for pilot programs and wrote grants 

to obtain technology tools for her students. She applied for and was given two of the earliest 

clamshell Mac laptops to use with students in 1997 and learned how to create 360-degree photos 

using a tripod and image stitching while at Graham Middle. Rebekah had students using 

PowerPoint for book talks as early as 2003 at Woodlawn and helped students at Turrentine create 

blogs for book journal entries before anyone really knew what blogging was (2007-2008). A 



 

iv 

 

$10,000 grant for using first edition Amazon Kindles and iPod touches in the Language Arts 

classroom was her biggest award before leaving classroom teaching to be a gifted ed facilitator.  

The love of helping others to use innovative tools and strategies in the classroom led her 

to return to NC State in 2017 to pursue a doctorate in Learning Design and Technology. During 

doctoral studies Rebekah served as the Digital Learning Graduate Assistant in the College of 

Education’s Media Resources Center (METRC). As a part of that assistantship, she became 

instructor of record for ECI 201, assisted with technology integration in education courses, 

helped with administration of Digital Learning Competencies requirements for undergraduates, 

and delivered Professional Growth sessions. In January 2021, she started working as a full-time 

research assistant with the Friday Institute Program Evaluation and Education Research (PEER) 

group. As a part of the PEER team at the Friday Institute, she is excited to continue to serve in 

North Carolina with thorough and thoughtful research and evaluation. Projects to which Rebekah 

has contributed thus far include PBS North Carolina’s At Home Learning Initiative, Durham 

Public Schools’ survey reporting, The Broadband Infrastructure Office’s Homework Gap 

Hotspot initiative and the NC New Teacher Support Program evaluation. 



 

v 

 

ACKNOWLEDGMENTS 

I would like to thank my advisors, Dr. Meghan Manfra and Dr. Julia McKeown, for 

believing in me and providing guidance along the way. I appreciate your time and effort. Thanks 

go to Dr. Michelle Falter and Dr. Colleen Paeplow as well for serving on my committee and 

helping to guide my thoughts as I worked on this study. Multiple colleagues and friends also 

helped, whether by sparking ideas, helping to recruit participants, offering ideas for editing, or 

just listening to me vent. Mike Cuales, Keith Lindsay, Kevin Winn, Erin Huggins, Shaun 

Kellogg – along with my other classmates and colleagues - thank you all.  

There were some individuals who helped me during the last four years and made up my 

core family at NC State, providing me with a safe space to explore and grow. I am forever 

grateful to Kerri Brown Parker who offered me a home in METRC, a listening ear and 

continuous support. I thank her for the time and expertise she shared with me. Laura Fogle’s 

calming and reassuring presence smoothed a path for me on many occasions and I am so glad to 

know her. Two fellow students, Jennifer Houchins and Teresa Leavens, have become close 

friends as we shared classes, completed projects and developed ideas. Their help and support 

have meant a lot to me and I intend to return the favor. The people around us both shape and 

reflect who we are. I want to be like all of the people I mentioned here: smart and compassionate, 

determined and faithful. Thank you all for your friendship and encouragement. 

Last, and most importantly, I would like to thank my family (biological, and chosen!) at 

home, especially my husband and children, for putting up with me for the last four years. The 

journey to completion involved plenty of late nights and weekends given up to academic work, 

and I hope they know that I missed them as much as they missed me. Family time is precious to 

me, so it was not taken lightly. As promised, I finished. I love you. 



 

vi 

 

TABLE OF CONTENTS 

LIST OF TABLES ........................................................................................................................ ix 

LIST OF FIGURES ....................................................................................................................... x  

Chapter 1: Immersive Virtual Reality for Teaching and Learning ........................................ 1 

Study Background .............................................................................................................. 2 

Defining Virtual Reality ........................................................................................ 2 

Immersive Virtual Reality for Teaching and Learning .......................................... 3 

Presence and IVR ................................................................................................... 7 

Presence and IVR for Learners in K12 ................................................................ 10 

Purpose of the Study ........................................................................................................ 12 

Theoretical Framework: Sense of Presence ......................................................... 14 

Methodological Overview ............................................................................................... 16 

Research Questions .............................................................................................. 16 

Scope of the Study ............................................................................................... 17 

Definitions............................................................................................................ 18 

Chapter 2: Literature on Presence and Learning with IVR .................................................. 20 

Theoretical Framework .................................................................................................... 22  

Defining Presence ................................................................................................ 22 

Presence and Learning with IVR ......................................................................... 22 

Physiological Indicators for Presence and Learning ................................ 23 

Presence and Content Learning ............................................................... 25 

Presence and Mental Models ................................................................... 28 

Affect and Agency Related to Presence in IVR for Education ................ 30 

Addressing Gender and Previous Technology Experience .................................. 33 

Documented Negative Effects of IVR ................................................................. 35 

Summary .......................................................................................................................... 38 

Chapter 3: Methodology............................................................................................................ 39 

Inquiry Worldview ........................................................................................................... 41 

Subjectivity Statement ..................................................................................................... 42 

Research Design............................................................................................................... 43 

Device and Content Selection .......................................................................................... 44 



 

vii 

 

Population and Participant Selection ............................................................................... 47 

Procedures ........................................................................................................................ 49 

            Instrument: The Independent Television Commission Sense of Presence .......... 53 

Data Collection ................................................................................................................ 54 

Survey Administration  ........................................................................................ 54 

Open-ended Questions ......................................................................................... 57 

Focus Group Interviews ....................................................................................... 57 

Demographic Description of Participants ........................................................................ 58 

Prior Experience with Technology ...................................................................... 59 

Level of Computer Experience ............................................................................ 59 

Frequency of Game Play ...................................................................................... 60 

Previous VR Use and Knowledge........................................................................ 61 

Data Analysis ................................................................................................................... 62 

Quantitative Data (Survey and Personal Characteristics) Analysis ..................... 62 

Qualitative Data Analysis .................................................................................... 64 

Chapter 4: Findings ................................................................................................................... 70 

Findings............................................................................................................................ 71 

Research Question 1: Participant Perceptions of IVR Experience .................................. 71 

Self-report on Learning ........................................................................................ 73 

Engagement.......................................................................................................... 75 

Attention Allocation .................................................................................. 76 

Control ....................................................................................................... 77 

User, Device and Content .................................................................................... 77 

Research Question 2: Extent of Factors of the Sense of Presence Experienced .............. 83 

Factor Summary ................................................................................................... 83 

Individual Items ................................................................................................... 86 

Factor Intercorrelations ........................................................................................ 88 

Prevalence of Negatives ....................................................................................... 89 

Interactions of Factors with Personal Characteristics .......................................... 90 

Summary .......................................................................................................................... 93 

Chapter 5: Discussion ................................................................................................................ 95 



 

viii 

 

Summary of Findings ....................................................................................................... 95 

 Participants’ Feelings About IVR and its Use ................................................................. 96 

 Potential for Learning with IVR ...................................................................................... 98 

 Engagement is a Key Part of the Sense of Presence in IVR .......................................... 101 

The Importance of Control............................................................................................. 104 

Device Interactivity and Vividness Contributed to the Sense of Presence .................... 106 

Potential Negative Effects of IVR ................................................................................. 107 

Factors of the Sense of Presence in Teaching and Learning ......................................... 109 

 Limitations ..................................................................................................................... 112 

 Moving Forward ............................................................................................................ 114 

References ................................................................................................................................. 117 

Appendices ................................................................................................................................ 136 

 



 

ix 

 

LIST OF TABLES 

Table 3.1 Visual Quality Comparison of the Pico G2 4K to Larger Units............................... 45 

 

Table 3.2 A Priori Codes for Text Analysis ............................................................................. 66 

 

Table 4.1 Summary Statistics for Factors n=40 ....................................................................... 85 

 

Table 4.2 Reliability Coefficients (Cronbach’s Alpha) for this Study and the Original .......... 85 

 

Table 4.3 Top Five and Bottom Five Rated Items ................................................................... 87 

 

Table 4.4 Pearson’s Correlation Results for the Factors of the Sense of Presence .................. 88 

 

Table 4.5 Descriptive Statistics for Negative Items. ................................................................ 89 

 

Table 4.6 One-way ANOVA for Negatives with Previous VR Usage ..................................... 91 

 

Table 4.7 T-test Comparison of Previous VR Usage ............................................................... 91 

 

Table 4.8 Pairwise Correlation of Factors with Digital Gaming Amount ................................ 92 

 

Table 4.9 Pairwise Correlation of Factors with Computer Experience .................................... 92 

 

Table 5.1 A Guide for Considering the Affordances of the Sense of Presence for  

Teaching and Learning ........................................................................................... 111 

 

 

 



 

x 

 

LIST OF FIGURES 

Figure 3.1 The Pico G2 4K IVR Headset Used in this Study .................................................... 44 

 

Figure 3.2 Illustration of 3DoF and 6DoF Movement Possibilities. ......................................... 45 

 

Figure 3.3 Laminated Instruction Card 1: Front and Back. ....................................................... 50 

 

Figure 3.4 Laminated Instruction Card 2 with Safety Reminders ............................................. 51 

 

Figure 3.5 “Adventures in Space”, the Theory of the Big Bang, Two Views. .......................... 52 

 

Figure 3.6 Infographic Containing the Participant Profile for the Study ................................... 60 

 

Figure 3.7  Sankey Diagram Representing Top Codes ............................................................... 68 

 

Figure 3.8  Mixed Methods Study Diagram ............................................................................... 69 

 

Figure 4.1 Factor Averages for the Sense of Presence .............................................................. 84 

 

Figure 4.2 Results for Two Questionnaire Items ....................................................................... 86 

 

Figure 5.1 Descriptive Frame: Device, User and Content Intersections with IVR ................. 101 

 

 



   

 

 

 

1 

CHAPTER ONE: INTRODUCTION 

Even though virtual reality seems to be an innovative new technology, devices and 

equipment that deliver virtual environments and experiences have existed for over 50 years. For 

example, Morton Heilig’s “Sensorama” (in 1962) and Ivan Sutherland’s “Sword of Damocles” 

(in 1968) provided evidence that flatscreen media could be augmented and enhanced to provide a 

virtual environment if you were willing to sit in an arcade cabinet or be strapped into a head 

mounted unit so heavy it had to be suspended from the ceiling (Burdea & Coiffet, 2003; Evans, 

2019). In the 1980s and 1990s, innovations in technology made the development of smaller and 

lighter virtual reality units possible. Various companies and researchers produced such 

equipment, but at costs of thousands of dollars, these types of devices would be kept out of 

mainstream use for many years. For example, VPL Research produced an “EyePhone” that cost 

$9,400 and depended on a multimillion-dollar computer for computing power (Harris, 2019). At 

that point smaller, more powerful devices seemed possible, but those items remained 

inaccessible for the average person. 

Glimpses of the fantastic future provided by multi-sensory virtual environments 

continued to seem just out of reach until less than ten years ago, when mobile VR (e.g., Google 

Cardboard, Samsung Gear VR, and the like) and gaming VR (e.g., HTC, Sony PlayStation) were 

introduced. Google Cardboard (released in 2014) and Samsung Gear VR (released in 2015) 

allowed users to view still images, and sometimes videos, with a viewer that placed them at the 

center of the spherical image. These devices placed people in virtual versions of locations they 

had never been or could never go. Shortly thereafter, video gamers welcomed interactive 

immersion in digitally generated games via the Oculus Rift, Playstation VR, and HTC Vive in 

2016. One of the drawbacks of these units was (and still is) the requirement of cords connecting 
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the headset to a high-end computer for the processing. VR gamers might consider this a minor 

issue given the greater computing power provided. Constant improvements to these existing 

products as well as new iterations of VR, such as the Oculus Go (which has already been 

retired!) and the Oculus Quest, which require no cord attachments, continue to delight users. The 

constant unveiling of new features, with better resolution and wider fields of view, gloves and 

other wearables allow increasingly complex content to reach the general consumer – and the 

educator. The addition of these newer versions (and discontinuation of others) calls for continual 

investigation of this sort of technology for any application to teaching and learning.  

Study Background 

Defining Immersive Virtual Reality (IVR) 

There is no one example of a virtual reality device. Interested researchers should expect 

multiple definitions within the genre and be particularly specific about which type of VR will be 

investigated. This study focused on immersive virtual reality (IVR) with a head mounted display 

(HMD), using digitally generated content. Unless otherwise indicated, IVR and VR (virtual 

reality) are used interchangeably in this study. For this study, the researcher defines immersive 

virtual reality/virtual reality as a device that provides a virtual environment to users by partially 

or completely occluding surroundings and replacing them with replicated (photographic) or 

fabricated (digitally generated) sights and sounds which allow users to feel as if they are in a 

different environment than their physical location. Bailenson et al. (2008) define this type of 

virtual environment as “synthetic sensory information that leads to perceptions of environments 

and their contents as if they were not synthetic. [And] An immersive virtual environment is one 

that perceptually surrounds an individual” (p. 103).   
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The configuration of key characteristics of the virtual reality equipment and content, such 

as vividness (the quality of the display) and interactivity, will determine how users experience 

the virtual environment (Slater & Wilbur, 1997). The degree to which the medium disappears, 

and the user experiences the “perceptual illusion of non-mediation” (Lombard & Ditton, 2006), 

will also depend on the characteristics of the user. This could be physical characteristics that 

make the headset sit more or less comfortably, eyesight ability, which would affect the quality of 

input, conceptual abilities such as mental imagery ability (Iachini, et al., 2019), or personal 

preferences.  

Immersive Virtual Reality for Teaching and Learning 

The sales of immersive virtual reality devices in all sectors almost doubled, going from 

3.7 million total units to 6.0 million, between 2017 and 2019 (Statista, 2020). The most recent 

Perkins Coie Augmented and Virtual Reality report (Perkins Coie LLP, 2020) ranked education 

as the second most likely sector to change through virtual reality use in the next 12 months, after 

health care. Evidence of this commercial interest in educational virtual reality can be found in the 

number of businesses in providing solutions for training and education, such as the Lenovo and 

Pico partnership announced in June of 2020 (Lenovo Mirage VR S3 standalone headset with 

ThinkReality is ready to empower global enterprises and their workers, 2020). Academic 

evidence of the VR push into education can be found in research on the use of virtual and 

augmented reality. Muñoz-Saavedra, Miró-Amarante, and Domínguez-Morales (2020) 

performed a scoping review of research on AR and VR and mapped the progression of the 

number and content of works since 2000. Their evaluation found education among the top four 

topics for AR and VR research through those years (alongside research and development, 

healthcare and industry). Interestingly, despite the increasing sales figures projected for the near 
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future, their work showed that the amount of education related AR and VR research actually 

decreased from 2017-2019. 

A common way classroom teachers enter this virtual reality arena is by using virtual tours 

such as Google Expeditions, a virtual reality experience which used smartphones (or similar 

devices) in viewers to immerse students in 360° images with narrated and/or illustrated points of 

interest (Google, 2020). Nearpod, Discovery Ed, and NASA are some of the other well-known 

organizations promoting virtual tours for students on their websites. Many businesses which 

create educational virtual tours can be located with a quick search online. For this type of 

activity, teachers often utilize cardboard viewers (~$5), plastic viewers (~$20), that require 

smartphone type devices (prices vary) to be inserted horizontally for viewing. Some tours require 

an app but others are directly accessed on the web. Though the free Google Expeditions app was 

discontinued in 2020, many of those tours live on in Google Arts and Culture, or Google Earth 

on the web. These tours are an inexpensive way to provide a somewhat virtual experience to 

students, and the use of common devices (smartphones, iPads, etc.) makes it approachable for 

novice users, especially teachers. 

However, supporting research documenting the potential affordances related to virtual 

field trips like Google Expeditions is not abundant. A search for published works on Google 

Expeditions used in classrooms within the last three years produced multiple descriptions of 

teaching strategies and suggested practices (Delacruz, 2019; Moran & Woodall, 2019; Marsh & 

Yamada-Rice, 2018; Smith, 2018; Xie, Ryder, & Chen, 2019), but fewer formal studies 

examining potential affordances for learning, such as presence (Han, 2019; Karageorgakis & 

Nisiforou, 2018). 
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For a more immersive and interactive experience at a comparable price to the above, 

educators are being introduced to untethered head-mounted displays (HMD) with high-quality, 

surrounding 360° images and built-in stereo speakers. This next level of IVR experience is a 

common offering from technology resellers that package multiple headsets with routers and 

teacher control devices. With these devices users may feel even more immersed because the 

display can be placed on the head, instead of held to the eyes. This freeing of the users’ hands 

means more control in the virtual environment with provided controllers that allow interaction. 

Another especially useful feature of the untethered IVR intended for classroom use is that it is 

self-contained and requires no high-grade computer for operation. The processor and the battery 

are on board the device, and the user need not be tethered to any particular location. This reduces 

price as well, because the computing device does not have to be purchased. 

Through wireless internet connection, users of this type of IVR have access directly in 

the visual display to many applications and games, as well as educational content. Educators who 

are concerned about students having access to content through the internet connection can simply 

download the desired material and disconnect from wi-fi. A quick look at titles shows that many 

of the games and social apps available for download were not created with the classroom in 

mind, but plenty of educational resources are widely available for a variety of devices. Creative 

educators willing to try new technology have recognized the potential for generating student 

interest in content delivered using IVR. Entertainment oriented items predominate, but there is 

an ever-growing number of educational apps which can make learning feel like entertainment.  

The number of available virtual tours, educational apps and other VR experiences 

increases regularly. Quality 360° documentaries can be found on the web and accessed through 

VR browsers or apps like YouTubeVR loaded to the headsets. For example, the documentary 
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“The Atomic Tree” presents the moving story of a 400-year-old Bonsai tree in Hiroshima which 

survived the atomic blast. Actual video blends with digital animation to enhance the immersive 

experience (Go Project Films, 2019). Digitally generated immersive apps like The Anne Frank 

House allow users to virtually visit the space Anne Frank shared with her family, pick up items, 

see images and videos related to her saga (Anne Frank House, 2020). The assortment of items 

available varies per the IVR device and its store, or online location for application purchases. 

The ease of accessing this plentiful, engaging content could be one of the factors magnifying the 

excitement apparent in the previously mentioned market projections for the newest iterations of 

consumer-grade virtual reality.  

Persistent assumptions about the usefulness of VR for education, when added to the 

market situation described above, induce further interest in using IVR in the classroom. 

Businesses selling educational technology have begun promoting IVR as a must-have tool. For 

example, ClassVR, a manufacturer of VR headsets with proprietary software and content 

specifically for K-12 education, claims that “Engaging and immersive personal experience 

simply cannot be matched in terms of information retention” (ClassVR, 2020). FotonVR, another 

company which sells educational VR, claims that their 3D and 360° explanations will help 

students to remember things easily for recall whenever required (fotonVR, 2018). Mbryonic, a 

virtual and augmented reality (AR) company, headlines a page on their website with “Why VR is 

the Perfect Education Tool” (Mbryonic, 2019). Here, Mbryonic cites active learning, 

engagement through gamification, distance learning, and inclusivity as some of the benefits of 

VR for education.  

All of these glowing descriptions of benefits fail to address concerns about discomfort, 

motion sickness, and other problems users may experience with immersive VR. Jensen and 
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Konradson (2018) report in their review of HMD VR in education and training that the 

frequency of negative effects reported varied from rare to frequent (almost every 

participant). The weight of an IVR headset can cause discomfort, and eyestrain is common when 

the head mounted viewer is not positioned correctly. The effects of the difference between what 

the eyes see and what the body actually feels can cause what is known as simulator sickness. 

Sharing these health and safety concerns that emerge during studies can be particularly important 

when it comes to a younger, more vulnerable population. Educators who choose to use virtual 

reality in the classroom need to understand what to expect as a whole. 

“Presence” and IVR 

 With a head-mounted display (HMD), a user experiences the context of the virtual 

environment through immersive visuals, auditory cues, and other sensory elements designed to 

reproduce reality (Biocca & Delaney, 1995). The sensory prompts allow the user to perceive the 

self as actually being in a place. The feeling of “being there” is considered a key element of 

successful virtual reality experiences. The work of Jeremy Bailenson and associates in the 

Virtual Human Interaction Lab at Stanford University has shown that participants in virtual 

simulations readily believe that they are in places other than the lab, or have bodies other than 

their own (Bailenson, 2018). Throughout the literature on virtual reality, presence is a prominent 

concept. James Gibson (1979) originated the concept of presence as an affordance of virtual 

reality. Gibson’s definition framed presence as a subjective feeling generated in response to the 

outside world, mediated by sense organs and governed by mental processes. Though Gibson’s 

work did not include how humans might interact with virtual environments, the concept of 

presence has evolved over the years to account for simulated immersive environments. 
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Describing the extent to which a simulation (i.e., a recreation simulating different 

elements of an actual item, location, or scenario) gives rise to the feeling of presence can be 

referred to as “experiential fidelity” (Stoffregen, Bardy, Smart, & Pagulayan, 2003). Designers 

of virtual experiences intentionally consider how the users will perceive the illusion presented to 

them and use higher fidelity elements to produce a more realistic experience. More elements 

replicated (such as sights, sounds, movements, or actual equipment for controls) mean the user 

has a more realistic experience. Some simulations can combine actual elements, like a device 

which is to be used, with manufactured or virtual elements. NASA simulators offer an extreme 

example - with entire control panels built and submerged in water to create in the training 

astronaut a feeling more like being in space. The amount of detail in the replicated tasks for 

astronaut training is astonishing (Aviation: From Sand Dunes to Sonic Booms, 2017). In the case 

of inexpensive, off-the-shelf IVR equipment for personal or classroom use, the experience does 

not need to be high-fidelity for users to experience the sense of presence, or being there. Even 

with fewer replicated elements and/or lesser quality virtual reproductions, users of IVR can still 

experience the sense of presence. This virtual interaction is still likely provide a memorable 

experience with applications for teaching and learning in innovative new ways. 

Presence is often referenced with immersion as a key aspect of IVR, but these are not the 

same concept. According to Slater and Wilbur (1997), immersion is the objective degree to 

which a VR system projects stimuli onto the sensory receptors of users. Immersion is how a 

device can deliver an “inclusive, extensive, surrounding, and vivid illusion of reality to the 

senses of a human participant” (p. 605). The sense of presence, or feeling of “being there”, is 

how the user subjectively experiences the immersion. Many of the illustrations of the importance 

of sensory input and feedback for agency shared by David, Newen, and Vogeley (2008) are 
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common to an IVR experience. For example, experiments exploring the creation of agency might 

make adjustments to how visual feedback is presented to a person executing a task and then 

monitor what movements the person makes in response. Schubert et al. (2001) explain the same 

sorts of experiences as part of presence in virtual environments: those “meshed sets of patterns of 

actions” (p. 267) are based in both the environment presented and in the users’ memory of 

previous experiences. The coordination of movements with what eyes, ears, and other sense 

organs receive along with constant matching of these to memories of previous experiences is not 

a simple task, even though it does not require conscious human thought. Presence comes into this 

discussion naturally, as IVR is often said to make users feel that they are in locations other than 

where they are physically.  

 For the purposes of this study, presence is “a core neuropsychological phenomenon 

whose goal is to produce a sense of agency and control: subjects are present if they are able to 

enact in an external world their intentions” (Riva, 2009, p. 159). A presence framework suggests 

that any environment, whether real or virtual, presents different opportunities to different users 

based on their personal experience and intention. Different users will interact with a virtual 

environment in unique ways based on their characteristics and goals, but they will share an 

experience of the sense of presence. This can be explained from an ecological standpoint: 

“Presence, its absence, and perhaps its intensity have a value for guiding thoughts and actions of 

an agent in an environment” (Schubert, 2009, p.178). Students’ belief that they might engage 

with a learning environment is a key factor here. Agency and motivation are both prominent 

topics in contemporary learning research, and it is through these two topics, presence becomes a 

salient issue for connecting IVR to learning. 



   

 

 

 

10 

Wirth et al.’s (2003) two-level model of “spatial presence experiences” includes both the 

sensation of being physically situated in the spatial environment, and the perceived possibility to 

act. This seems to provide a foundation for layering evidence which connects presence and 

learning through agency. In other words, what users of IVR are able to do in a virtual 

environment provides an actual (not vicarious, or virtual) encounter to be recorded by the brain. 

Shin’s (2017) analysis of technological affordances in virtual reality resulted in a model 

indicating the heuristic role of presence and immersion relative to educational affordances. In 

addition, Makransky and Lilleholt (2018) demonstrated an affective path wherein the immersion 

of a VR experience predicted presence and positive emotions. These examples illustrate how 

presence in IVR may be of interest to researchers: its potential to become a predictor of cognition 

and behavior. 

Presence in IVR for Learners in K-12 

Understanding the extent to which particular devices and content lead to a sense of 

presence in users could help educators create more meaningful experiences for learners with IVR 

through intentional lesson design that leverages the presence/agency connection. Mechanisms 

that give rise to presence are often related to those that give agency in literature (Havranek, 

Langer, Cheetham, & Jancke, 2012; Herrera, Jordan, & Vera, 2006; Skarbez, Brooks, & 

Whitton, 2017). Constructivist theories of learning that include networked elements (such as 

activity theory) frequently refer to agency as a key element of learners’ experience. What a 

learner feels able to do has been shown to influence his/her learning outcomes (Rector-Aranda & 

Raider-Roth, 2015; Taub, et al., 2020). 

When virtual reality occludes the real world and provides sights, sounds and feelings that 

seem to be real, it can create in the user a feeling of presence, which can also generate 
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agency. For example, Seth, Suzuki, and Critchley (2012) provide a model illustrating the 

connection between presence and agency by positing that a person’s perception of their 

physically located body will depend on whether what they feel inside their body is determined, 

“by a parallel predictive coding mechanism, to be self-generated or externally caused” (p.1). In 

other words, the body and the mind work together to predict, test, and decide whether what is 

being experienced is generated outside the body (the environment) or within (by the mind). 

Iachini et al. (2019) suggest further exploration of how the features of virtual scenarios may 

affect users’ sense of presence, in particular familiarity and attitude with new technologies. 

Viewing these possibilities through a situated cognition lens reveals the unique opportunities for 

action (in teaching and learning) created by the newest wave of IVR HMD. Students can 

immerse themselves in virtual worlds – and with help create their own virtual worlds – during 

lessons where they are encouraged to design and create. Activities allowed by IVR devices offer 

a “landscape of affordances” (Carassa, Morganti, & Tirassa, 2005) and may help shape long and 

short-term goals and desires in learners, as well as how individuals perceive future situations. 

Beyond the application of presence theory, there is a lack of research involving 

immersive virtual reality (as defined for this study) in education in general, but even more 

specifically in the 6-12 context. A confounding factor for those wishing to discover comparative 

research on this topic is the depth to which one must read, beyond titles and abstracts, to discern 

exactly what configuration of equipment and content was used. Desktop virtual learning 

environments (flatscreen, not head-mounted) and Cave Automatic Virtual Environments (images 

projected onto three or more walls of a small room to immerse the viewer) are both considered 

IVR by different researchers, though the degree of immersion is completely dissimilar. In a 

recent review of virtual, augmented and mixed reality in K-12 education, Maas and Hughes 
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(2020) found only two examples of HMD VR used in a K-12 education context. The literature 

review in Chapter Two includes more detail about related studies that exist concerning IVR 

HMD used for K-12-aged users. 

There is a lack of research about the benefits of IVR for learning, including adolescent 

learners’ experience with IVR in general, and the potential affordance of presence in particular. 

Therefore, research supporting the use of IVR HMD devices with educational content is needed 

in order to clarify for practitioners what the potential affordances of presence may be for 

learning, what hazards for youth may exist, and what to look for when making decisions about 

purchasing IVR devices and programs. In a broader sense, details of adolescents’ perceptions 

about specific presence components can also contribute to what is known about how young 

learners interact with and understand virtual worlds (Turner, 2015). 

Purpose of the Study 

The purpose of this mixed-methods study was to develop a presence profile for11–17-

year-olds who participate in an IVR experience with an inexpensive, off-the-shelf device with 

three degrees of freedom (DoF)1. The description of ways adolescents experienced the sense of 

presence was begun with a qualitative analysis of the adolescents’ perceptions revealed in focus 

group interviews and through open-ended question responses. Results from a quantitative 

measure, the Independent Television Commission Sense of Presence Inventory (ITC-SOPI, 

Lessiter, Freeman, Keogh, & Davidoff, 2001) provided additional information with ratings for 

the adolescents’ sense of physical space, engagement, and their perception of the ecological 

validity (how real the situation seemed), along with a measurement of the potential negative 

aspects of the experience. The results from personal characteristics shared, along with the 

 
1 Degrees of freedom refers to the type of movement available to the user in the virtual environment. This will be 

explained further in Chapter Three. 
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content of focus group interviews, added dimension and triangulated data revealed by the ITC-

SOPI scores. The mixed methods approach was intended to provide an integrated, holistic 

evaluation of the sense of presence generated by the device and content within the adolescent 

user. Knowing about the sense of presence experienced through this device adds to the body of 

knowledge about VR use for 6-12 instruction. Specifically, developing a presence profile for the 

participants’ experience with the headset and educational content provides insight into the 

selection of IVR materials for teaching and learning, taking into consideration what the 

affordance of presence may offer for learning.  

This study used a constructivist lens to analyze evidence of the sense of presence 

experienced by learners. Constructivism poses that knowledge is constructed as learners actively 

work to make sense of their environment (Driscoll, 2000). This stance was developed during my 

(the researcher) twenty years of teaching in K-8 classrooms and then clarified through doctoral 

studies. The teaching experience provided insight and depth to design and analysis, especially 

the ability to visualize how research findings may apply to teaching and learning. The layers of 

the teaching experience, the context and content of the current study, as well as all the 

characteristics the participants bring with them are contextual factors that will influence 

outcomes. For example, contextual factors like social negotiation influence how events and 

information are understood by learners making meaning of their environments. Virtual reality 

use can be related to this stance through the work of Slater and Wilbur (1997) who describe how 

the sense of presence in virtual environments can lead the user to a sense of belonging as 

individuals meet in virtual environments. That evaluation of the importance of the sense of 

presence, though over 20 years old, is particularly timely due to the COVID-19 crisis.  
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In the first half of 2020, educators around the globe had to quickly adapt to the operation 

of traditional schooling entirely at a distance. That pressing situation (attempting to reach 

learners without touching them) may facilitate a more widespread acceptance of virtual reality 

devices in education. Increased familiarity with and acceptance of virtual learning conducted in 

Zoom, Google Meet, and other online locations during the pandemic could help practitioners 

imagine the next steps for meeting in virtual environments delivered through HMD. At the same 

time there is a shift in education from a focus on consuming fact-based knowledge to the 

expansion of learners’ action possibilities when it comes to functioning in society and culture 

(Roth & Jornet, 2013). In other words, rather than trying to determine if the VR technology is 

helping students remember facts, practitioners might consider the potential of VR experiences to 

expand the students’ action possibilities with regard to science (or other content material) and 

technology use.  

Theoretical Framework: Sense of Presence 

Personal experience using immersive virtual reality devices with adolescent learners 

instigated the exploration of the feeling of “being there”. While using 3DoF devices to 

experience high-tech labs and watch experiments up close with well-known scientists, student 

users of IVR did not seem to focus on the content presented as much as the proximity of the 

researcher and the features of the space. When asked for questions, multiple times the student 

users asked to have the speaker step back from the camera (“He’s in my face.”) and identify what 

was on the wall (or shelf, or desk). This experience led to an exploration of literature on what 

this phenomenon was – the users feeling as if they were located somewhere else than they 

physically were – and that search led to sense of presence theory. 
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Specifically this study was influenced by the work of IJsselsteijn and Riva (2003) who 

constructed a theoretical framework for presence as embodiment. Similarly Metzinger (2003) 

and Gallagher (2005) present the theory of presence as morphological and physiological 

characteristics of the body and how it responds to stimuli. The works of Metzinger and Gallagher 

provide evidence that these experiences are biologically ingrained, unconscious processes which 

cause a series of events within a learner that can stimulate cognitive development, as well as 

feelings. In IVR, quality representational fidelity and immediacy of control can present to 

students a first-person point of view from vantage points typically not physically possible to 

arrange, and these novel situations experienced by learners in VR are not completely 

understood.    

Everything the body perceives is continually processed in conscious and unconscious 

ways. Deciding whether, when, or how to react to stimuli and make one’s way through the world 

is integral to learning (Mikropoulos & Natsis, 2011). Linking this to a constructivist view of 

presence evokes situated cognition, which posits that learning arises from the dynamic 

connection between thinking learners and their environment (Greeno & Engestrom, 2014; Roth 

& Jornet, 2013). From this perspective, information is not an objective unit waiting to be 

absorbed, it is a product of the organism-environment relation.  

The IVR experienced by the body and processed in the mind creates feelings in the user. 

These feelings, affective elements resulting from VR use, are among the most commonly 

confirmed benefits of IVR in the literature. Increased motivation, interest, and excitement are all 

by products of the experience provided by the sense of presence in IVR. For example, Schubert 

(2009) described presence as feeling which can become the basis for judgments, decisions and 

behavior. Using virtual reality for learning experiences could offer learners support for 
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developing evaluative skills and learning to regulate emotions or influence how they feel about 

technology-based learning situations in general. There are many factors that can play a role in 

how VR may influence educational outcomes, but as Makransky and Lilleholt (2018) pointed out 

in their work investigating the emotional value of immersive VR: 

Non-cognitive outcomes may be more relevant [than traditional measures] for 

determining the ultimate value of immersive VR based on the expectation that 

positive emotions and the intrinsic value of the tool will lead to more use and 

ultimately higher long-term cognitive outcomes. (p. 1144)  

This again emphasizes the need for educators to understand the affordances of the technological 

tool, and leverage those for student learning, rather than depend solely on an evaluation that 

claims higher test scores or better memory retention results. 

Methodological Overview 

Research Questions 

The aim of this study was to analyze the sense of presence experienced by adolescents 

using a cordless, IVR HMD (a Pico G 4K) with science content (“Adventures in Space” by 

Victory XR). This analysis illuminates the potential for low-cost, off-the-shelf devices to provide 

meaningful learning experiences for K-12 schooling. The following questions guided the study: 

1. What are adolescents’ perceptions of the immersive virtual reality experience 

rendered by a cordless immersive virtual reality device coupled with science 

educational content? 

2. To what extent are the factors of the sense of presence (sense of physical space, 

engagement, ecological validity, and negative effects) experienced by adolescent 

users? 
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The findings illuminated the potential for low-cost, off-the-shelf devices to provide meaningful 

learning experiences for middle and high school students. 

Scope of the Study 

The mixed methods in this study analyzed both qualitative and quantitative evidence 

related to participants’ experiences of the sense of presence when using the Pico G2 4K with 

educational content. The qualitative data provided by participants’ description of their experience 

of the sense of presence converged with the data from a validated instrument. The quantitative 

analysis focused on results from the administration of the ITC-Sense of Presence Inventory 

(ITC-SOPI) (Lessiter, Freeman, Keogh, & Davidoff, 2001). This validated instrument focuses on 

four factors of users’ experiences of media putatively related to presence. Each of the four 

factors - sense of physical space, engagement, ecological validity, and negative effects - is likely 

to be determined by the interaction between the media form, content, and user characteristic 

variables. The quantitative analysis included factor intercorrelations produced in the context of 

this study to show relations among the different elements of the sense of presence. Pearson’s 

correlation was used to show the strength and direction (positive or negative) of those possible 

relationships among the factors (sense of physical space, engagement, ecological validity, 

negatives), as well as personal characteristics of the participants. 

The results of this study also provide a sense of how prevalent the negative effects from 

the Pico G2 4K were among the student users. The rating of users’ negative experience provided 

by the ITC-SOPI and analysis of data from the instrument was explored for connections among 

the factors. The transcripts of the interviews were mined for corroboration of the numerical 

expression of the factors, including the negatives. The integration of the quantitative description 

with the qualitative exploration of the students’ perceptions provides a more complete picture of 
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the utility of the IVR device for creating presence within the users. This multi-layered, integrated 

analysis expands the breadth and depth of understanding of the findings, reflecting the complex 

nature of reality. 

The high level of excitement about using IVR HMD for K-12 teaching and learning, 

along with increasing quality and decreasing prices, provided motivation for this study, which 

addresses the gap in research on students’ experience of using these devices in a context related 

to learning. An examination of the literature explored research on the use of IVR for learning, 

especially pertaining to K-12 students. In addition, the literature connecting learning to the sense 

of presence in IVR was probed for information on ways others have assessed presence, and how 

personal characteristics or negatives might interact with the factors of the sense of presence. 

Definitions 

Affordance - the feature that provides a ‘match’ between something in the environment and the 

learner. The affordance fuels perception and activity and brings about meanings, further 

affordances and signs, and further higher-level activity as well as more differentiated perception 

(VanLier, 2004). 

Agency - A key element of learners’ experiences wherein the learner feels control over the ability 

to complete actions and interact with the surrounding environment. 

Fidelity - The extent to which a simulation gives rise to the feeling of presence (Stoffregen, 

Bardy, Smart, & Pagulayan, 2003). 

Immersion - The objective degree to which a VR system projects stimuli onto the sensory 

receptors of users. Immersion is how a device can deliver an “inclusive, surrounding, and vivid 

illusion of a virtual environment” (Slater & Wilbur, 1997). 
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Immersive Virtual Reality - Type of technology that provides a virtual environment to the user by 

partially or completely occluding surroundings and replacing them with replicated 

(photographic) or fabricated (digitally generated) sights and sounds which induce in the user a 

sense of being elsewhere. A head mounted display (HMD) is worn as a single unit. 

Presence - A neuropsychological phenomenon whose goal is to produce a sense of agency and 

control. Subjects are present if they are able to act out their intentions in the surrounding world 

(Riva, 2009). 

Simulator Sickness - Motion sickness signs and symptoms (such as nausea, pallor, dizziness) 

which are induced by a VR environment. 
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CHAPTER TWO: LITERATURE REVIEW 

With IVR, technology provides an illusory environment which generates in users a 

feeling of being present elsewhere than they are currently physically located. The extent to which 

the individual’s presence in virtual reality feels “real” depends on an interplay of factors such as 

the vividness and interactivity of the device along with the variety of backgrounds, needs, and 

physical characteristics of the user. Even though generated virtually, a sense of presence 

becomes tangible through users’ cognitive, physical, and affective responses. Chapter one 

provided context and a rationale for developing a better understanding the feeling of presence 

instigated by low-cost immersive virtual reality devices in K-12 education.  

There is a need to understand the phenomenon of sense of presence in IVR because head-

mounted virtual reality devices can immerse users in content in a way never before seen in 

classrooms, but a novel experience does not ensure learning. The sense of presence created by 

IVR experiences deserves examination in terms of teaching and learning because research has 

related a feeling of presence in learners to notable affective and agentic responses that may arise, 

such as motivation and emotion. In addition, presence has been found to be a predicting factor of 

agency, an important concept in contemporary learning. Finally, research is unclear on what 

positive impact virtual reality devices may have on content retention. 

In order to locate studies on virtual reality and sense of presence for learning, I searched 

ProQuest Education Database, ERIC, and JSTOR with the search terms “immersive virtual 

reality” or “virtual reality” AND “sense of presence” or “telepresence” AND “teaching” 

“learning” “classroom”. Qualifiers added included that the works be peer reviewed, English 

only, and published after January 2014. The limitation to the last five years was intended to help 

match the type of headset used. The Pico G2 4K has only been around for a year, and even 
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tethered HMDs have only been widely used by consumers for the last eight. Comparable studies 

are limited, especially when it comes to untethered (cordless) HMD.  

At the first level, studies focused on K-12 were specifically sought, but studies with 

students through college were gathered as well. Adult and specialty job training studies were 

excluded. Education studies which utilized desktop-based virtual learning environments such as 

MUVE (Multi-user virtual environments) or Second Life were excluded also. The works about 

Google Expeditions-type virtual experiences were retained due to a shortage of pieces overall, 

and these (Expeditions) were likely to be done with younger populations. Theoretical pieces and 

frameworks were ignored, as the intent was to find studies about devices and/or content in terms 

of presence related to classroom learning. Reviews and meta-analyses of research were retained 

to aid analysis at a later stage. Some studies from more than five years ago came to be used as 

examination of the original returns provided references for those works. 

Findings from this review of the literature present the theory of presence as a key 

affordance of virtual worlds along with ways it might be measured. The extant research literature 

and accompanying empirical evidence suggest that presence is more related to affective and 

agentic benefits for education than to content learning. The sense of presence integrates into an 

overall learning experience which can trigger positive feelings and aid the development of 

agency, rather than just helping the participant pretend to "be there" (Herrera, Jordan, & Vera, 

2006). Despite the claims of IVR vendors, more recent studies offered details about positive 

results in affect and agency rather than in recalling and reproducing information. The 

information gathered suggested that the affordance of a virtually induced sense of presence could 

aid teaching and learning beyond remembering information and answering questions correctly.  
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Theoretical Framework 

Defining Presence 

Various types of presence are explored by different researchers in a variety of fields, such 

as co-presence (having an experience with another entity), social presence (attending to 

interactions with others in the same space ), spatial presence (Tamborini & Skalski, 2006), and 

telepresence (Minsky, 1980). Any of these might be applied to virtual reality study, but for the 

purposes of this work, the type of presence explored comes from the commonly used terms 

telepresence, which indicates that technology is involved, and virtual presence, which indicates 

the presence is induced by a virtual environment. For this study, presence, or a feeling of “being 

there”, is considered a product of conscious and unconscious information processing performed 

within a user’s mind about a surrounding environment. One of the most enduring definitions 

about IVR aligned with this statement is that presence is the perceptual illusion of non-mediation 

(Lombard & Ditton, 2006). Each individual's experience of the sense of physical space, 

possibilities for engagement, and ecological validity, or how real the situation feels, is subjective. 

Because the characteristics of the user (physical, mental, emotional, and prior experiences) 

influence the experience as a whole, assessing the sense of presence experienced by school-aged 

users can be valuable to practitioners choosing technology tools for learning. 

Presence and Learning with IVR 

The factors of presence (engagement, sense of physical space, and ecological validity) 

invoked by immersive virtual reality (IVR) originate externally to the users, yet the experience as 

a whole holds great potential to evoke internal reactions and help users build internal worlds 

(Waterworth, Waterworth, Riva, & Mantovani, 2015). Internal student outcomes such as social-

emotional learning, motivation, and enjoyment have been recognized by the education 
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community as exigent realms within teaching and learning, and these elements, along with 

visual/spatial modeling, agency, and interaction are also commonly cited areas for which IVR 

may be useful in classroom use. In contrast to the above, IVR tools are often evaluated in terms 

of student ability to reproduce facts on a test, or show they understand the facts in application. 

The literature for these possible benefits (increased fact retention, content learning) is not 

consistently clear that IVR is superior to other pedagogical tools. 

Physiological Indicators for Presence and Learning 

An important aspect of the sense of presence created by VR is the physiological 

responses students may experience. As Barbara Tversky (2009) says “We cannot get out of our 

bodies and we cannot get out of the world” (p. 213), though with immersive virtual reality, the 

mediating technology can help minds to get out of bodies and also ‘get out of the world’. The 

physical presence of an individual is connected to the world through intentional thoughts and 

feelings, though presence should not be mistaken for a synonym for consciousness (Turner, 

2015). Given the neuro-dynamics at work in any situation where one has bodily feelings or 

emotions toward something, physical feedback can be gathered with which to describe and 

investigate. The literature shows that experiences in IVR have been monitored through many 

physiological means including (but not limited to) EEG, fMRI, heart rate, and respiratory rate. 

Multiple studies reviewed use physical feedback related to the sense of presence, which can 

thereby be related to learning (Baumgartner, et al., 2008; Havranek, Langer, Cheetham, & 

Jancke, 2012; Makransky, Terkildsen, & Mayer, 2019; Seth, Suzuki, & Critchley, 2012; 

Stavroulia, et al., 2019; Yang, et al., 2018).    

For example, in a study of IVR with children, Baumgartner et al. (2008) found 

differences between the reactions of the children’s brains compared to the adults’ while in 
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immersive virtual environments. The evidence from functional Magnetic Resonance Imagery 

(fMRI) produced by this study shows the activation of a highly specific neural network in adults 

experiencing presence in virtual reality. Notably, the area of strongest activation during VR 

usage, the dorsolateral prefrontal cortex, was for adults in the less presence condition (rather than 

more). In contrast to the adults, the fMRIs showed the children (ages 6-11) in the same situations 

more predominantly used the areas of the brain which process spatial and auditory cues, 

indicating an entirely different mental means of regulating virtual experiences. The researchers 

related these differences to the structural differences between adult and child brains. This 

indicates that how users feel presence could be different at different points in their lives.  

The researchers in this study recommended caution with virtual reality:  

These findings highlight the relative susceptibility of children to the experience of 

presence in simulated environments and may have important consequences for 

pedagogical and educational interventions. One might be that one should be more 

reluctant to expose children to emotional virtual stimuli as currently practiced. 

(Baumgartner, et al., 2008, p. 11)  

This caution flag is a reminder that benefits as well as possible drawbacks need to be considered 

when evaluating IVR tools for use with children. Failure to examine potential negatives from the 

device or the content presented within the device may provide an incomplete picture of the 

potential impact not just on learning, but on students’ well-being. 

Another way to measure physiological response to IVR is through the use of EEG 

(electroencephalogram) to record brain activity rates. Multiple studies used EEG as a 

measurement of factors related to the sense of presence while using virtual reality. Makransky, 

Terkildsen, and Mayer (2019) paired results from their own presence questionnaire and a 
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content-based test with EEG. Stavroulia, et al. (2019) measured EEG and heart rate along with 

an emotion inventory, and Yang, et al. (2018) used EEG measurements and administered 

Kaufman’s Domains of Creativity. Both Makransky et al. (2019) and Stavroulia et al. (2019) 

interpreted a finding of increased brain activity on the EEG in fairly negative ways--as higher 

cognitive load, or experiencing a stressful situation, respectively. However, Yang, et al. (2018) 

interpreted the increased EEG readouts for IVR participants as evidence of higher attention as 

opposed to the paper and pencil group they tested, which was characterized as “more relaxed” 

(p.1246). Some of the difference in interpretation could be attributed to varied contexts and 

intentions of the research question(s). For comparison of results, though, standardized indicators 

for interpreting research utilizing EEG when applied to use of IVR would be helpful. The piece 

with the strongest connection of physiological responses to presence was Makransky, Terdilksen 

and Mayer (2019). Their work showed increased EEG when students felt a greater sense of 

presence, but their content tests showed less learning than students using less immersive media. 

This serves as a reminder that literature is not consistent when it comes to academic outcomes 

for presence connected to content learning. 

Presence and Content Learning 

According to Schubert, Friedmann, and Regenbrecht (2001), the factors of presence tap 

cognitive processes as opposed to merely existing as media characteristics. However, despite the 

claims of educational VR companies, there is little evidence to suggest that students learning 

traditional educational content through virtual means is more effective than traditional 

pedagogies. Overall, the extant research literature presents a range of outcomes. IVR sometimes 

showed slightly better results for content learning than other means (Alhalabi, 2016; Rupp, et al., 

2019; Selzer, Gazcon, & Larrea, 2019), at other times the same results (Demetriadou, Stavroulia, 
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& Lanitis, 2020; Leder, Horlitz, Puschmann, Wittstock, & Schutz, 2019; Passig, Tzuriel, & 

Eshel-Kedmi, 2016; Webster, 2016), and still others showed slightly better results for the non-

IVR conditions (Makransky, Terdilksen, & Mayer, 2019). This unevenness suggests that 

educators cannot expect an IVR learning experience to reliably produce better content learning 

than other means.  

As with other education-related topics, comparing learning gains requires interpretation 

not just of the scores, but also the context. Each study brings its own unique combination of 

tools, strategies, environmental factors, and participants. For example, Selzer, Gazcon, and 

Larrea (2019) used three different means for delivery and three different instruments to compare 

low-end (Google Expeditions type) and high-end (Oculus Rift) IVR to deliver a desktop version 

of the same content. The findings of that study showed scores from low- and high-end VR on a 

content (wetlands) post-test were better than the desktop version. Similarly, Rupp et al. (2019) 

compared the results of post-tests on the content in a 360° documentary delivered by four 

different types of IVR (smartphone, Google Cardboard, Oculus Rift DK2 and Oculus Rift CV1) 

with five different instruments. One of the findings was that content knowledge was better for 

the highest quality IVR on questions about the auditory content of the module, but the analysis 

contains more discussion on the affective outcomes, such as increased interest in the subject.   

The comparison of a virtual field trip to an actual field trip by Klippel et al. (2019) 

showed that geology students enjoyed the virtual trip more than students taking the actual trip. 

The students in the IVR condition seemed to perform better on the following lab assignment, but 

the spatial situation model (one of the measures of presence) in this study showed no significant 

difference between the two groups. This may indicate that virtual field trips could deliver similar 

quality to in-person trips. It is possible that the level of immersion provided by an HMD provides 
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an aid to focus which blocks out the classroom or home environment. Immersion is not 

synonymous with presence but is closely related and quite often studied in conjunction with 

presence. For example, Makransky and Lilleholt (2018) modeled a structural equation in which 

immersion predicted presence, and presence in turn was related to learning outcomes.  

Those learning outcomes may be content learning but could also involve more wholistic 

results such as feelings about learning. Regardless, literature about immersion and presence 

provided by IVR does not always show it outpacing traditional methods. In an example with 

more process oriented learning targets, Demetriadou, Stavroulia, and Lanitis (2020) studied VR 

and AR math apps in comparison to traditional printed material. They found no significant 

difference between the efficiency of the teaching methods (with or without the technologies) and 

claimed that the students’ performance within the VR group was improved. This benefit was 

suggested due to students’ indication that they were interested in and preferred learning with the 

technologies (rather than without). 

In regard to remembering or understanding, some works showed that newly presented 

information is more effectively retained through other, more traditional modes. For example, 

Makransky, Terkildsen, and Mayer (2019) measured learning in conjunction with a presence 

questionnaire and EEG readings. These authors’ determination that the high presence VR group 

had lower levels of learning than those who completed the more traditional desktop version of 

the lab seems surprising in the light of excited claims by educational VR companies. The same 

study also showed higher EEG in greater presence VR conditions and the authors theorized it 

shows increased cognitive load, which could be another caution flag for educators who are 

investigating the use of IVR in the classroom. 
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Presence and Mental Models 

According to research from the neurosciences and psychology, physical manifestation of 

self in the world (e.g., having a body) means that previous encounters with the physical world 

help students form mental models of situations by comparison to what has already been 

encountered. Individuals engage in constant comparison, both unconsciously and consciously, of 

what they are experiencing to other sights, sounds, and feelings previously known. This process, 

known as pattern completion inference, provides an example of the purpose and use of mental 

models. Mental models are situational conceptualizations of experiences tied into the body, 

brain, and manifested feelings, and can be especially important for learning with IVR. What 

happens in the virtual world will become part of the “conceptualizations of the [learning] 

situation across the elemental and configural levels” (Barsalou, 2013, p. 2951).   

Mental models help humans process input and determine what action or feeling should 

come as a response to particular inputs. An illustrative example is found in work by Tamborini 

and Skalski (2006) which examined mental models as a consequence of presence in games. They 

found that natural mapping and responsiveness of immersive games can provide rehearsal and 

repetition of decision making. Those mental models can be a result of the judgements and 

enjoyment (internal processes) involved, as well as the external physicality of using the 

controllers. These ideas can be applied to IVR as well. The VR experience does not have to be a 

game to invoke and reinforce mental constructions. Educators need to understand the 

instructional power IVR holds for helping learners create mental models, both by adding to 

users’ existing knowledge and experience, and through creating completely new experiences, or 

by sparking the formation of new models. 
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In a study related to mental modeling, Hite et al. (2019) examined cognitive development 

and spatial rotation ability in conjunction with users’ perceptions of presence. The students’ 

abilities to visualize abstract science concepts when aided by IVR was shown to positively 

correlate with their reported perceived control. To restate in terms of mental models, students 

who were better able to visualize the component parts of an object and construct a mental replica 

felt they had more control over what was happening in the IVR module. As could be expected, 

distraction negatively correlated with the students’ understanding. Students who had difficulty 

figuring out what to do were not as successful with the learning component. These findings 

illustrate just a fraction of what educators may learn about students’ abilities as a result of 

understanding how to best utilize IVR in the classroom, both by how students’ cognitive 

development may be aided by IVR experiences, and how the experience might vary among 

student populations.   

Research reflective of mental models also emerged through individuals’ ability to 

identify potential risks in situations previously encountered. In Leder, Horlitz, Puschmann, 

Wittstock, and Schutz (2019), learners experienced safety training through Cave Automatic 

Virtual Environment (CAVE) and PowerPoint. These two methods were used to deliver training 

about industrial equipment (a Pilar drill). The VR condition, while not an HMD display, clearly 

experienced a greater degree of immersion, but the amount of safety information recalled did not 

differ between the groups. Similarly, Shu et al. (2018) found that groups using desktop 

computers or IVR to complete a module on earthquake preparedness differed in sense of 

presence, and the VR condition outperformed desktop-only on a pre- and post-test measuring 

self-efficacy. The higher sense of presence provided by the IVR involved more attention and 

movement by participants who could move items and touch furniture. The movements, 
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simulating actions which might occur when preparing for a real disaster, were a key element of 

the difference between the desktop and IVR modules. This bodily action, connected here to 

cognition and affect, is enabled by IVR that provides a low-cost, risk-free disaster training. 

Affect and Agency Related to Presence in IVR for Education 

In addition to mental models, literature is clear that there are affective benefits for 

learning through IVR, such as positive emotions, interest and motivation. Feelings such as these 

surface subjectively within individuals as a result of the IVR experience, and while no two 

individuals may have identical experiences, understanding the sense of presence generated by 

IVR may help educators explain differences that manifest. Multiple scholars have connected 

feelings--the ways users perceive, conceptualize, and experience IVR--to a sense of presence. 

Makransky and Lilleholt (2018) present immersion as a predicting factor of presence and 

positive emotions, which can help maintain psychological involvement in educational tasks. This 

relates to widely reported findings connecting IVR and the sense of presence to positive 

emotions and feelings. Fokides and Atsikpasi (2018) built a model for explaining learning 

outcomes from 3-D learning environments which includes motivation, presence, and enjoyment, 

along with other factors. They found the most significant affordances to virtual environments to 

include motivation and enjoyment.  

In a study on IVR with clear connection between presence and affect, Dengel and 

Magdefrau (2019) positioned presence as one of the “main psychological components in 

immersive virtual environments” (p.185), and connected presence to student motivation, emotion 

and cognition through the results of questionnaires. Findings for IVR users showed that higher 

immersion, language performance, and positive emotions predicted presence. Interestingly, in 

contrast to claims about IVR being related to increased motivation in learning, they specifically 
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did not find motivation to be connected to presence. Also of note, this work provides an 

educational framework for immersive learning which may help practitioners identify connections 

between what is done with IVR for teaching and learning, through presence and interpretation, to 

student outcomes. 

More support for the affective benefits of IVR used with language learning is found in 

Liaw’s (2019) work. Participants were asked to be a tour guide for actual locations they were 

able to experience in VR, and the study showed a positive association for presence among 

students, along with social and intercultural benefits to being present in a location outside the 

classroom. This study provided some overlap into the area of agency as well, given that the 

students were receiving affective benefits while developing agency in the area of language 

acquisition and expression. 

The feeling of presence is also well connected in literature to learning through agency, a 

key element of learners’ experience wherein the learner feels control over the ability to complete 

actions and interact with the surrounding environment. Lee (2004) explains how this is possible 

by pointing out that the attempt to separate mediated perception (as through IVR HMD) from 

perceptions of the natural world is not possible. This is because perception is a subjective 

interpretation of sensory stimuli from the physically experienced world (whether virtual or not) 

and is entangled with factors such as a person’s previous experience and emotions. Presence can 

therefore be described in terms of participants’ collective response to physical and cognitive 

processes. The feelings resulting from an experience of presence are signals, or feedback, from 

conscious and unconscious processes (Schubert, 2009). Another way to look at this is supplied 

by Wirth et al. (2007), who describe collecting space related information as the first step within 

an individual for creating a “spatial situation model”. This model provides context for the brain 
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to make predictions about what will happen when the person looks in a particular direction or 

makes a move to interact with items. 

 The literature explored for this study provided evidence of a connection between what 

IVR users experience and their perceived ability to act within that environment. For example, to 

loop back to the brain-body connection, David, Newen and Vogeley (2008) reviewed 

experiments using neural evidence of the sense of agency, which hinges on the motor commands 

produced by individuals as the brain predicts receptive sensory consequences. “A large body of 

evidence suggests that the sense of agency...strongly depends on the degree of congruence versus 

incongruence between predicted and actual sensory outcome” (p.524). This finding also brings 

back the previously mentioned topic of pattern completion inference within IVR users. The 

ability of the IVR HMD to provide congruence through participants’ sense of being in the virtual 

environment is important for the material to have the desired effect. In other words, the 

ecological validity (one of the factors of presence measured by the questionnaire in this study) of 

an IVR experience may cause users to believe they may act as an agent in that environment. 

With an example of how VR can benefit behavioral engagement and future skills, 

Herrero and Lorenzo (2020) used an Oculus Rift to present students with autism spectrum 

disorder a virtual school environment wherein they interacted with virtual children and practiced 

speaking and eye contact. The participants all showed improvement in needed skills, though in 

different areas evaluated and by different amounts. The largest increase shown among 

participants was in social and emotional reciprocity. The connection of the present study exists in 

two ways: Herrero and Lorenzo used off-the-shelf IVR HMD with school-age children, and they 

cited presence as a (hypothesized) crucial factor in providing this experience to the students. The 

intervention and results in Herrero and Lorenzo are generally reflective of findings in other 
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studies for adult training for mental health problems and personal improvement (public speaking, 

job interview rehearsal, etc.). More studies like that (from adult training) were not sought 

because of the population (mainly age) and context difference.  

A central idea relating presence and learning in IVR is that users’ belief in their own 

agency in a virtual environment is triggered by unconscious processes in the brain which are 

constantly looking for clues in the environment which confirm that what is expected to happen is 

happening (Gallagher, 2005). The character in a virtual scene that looks slightly in the wrong 

direction, or the timing of an action that is barely different from one similar in the real-world 

signals problems to the brain and triggers uncomfortable feelings, often called an “uncanny 

valley”. Timing of image and sound, reaction (or lack thereof) of environmental elements depend 

on the quality of the device, and these can not only affect the participants’ degree of belief in 

agency, but also cause adverse effects such as simulator sickness, which will be addressed in 

further sections.   

Addressing Gender and Previous Technology Experience 

To assist practitioners with applying research findings, the context of any study should be 

adequately described. In particular, age and gender of participants are important because they are 

often found to interact with variables studied and are also useful for comparison to other 

studies. For example, Fokides and Atsikpasi (2018) showed age to have significant influence in 

their model which included presence, motivation, ease of use, enjoyment, and perceived 

usefulness of technology. Age influenced enjoyment and perceived usefulness - the older 

participants enjoyed the activity less but saw more potential usefulness - though this was a 

virtual learning environment which was not accessed by utilizing a head mounted display 

(HMD). As mentioned before, Baumgartner et al. (2008) found marked age-based differences in 
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brain activity using fMRIs of adults and children using IVR. Even though Ling, Nefs, Brinkman, 

Qu, and Heynderickx (2013) found no significant connections of presence to age or gender, 

contributions to knowledge about presence in IVR are strengthened when more contextual 

elements are accounted for. 

Making sure the population sample studied roughly represents the population as a whole 

makes the results better suited to generalization. 2020 statistics published by NC Department for 

Public Instruction (North Carolina Department of Public Instruction, 2020) show that males 

made up 51% of the public school population in North Carolina that year. That number is not far 

from the total found in all of the studies on presence and learning with IVR examined here (male 

53%, female 47%), though multiple studies encountered in the course of this project had largely 

male participation (Herrero & Lorenzo, 2020; Hsu, Tseng, & Kang, 2018; Ip, et al., 2017; 

Orman, Price, & Russell, 2017). The heavy male representation falls in line with a study on 

gender in VR studies from Peck, Sockol and Hancock (2020). Their work studied the 

underrepresentation of female participants in VR as participants and authors in all of the 

IEEEVR (Institute of Electrical and Electronics Engineers Virtual Reality group) conference 

proceedings from 2015-2019. For the years studied, an average of 39% of study participants 

were female (61% male). Surprisingly, multiple studies on IVR and learning encountered while 

researching this chapter did not give gender numbers (Chandrasekera, Fernando, & Puig, 2019; 

Liaw, 2019; Lin, Wang, Kuo, & Luo, 2017; Negen, Heywood-Everett, Roome, & Nardini, 2018; 

Shahriari-Rad, Cox, & Woolford, 2017). Even though studying gender effects was not one of the 

purposes of this study, reporting the numbers is valuable to IVR research in general by aiding 

comparison to other studies. 
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Another of the variables of interest in this study, student level of experience with 

technology and VR, was only directly addressed in one study - Shu, Huang, Chang, and Chen 

(2018). They found that participants who had previous experience with IVR HMD did not report 

operational issues and easily followed the instructions in the learning module. That ease of use 

could have provided a reduced cognitive load which allowed learners to focus more completely 

on content instead of technology operation. More than one study may have benefited from 

collecting technology experience information from users to aid the interpretation of findings, 

such as Liaw (2019). The participants in that study, English foreign language learners, reported 

that the process of getting to know how to use the technology reduced their time to interact with 

the learning materials. Matching participants’ technology experience with their performance may 

have shed light on the use of IVR as a learning tool in that situation. Similarly, the study by 

Makransky, Terkildsen, and Mayer (2019) showed higher EEG readings and attributed that to 

increased cognitive load for the IVR condition. However, knowing participants’ technology 

experience levels might have allowed the authors to rule out unfamiliarity with the operation of 

equipment as a cause of higher EEG/cognitive load. 

Documented negative effects of IVR  

As previously stated, the ability of the IVR HMD to match what participants expect from 

a situation is important in order for the situation presented to appear realistic. Unconscious 

processes in the brain are constantly looking for clues in the environment which confirm that 

what is expected is happening (Gallagher, 2005). The elements of a virtual environment which 

are just slightly off compared to the real-world signals problems to the brain and triggers 

uncomfortable feelings. Not only can odd timing or slow reactions in the HMD cause an 

“uncanny valley” and provide evidence for situated/embodied cognition, but also slight 
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mismatches in timing of image and controller response, or the quality of the image or sounds can 

cause the adverse effects of simulator sickness.  

“Simulator sickness” has come to be a common term used to describe feelings, not unlike 

motion sickness, that individuals might experience in IVR. These feelings are thought to be 

visually induced by a mismatch between what is seen and what is actually felt by the body 

(Keshavarz, Riecke, Hettinger, & Campos, 2015). Dizziness, headache, disorientation are 

common manifestations of simulator sickness. In addition, there may be discomfort caused by 

wearing a device. In particular children may experience discomfort from ill-fitting equipment 

given that the headsets are typically manufactured with an average adult human head size in 

mind.  

Evidence that suggests educators should use caution with IVR because of physical 

distress is clear but finding out more is not usually the focus of studies. When using 360° videos 

with college students, Johnson (2018) found that six of 38 participants using the smartphone-

based VR felt dizzy or had trouble with vision while viewing. Moro, Stromberga, Raikos, and 

Stirling (2017) found adverse effects for their 59 medical students while using Oculus Rift such 

as headaches (25% reported), dizziness (40% reported) and blurred vision (35% reported). There 

is a tendency shown in the literature that headsets with better visual display parameters to 

produce less discomfort in viewing. Illustrating this, Moro, Stromberga, and Stirling (2017) 

showed 40% of the students in their study had significantly higher rates of nausea and blurred 

vision when using a low-end VR headset (Samsung Gear VR) compared to a high-end headset 

(Oculus Rift). Even though IVR HMD are portable, participants in IVR research often report 

discomfort associated with wearing an HMD. Some participants in Dolgunsoz, Yildirim, and 
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Yildirim (2018) felt the device (Samsung Edge, now discontinued) was heavy and did not fit 

their heads well.   

For studies directly related to presence and learning only eight studies of the 21 directly 

mentioned any elements related to simulator sickness, and of those eight, only four quantified the 

negatives (Klippel, et al., 2019; Ling, Nefs, Brinkman, Qu, & Heynderickx, 2013; Seth, Suzuki, 

& Critchley, 2012; Rupp, et al., 2019). When referenced in general, the negative factors appeared 

with words such as “struggling participants” who mentioned feeling dizzy (Shu, Huang, Chang, 

& Chen, 2019), or “several” had dizziness or headache (Xie, Ryder, & Chen, 2019). Stavroulia, 

et al. (2019) mention users’ discomfort, but fail to indicate whether it was discomfort due to the 

equipment’s weight or straps, or discomfort from nausea, eyestrain, etc.   

The Simulator Sickness Questionnaire (SSQ) was used by three of the four studies that 

quantified participant distress. The SSQ was published by Kennedy et al. (1993) with the 

purpose of identifying and diagnosing problems with simulators, rather than just evaluating 

motion sickness. Motion sickness is generated due to a slightly different situation because of the 

real-world physical inputs. Using the SSQ for their studies, Selzer, Gazcon, and Larrea (2019) 

found that the difference in presence generated between low-end and high-end VR was not 

significant, but that the low-end (Google Expeditions type) caused more simulator sickness. This 

finding is in line with studies on VR in other contexts. The Selzer, Gazcon and Larrea study also 

made a connection between the simulator sickness and learning outcome (pre- and post- content 

tests were administered as well). Rupp, et al. (2019) gave the SSQ and found that 21% of users 

in a Google Cardboard condition experienced significant simulator sickness. Gauging potential 

negative effects of using the Pico G2 4K and VictoryXR content in this study aids practitioners 

engaged in device and content selection. Because of the vulnerability of a K-12 population, this 
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is also of concern to the children’s caregivers who should be made aware of risks for 

participation.  

Chapter Summary 

One way to evaluate the potential for an IVR device (along with its content) to deliver an 

impactful learning experience is by evaluating the sense of presence experienced by student 

users. As illustrated here, research connects presence to learning through affect and agency, but 

the influence on content learning is unclear. This review of the literature supports this study’s use 

the Pico G2 4K and VictoryXR curriculum wherein students did not just watch content, but also 

interacted with what was presented in a way that felt real to them. This particular device’s (the 

Pico’s) ability to induce feelings through the sense of presence (sense of physical space, 

engagement, ecological validity, and negative effects) was profiled by the results of the ITC-

Sense of Presence Inventory, and the analysis probed for connections among those factors, as 

well as with the students’ prior experience with technology and virtual reality. Investigating the 

students’ level of experience with technology and VR enabled further analysis of the potential 

impact of the device and content. The population for this study, students in middle and high 

school, is less represented in research, and the evidence from the literature suggested there may 

be differences in how younger learners experience presence compared to adult populations. All 

of the above were enhanced by the use of student interviews and write-in comments integrated 

with the quantitative evidence to expand the presence profile of this device. 
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CHAPTER THREE: METHODOLOGY 

The investigation of the sense of presence experienced by users of IVR can be applied to 

teaching and learning in many ways. Knowing about potential physical, cognitive, and emotional 

responses to IVR in terms of factors of the sense of presence (sense of physical space, 

engagement, ecological validity, and negative effects) can help educators plan meaningful 

experiences with these tools. While educational technological tools, strategies and interventions 

are usually evaluated through quantitative measurement of cognitive outcomes, non-cognitive 

outcomes (such as the feeling of presence) “may be more relevant for determining the ultimate 

value of immersive VR” (Makransky & Lilleholt, 2018, p.1144). That is to say, because IVR can 

give students a point of view impossible to obtain in real life, teachers will be able to innovate in 

the classroom like never before. Those new innovations including the IVR could enable positive 

long-term effects such as the generation of positive emotions and motivation which can 

indirectly aid long-term cognitive outcomes (Makransky & Lilleholt, 2018). Understanding the 

cumulative effect of the conscious and unconscious processes which adolescents use to process 

what is happening in the virtual environment also directly relates to contemporary education 

theories such as embodied and situated cognition. Although literature has shown that content 

learning with these new tools is not guaranteed, research consistently reflects the power of the 

experience in affective and agentic domains.  

In addition, this study takes place during a time in which schools and teachers are 

bombarded with information about innovative technologies that might be used to enhance 

learning. Immersive virtual reality HMD are becoming more affordable and easier to use due to 

self-contained, untethered design, yet there is a lack of understanding of what might make these 

devices well-suited to use in the classroom, and therefore worthy of dollars from tight school 
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budgets. The device and content (and/or ones like them) are readily available and many are 

suitable for use with young adolescent learners. 

This study evaluated the potential for a low-cost, off-the-shelf, immersive HMD (Pico G2 

4K) paired with educational content (“Adventures in Space” from VictoryXR) to generate within 

users a sense of presence. A simultaneous convergent mixed methods design was employed, with 

the collection of quantitative and qualitative data being collected simultaneously. While the IVR 

module had to be completed first by the participant, the collected information from the 

questionnaire was analyzed at the same time as the qualitative data. The results for this study add 

to the body of knowledge about the use of IVR with adolescent learners, specifically illuminating 

the experience of the sense of presence created by the Pico G2 4K coupled with VictoryXR 

science content. It is hoped the work will also help reconcile the disconnect in research on using 

VR with adolescents cited by Castaneda et al. (2017) between expected outcomes versus the 

actual experience of the adolescent user. Using a validated instrument for students’ self-rating of 

their experience of presence allows comparison to findings from other studies and using focus 

group interviews and the text from open-ended answers allows for triangulation and 

corroboration (or not) of results in each data set with qualitative findings from the users 

themselves. 

The following questions guided the study: 

1. What are adolescents’ perceptions of the immersive virtual reality experience 

rendered by a cordless immersive virtual reality device coupled with science 

educational content?  
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2. To what extent are the factors of the sense of presence (sense of physical space, 

engagement, ecological validity, and negative effects) experienced by adolescent 

users?  

This chapter outlines the methods used to thoroughly answer the questions of the study. 

The inquiry worldview and subjectivity informing the study are described, then the choice of 

device, content and participants. The remainder of the chapter explains the structure of the mixed 

methods, including data collection and analytical procedures. 

Inquiry Worldview 

The worldview that shapes the inquiry in this work is a belief in constructed realities, 

those multi-layered contexts within and surrounding individuals, which are based in their 

personal reality and points of reference. Within a virtual environment, though the experience is 

mediated with a technological tool, the user’s experience is real (not virtual). How the user feels 

presence in a real, yet virtual, environment depends on the user characteristics, the vividness and 

interactivity of the tool coupled with content, and the context of the natural environment and 

virtual world. All of these elements of a learning scenario utilizing IVR, each one complicated 

on its own, provide multiple avenues for researchers to assess and reassess the experience.  

Advanced technologies (such as IVR) are used by individuals as ‘tools’ to work on their 

realities, both natural/biological and internal/conscious (or unconscious). An individual’s internal 

experience and external ability to act, or agency, cannot be separated from the ever-present 

context of self-consciousness (Wegerif, 2007). This intersubjectivity is a participatory 

consciousness, in which an evaluation of the user’s experience cannot be separated from 

relationships and agency (Wegerif, 2013). The use of immersive virtual reality devices in 

learning contexts create new situations with novel opportunities for relationships and interaction 
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that are virtual, yet real. This exposes a need for new literacies not just for learners, but also for 

educators. Educators need to understand the affordances of tools they might choose for 

instruction, and how the experience may influence learners’ whole self (natural/biological and 

internal/conscious). 

Subjectivity Statement 

Personal experience using immersive virtual reality devices with adolescent learners 

instigated this exploration. As a classroom teacher and gifted education specialist in K-8 for 

nearly twenty years, I often experimented with new technology to enhance student learning.  

Google Expeditions had just begun to enter classrooms when I returned to graduate study for 

Learning Design and Technology in 2017. However, my interest in the application of VR to 

education for doctoral study began in 2018 when I assisted with a project using live-streamed 

video from a 360° camera to bring adolescents into high-tech labs for STEM enrichment. While 

using three DoF devices to watch experiments up close and chat with well-known scientists, the 

student users of IVR did not seem to focus on the content presented as much as the proximity of 

the researcher and the features of the space. When asked if they had questions, multiple times the 

student users asked me to have the speaker step back from the camera (“He’s in my face.”) and 

identify what was on the wall (or shelf, or desk).  

That experience led me to explore literature on what this phenomenon (the users of VR 

feeling as if they were located somewhere else than they physically were) might be, and that 

search led to the sense of presence, the theory of which provides the grounding for this study. I 

believe the value in this type of learning experience cannot be fully grasped by asking students to 

answer static content questions, though that might be one strategy to usefully combine with other 

measures. More complex and descriptive methods must be used to explore the details, and the 



   

 

 

 

43 

entirety may be mined for salient data and analyzed for emergent themes. The resulting 

evaluation could then inform practice which is constantly iterated and improved.  

Research Design 

In order to answer the research questions, I took a mixed methods approach. The term 

mixed methods refers to research in social and behavioral sciences which collects both 

quantitative and qualitative data (Creswell, 2015). The bulk of the quantitative data was obtained 

through a non-experimental single survey administration (ITC-SOPI). Descriptive statistics of 

the factors of the sense of presence were produced along with correlations of participants’ 

technology experience to the factors. The qualitative data was provided from open-ended 

answers to questions administered at the time of the survey, and the focus groups conducted after 

the virtual experience. Analysis of each type of data was completed separately, then integrated in 

order to expand the understanding of how adolescents in this study experienced presence in low-

cost IVR with HMD.  

Evaluating the experience of presence using a 3DoF device is intended to aid 

practitioners in selection of IVR and justification of its use as a pedagogical tool. A validated, 

standardized instrument ensures sound survey design and enables comparison to other studies. A 

more difficult issue is the assessment of technology experience. There may be variation in how 

participants interpret the request for information about what they know and have or have not 

used. For example, the variety of products available which are labeled “virtual reality” can lead 

to some confusion. In order to combat this problem, the individual technology experience 

questions were individually correlated with each of the factors revealed by the ITC-SOPI. The 

intent was that significant results could open avenues for further exploration of the qualitative 

data.  
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Figure 3.1 

The Pico G2 4K IVR Headset Used in this Study 

 

Device and Content Selection 

The Pico G2 4K (Figure 3.1) was chosen for this experience because of its quality display 

capabilities, simplicity for operation and execution, and relatively inexpensive price. This unit 

offers three degrees of freedom (DoF) with one hand-held controller and currently retails for 

$249. In contrast, the larger units (like the Oculus Rift and HTC Vive) typically offer six DoF, 

which means users may walk around in a given space (see Figure 3.2). The price for those 

higher-end items start around $600-800 for the headset, but also require a computer with VR 

processing specifications (another $1000 at least). The ability to walk around while wearing 

a six DoF unit typically comes from external sensors and a more powerful computer, which is 

connected by wire to the processor provided by a headset. Three DoF means that users are seated 

for the module and do not need to walk around the room physically. User movement is tracked 
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Figure 3.2 

Illustration of 3Dof and 6Dof Movement Possibilities 

 

Note: From 3 DoF vs. 6 DoF [electronic image] by D. Barnard, 2020, (https://virtualspeech.com 

/blog/degrees-of-freedom-vr).  

from within the unit as the position of the head and controller. IVR enthusiasts often discount the 

capabilities of three DoF units like the Pico G2 4K thinking that the experience will be inferior to 

one offering six DoF. However, in a school building or classroom the ability to walk around 

while wearing an IVR headset is not a necessity. Students will be safer while seated when in 

proximity to multiple other students and teachers, and more of them will get to use the IVR if 

large spaces need not be cleared of objects and people. While the PicoG2 4K does not allow six 

DoF, it is significantly less expensive than the higher-end equipment, and has excellent visuals 

compared to those larger, pricier units typically used for digital gaming (Table 3.1). 

Table 3.1.  

 

Visual Quality Comparison of the Pico G2 4K to Larger Units 

 

 
Pico G2 4K Oculus Rift HTC Vive 

Tracking 3 DoF 6 DoF 6 DoF 

Update Rate (Hz) 75 90 90 

https://virtualspeech.com/
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Table 3.1 (continued).    

Field of View (degrees) 101 110 110 

Image resolution 3840x2160 1080x1200 1080x1200 

Pixels Per Inch 818 461 615 

 

The power for the Pico G2 4K comes from an onboard battery and the unit connects 

wirelessly to the internet to access and load material. As addressed in the introduction, the 

VictoryXR module, “Adventures in Space” (and many other types of content) can be 

downloaded directly to the device for use by students. Powering on the unit and clicking into the 

application is quick and simple. The instructions given in the sequence are simple enough for 

adolescent users, even those who have no experience with IVR, to follow. 

The VictoryXR content, “Adventures in Space” is a stand-alone application available in 

the Pico store. It is free to download to compatible different types of headsets. There are clear 

connections to educational use through national science standards alignment (Next Generation 

Science Standards), which teachers could then align to state and local curriculum requirements. 

The modules within the whole include Full Solar Eclipse, Travel the Universe, A Star is Born, 

The Theory of the Big Bang, and Fusing with Wendy. The information is delivered through a 

variety of means including two 360-degree videos with a science expert, a game for users to 

practice answering questions about concepts, and an assessment. The item chosen for this study, 

The Theory of the Big Bang, drops learners onto the surface of Mars in a rover which they drive 

to each of the different NASA Mars rovers while listening to narration. At the site of each rover, 

they learn more about different aspects of the big bang. The activity invites constant interaction 

through the controls and the operation is fairly intuitive. 
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Population and Participant Selection 

Personal connections and professional networking were utilized to secure a participant 

pool well-matched to the content and device. The experience was created particularly for 

adolescents (the age range of students was eleven to seventeen years, or in other words, grades 

six through twelve) and the device is easy to use. Asking for the participants’ age on the 

instrument was as a validating and confirmatory factor; it was not expected that there would be 

any differences amongst them which would be explored in the analysis. The question of gender 

(“male”, “female”, and “I prefer not to choose”) was be included to enable comparison with 

other studies on virtual reality.  

Many studies rely on volunteers already familiar with VR and gaming, and these 

volunteers are often primarily male. For example, Wei-Che, Tseng, and Shih-Chung (2018) 

studied exaggerated feedback for behavior intention in VR and presented statistically significant 

findings, yet the population for the study was 90% male. Peck, Sokol, and Hancock (2020) 

provide evidence of a lack of information about gender in studies about IVR, stating that 

researchers must “commit to using samples that are representative of the population for which 

the technology is being designed” (p.1952). Differences in bodily stature (i.e., height, hand size, 

inter-pupillary distance) due to age and gender might interact in different ways with devices as 

well as content. Care was used to achieve a roughly equivalent gender profile for this study. It is 

not proposed by this study that there are any differences between the way different genders 

would experience the sense of presence but again, including gender numbers will enable better 

comparison to other studies about IVR.  

Also concerning the demographics questions, the assessment of students’ familiarity with 

technologies and prior experience with VR offered an avenue of exploration to investigate 
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whether students with more computer expertise, time spent gaming, or previous experience with 

VR reported feeling any of the factors of the sense of presence more or less strongly. Recent Pew 

research shows that American teenagers are technology saturated: 95% of them have access to 

the internet, 80% own a game console, and 90% of teens play games on a computer, game 

console, or phone (Perrin, 2018). The demographics questions about their level of computer 

experience, how often they play digital games, if they’ve used a VR headset before, and their 

knowledge of virtual reality were all intended to help describe the group. With more information 

about the users, the discussion may be expanded to potential connections of widespread 

technology use with the experience of the sense of presence generated in adolescent users. 

The participants needed to be able to see, and be self-aware regarding sensitivity to 

possible motion sickness, per the guidelines stated in the parent permission letter and minor 

assent. Due to COVID-19 and additional regulations regarding research, the participants were 

recruited at a distance then loaned the VR equipment, pre-loaded with content for use. 

Participants were reached by email through personal contacts through colleagues in the piedmont 

of North Carolina. The goal was to achieve 40 adolescents completing both the module in the 

headset and the survey. The potential power of the statistical results is lower than ideal (analysis 

using G*Power recommended 130), but the use of 40 participants in the survey portion aided the 

reliability of the results through a likely normal distribution. A sample size of thirty is considered 

the threshold for normal distribution regardless of the size or shape of the population (Gravetter, 

Wallnau, & Forzano, 2014). The results of the numerical data augmented the details and 

description provided by the analysis of the focus group interview transcripts and open-ended 

answers. 
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Six demographic questions preceded the validated survey questions. They covered age, 

gender, level of computer experience, frequency of digital game play, previous use of VR 

headset, and level of VR knowledge. These questions were intended to help describe the sample 

obtained, add dimension to the results of the instrument administered, and to aid comparison to 

other studies in the future. The only demographic question that was required to be answered was 

the first one, on age. All of the others could have been skipped by the participant, though none 

were. Of the forty participants, fifteen (37.5%) were 11–13-year-olds and twenty-five (62.5%) 

were 14–17-year-olds. Coincidentally, 20 self-identified as male, and 20 as female. None of the 

participants marked that they preferred not to choose. This equal division was coincidental; there 

was not a concerted effort to collect exactly the same number in each group. 

Procedures 

Despite the unusual situation created by the COVID-19 pandemic, 40 participants from 

the Triad and Triangle region of North Carolina were obtained for the study. Participant 

recruitment, delivery of IVR headsets, and survey data collection took place December 16, 2020 

through January 30, 2021. The researcher began by sending an email to friends, colleagues and 

acquaintances who might be able to help with identifying adolescents interested in participating. 

Some of these contacts had adolescents in their households and replied affirmatively, and others 

knew families who might be interested and shared contact information. The participants were 

thereby recruited through email exchanges with their parents. Because the participants were 

minors, they were told about the project by their adult contacts (through emailed recruitment 

invitations to contacts of the researcher). An explanatory video and short video sample of the 

module were sent with these initial emails in case the adults or adolescents wanted further 

information about the experience. Those interested in participation used a Qualtrics link to 
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complete parent consent and child assent forms. Once consent was complete, email was used to 

coordinate delivery of a headset and supplies to an agreed upon location for use by the 

participant(s). In most cases a single adolescent would participate, but occasionally a family 

would have more than one child in the age range for the study. Recruitment and consent 

continued on a rolling basis over the course of six weeks until the target number of participants 

with a complete survey reached 40.  

Figure 3.3  

 

Laminated Instruction Card 1: Front and Back 

 
 

 

Once the consent forms were complete online, a time was scheduled for the participants 

to use a device. The Pico G2 4K was delivered to a location of their choice in a sanitized box 

with hand sanitizer, a face guard, instructions and a link for the survey. The headset had the 

Victory XR Adventures in Science program as the only loaded content. The instructions 

(Parent/adult booklet found in Appendix C, and laminated card pictured in Figure 3.3) pointed 

them toward the module on the big bang theory, which they viewed and completed before 

	

	

	

After	time	is	up,	put	everything	except	your	used	face	

guard,	back	in	the	box.	Throw	away	your	face	guard.	

	

	

	

Take	a	slip	with	the	web	address	for	the	survey.	Please	

complete	that	as	soon	as	possible	after	your	VR	

experience.	(I	will	also	email	it	to	you	through	your	

parents	just	in	case.)	

	

	

	

I	will	contact	you	if	I	could	use	your	help	for	an	

interview.		Thanks!!	
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turning off the headset. There was also a laminated instruction card (Figure 3.4) to remind 

participants to come out of the headset if feeling unwell. 

Figure 3.4 

 

Laminated Instruction Card 2 With Safety Reminders 

 

 
 

 

The module should have taken about twenty minutes if completed as intended. 

Participants were asked to stop after twenty minutes to standardize dosage and to help avoid 

adverse effects of using a VR headset for too long. If they finished the particular module before 

twenty minutes was up, they were invited to view other pieces of the lesson, but this was not 

required. As soon as possible after viewing, participants accessed the anonymous survey 

distributed by Qualtrics link. The short link was provided in the box on a slip of paper and the 

link was also emailed to parents of participants.  

The module begins in a digitally generated spaceship in a docking bay. The user is then 

directed to use the pointer to make a selection of a “destination” and told how to start the voyage 

or exit the module (Figure 3.5). At this point, users may notice that they can click on voyages or 
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buttons in the ship. Participants were asked to select the voyage called The Theory of the Big 

Bang. Once the mission was selected, the ship appeared to accelerate into the stars. The scene 

then changes, and the user is dropped onto Mars inside a land rover. The narration begins 

without telling the user how to “drive”, but the controls are shaped like a steering wheel in a car 

and the pointer is used to steer. The rover needs to be driven to the three Mars rovers to hear 

about those rovers and the parts of the lesson about the big bang theory. They could drive in any 

direction, but once the in-between narration ended, they did not hear more information until they 

reached one of the rovers, marked with a skylight (Narration text in Appendix B).   

Figure 3.5 

 

“Adventures in Space”, the Theory of the Big Bang, Two Views 

 

  
 

The total time it takes to complete the “mission” can be 15 or more minutes, depending 

on the direct driving skills of the user. This was why they were told they could spend up to 

twenty minutes in the module. Those who finished early were invited to do other activities if 

they wished. There was no recording of data from the headset experience; the Pico G2 4K does 

not have the capability to track eye movement or other biodata. After using the headset, 

participants took the online questionnaire using a short link printed on a slip and included in the 
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box and were invited to be interviewed in a focus group. More details about the survey, its 

administration and the focus groups are presented below and in the data collection section. 

Instrument: The Independent Television Commission Sense of Presence Inventory  

Schubert (2009) provides support for the use of questionnaires as indicators of presence 

felt by individuals using IVR by making a distinction between spatial cognitive processes and the 

subjective feeling of spatial presence. Use of a questionnaire to evaluate sense of presence is a 

theoretically grounded, legitimized method for feeling of presence research. There are multiple 

validated instruments used in research for users’ self-assessment of their sense of presence in 

IVR. The Independent Television Commission Sense of Presence Inventory (ITC-SOPI) was 

developed in 2001 as a cross-media device, and as of 2015 had been cited in over 500 studies on 

presence (Laarni, et al., 2015). This instrument loads on the same factors as other prominent 

assessments, though some are named slightly differently. The length of the ITC-SOPI is 

moderately long (44 items) compared to other commonly used assessments such as the IPQ 

(Schubert, Friedmann, & Regenbrecht, 2001) with 13 items and the SUS (Slater, Usoh, & Steed, 

1994) with only six, but those instruments (especially the SUS) are less sensitive. The ITC-SOPI 

shows sensitivity to both the media type and different levels of presence. Another benefit is that 

it is written at a technical level understandable by middle school students.  

The ITC-SOPI by Lessiter et al. (2001) was chosen due to its sensitivity to different 

elements involved with the experience of presence. This instrument has also been shown 

effective with different forms of media. An added benefit is its use with a wide range of media 

and populations over the years. Another determining factor for the choice of the ITC-SOPI in 

this study was its inclusion of negative effects in the overall evaluation. Recent research on IVR 

offers quite a range of percentage of users who experience negative effects such as eye strain, 
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dizziness, and physical discomfort. As before stated, Jensen and Konradsen (2018) found that the 

studies they examined reported ranges from no discomfort to nearly all participants feeling 

discomfort, and this can be partially attributable to the range of possible IVR devices used with 

even more diverse human beings. Research about IVR generally shows a range of 20-40% of 

users who experience discomfort due to using the device. Logic makes it clear, outside of 

research, that physical discomfort or negative feelings created by an experience may have a 

negative impact on the users’ experience of any benefits from the activity. As such, considering 

negative effects is an important part of investigating IVR.  

Data collection 

Survey administration   

As stated, once the consent forms were completed online, a headset and supplies (hand 

sanitizer, face mask, lens wipe, instruction cards and adult manual) were delivered to the agreed 

upon location for use by the participant(s). In the box with the materials, participants were also 

given a slip of paper with a shortened URL to reach the survey, which they were instructed to 

complete as soon as possible following their use of the headset. While the links were anonymous 

and there was no way to track who had completed a survey, the numbers came in at expected 

rates for the headsets that were on loan at the time. For example, if a family with two children 

had a headset for two days, the rise in the number of surveys completed matched that two by the 

time the headset was picked up on the second day. On two occasions a group of parents were 

emailed a link to the survey as a reminder when the survey completion numbers did not match 

what was expected before pickup. 46 permission forms were completed for headset use. In the 

end, 42 surveys were collected, but two responses broke off and were deleted. Therefore the 
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response rate for correct completion of the survey within the allowed time was 87% (40 

completely completed out of the 46 completed permission forms for participants).  

Participants were instructed to take the questionnaire as soon as possible after they used 

the headset. The survey was administered through the online platform at Qualtrics. While survey 

responses were anonymous, a time stamp and unique identifier were included with each set of 

responses. The ITC-SOPI specified instructions for the beginning of the survey, and these were 

included on the first screen. Based on the information Qualtrics recorded, the 40 participants 

between the ages 11 and 17 took an average of 7.53 minutes to complete all of the questions. 

This reflects the expected pace of completion shared by the survey writers. Freeman, Lessiter 

and IJsselsteijn (2001) state the approximate time needed to complete the questionnaire as five to 

seven minutes. The Qualtrics link was set to anonymize, so while it assigned each result an 

identifier, those identifiers were not connectable to participants. The parent signatures and assent 

forms connect students to the study, but there is not a way to connect the online permission 

forms to particular answers. It is not possible for the survey data to be reconnected to any 

particular user. 

Six demographics questions were at the beginning of the instrument administration to aid 

understanding of the sample of adolescents obtained (See Appendix G). While there is a wide 

range of developmental stages represented in the desired participants, the information gleaned 

could show what technology use characteristics they do have in common. These questions were 

carefully considered for necessity though, as the addition of too many questions could lead to 

survey fatigue among participants (Groves, et al., 2009). Also, because the users were self-

administering the instrument, there would be no opportunity to explain terms or questions. 

Misunderstanding of the questions about digital game play and virtual reality could cause 
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unreliable results. For example, in the question “Rate how often you play digital games”, the 

word digital was chosen, and not “video” because I wanted participants to include 

computer/laptop games and mobile phone games with video games. Also, the choices of “Every 

day”, “50% or more of days”, “Often but less than 50% of days”, “Once in a while”, and 

“Never” were phrased to give the adolescents a concrete way to quantify their game-play rather 

than using the typical “Always”, “Often”, “Sometimes”, and “Never”. Often and sometimes, 

especially, could be understood differently by different people.  

One topic which has recently become more of a sensitive topic for survey administration 

is the inclusion of either a sex or a gender question (or both). Sex is assigned at birth based on a 

visual inspection of an infant, while gender is a social construct based on how people see 

themselves. A more widespread awareness of differences in the concepts of gender and sex has 

led some researchers to make two-step questions to cover sex and gender. Recently Pew research 

conducted research about how survey respondents reacted to the wording of sex and gender 

questions and found that the inclusion of a third option (such as “Do you describe yourself as a 

man, woman, or in some other way”) had the intended effect of being more inclusive and 

improving data accuracy (Amaya, 2020). This approach, adapted for this study’s younger target 

population, led to the gender choices offered for demographics sake as “Male”, “Female”, or “I 

prefer not to choose”. I prefer not to choose provided a way for adolescents who did not identify 

as male or female a choice without listing a variety of terms that may confuse other participants 

who were unaware of the range possible.  

As stated before, the gender question was not approached lightly, but the inclusion was 

ultimately considered necessary because of the heavily male representation in IVR research, 

which may be due in part to convenience sampling. Voluntary IVR studies are often conducted 



   

 

 

 

57 

in spaces that traditionally attract high populations of males, such as computer science 

departments, or digital game labs. This may translate to higher rates of male participation, as 

noted in the literature review such as Peck, Sockol and Hancock (2020) who showed this in their 

study which found female participants and authors are underrepresented in VR research as a 

whole. Including the question will ensure that gender distributions reflect the potential 

population of adolescents and allow for comparison to other studies on IVR. 

Open-ended Questions 

Additional qualitative data came from the two open-ended questions on the survey, which 

were not required for survey completion. Participants could skip them without further prompting. 

The questions were “If there is anything else you would like to add about how you feel in VR, 

please use this space to type your comment(s).” and “Did you learn anything about the theory of 

the Big Bang, or about Mars rovers from this module? If so, please type it in here.”  There were 

only two such questions included due to survey research which shows that fewer open-ended 

questions obtain better responses. Open-ended questions also typically have high response 

refusal rates due to the amount of cognitive effort required to formulate a meaningful answer 

(Groves, et al., 2009). In addition, Miller and Lambert (2014) showed that participation rates for 

open-ended questions go down as a survey goes on in length. 

Focus Group Interviews 

An emailed invitation for participants to participate in focus groups were sent to their 

adults at the half-way and end points in the study. Those who replied were contacted and a time 

was arranged for participants to meet with the researcher in Zoom. Two separate groups of four 

participants were scheduled in this way. Once the qualitative data analysis began, it seemed that 

more data would be useful in confirming the trends, so two more participants were invited to a 
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third and final focus group over Zoom. This made for three groups involving 10 of the 40 total 

participants. All the sessions were recorded in Zoom and transcribed by Otter.ai. The recordings 

and transcripts were retained for checking quotes that did not appear to be what the participant 

said.  

In the focus groups researcher asked participants to share their thoughts on the module 

pertaining to the questions written about elements of the sense of presence. The interviews were 

recorded in Zoom, but students were not asked their names, nor were they asked to disclose any 

personal information. The interview questions did not ask for personal information so that 

participants could not be identified if their comments were to be used as evidence. Individual 

participants should not be identifiable at all through reporting, though it may be possible for an 

individual to recognize their own words used in the study and self-disclose. The topic of the 

study and the types of information revealed through the interview questions would not reveal any 

embarrassing or damaging information to students. Information that follows is de-identified as it 

will be when presented for any publication. 

Demographic Description of Participants 

The characteristics of the participants provided confirmation that the sample would 

reliably represent a general population of adolescent users. Gender and age were addressed in the 

methods section, but here I consider other characteristics that might have something to do with 

how participants interacted with the device and content. These related characteristics are prior 

experience with technology including participants’ self-reported level of computer experience, 

frequency of their digital game play, and prior use and knowledge of IVR.  
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Prior Experience with Technology 

When educators use IVR for teaching and learning, students’ previous experience with 

computer technology (e.g., games, IVR, general information and communications technology 

use) may increase the likelihood of relative success with IVR integration in a learning sequence. 

Users who need less direction on how to operate a particular device will be able to devote more 

cognitive energy to the content of the module. For example, experienced gamers will understand 

the mapping of controller motions (e.g., clicking buttons, pulling triggers, etc.) to what happens 

in a virtual environment. Explicit instructions for these users on how to operate the device will 

be less important for getting started. In the present study, all of the students reported previous 

experience with computers, and most reported experience with gaming and VR (see Figure 3.6). 

None of the participants reported being unable to start the headset or navigate to the selected 

content and complete the module without the researcher present. 

Level of Computer Experience  

As might be expected for this age group, all of the participants in this study indicated 

prior computer experience. Ten of the 40 said their level of computer experience was “basic,” 27 

said it was “intermediate,” and three identified themselves as “computer experts.” It is not 

surprising that all of the participants had some sort of computer experience. Contemporary 

schooling, even when delivered entirely in person, nearly always includes the use of information 

and communications technology (ICT) such as laptops, desktop computers and/or tablets. A 

recent report from Gallup and the NewSchools Venture fund (Gallup, Inc., 2019) found that 

digital learning tools were integral to teaching and learning in and out of school. 65% of teachers 

said they use digital learning tools to teach every day. As that survey was from before the 

COVID-19 pandemic, current numbers are likely even higher. At the end of the 2019-2020 
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school year, the majority of schools around the country shifted to online instruction for extended 

periods to slow the spread of the COVID-19 virus. 

Figure 3.6 

Infographic Containing the Participant Profile for the Study 

 

Frequency of Game Play  

When asked to “rate how often you play digital games” on the participant survey, 21 of 

40 (52.5%) reported playing digital games every day. Three (7.5%) played fifty percent or more 

of days, and another 13 (32.5%) played often, but less than fifty percent of days. Three played 

once or twice a month, and none of the respondents said they never play digital games. As a 

whole, 92.5% of the participants reported playing video games often or more. This digital 
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saturation reflected the digital game saturation of American youth indicated in the Pew research 

poll cited earlier in Chapter Three and may have facilitated the successful use of the equipment. 

As before stated, though the correlations between the factors of the sense of presence and 

technology experience were not found to be statistically significant, other evidence in the 

qualitative data seemed to show that technology saturation may have facilitated the participants’ 

use of the IVR headset.  

Previous VR Use and Knowledge  

Users who have prior experience turning on and controlling an IVR device should have a 

better understanding of VR equipment in general. That is, a relative understanding of how to 

wear and control an IVR device could ease the cognitive burden of executing the task and allow 

the user to focus on content, rather than the device. In this study 31 of 40 (77.5%) of the 

participants reported using a VR headset before. This is possibly higher than average for the 

entire population of teens in North Carolina because of the recruitment process through word of 

mouth and email via education channels (both K-12 and University). However, due to video 

game companies’ (e.g., Sony Playstation, Oculus) recent promotion of the medium of VR and a 

boom in sales of headsets like the Oculus Quest and Oculus Quest 2, the number may not be 

entirely out of line with the general population. Comparable, dependable statistics on children or 

teenagers are difficult to locate. Ivan Stevanovic (2019) cited a 2015 study which claims that 

55% of “Gen Z” (the group parameters were undefined) have tried VR. In a more recent work, 

Lavoie, Main and King (2020) recruited adults (average age=34.55, 61.31% male) to reply to a 

survey request through Amazon MTurk and Crowdflower and found that 69.7% had tried VR 

before the study. This number is similar to the finding of this study, though an entirely different 

age group.  
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In contrast, the participants’ expression of their level of knowledge of virtual reality was 

much lower in comparison to how many had already tried a VR headset. On the survey 30 of the 

40 participants stated they had no knowledge or just basic knowledge of VR. Nine claimed an 

intermediate level of knowledge of VR, and one considered him/herself to be an “expert” on 

virtual reality. This is another instance in which it is difficult to find comparative statistics. 

Learners who are familiar with this type of technology will likely have differences from 

complete novices. Educators who are interested in using IVR may wish to find out ahead of time 

which of their learners will be able to operate a device on their own, and which will need more 

guidance. In addition, those users more familiar with the medium may not be as interested or 

motivated towards using IVR for learning.  

Data Analysis 

 Quantitative Data (Survey and Personal Characteristics) Analysis 

Data cleaning (checking for errors, missing scores, etc.) and visual inspection of trends 

preceded the quantitative data analysis. When the number of surveys reached 40, near the end of 

the collection period, the results were quickly visually scanned, and it was noticed that two 

surveys were not completed. Those two instances were removed, and two more participants were 

sought to reach the target number of 40. Qualtrics offers a wide range of report formats, and the 

summary statistics for the demographics questions were known immediately following 

administration. These results were exported to Excel for further inspection and cleaning for entry 

to STATA. To confirm the Qualtrics data, summary statistics were also run on multiple items to 

confirm they were correct. The Likert data were also checked for normality (skewness and 

kurtosis) and found to be approximately symmetric.  
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A numerical profile of the experience of presence offered by the device when used with 

interactive educational content was created as instructed by the instrument by combining 

particular items. These items were grouped to create the factor scores using means and standard 

deviations. Correlations among those four factor categories (engagement, ecological validity and 

sense of physical space) were also made. This became the foundation of the quantitative 

explanation of what the participants experienced. Data were examined using two-tails, as the 

negatives were expected to influence other factors in the opposite direction. Summary statistics 

including the mean and mode were also run for individual survey items. In this case the mode 

was examined as well to be able to see the most frequently picked answers. This provided even 

more detail about each factor, as in what items were felt more or less strongly. It was also 

particularly helpful when looking for details about the experience of negative aspects from this 

IVR experience. 

In order to address validity, confirmatory factor analysis was conducted on the survey 

data and results were compared to the originating study by the survey authors using Cronbach’s 

Alpha (see Chapter Four). This aids comparison to other studies’ results using the same 

instrument with other technologies and/or age groups.  

Previous usage of technology and VR, when examined in the light of the profile results, 

could illuminate skill development with innovative technology for learning. For example, users’ 

proficiency with technology and technology skills may allow more ease of use and successful 

control of the virtual environment. Prior experience with IVR may offer students potential power 

to alter the experience of their future VR use along with social and psychological reverberations 

(Tamborini & Skalski, 2006). For this reason, correlations were produced for the technology 
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experience questions (previous use of VR, frequency of digital game play, and self-assessed 

computer knowledge) with each of the four factors.  

For further detail on how the participants experienced the content, more exploratory tests 

were conducted: A one-way ANOVA was performed with the negatives factor and previous VR 

usage in order to determine if there was a difference in the level of negatives experienced 

between those who had used VR before and those who had not. A t-test comparing these two 

groups was also done to see if there was a significant difference between the experience of 

negatives for those with and without previous VR usage. Finally, a pairwise correlation of each 

of the four factors with the amount of participants’ digital gaming was conducted to see if any of 

the factors was experienced differently by those users reporting different amounts of digital 

game play. 

Qualitative Data Analysis 

The qualitative data analysis began with the text from three focus groups interviews of 

participants who randomly volunteered in response to an emailed invitation to all eligible 

participants. All participants who were interviewed had used the headset within three weeks of 

the meeting. In these interviews, participants were invited to share about the experience, and the 

questions targeted the sense of presence as a whole, but also focused on eliciting their thoughts 

on their own sense of presence with questions per each factor (see Appendix F). Laarni et al. 

(2015) discuss interviewing focus groups as a helpful method in presence research “when there is 

quite little previous knowledge of a complex mental phenomenon, [because the results] ...can 

provide an in-depth look at it.” (p.155). Focus group interviews were chosen over individual 

interviews to (potentially) help novice users of immersive media feel comfortable discussing 

their experience and sharing with the interviewer. The ten questions were carefully worded to 
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elicit information about the factors of the sense of presence felt without priming or prompting 

answers.  

The qualitative aspect of the student interviews was enhanced by the findings of the 

quantitative analysis. The integrated analysis and discussion add to what is known about IVR 

HMD with 3DoF, often looked down upon in VR circles, regarding use as a solution for teaching 

and learning. Limited open space in a formal school setting would mean students could not walk 

around while experiencing a VR module anyway. The results of this study could show that a 

3DoF device can deliver a quality experience at less cost than many IVR devices and with easier 

access (no cords, only one controller to manage). 

With adult contacts/parents’ help for scheduling, focus group participants were 

interviewed for 15-20 minutes to elicit their perceptions of the IVR experience. Recordings were 

made of these interviews in Zoom. The recordings remained in the researcher’s Zoom account 

and were transcribed with the help of Otter.ai. Atlas.ti was used to manage documents and 

conduct coding, which aided analysis of the transcripts. The analysis of the interview data 

attempted to find evidence of the students’ experience of elements of presence (reflecting the 

instrument), but also possible results from the experience such as motivation, emotion, cognition.  

A set of 16 pre-determined codes were used initially for content coding of the focus 

group transcripts and answers to open-ended questions in the survey (Table 3.2). These codes for 

the factors of the sense of presence (engagement, sense of physical space, and ecological 

validity) and negatives were created to reflect the description of the factors in the original study 

(Lessiter, Freeman, Keogh, & Davidoff, 2001). The aspects of the device and user individual 

characteristics which are known to influence how individuals experience virtual reality 

environments were also drawn from that original study. Comments were read line by line to 
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identify meaningful units of text for description with these initial codes. This primary work then 

“set[s] the stage for further analysis and drawing conclusions” (Miles, Huberman & Saldaña, 

2020, p. 63). More codes were added as the analysis progressed, such as the coding of the 

contents of the answers to the learning question “did you learn anything about…if so place it 

here”. Those were coded as being about the big bang, Mars and/or the rovers, and other science 

information. 

Table 3.2 

  

A Priori Codes for the Text Analysis 

 

Sense of Presence Factors Code Category Code 

Engagement 

Involvement 

Control 

Attention Allocation 
Device 

Vividness 

Interactivity 

Sense of Physical Space 
Spatial Presence 

Self-Location 
Individual 

 

Motivation 

Emotion 

Cognition 

Physiology 

Ecological Validity 

 

Realness 

Predictability 

Suspension of 

Disbelief 

  

Negatives Negative   

 

After concept coding, the coded transcripts were then analyzed for thematic content 

(Saldaña, 2014) which were emergent at the code level, and were later connected for discussion. 

New codes, not falling under the a priori frame, were also sorted and organized into new themes 

for examination in conjunction with the data as a whole. 

The first cycle of coding began with concept coding to look for the pre-determined 

categories. In conceptual coding, larger units (such as sentences) are labeled with the concept, 

and this process was repeated again and again until saturation was reached in the documents. 
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This strategy, coding multiple times to achieve saturation with the codes, aids validity and 

reliability in qualitative study (Creswell & Plano Clark, 2018). Following that, some attribute 

codes were created to help examine what meaning was emerging from the text. These codes 

included: big bang, feel, Mars/rovers, other science. Looking at the quantities of particular codes 

led to the realization that there were patterns in the data regarding the sense of presence. 

Comparison and co-occurrence analysis allowed mining of the qualitative data for further insight 

into the students’ experience of the sense of presence provided by the numerical data. 

Interpretive consistency is validated by this type of mixed methods analysis (Dellinger & Leech, 

2007), and triangulation of items from the interviews with items from the quantitative data 

allowed confirmation or rejection of themes, patterns and connections made by the researcher.  

A visualization of the network analysis of segments’ cooccurrences was produced using 

the coding software. The resulting Sankey diagram (Figure 3.7) illustrates co-occurrence of the 

most-used device and user characteristics (on the left) connected to the most-used codes from the 

theory of presence (on the right) found in the qualitative data. The height of the bars next to the 

codes represent the number of times the codes were used. The width of the bands connecting the 

codes on both sides indicate the frequency with which they were connected to those other codes 

during analysis. Looking at the co-occurrence of codes in this way reveals some of the ways 

device vividness and interactivity or user physiology, cognitive ability, emotion or motivation 

may contribute to the individual’s experience of the sense of presence. For example, one of the 

widest bands connected cognition (a user characteristic) with attention allocation (a code of the 

factor of engagement). A quote with both of these codes was:   

In the box on the paper, it told you what you're going for first. So usually when 

you would look over, you'd be like, Okay, I'm looking for that, looking for that on 
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each side. And then you click it. And then it says to pull this lever thing, which is 

right next to you, which I think is pretty direct. (Focus group participant) 

Figure 3.7  

 

Sankey Diagram Representing the Top Codes From User and Device Characteristics (left) 

Connected to the Top Codes for Sense of Presence (right) 

 

 

Note: The height of the bar and the width of the connector indicates the frequency with which 

they cooccurred. 
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This participant had decided where to place attention by trying to follow instructions and 

thinking about how actions taken might lead to progress in the module. Making these 

connections between the codes aided analysis and discussion. 

Avenues for incorporating qualitative and quantitative findings in the discussion included 

relating the results to what is known about early adolescence as far as willingness to suspend 

disbelief, knowledge of and prior experience with the IVR medium, and others such as 

personality, cognitive ability, and mood. There is evidence from the literature that younger users 

have different brain activity than adults (Baumgartner et al. 2008), and as before mentioned, 

there is concern about the susceptibility of children to the sense of presence which may or may 

not be supported by evidence in this study. Interpretation of the mixed data not only reflected the 

literature collected, but also produced a frame for viewing the results as a guide for selecting 

IVR content for use with adolescent learners.  

Figure 3.8 

Study Diagram Outlining the Mixed Methods 
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CHAPTER FOUR: FINDINGS 

This study focused on the experiences of adolescent users of immersive virtual reality 

(IVR) regarding their experience of the sense of presence, along with potential negative effects. 

The literature review surrounding the affordances of IVR for learning showed that there are 

potential benefits for student users connected to the sense of presence relayed in research, but 

these studies did not utilize adolescents ages 11-17 years old as participants (e.g., Balienson, et 

al., 2008; Canzoneri, Di Pellegrino, Herbelin, & Blanke, 2016; Chandrasekera, Fernando, & 

Puig, 2019; Klippel, et al., 2019; Liaw, 2019; Ling, Nefs, Brinkman, Qu, & Heynderickx, 2013; 

Makransky & Lilleholt, 2018; Makransky, Terkildsen, & Mayer, 2019; Rupp, et al., 2019; 

Selzer, Gazcon, & Larrea, 2019; Stavroulia, et al., 2019; Xie, Ryder, & Chen, 2019; Yang, et al., 

2018). The majority of those used college-aged participants (e.g., either stated with a range or 

average). In addition, I only found a couple of studies which clearly addressed possible negative 

side effects such as headache, nausea, or other discomfort in users (see for example Klippel, et 

al., 2019; Ling, Nefs, Brinkman, Qu, & Heynderickx, 2013; Rupp, et al., 2019; Selzer, Gazcon, 

& Larrea, 2019). Understanding how adolescent users experience the sense of presence can help 

educators create engaging learning experiences that adolescents value and find memorable.  

The research questions framing this study were: 

1. What are adolescents’ perceptions of the immersive virtual reality experience rendered 

by a cordless immersive virtual reality device coupled with science educational 

content? 

2. To what extent are the factors of the sense of presence (sense of physical space, 

engagement, ecological validity, and negative effects) experienced by adolescent 

users? 
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Findings 

The sense of presence (as defined by this study) refers to the use of technology as a 

medium to create a subjective experience for the user. That is, individuals may feel heavily 

engaged, as if they are experiencing another place. Yet the actual feelings produced will vary 

based on the characteristics of the device, content and user. The sense of “being there” (as a 

short-hand definition of presence) might refer to the sense of physical space. However, the data 

collected in this study suggested that adolescent users' sense of presence was also heavily 

influenced by a feeling of engagement, with prominent evidence of attention allocation (how the 

user decided to place attention) and control (what the user could manipulate) as influencing 

aspects. The sense of self-location and physical space (where a user feels located) were not as 

prominent as engagement in both the qualitative and quantitative data collected across this study. 

The findings also suggested that after using the IVR headset, participants were able to share a 

variety of informational content that they learned, and the incidence of negative effects (such as 

headache or nausea) was low. This information confirms that educators can look to the Pico G2 

4K, a three Degrees of Freedom (DoF) IVR device, paired with interactive content like 

“Adventures in Space” by VictoryXR, to provide an engaging experience for learning that will 

grab users’ attention if they are able to have some control within the module.  

Research Question 1: Participant Perceptions of IVR Experience 

Qualitative data from the survey instrument and focus group interviews revealed 

considerable evidence to suggest that the participants overwhelmingly described their time in the 

IVR module in terms of feelings. For example, the word count of all the qualitative text showed 

“feel” and “felt” were among the most frequently used meaningful words in all of the qualitative 
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text.2 As with any word, feel/felt can have multiple applications depending on the use and 

context. In this study, further examination showed that feel/felt was mostly used as an expression 

of cognition, emotion, or as an explanation of sensory experience. For example, one focus group 

participant said, “I feel like at the beginning, it didn’t feel uncomfortable or anything, but just 

took a while to get used to.” In this sentence feel is used both ways. The first feel is referring to 

thoughts, the second is to the sensory experience. Closer examination of all of the quotes 

containing feel and felt showed the usage was fairly even between the two uses. Despite the 

difference, both of those uses reflect the highly tactile, sensory rich experience IVR provides, 

which then triggers an affective response, producing both sensory feelings and cognitive 

feelings. This is supported by Schubert’s (2009) work, conceptualizing spatial presence as 

“feedback from unconscious cognitive processes that informs conscious thought” (p.161).  

Participants reported both negative and positive feelings (both cognitive and sensory) 

about using the VR headsets. For example, four users reported negative experiences, including 

headache or nausea. One participant said, “I felt like I was able to interact in the experience, but 

overall it did cause me some nausea and headache,” (Open ended answer, January 2021). 

Information about the type of discomfort included statements like “I'm not typically a person to 

feel nauseated, but I felt a little bit of nausea,” (Open ended answer, January 2021), and “I took it 

off towards the end because I was getting a bit of a headache from just looking around,” (Focus 

group participant, January 2021). Despite several mentions of these negatives, no participant 

reported severe discomfort or problems that extended beyond the use of the headset. “I think it 

was more like I just realized [I had a headache], and then like after a minute after taking off the 

headset, it was it was gone,” (Focus group participant, January 2021). 

 
2 “Meaningful” indicates words that were not articles, prepositions or verbal tags, such as “like” or “just”. 
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This was a novel experience for most of the users, even for those who had tried VR 

previously, and there were plenty of comments that reported enjoyment. Those users said the 

experience was fun, they liked it, and they called it “pleasant”. Representative quotes that 

illustrated the enjoyment felt in relation to the involvement by these participants included: 

“I really liked it! I felt like I could reach out and touch something. I know why it’s called 

a VR now!” (Open ended answer, January 2021). 

“It was fun, and I liked that I could drive,” (Open ended answer, January 2021). 

“I love the interactivity and just how I feel on Mars,'' (Focus group participant, January 

2021).  

“I feel somewhat immersed in it, but it would need some stronger graphics and better 

sound quality to feel more real to me,” (Open ended answer, January 2021). 

The last two examples here are notable because rather than speaking about how the visual 

environment (Mars) looked, the participants were both expressing their feelings about the 

visuals. Also, there’s a difference in the first comment and second where the user places their 

experience on Mars. The second comment, by bringing up the visual quality, indicates that the 

participant was able to think about his/her own understanding of the feeling as a byproduct of 

immersion in the module. The contrast between the two comments illustrates the possibilities for 

different interpretations of the same IVR experience, not just among adolescents but any users. 

Self-Report on Learning  

When the text analysis was conducted, learn/ed/ing was also among the most frequently 

used word(s) in the qualitative data, but this was likely prompted by the text of both the open-

ended question and interview questions which asked participants to name items they learned, and 

many simply restated the question when answering. The open-ended answers to the question, for 
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example - “Did you learn anything about the theory of the Big Bang, or about Mars rovers from 

this module? If so, please type it in here.” - showed most students reported positive learning 

outcomes about the Big Bang or the Mars rover. Twenty-seven of the 40 participants (68%) 

indicated they had learned something from the module and of those, twenty-four of the 40 

participants (60%) actually named one or more things they learned or learned about.  

More examples of learning shared included comments such as “I learned quite a fair 

amount about the validity of the big bang,” (Open ended answer, January 2021), and “I learned 

that all of the rovers help scientists to observe Mars. Also, I learned how the big bang happened,” 

(Open ended answer, January 2021). More specific details shared included the names of the Mars 

rovers, or the meaning of vocabulary words such as “falsifiable”. Some participants talked about 

other interesting items they remembered such as “Red stars are actually moving away, and older 

galaxies look different than newer galaxies,” (Open ended answer, January 2021). While content 

learning was not the topic nor objective of this study, these answers alone show that there was 

some absorption of facts presented within the contents of the module, the text of which can be 

found in Appendix B.  

When asked how they saw this fitting into learning in a traditional classroom, participants 

seemed to think it would be a valuable addition. One said: 

 I think [IVR devices] are probably more beneficial to students because it kind of 

combines all the different ways of like, learning visual, audio, and things like that, 

which is a really important thing when you’re teaching people things. (Focus 

group participant, January 2021) 

While this user imagined broad application, another commented that he/she “wouldn’t be able to 

see it necessarily fully taking the place of normal lessons, but I could see it as more of a sort of 
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side activity...that’s used occasionally,” (Focus group participant, January 2021). These 

adolescents’ willingness to visualize the use of IVR in the classroom shows familiarity with the 

use of technology for learning. 

Though the use of IVR in the classroom would not seem out of place due to the 

prevalence of technology in use already, one user felt IVR would not be a good learning tool, 

saying it would be “bad for learning because of distractions…[students] would be doing anything 

except for learning problems,” (Focus group participant, January 2021). Educators familiar with 

adolescents would expect this type of variety of responses to learning tasks in IVR, as the 

responses would depend on students’ personal characteristics and context. Some adolescents will 

be more advanced in cognitive abilities and may be better prepared for certain content. Students 

who claim not to be interested are sometimes experiencing social or developmental issues. 

Conversely, a participant could be genuinely uninterested in the topic for the content. In that 

final quote, the participant seemed to be thinking of the IVR as a temptation for students to 

engage in behaviors other than concentrating on the learning objectives (which the participant 

called “problems”).  

Engagement  

Over and over again participants characterized their experience in terms of what they 

could do. They frequently discussed issues relevant to attention allocation (where they placed 

their attention), control aspects (what they could influence) and involvement. “Attention 

allocation” and “control” were among the most coded elements related to the sense of presence, 

and both are part of the factor of engagement. This falls in line with a general definition of 

educational engagement in which learners must actively mobilize energy (cognitive, emotional, 

or even physical) towards a task (Janosz, 2012). To learn, one must engage.  
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Using this type of IVR was not as much about blocking out the physical world, or reality, 

but more about inviting users to an interactive, engaging experience. The ease of use of the 

headset and the content (controlling a rover on Mars) figured into this study’s ability to provide 

engagement. Blocking out the real world and providing a video or multiple-choice quiz on the 

screen would not necessarily obtain better engagement than a traditional video or quiz because 

there is a VR headset to deliver it. Different content may be more or less interesting to users 

based on personal preference as well. In fact, one participant said he/she was bored because of 

the content, despite his/her ability to control certain aspects of the scenario, though that case 

seemed to be an exception for this group of adolescents. 

Attention Allocation 

Knowing where to look in a virtual experience can be an essential part of understanding 

the overall purpose and message of the module for the student user. As to knowing what to look 

at or do, there was one participant who stated that he/she didn’t know what to pay attention to: “I 

feel like it was hard to pay attention because of the surroundings,” (Open ended answer, January 

2021). This points to the potential for users of IVR to get lost in the environment and not know 

where to focus. This was illustrated in the work of Makransky, Terkildsen, and Mayer (2017) 

who found that immersive VR elements added to a science lab increased presence but also 

increased cognitive load. The distraction caused by having too much visual input has been 

discussed by other IVR researchers cited in this study (Jensen & Konradsen, 2018; Parong & 

Mayer, 2018; Tversky, 2009).  

For users who are new to IVR, the novelty of looking in every direction and the ability to 

interact with the surrounding environment could be quite distracting from whatever the objective 

of the content may be. Users this age may need specific direction on where to look at various 
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points throughout the sequence. Otherwise, users may be incorrectly focusing their attention and 

lose the benefit of engaging with the intended learning material. The ability of the device and 

content to direct the user beyond visual and auditory distraction could therefore influence the 

success of a learning sequence. 

Control 

In addition to knowing where to direct attention, knowing how to control what is 

happening is important. More than one participant talked about having to figure out how to 

control their experience saying, “it took a while to get used to...but after a while I began to get 

more accustomed to being in VR and it was really good,” (Focus group participant, January 

2021). When asked how they chose what to look at or do, more than one participant said they 

looked for visual cues in the environment like colors: “It had pops of colors. So I would look at 

that because naturally, I’m just like, drawn to colors,” (Focus group participant, January 

2021). Also, as this user said “I started off doing what it said for me to do. And then after I got 

like, a hang of like the controls and things like that, I just drove around,” (Focus group 

participant, January 2021). This indicates that the users paid attention to the visual and auditory 

cues of the device and content to help them understand what was expected from them as far as 

participation in the experience.  

User, Device, and Content  

Research on the sense of presence in IVR typically addresses both device (with content) 

and user characteristics (Dengel & Magdefrau, 2019; Ijsselsteijn & Riva, 2003; Lombard & 

Ditton, 2006). These characteristics are important considerations which enable comparisons and 

aid application of results. Devices and content are typically judged by elements of vividness 

(e.g., number and quality of sensory outputs) and interactivity (e.g., extent to which users may 
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modify what happens). User characteristics including cognition, emotion, motivation, and 

physiology are often used to examine the experience of the sense of presence, and the data in this 

study provided examples of all of the above. 

For users in this study, physiological issues came up, such as the need to wear glasses to 

be able to see well. Wearing glasses under the headset can help individuals see better, but also 

may be uncomfortable, or impossible due to the size of the glasses versus the interior of the 

device. One user said, “I had to take off my glasses to use it, so it looked a little blurry,” (Open 

ended answer January 2021). Also, a smaller sized head could lead the G2 4K to turn off if the 

unit is not secured on the face correctly, as there is a proximity sensor inside to preserve battery 

life. If the headset is removed, the display is turned off. Another user said, “The headset kept 

turning on and off even though it was really on my head,” (Open ended answer, January 

2021). These responses reflect the expected variation in adolescent physiology. While the straps 

are somewhat adjustable, there is no flexibility in the size of the eye cover (e.g., distance 

between the lenses, width and depth of the headset interior). This is not an issue that would be 

exclusive to the use of the Pico G2 4K. No one device will be able to perfectly adjust to the wide 

range of body sizes within an adolescent age group. 

As to the users’ cognition and emotion, there has been some research that suggests 

younger users have experiences in IVR that are remembered later as being real (Segovia & 

Bailenson, 2009), and this should be taken into account when young children use IVR. Most 

adolescent users should have some ability to think about the difference between where they are 

in the headset and where they physically are during the experience as a whole. This is illustrated 

by the interview participant who said, “I thought it was really cool because it...closed me off 

from the living room, like I know it was there. But in my eyes and what I could see was like, I 
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was actually on Mars.” It is often difficult to untangle user characteristics from the device and 

content. For example, one participant said “I really love the interactivity and just how it feels on 

Mars. And it just has a sense of realism and interactivity to it that just felt engaging,” (Focus 

group participant, January 2021). This quote speaks to cognition and emotion, as well as the 

device’s characteristics. How the adolescent understood what was happening (cognition) had to 

do with the interactivity and vividness of the device, and he expressed feelings (emotion) related 

to the experience. 

The willingness to suspend disbelief, even when the graphics display is not an exact 

replica, was stated in different ways by different participants – as the user above who said in his 

eyes, he was on Mars. This and other comments acknowledged the duality of the situation. None 

of the participants appeared to actually think they were in a different place. For example, this 

user refers to the physical obstruction of the environment around him/her and even refers to the 

screen, not the planet (as the user did above): “I just didn’t realize things were around me were 

around me because it completely like closed me off. Everywhere I looked it was that, like, 

different planet screen,” (Focus group participant, January 2021). This participant expressed the 

same thing in a different way: kind of get trapped into the lesson. And you actually think ou Y“ 

ho knows? Maybe you're wAnd seeing, like,  .you're there besides looking somewhere else

(Focus group participant, January 2021).” sitting in your bedroom?  This ability to mentally 

divide where the body (or the physical self) sits from where the core self (the entity which 

engages with and encounters the world) exists, appeared throughout responses. These findings 

reflect presence theory work exploring this sort of phenomenon (Gallagher, 2005; Metzinger, 

2003; Waterworth, Waterworth, Riva, & Mantovani, 2015). 
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During qualitative analysis, interactivity and vividness were the top two coded items for 

device and user characteristics (both about the device). Here there were multiple indications that 

participants tried to do additional activities and enjoyed it when they succeeded. “I was trying to 

press things and test things out, reach out and touch the railing or something,” (Focus group 

participant, January 2021). However only one of the interviewees had taken the time to try to 

push buttons inside the initial spaceship at the launch sequence. Another user said he/she tried to 

point the wand in the screen at where his/her body would have been: “I tried to swing the 

controller into my eye,” (Focus group participant, January 2021) but that was not successful. 

This typical adolescent behavior, testing boundaries, indicates an importance of control for any 

experience, not just IVR. These statements also return to the interconnected nature of the 

evidence surrounding the experience: presence will be felt as a result of device and content 

through vividness and interactivity and interpreted per the user’s cognition, emotion, and 

physiology.  

Referring to the theme of vividness, participants reported on the visuals with occasional 

mention of the sound. One participant said, “I drove to the outer edges [and] one diamond, it just 

looked like bends and paper,” (Focus group participant, January 2021). Another said, “I can feel 

my couch, but like, I can see the red textures and stuff to represent Mars,” (Focus group 

participant, January 2021). While that participant refers to textures that represent Mars, it is 

interesting that another user said about the graphics that “it seemed like it was an actual planet,” 

(Focus group participant, January 2021). This is attributable to certain individuals’ willingness to 

suspend disbelief that may occur with regards to the visuals. Some participants ignored the 

difference between what a real Mars environment would have looked like and what was 

presented to them as a representation of such. As a part of the vividness, sound sometimes aided 



   

 

 

 

81 

participants’ sense of presence. With audio quality, not only volume but other aspects such as 

spatial quality and localization, could contribute to vividness. None of the users mentioned 

spatiality of sound, but one user said the VR module was “really loud, which was good because 

audio is a really important thing to…shut you out, make you feel like you’re in a different 

place,” (Focus group participant, January 2021). On the Pico G2 4K, the participants heard sound 

from the built-in speakers, not headphones. 

During qualitative analysis, code co-occurrence was used to gain more insight into how 

device, content and user were connected to the elements of the sense of presence (See the Sankey 

Diagram, Figure 3.6). Some of the strongest connections throughout the qualitative data 

appeared between interactivity (device characteristic) with attention allocation and involvement. 

This interaction led to a re-examination of the classifications in process of the codes interactivity 

and involvement. The terms are similar, but three corrections were needed where codes were 

incorrectly applied. Involvement pertained to comments about the user’s ability to interact with 

the virtual environment. Interactivity refers to the ability of the device to provide that experience, 

though interaction and involvement require both the user and the device/content.  

Vividness (a device characteristic) and cognition (a user characteristic) were also strongly 

connected to attention allocation (an element of engagement). For example, one focus group 

participant said, “I like how it kind of shut you off from the world and where everywhere you 

turn you can just see the screen,” (Focus group participant, January 2021). This is an example of 

how the users’ attention was directed to the experience by visuals and audio, which contributed 

to the location of self in a different place than they actually were. There were other instances 

where these codes were connected, such as in the comments about how better graphics, or two 

controllers would have been a useful change, allowing the experience to “replicate both hands”. 
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This user paid attention to control cues and used that information to interact with the module 

further: “It was something that I figured out when I did the same thing. You watch just enough 

that you're like, ‘Okay, I know what's going on.’ And then you start pushing buttons,” (Focus 

group participant, January 2021). This again points back to what the participant was able to do 

while in the immersive experience. 

As addressed in the previous section about the users’ experience, participants talked about 

engagement a lot, usually in terms of attention allocation, control and involvement. One user 

covered all three of those with this statement:  

Usually when you would look over you’d be like, ‘Okay I’m looking for that, 

looking for that on each side’, then you click it. And then it says to pull this lever 

thing, which is right next to you, which I think is pretty direct. (Focus group 

participant, January 2021)  

The statement that a lever was “right next to you” emphasizes the point that the users are placing 

their experience inside the module, not in the physical space where their bodies sit. Another 

focus group participant directly addressed how the interactivity and self-location aided attention 

allocation by saying “So being interactive and thinking that you’re on Mars is actually very good 

to think about, because then you kind of get trapped into the lesson. And you actually think 

you’re there besides looking somewhere else.” 

The findings regarding participants’ experience of the sense of presence with IVR 

depended on the interactions between the user, the device and content, and centered on 

engagement. It seemed that for the participants, it was most important to be able to engage, to 

control what happened, and to make choices about what to do. The way participants’ attention 

was allocated depended on what the content offered as well as with what the users were 
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interested in and willing to interact. The users’ physiology had some influence on the immediate 

experience when it came to the device, though the negative effects did not seem to have a strong 

impact. These findings will be integrated with results from the quantitative analysis in discussion 

to further explain the adolescents’ experience of the sense of presence with the Pico G2 4K and 

Victory XR “Adventures in Space”. 

Research Question 2: Extent of the Factors of the Sense of Presence Experienced 

In addition to understanding student experiences as a whole, this study set out to 

determine the extent to which the individual factors of the sense of presence (as defined by the 

ITC-SOPI) were experienced by the users (research question #2). Using a factor analysis of the 

survey data, the results reiterated that engagement (with the highest average for all of the factors) 

was a strong force in the adolescents’ IVR experience. The three main factors were also highly 

intercorrelated. Even though other interactions between the negatives and the factors and some of 

the demographics information were not statistically significant, some interesting patterns were 

found in the data. 

Factor Summary 

The factors of the sense of presence in this study were engagement, sense of physical 

space, ecological validity, and negatives. When using the ITC-SOPI, Freeman et al. (2001) 

advise that the averages of each factor cannot be combined to create an overall “media 

experience” score. Each factor should be considered on its own. The results from the 

questionnaire with an average for each of the scores by factor are displayed in Figure 4.2. The 

points on the questionnaire were numbered 5 = strongly agree, 4 = agree, 3 = neither agree nor 

disagree, 2 = disagree and 1 = strongly disagree. Therefore, the noticeably lower score for 

negatives is not unexpected. In fact, that it is close to a 2, equaling disagree, is a positive sign. 
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This means that discomfort such as dizziness, eyestrain, or nausea was experienced at a relatively 

low level. This is confirmed by the qualitative data. There was an experience of discomfort by 

multiple participants as revealed by the qualitative data, but this evidence suggests it was mild 

and passing. Only four of the 40 commented in the open-ended questions that they felt 

uncomfortable. One user said of a headache in the focus group, “I just realized it like, and then 

like after a minute after taking off the headset, it was it was gone.” 

Figure 4.1 

 

Factor Averages for the Sense of Presence (n = 40) 

  

 
 

Table 4.1 gives more detail about the results for engagement, sense of physical space, and 

ecological validity, which all had an average that approximated score point 4, agree. The highest 

average, engagement (3.75), had the lowest standard deviation and aligns with participant 

comments about their interest and interaction with the module. Sense of physical space and 

ecological validity averages are not far behind engagement, though there was a little more 

variation among the responses as indicated by increasing standard deviations. The numbers for 

the three factors of engagement, sense of physical space, and ecological validity indicate that 

users agreed they felt a sense of presence within the Pico G2 4K using “Adventures in Space” 
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content. The experience of negatives, approximate to 2 = disagree (2.33), reflects the qualitative 

data in that they were not extensively felt. 

Table 4.1 

 

Summary Statistics for Factors (n = 40) 

 

Variable Mean Standard Deviation Minimum Maximum 

Engagement 3.75 0.55 2.77 4.85 

Sense of Physical Space 3.64 0.68 1.78 4.61 

Ecological Validity 3.54 0.74 1.60 4.60 

Negatives 2.33 0.87 1 4.33 

  

A check of internal reliability coefficients (Cronbach’s Alpha, Table 4.2) showed a close 

match to the published results from 2001 (Lessiter, Freeman, Keogh, & Davidoff, 2001). The 

consistency of values with figures from twenty years ago may be attributable to the intention of 

the instrument to address different types of media. While it has been twenty years since 

published and media has evolved, the instrument still reliably characterizes an individual’s media 

experience. The IVR offers a more advanced version of what would have been used twenty years 

ago, but the delivery of electronic, digital audio and visuals is not essentially different. 

Table 4.2  

 

Reliability Coefficients (Cronbach’s Alpha) for this Study and the Original (2001) 

 

Factor Original Study (2001) This Study (2021) 

Negatives  .77 .76 

Sense of Physical Space .94 .91 

Engagement .89 .81 

Ecological Validity .76 .72 
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Individual Items 

Looking at individual items as rated by the participants can give more information about 

how they experienced the sense of presence. Many of the questions have answers at each scale 

point (1-5) but one that there was a lot of agreement on was “I’d recommend the experience to 

my friends.” No one disagreed (See Figure 4.3). 31 (77.5%) said they agreed or strongly agreed 

(the others neither agreed nor disagreed) that they would recommend IVR to their friends. This 

indicates they had a memorable experience, which is also confirmed by the answers to “I vividly 

remember some parts of the experience”. 36 out of forty (90%) said they agreed or strongly 

agreed to this (Figure 4.3). Interestingly, some of the comments on the open-ended questions and 

interview text suggest that there was also plenty they wouldn’t remember. One user said to the 

question on what he/she learned, “I remember more about the environment and what it looked 

like,” (Open-ended answer, January 2021). The users seemed to be left with an impression of 

how they felt (as in the qualitative data) and how they felt things looked, but vividly 

remembering how parts of the experience looked does not guarantee they will remember the 

same things. 

Figure 4.2 

 

Results for Two Questionnaire Items 
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In the quantitative data, the elements of engagement continually pointed toward the 

significance of individual student perceptions of engagement. Ninety percent of the forty 

participants agreed and strongly agreed that they “felt involved (in the displayed environment)”. 

Only two users disagreed and one neither agreed nor disagreed, and this is also reflected in the 

verbal and written comments. Only one participant disagreed with the statement “I enjoyed 

myself”, and none of the participants disagreed with “I had the sensation that I moved in 

response to parts of the displayed environment.”  

Table 4.3 shows the descriptive statistics for the top five and bottom five individual items 

from the questionnaire with notable patterns among individual questions. Means and confidence 

intervals are helpful for getting an idea of the range of answers, but also noting the mode in this 

case can reveal the shape of the data: knowing what the most common answer was per item. On 

this table, statements in the category of engagement take four of the five top spots, and this 

matches the results of the qualitative data. The sense of presence as experienced by this group of 

adolescents was very much about how engaged the user felt because of the device and content. 

Four of the five bottom items (1 was strongly disagree) were negatives, and this supports the 

finding that as a whole, the participants did not experience a large amount of discomfort.  

Table 4.3 

 

Top Five and Bottom Five Rated Items 

 

Statement Factor Mean Mode 

Standard 

Deviation 

95% Confidence 

Interval 

I felt involved (in the displayed 

environment). 

Engagement 4.40 5.00 0.81 4.14 4.66 

I felt surrounded by the displayed 

environment. 

Spatial 

Presence 

4.40 5.00 0.78 4.15 4.65 

I vividly remember some parts of 

the experience. 

Engagement 4.35 5.00 0.80 4.09 4.61 

I enjoyed myself. Engagement 4.35 5.00 0.77 4.10 4.60 
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Table 4.3 (continued.)       

I'd recommend the experience to 

my friends. 

Engagement 4.30 5.00 0.82 4.04 4.56 

I felt I had a headache. Negatives 2.28 1.00 1.38 1.83 2.72 

I felt tired. Negatives 2.25 1.00 1.19 1.87 2.63 

I felt disoriented. Negatives 2.10 1.00 1.13 1.74 2.46 

I could almost smell different 

features of the displayed 

environment. 

Spatial 

Presence 

2.03 1.00 1.10 1.67 2.38 

I felt nauseous. Negatives 2.03 1.00 1.29 1.61 2.44 

 

Factor Intercorrelations  

The correlation of the factors of the sense of presence showed that the instrument used 

remains a stable, consistent means of gauging the sense of presence created through various 

forms of media. Table 4.4 shows the factor intercorrelations which were obtained with Pearson’s 

correlation. Positive correlations emerged among the three non-negative factors and were 

statistically significant. In addition, all were at levels that could be considered a strong 

correlation (Cohen, 1988). The factor of negatives, however, was not correlated with any of the 

other factors at a statistically significant level. One factor, engagement, had a slight negative 

correlation with negatives at -0.28 but the p = .08. For this study statistical significance was  p < 

.05. Negative elements (such as headache or dizziness) are definitely experienced by users, but 

here and in the qualitative data, they did not appear to affect the engagement users felt. 

Table 4.4 

 

Pearson’s Correlation Results for the Factors of the Sense of Presence 

 

 Sense of Physical Space Engagement Ecological Validity 

Engagement r = 0.72* 

p < .0 
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Table 4.4 (continued.)    

Ecological Validity r = 0.88* 

p < .0 

r = 0.62* 

p < .0 

 

Negatives r = 0.05 

p = .75 

r= -0.28 

p = .08 

r = -0.02 

p = .89 

Note: *p < .05 

Prevalence of Negatives 

While there was near statistical significance of that slight negative correlation of 

negatives with engagement, that was the only quantitative evidence that negatives may have 

negatively influenced how engaged participants were. Questionnaire and interview responses 

about the potential negative aspects of using the Pico G2 4K with this content pointed back to the 

ability of participants to control the experience. This includes comments from participants like 

the one who said they took off the headset because of discomfort but returned to the module after 

the feeling quickly passed. There was no evidence or reports of severe distress caused by the 

module or the headset. It is possible that the low numbers and slight negative correlation for 

negatives with engagement could be related to the instructions that were repeated to participants 

multiple times: if you feel unwell, take the headset off. 

Table 4.5 

Descriptive Statistics for Negative Items 

 

 

Negative Minimum Maximum Median Standard Deviation 

Disorientation 1.0 4.0 2 1.1 

Tired 1.0 5.0 2 1.2 

Dizzy 1.0 5.0 3 1.3 

Eyestrain 1.0 5.0 2 1.4 

Nausea 1.0 5.0 1.5 1.3 

Headache 1.0 5.0 2 1.4 
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Nausea, dizziness, and headache were specifically mentioned in the interviews and in the 

open-ended questions, but the numbers on survey items indicated that the worst of the negatives 

was dizziness and eyestrain, and nausea was the least. Table 4.5 shows the descriptive statistics 

for the questions that were folded into the negatives factor. For adolescent users of IVR with 

educational content, there may not be a typical experience of negatives. In fact, negative 

experiences will depend on all of the elements that will make the other factors vary, mainly the 

characteristics of user and device with content. Bigger heads mean tighter straps. Sensitivity to 

bright lights and movement may mean headache or nausea for susceptible individuals. Prior 

experience with and desensitization to the types of visuals presented through digital 

environments could possibly make it easier to manage sensitivity to virtual environments. 

Again, due to previous experience and IRB protections, I was careful to emphasize taking 

off the device if there was any discomfort. Of those who reported taking the headset off, most 

indicated that they put it back on. When this topic came up in discussion, the effects of 

discomfort did not seem to have a big impact. There was not a lot of time spent in the interviews 

describing how badly they felt in the headset.   

Interactions of Factors with Personal Characteristics 

A one-way ANOVA was performed with negatives with previous VR usage in order to 

determine if there was a difference in the level of negatives experienced between groups of those 

who had used VR before (n = 31) and those who had not (n = 9). Those who have more 

experience with VR may be more acclimated to the associated feelings, and those who used VR 

before had a lower average experience of negatives (m = 2.24) compared to those with no VR 

experience (m = 2.67). However, not only was the difference between the two within the 
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standard deviation, but the difference of 0.43 did not prove to be a statistically significant 

difference. The ANOVA with a post hoc Scheffe test returned p = .20. 

Table 4.6 

One-way ANOVA for Negatives with Previous VR usage 

 

 
Sum of 

Squares 
Df Mean Square F 

Sig (p) 

Between groups 1.29 1 1.29 1.72 .20 

Within groups 28.43 38 0.75   

 

 In the same way, a t-test comparing the two averages did not show statistical 

significance. As seen in Table 4.7, the group with no previous VR experience scored slightly 

higher (m = 2.67) than those who had (m = 2.24), but the difference was not significantly higher 

(t = 1.3, p = .20). The results of both of these tests, with identical p values, may be partially 

attributable to the fact that only nine participants had not tried VR before, so the size of the two 

groups were unequal. A larger sample size might yield different results, perhaps in a follow-up 

study. 

Table 4.7 

T-Test Comparison of Previous VR Use 

 

Group   t-value p value 

No VR Experience 

n = 9 

m  

SD  

2.67 

1.06 

1.31 .20 

With VR Experience 

n = 31 
m 

SD 

2.24 

0.81 

  

 

Another investigation included a pairwise correlation of each of the four factors with the 

amount of digital gaming participants reported (Table 4.8). None of the low degree of negative 

correlations were statistically significant between game play and the four factors. The strongest 
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showing was engagement, which showed a low degree of negative correlation:  r = -0.27 at   p = 

.09. This might have indicated that those who played games more often tended to be slightly less 

engaged but again, it was not of statistical significance, as the alpha level set for this study was  

p < .05. A larger sample may have provided better results for statistical significance.  

Table 4.8 
 

Pairwise Correlation of Factors with Digital Gaming Amount 
 

Factor r p value 

Engagement -0.27 .09 

Sense of Physical Space -0.11 .50 

Ecological Validity -0.05 .74 

Negatives -0.17 .30 

 

A final avenue for investigation was the self-reported computer ability. A pairwise 

correlation of the factors with the level of computer experience showed no relation between the 

two (see Table 4.9). All of the p values were above acceptable levels. Again, this could be due to 

the number of participants, or an indication of the technology saturation of the 

sample/population.  

Table 4.9 
 

Pairwise Correlation of Factors with Computer Experience 
 

Factor r p value 

Engagement 0.18 .26 

Sense of Physical Space 0.02 .89 

Ecological Validity -0.04 .81 

Negatives -0.08 .62 
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The findings from the quantitative investigation show that engagement was the most 

strongly felt factor of the sense of presence, with lower results and more variation in sense of 

physical space and ecological validity. The prevalence of negatives was low, and while there was 

even greater variation than within the other factors, the experience of negatives was not 

correlated with the other three at a statistically significant level. Along the same lines, none of 

the factors of the sense of presence were found to interact at a statistically significant level with 

previous VR use, level of digital gaming, or computer experience the participants reported. 

Individual item responses showed some interesting patterns for engagement and can be related to 

users’ feelings about the experience as a whole. 

Summary 

Overall, both the quantitative and the qualitative evidence here suggested that the feeling 

of presence is not as much about place and space but about the user’s sense of engagement and 

interactivity within the IVR module. This was highlighted in the qualitative results by a user who 

said, “I didn’t really feel too much like I was in the vehicle, but I did feel that I had control over 

it.”  This idea of control falls in line with the definition of presence operationalized in this study, 

which centers on the user’s capacity for action. How the participants felt was an important 

manifestation of users’ personal characteristics (including emotion, cognition and physiology) 

interacting with the device and content. Qualitative data suggested that users were aided by 

previous VR and digital game experience, but the quantitative results did not support a 

statistically significant connection.   

Throughout the qualitative and quantitative data, the sense of presence experienced by 

the participating adolescents centered heavily on engagement with only slight negative effects. 

The importance of engagement as a prominent factor in the sense of presence can be related to 



   

 

 

 

94 

teaching and learning through the work of engagement scholar, Michel Janosz (2012) who 

describes engagement as the “price” of learning, the application of physical and psychological 

energy to a task. The adolescents in this study showed that they were willing to apply energy to 

the “Adventures in Space” module, The Theory of the Big Bang, and seemed enthusiastic about 

the results. Many of the participants shared that they learned from the experience, and the 

discussion will further explore useful applications of the results to teaching and learning 

contexts. The discussion relates these findings about the sense of presence in IVR to teaching 

and learning in traditional educational settings. Adding the experience of IVR to a teaching 

repertoire could expand the range of situations both in the virtual world, where just about 

anything is now possible, and in the “real world” where adolescents can become explorers with 

new technology.  
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CHAPTER FIVE: DISCUSSION 

Summary of Findings 

The goals of this study were to explore adolescents’ perceptions of an IVR experience 

and more specifically, to understand the extent to which they experienced the factors of the sense 

of presence. Integration of the results from the ITC-Sense of Presence Inventory, open-ended 

answers and interview transcripts provided evidence about how adolescents experienced IVR. 

First, this study found that the experience of the sense of presence created by the IVR device 

(Pico G2 4K) and content (“Adventures in Space” by VictoryXR) triggered many feelings 

(cognitive, emotional, and physical) in participants, both about the experience as a whole, and 

regarding the content and its possible use. Another finding suggested by the evidence is that 

students can learn new content with IVR, especially if they feel engaged. This information might 

aid educators’ selection of materials and lesson design with IVR in the future. 

This study found that sense of presence experience in IVR for the adolescent participants 

was more about what they found they could do than about where they thought they were. While 

the sense of presence in immersive virtual reality (IVR) is often referred to as the feeling of 

“being there” (Aubrey, Robb, Bailey, & Bailenson, 2018; Lessiter, Freeman, Keogh, & Davidoff, 

2001; Schultze, 2010), and the user’s self, rather than physical body, is what is referenced in that 

statement. “There” does not indicate a location. Participants in this study were located in their 

own homes, though felt they were controlling a Mars rover in the IVR headset. While one focus 

group participant said, “I was on Mars”, most of the other users differentiated that they felt as if 

they were on Mars, driving a rover. This connects to the next finding: controlling the rover was 

an important element of the activity. The ability of participants to do things remained central 

through the qualitative and quantitative data.  
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The ability to do things by controlling some aspect(s) of the scenario was important to the 

experience of the sense of presence for the adolescent participants. This feeling of control was 

provided by the interactivity and vividness of the device and content, indicating that these 

aspects should be carefully considered when looking to provide an IVR experience for learners 

that induces a sense of presence. With this device and content, the negative feelings associated 

with IVR (headache, nausea and dizziness, device discomfort) were not found to be a reason to 

avoid IVR. Applying these findings to teaching and learning can aid educators in selection of 

content and device and with planning for meaningful learning experiences with IVR.   

Participants’ Feelings About IVR and its Use 

The results of this study showed that the IVR experience can trigger many feelings 

(mental, physical, and emotional) for adolescents, both about the experience as a whole and 

regarding the content and its use. After all, IVR with head-mounted display (HMD) is a fairly 

new medium, especially in traditional education settings. Even though most of the users had tried 

VR previously, this did not seem to influence their experience of the sense of presence. VR 

pioneer Jaron Lanier (2017) wrote about feeling in VR as “a sense of cognitive momentum, of 

moment-to-moment anticipation…VR is not about simulating reality, really, but about 

stimulating neural expectations” (p.49). Whether they expected a positive experience or not, in 

virtual reality, the users’ brains were persuaded to apply meaning to a novel situation that the 

user would not have had before. After all, none of them have been to Mars! The users in this 

study, for the most part, experienced positive feelings about the experience and made positive 

associations with the content and device, despite any experience of mild negatives.  

The experience of enjoyment by participants in this study parallels work by Makransky 

and Lilleholt (2018) which modeled an affective path from immersion to presence and then to 
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positive emotions. This modeling suggests from an instructional design perspective that 

educators can expect the features and usability of the device to contribute to the experience of the 

sense of presence in learners which then impacts how they feel. That feeling relates directly to 

IVR users’ motivation and enjoyment. While this is not a predictive model, it does appear likely 

in the evidence from this study that feelings created by IVR could have contributed to the users’ 

motivation to focus on and remember interactive elements. More motivated learners have been 

shown to have higher long term academic achievement (Hattie, 2009). The participant in this 

study who brought up that he was bored might have lacked engagement as an expression of 

difficulty in any number of areas of development (Janosz, 2012). It is also possible he was just 

not interested in the content. Engagement and intrinsic motivation have been shown to develop 

and change over time (National Academies of Sciences, Engineering and Medicine, 2018), so 

regardless of the origin, the bored user will likely continue to grow and have further experiences 

which could change his impression of the experience both in reflection, and if he were to 

encounter it again. 

The explanation of affective benefits of IVR for learning also surfaces in research 

showing that affect precedes cognition (Turner, 2015). In these models, not unlike that from 

Makransky and Lilleholt’s (2018) work, learners create definitions about and measurements of 

the world around them based on how they feel experiencing any situation, and these emotional 

responses can occur before conscious thought and guide behavioral responses to what is 

encountered. Whether these responses are considered part of the intentional arc described by 

Freeman (1999), or the perceptual-motor loop in the work of Ijsselsteijn and Riva (2003), 

learners who are excited about using a new technology will intentionally cognitively attend to the 

representation of content in the device. This supports the notion of “attention allocation” further 
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evidenced in this study’s data. IVR could aid educators working with reluctant adolescents, 

priming the learners’ ability to acquire academic content by triggering positive feelings. 

The perception that an IVR experience will be enjoyable for most children and may be 

motivational for those not usually interested in traditional learning activities is widespread. 

Participants in this study enjoyed the IVR experience as well, and this could serve as an initial 

cause for the selection of IVR as a teaching tool. Though considering the way in which IVR, 

through the sense of presence, may contribute to deeper learning could be an even more 

important consideration. IVR that generates the sense of presence, as in this study, demonstrates 

and aligns with six of the eight key affordances of technology for teaching as posed by 

contributors to How People Learn II (National Academies of Sciences, Engineering and 

Medicine, 2018): interactivity, adaptivity, feedback, choice, non-linear access, and linked 

representations. These affordances of IVR could offer unique opportunities in the classroom for 

collaboration and cooperative learning, learning through game play, and creation of original 

works by learners using an innovative new technology. 

Potential for Learning With IVR 

The findings demonstrated that many participants were able to relay content taught by the 

module. The purpose of the study was not to measure learning, but many participants shared 

what they learned from the module. In fact, the participants were not directed to try to remember 

or learn anything. The point that they could report on learning even when not instructed 

illustrates great potential for the use of IVR within traditional educational settings. If a teacher 

were to provide an anticipatory set (e.g., warm-up activity, hook, etc.) and include the IVR in a 

sequence designed for particular learning objectives, learning could easily become the focus. 
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Forced attention through closing off the outside world may have assisted with the content 

retention. However, the content provided clues for focusing users’ attention, and the participants 

talked about using visual cues like color, and auditory cues like spoken directions to figure out 

what to do. What should they point at, or click on? Some of the experimentation for control 

appeared to be based on experience with other technology devices and knowing that clicking 

typically causes reaction in the digital environment. For example, one user said, “Oh I’m gonna 

click this and just see what happens, being my curious self,” (Focus group participant, January 

2021). That participant went on to compare driving the Mars rover in the simulation to a car’s 

steering wheel. Though participants’ ages made it unlikely this participant had experienced 

driving a car, the previous experience of riding in cars and observing how they were controlled 

with a steering wheel made this an obvious comparison. The scenario had tapped into the 

adolescent’s mental model of how a car (or another vehicle) is operated. 

These findings can also be related to ways new educational experiences made possible 

with immersive virtual reality can improve experiential learning. IVR could contribute to 

learning experiences that spark interest and curiosity in the learner when used as an anticipatory 

set for a lesson (Papanastasiou, Drigas, Skianis, Lytras, & Papanastasiou, 2019). Alternatively, 

adolescent learners may be engaged by a first person perspective in a historic simulation 

(Oyelere, et al., 2020). Yet another IVR experience may offer a new social setting for students 

with special needs to practice their eye contact and conversation skills (Herrero & Lorenzo, 

2020). All of these would take advantage of the sense of presence as an affordance of the IVR 

and might not be replicated as effectively through other, more traditional means. Each of these 

examples would give a learner an experience upon which to build interest, memories, or skills. 
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The experience of the sense of presence by participants in this study show that an IVR 

experience is not just virtual, it is a real experience. According to Dewey (1998), there is an 

organic connection between education and personal experience, and the central problem of 

education based upon experience is to “select the types of present experiences that live fruitfully 

and creatively in subsequent experiences” (p.36). Devices and content with a vivid display and 

plenty of interactivity will invite users to “be there” through engagement. 

Of course, the learning experience offered by virtual reality is not organic or naturally 

occurring, (whether device or situation), but electronic and digital. Even so, the residues of the 

experience of receiving content, completing tasks, or exploring new worlds in IVR will become a 

part of learners’ mental models, adding to their ability to make judgements about probabilities 

with what may happen either while using VR or during the VR experience itself. What might be 

even more important about having mental models regarding experiences in IVR is adolescents’ 

familiarization with new technologies which could influence their view of themselves in the 

future.  

This mental model for a future self, or a “future story” (Polkinghorne, 1988) would not 

be just about the information which was learned, but an alignment with and preparation for 

future careers in fields which have yet to be developed. What the adolescents see as possible for 

themselves can be expanded when we provide them with new experiences. Relatedly, habit 

formation and conditioning are targets for business training in VR and are already in use by 

companies such as Walmart and Boeing. Now, through devices like the Pico G2 4K, the same 

sorts of skills can be targeted in schools. Similarly, IVR in schools could be used for implicit 

pattern recognition and perceptual learning; IVR can influence beyond fact retention. These 

areas (habits and conditioning, pattern, and perceptual learning) may be designated as 
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“knowledge lean” (National Academies of Sciences, Engineering and Medicine, 2018, p. 38) by 

scholars, yet are powerful in terms of adding to learners’ “cognitive histories” (Carassa, 

Morganti, & Tirassa, 2005). Encounters with new technologies will provide adolescent learners 

practice with encountering new technological situations that will only continue in the future. 

Engagement is a Key Part of the Sense of Presence in IVR 

Both the quantitative and qualitative data suggested that the users’ experiences with the 

device and content centered on engagement. The characteristics of the user, device and content 

came together in engagement, and within the resulting intersections, affect and agency emerged 

(Figure 5.1). In IVR, “You are the fixed point in a system where everything else can change” 

(Lanier, 2017). In other words, the user’s conscious being is at the center of an experience which 

even while being a virtual experience, is very real to the user. This situation offers educators the 

Figure 5.1 

Descriptive Frame: Device, User and Content Intersections with IVR Engagement 
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opportunity to view the engaging experience offered by IVR not just as a simulation, but a real 

experience which could indirectly affect how students think or feel about school as a whole. 

Viewing a virtual experience as real may seem contradictory yet may be essential for 

understanding the power of IVR as a medium for teaching and learning.  

The characteristics of the adolescent participants, including the elements of motivation, 

cognition, emotion, and especially physiology will be heavily influenced by their ages with wide 

variation. Youth aged 11 to 17 possess wide range of attributes in general in terms of child 

development. While this study provided no way to tell at what point the participants in this study 

were in brain development, adolescence is known to be a critical and sensitive period for brain 

development (Cisneros-Franco, 2020). Educators who work with adolescents should know about 

the critical period for brain structures that will impact important functions when an adult, as well 

as the accompanying sensitive period, developmentally. There will be unevenness in the way 

adolescents experience mental and physical changes, but the quick growth of the body during 

this time underscores the importance of using caution with new technologies, especially given 

that adolescents’ brains are not fully developed. Even though this critical period calls for caution, 

a side-benefit is that the adolescent brain is a “sponge thirsty and receptive for new knowledge” 

(Galvan, 2014, p.265) and positive, prosocial, healthy experiences in IVR should be valuable for 

adolescents building a sense of self.  

The recursive layers of device, content, and user would clearly also interact with other 

elements not discussed here, especially the context of the setting where the module is used. The 

multi-Venn diagram (Figure 5.1) is intended to emphasize the prominent results of the study, not 

cover everything which might be possible. It should be noted that the placement of some of the 

elements in the diagram may be debatable and could change if a new device or new content were 
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to be used. Educators should constantly be considering user, device and content characteristics in 

order to best support learning when choosing IVR experiences. None of the elements would 

stand alone.  

The engagement disk overlaid on the user, device and content levels reflects the findings 

that engagement was the highest rated factor of the feeling of presence when the Pico G2 4K was 

paired with the “Adventures in Space” content. In the context of learning, engagement can be 

defined as a state where learners “consciously mobilize and devote some of their physical and 

psychological energy; they must engage themselves in the learning situation,” (Janosz, 2012, 

p.695). This characterization of engagement is reflected in Figure 5.1 which shows the 

intersections of engagement with the elements of user, device, and content. Participants’ 

comments often centered on what they were able to do/not do and indicated that they would have 

liked to have even more control (e.g., two controllers instead of one, or the ability to exit the 

Mars rover once on the planet). The novelty of the experience may have also added to the level 

of enjoyment and excitement for participants. It is notable that participants indicated they would 

want to do this again and many would share it with their friends. Both of these areas - control 

and feelings – have direct connections to teaching and learning. 

It appeared that part of what enabled the engagement was the interactivity and vividness 

of the headset and content, which were sufficient to capture participants’ attention and allow 

engagement and control. While IVR with a head mounted display (HMD) will be an experience 

that originates in the physical world (a body paired with an IVR HMD) and is felt through the 

weight of the device and movement of the body, the impact of the experience will rely on the 

person (the conscious self) inside what is happening. The most-expressed points in this study are 
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at the heart of the intersections in Figure 5.1: control, motivation, attention, interactivity and all 

the other items that came together in the user experience because of device and content. 

The Importance of Control 

The ability of the device and content to provide control of some aspect(s) of the scenario 

was an important part of the sense of presence for the users. These findings centered on 

controlling the device and content also reflect the work of Cheng, Chieng, and Chieng (2014) 

wherein vividness and interactivity were crucial elements of the conditions that induce 

telepresence and the feeling that one can interact with the environment. The Pico G2 4K 

provided a vivid, interactive experience, though the headset alone would not have been able to 

do this. The pairing with content which was designed to allow control and interaction was a 

portion. If the “Adventures in Space” had not offered activities that allowed control over the 

rover, or choice of direction, and forced the participants to simply watch the events happening, 

the results could have been much different. In this study it seemed that just as the ability to act in 

the virtual world supported the sense of presence, the sense of presence supported action. 

Evidence in this study showed that users’ probabilistic reasoning about what could be 

done - what actions they might be able to take in the IVR environment - began with focusing on 

explicit properties of the situation, testing shapes, colors and the initial view of items. Checking 

validity of conclusions drawn by further action (e.g., clicking, adjusting, looking around, etc.) let 

users know if the mental model they had constructed was true (Johnson-Laird, 1994). No matter 

the characteristics of that physical body (e.g., the circumference of the head, the distance 

between the eyes, etc.) and abilities (e.g., the ability to manipulate a controller, understand and 

follow directions), all users should have in common an iterative perceptual process in common 

that plays out for the duration of the module. The IVR headset provided stimuli which triggered 
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a physiological response. This was converted to perception, which was then re-applied to the 

stimulus in reaction (Ijsselsteijn & Riva, 2003). Just as it did in this study, this ongoing process 

occurs all the time (in all environments, real and virtual). When the user devoted enough 

attention to the virtual environment in IVR it resulted in a feeling of presence.  

Most participants’ extensive experience with the real world will initially guide their 

actions in the headset (as indicated by the adolescents in this study as well), but those with 

previous experience with VR and or digital games could be primed for the new experience and 

interact differently with it. This was part of the rationale for checking for connections between 

technology experience and factors of the sense of presence in this study. Even users without 

previous IVR experience would enter virtual worlds with expectations of how items in virtual 

settings would operate based on their experience of the physical world. This pattern completion 

inference for those who have played digital games, for example, might give them an advantage 

on how controllers are typically manipulated, or what particular shapes in digital environments 

might represent. However, there were no statistically significant conclusions made in this area. 

Pertaining to digital representations, it is interesting to note that the module used in this 

study did not provide a virtual body image for the user in the space, nor a hand holding the 

pointer. This fact was not brought up by participants, and when one was asked directly about it, 

she said “it doesn’t really bother me.”  This indicates that participants were able to experience a 

sense of presence in IVR without being able to see a body below them in the space where their 

body should have appeared. Thus, it is possible that it did not matter so much where they felt like 

their bodies were but that they could have some effect on, or interact with, the surroundings. 

Perhaps a better short definition of presence (than the “sense of being there”) would be the 

“feeling of being able to engage.”   
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Though the engagement was in a virtual world, it was a real experience. According to 

Skarbez, et al. (2017), there is speculation that the same parts of the brain responsible for 

presence are the ones responsible for agency. For the experience to feel “real” the participant 

needs to be able to act in the space. The heavy emphasis by the adolescent users on actions, or 

what they felt they could do during the module, and what influence they felt they could have on 

their virtual surroundings, comprised a lot of their experience of the sense of presence. For the 

that experience to be real, it did not have to be conducted by the body. “Conceptual processing is 

referenced to the experienced location of self, not to the location of the physical body” 

(Canzoneri et al. 2016, p.182). Participants conceptualized themselves as in the IVR, and were 

fully engaged, though only their heads were in anything.  

Device Interactivity and Vividness Contribute to Sense of Presence 

The use of content variables vividness and interactivity were a simple way to look at how 

the device and content components emerged in this study (Tamborini & Skalski, 2006). Within 

vividness and interactivity, multiple aspects of virtual reality devices and the chosen content can 

cause great variation in the experience of the sense of presence (Lombard & Ditton, 2006; 

Tamborini and Skalski, 2006). Interaction, locomotion and gaze manipulation, audio/visual 

composition (device’s level of control input, degrees of freedom, field of view, image and sound 

quality), as well as the viewer role and point of view, evidence of embodiment, and manipulation 

of time (from the content, “Adventures in Space” by VictoryXR) were all observed.  

Features of the headset and content, its interactivity and vividness, contributed to the 

notable sense of presence felt by adolescents in this study. This suggests that device and content 

features should be carefully considered when looking to provide an IVR experience for learners 

that induces a sense of presence. For the device, the Pico G2 4K is a lighter headset (almost half 
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the weight of a recent competitor, the Oculus Go), and the weight of the unit is distributed on the 

front and the back of the head. This, along with the lack of a cord tethering the user to a 

computing unit, meant less restrictive head movement. One participant did say that two 

controllers would have been a nice addition, but none of the participants expressed difficulty or 

distraction figuring out how to use the single controller. According to Witmer and Singer, 

“clumsy” devices diminish presence (1998, p.230), and in support of the work here, “control…is 

essential for a strong sense of presence” (p.239). 

The vividness of the sensory output (visual display quality, image quality including detail 

and color, positional audio) and the interaction offered by the inclusion of tasks (push buttons, 

pull levers, driving and answering questions, finding the rovers) appeared to positively impact 

the student participants. The Pico G2 4K itself provided a large portion of the environmental 

stimuli by blocking the sights and sounds of the physical environment surrounding users. The 

content of the “Adventures in Space” placed users inside vehicles (spaceship, ground rover) that 

one would expect to be seated. The limitations of the three DoF headset compared to what a six 

DoF device would offer was brought up by users, but considering that the purpose of this study is 

tied to practical use in traditional learning settings (e.g., classroom or school), the inability of the 

user to walk around physically while inside the virtual space was not a drawback. There was 

relatively accurate tracking of items within the field of view, and though there were boundaries, 

the eye was offered the illusion of a great expanse. The VictoryXR content encouraged use of the 

controller throughout the module, inviting the user to remain attentive.  

Potential Negative Effects of IVR 

The negative feelings associated with IVR (headache, nausea and dizziness, device 

discomfort) are not a reason to avoid the use of IVR, but attention is warranted for IVR use with 
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adolescents in terms of what the negative reactions might be to the device or content. Educators 

should remain mindful that IVR can amplify and multiply challenges of traditional media 

(Aubrey et al., 2018; Rose, 2020). Concerns over the effects of exposure to varied types and 

amounts of video or electronic content for developing minds and bodies should be fixture in the 

field of educational technology. Educators should be cognizant that the absorption of electronic 

stimulation fixed on a learner’s head could have both physiological and psychological effects. 

(Madary & Metzinger, 2016). There is potential for lasting psychological impact for minors, 

along with the potential for manipulation (whether intentional or not).  

The excitement surrounding IVR as a valuable source of experience for learners could 

amplify the pressure on educators to put concerns aside and find ways to incorporate this tool of 

the moment. As a complicating factor, users of IVR in formal education settings are operating in 

a pacing gap with virtual reality used for teaching and learning (Madary & Metzinger, 2016). 

This gap between innovation, regulation and policy needs to be filled with investigations into 

what appear to be the promising aspects of use, along with potential pitfalls.  

This study’s investigation of adolescents’ sense of presence in immersive virtual reality 

provides useful data about the potential of off-the-shelf IVR, the Pico G2 4K and VictoryXR’s 

“Adventures in Space”, to produce an impactful, highly engaging experience with adolescents by 

inducing a sense of presence with minimal negative effects observed. Even so, IVR as a new 

teaching tool calls for educators to approach with caution and a readiness to develop an ethics of 

IVR as we move towards new methods and models (supported by research) which maximize the 

affordances. This word of caution and the inclusion of the negative aspects were not intended to 

discourage use of IVR, but rather, to contribute to educators’ safe and ethical use of this 

innovative new technology with minors.  
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As wearable devices, immersive virtual reality headsets raise concerns related to the 

neglect of learners’ bodies (Spiegel, 2018). The risk of physical harm to learners can be 

mitigated by those sharing IVR with them through preparation and vigilance. Those working 

with minors need to remember that children may ignore discomfort (e.g., a headache, rapid 

heartbeat, or constrictive straps) and may not stop or remove a device. They might not know how 

to do so. In addition, minors may feel obligated to please adults and acquiesce when they cannot 

find a way to say no. Educators should respect children’s wishes when they express dislike or 

discomfort and remind learners there are other options for learning. A flatscreen version (or other 

alternative activity) can easily be offered when users need it. Users choosing that version may 

miss out on some of the feelings associated with the sense of presence, but will have a more 

positive learning experience.  

Another concern for ethical guidelines is privacy and data collection. Learners likely will 

not understand the variety of data generated and collected by the use of these wearable devices, 

or what issues may arise from misuse of the observable data, computed data, or any other 

associated data. Though not a tangible item, the users’ privacy and data should be respected 

treated with care (Dick, 2021). Devices and software should be evaluated in advance for 

potential risks should companies involved fail to protect such data, or should the information be 

used for discrimination or other mal intent. Where laws and policies leave gaps, educators must 

seek expert advice and safeguards, weighing the benefits for learning against any possible harm. 

Factors of the Sense of Presence in Teaching and Learning 

Thinking about the use of IVR in traditional educational settings brings the discussion 

back to an educator’s ability to leverage the affordances of the sense of presence in their learning 

design. By viewing presence as “a core neuropsychological phenomenon whose goal is to 
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produce a sense of agency and control” (Riva, 2009, p. 159), educators can better understand 

how VR technology may be utilized for learning as more than just as a device for aiding memory 

retention or content delivery. Through the sense of presence, IVR can be a key element of 

powerful educational experiences. The findings of the present study illustrate that adolescents’ 

experience of the sense of presence is not as much about where the learners feel they are, or 

perhaps how uncomfortable they feel, but how engaged they feel. Participants' comments over 

and over again showed they wanted to interact with the virtual environment.  

The idea of experience as a central aspect of education emerged early in the twentieth 

century in the work of John Dewey. The sorts of experiences learners have are incorporated into 

their personal continuity of experience, and are then carried forward into their further 

experiences as learners (Dewey, 1998). IVR, through the sense of presence, provides a new sort 

of experience for learners. No longer is a physical presence required to participate in any number 

of realistic (or fanciful) new circumstances. Learners immersed in digital environments with IVR 

might virtually visit places impossible to go, such as Mars, or perceive themselves interacting 

with exciting characters and materials. How intensely they feel these circumstances might 

influence their cognitive and emotional growth in unforeseen ways.   

While we cannot know what the residue of IVR experiences may mean for learners’ 

futures, we can certainly describe what may be offered to learners in the moment through the 

experience of the sense of presence. Engagement (especially through attention allocation and 

control) was an important aspect of the adolescents’ experience of presence in this study. The 

characterization of engagement as devotion of physical and psychological energy (Janosz, 2012) 

reflects how the discussion integration of the results is organized in Table 5.1, which contains 

questions for educators to answer when considering particular IVR equipment and content for  
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Table 5.1 

A Guide for Considering the Affordance of the Sense of Presence for Teaching and Learning 

Sense of Presence 
Findings 

Device and Content: 
Vividness 

 

Device and Content: 
Interactivity 

 

User 
Affect 

 

User 
Agency 

 

TOP CONSIDERATION: 
Engagement 

• Attention 
Allocation 

• Control 

• Involvement 
 
OTHERS: 
Ecological Validity 

• Realness 

• Suspension of 
Disbelief 

• Predictability 
 
Spatial Presence 

• Self-location 

THINK 
Image and Sound 

quality 
 
 
 

ASK 
What do I want 

learners to see and 
hear? 

How real do I want 
the experience to 

feel? 
 

TELL 
What will be seen 
What to look for 
What to listen for 

THINK 
Controller capability 

Choices available 
from headset and 

content 
 

ASK 
How much control 

do I want the 
learner to have 

within the module? 
 
 
 

TELL 
How to control what 

they’re doing 
How to find and use 

the content 

THINK 
Emotion 

Motivation 
Preference 

 
 

ASK 
What do I want 
students to feel 

during and after the 
experience? (About 
themselves? About 

the content?) 
 

TELL 
What feelings might 

surface 
Enough detail to 
reduce surprise 

THINK 
Physiology 
Capabilities 

 
 
 

ASK 
What are my 

learners capable of 
doing with the 

controls available? 
 
 
 

TELL 
What is possible (or 
have them explore) 

 

Negatives 

• Headache 

• Nausea 

• Other physical 

• Other 
emotional 

THINK 
Image and sound 

quality 
(get the best you 

can afford) 
 

ASK 
Is the picture clear 
and easily focused? 

Do items track 
correctly/as 
expected? 

 
 
 

TELL 
How to correct 

common problems 
with device – fitting, 

adjustment 

THINK 
Device specs 

User control of 
content 

 
 

ASK 
To what extent can 
learners control the 

experience? 
 

 
 
 
 

TELL 
How to stop the 
module, remove 

device 
How to manage 

symptoms 

THINK 
Lasting impressions 

Experience 
“residues” 

 
 

ASK 
Is this about a 

negative topic? 
What will they 

remember about 
how they felt? 

 
 
 

TELL 
What to expect 

from content 
What feelings may 

be anticipated 

THINK 
Developmental 
characteristics 

Personal tendencies 
 
 

ASK 
Will they notice if 

they need to take it 
off? 

Can you adjust the 
virtual world or 

device to change 
how it feels? 

 
TELL 

Alternatives exist to 
use of IVR 

How to get help 
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use with learners. Table 5.1 projects and applies the results of the study to the physical elements 

of body and device, and psychological elements of mind and feelings. 

In the first column of Table 5.1, the findings regarding the sense of presence from both 

the interviews and ITC-SOPI provide the starting point. Under the elements of device and 

content and the characteristics of the user establish a framework for what educators might think 

about, ask before making final selections, and what they might tell their learners. These points 

are intended to remind teachers that the experience of using IVR with a head mounted display 

(HMD) originates in the physical world (a body paired with an IVR HMD) and is felt through 

the weight of the device and movement of the body, but the impact of the experience will rely on 

the person (the conscious self) inside what is happening. In this case the interactivity and 

vividness of the headset and content were sufficient to capture participants’ attention and allow 

engagement and control, but this cannot be assumed for every headset and application 

combination.  

Limitations 

Due to the COVID-19 pandemic, there was no researcher present with the participants 

while they were experiencing the module. The instructions were given in multiple formats, and. 

there was a short, standard getting started script to read out loud to users, but it is possible they 

did not all hear it. The absence of the researcher also meant no one could help participants 

navigate quickly to the chosen module. While it was not possible to make the application 

(“Adventures in Space”) the only item presented upon starting the headset, participants' 

comments seemed to indicate that they could navigate easily enough without assistance. This 

situation, with participants in their own homes, meant the amount of time participants spent in 

the headset was not standardized as the exact amount of time each user spent in the module was 
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not monitored. Participants were asked to take “around twenty minutes” to ensure they could 

complete the module chosen, but it may have been more or less time than that. The instructions 

invited users to explore the other modules if their time was not finished. One of the interview 

participants indicated that they had done more than just the module on the big bang theory, but 

there was also at least one user who decided to end early.  

The dosage issue should be noted, but it is unknown how much difference it would have 

made in the results. With the researcher present, there still would have been those who finished 

earlier than others or broke off because they were uncomfortable and took off the headset. These 

users would have still been asked to take the survey. There were two indicators that there was not 

too much variation (as in the difference between minutes and hours) in the participants’ time 

spent on task. First, when the headsets were picked up, the batteries were never completely 

drained. It takes about an hour to an hour and a half of continuous play to drain the headset. No 

charging cord was provided. Second, “Adventures in Space” was the only pre-loaded app 

available. This meant that use of the headset itself was somewhat restricted.   

Another limitation is that the relatively short amount of time users spent in the module 

did not offer a complete lesson or learning experience. As a reflection of this, the retention of 

content knowledge was not of primary importance in the study. The focus for this study was 

gaining an understanding of the capability of the device and content to deliver a quality presence 

experience to adolescent learners so that educators might better design IVR experiences for their 

learners. Further study might include the integration of headset and content into specially 

designed sequences of instruction to allow investigation of content retention in the future.  

The chosen instrument may be somewhat lengthy for the younger participants in this age 

group. Those who are tired of answering questions may start selecting random answers to speed 
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up the process. Both the visual inspection of data before analysis, and the cohesiveness of the 

results with regard to previously published studies make this unlikely. Experience with 

interviewing students this age previously had revealed to the researcher a range of abilities in 

middle school students with regard to vocabulary they possess to describe experiences. Because 

the focus group students were randomly chosen to represent the group as a whole, and not for 

their ability to articulate, their answers did not always offer nuanced information in response to 

interviewer questions. This was mitigated with the addition of a third focus group at the end of 

the study to obtain more interview data.  

Moving Forward 

This study supports and reflects the work of other researchers who connect IVR and 

engagement such as Chandrasekera, Fernando, and Puig (2019) and Liaw (2019). Engagement is 

widely understood by practitioners as critical to learning, and recent research has divided out 

different types of engagement related to education such as academic engagement, social 

engagement, cognitive engagement, and affective engagement. Not only do engaged students 

persist and perform better academically, but affective engagement inhibits negative behavior 

(Finn & Zimmer, 2012). Because engagement was so prominent with the IVR experience here, 

further study could be conducted on the connection of the IVR experience to learning outcomes 

through any or all of these four areas of engagement. Which type of engagement is produced by 

an IVR experience? Does it matter? If we pose that IVR is a useful technology tool for teaching 

because it aids student engagement, can that engagement be classified, or connected to learning 

outcomes? 

Another area of interest for continued study on presence and IVR with adolescents is the 

negative effects that will be experienced by some of the learners. While this study showed fairly 
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mild effects, IVR equipment continually changes and evolves. As such, the technology will need 

constant evaluation for areas that might be of concern for all users, not just the most vulnerable. 

More knowledge about the topic could combat perceptions of IVR (in all its forms) as a nausea 

and headache-inducing medium. Research into ways feelings of nausea or dizziness might be 

controlled and/or ignored, especially if anticipated by the user, could impact learning design with 

virtual reality. Do users who anticipate discomfort experience more negative effects?  Can users 

become acclimated to the use of IVR and as a result, feel the discomfort even less? Would the 

body and mind acclimate to the experience, or would there be longer term problems from 

ignoring the negatives in the moment? A study with regular, repeated exposure to IVR could be 

designed to test the amount of discomfort felt over time. Also of interest could be the impact of 

the negative effects on learning outcomes. 

Finally, the consideration of how adolescent learners may experience the negative effects 

of IVR underscores the importance of developing an ethics of VR use, whether at a personal 

level, or in a broader sense through a future model for education and enterprise. We must 

monitor our assumptions and expectations about IVR as a teaching tool as well as what learners’ 

expectations may be. Lasting physical and psychological effects on users of the medium, 

especially resulting from long-term use, are relatively unknown. Until there is more information 

about best practices for IVR in education, teachers might use considerations such as those 

presented in Table 5.1 as a starting point. Asking whether IVR is the best tool for an activity and 

presenting flat-screen options (along with the other indicated items) are simple ways to keep 

learners at the center of planning, even when the technology is new and exciting. 

Also a part of safety concerns, there are the implications of data collection and privacy 

for minors using IVR. (Rose, 2020). For example, the newly released Oculus Quest 2, while an 
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exciting device, requires a Facebook account for operation. Before using that particular headset 

with learners, educators must examine the ramifications of allowing the Facebook corporation 

access to body position and location data of students. A duty of care to learners in your charge, 

especially those who are minors, includes protections for data collection and privacy as well as 

the physical and emotional comfort. These more negatively oriented ideas for study of IVR are 

not offered as a deterrent. In fact, they could be seen as an opportunity to continue sharing an 

amazing technology with younger learners – just paired with careful consideration and realistic 

expectations. 

This study showed that IVR is not as much about blocking out reality, but about inviting 

an experience. Learners who find a safe and satisfying experience that encourages interaction 

and generates a sense of presence will likely return to a virtual world the next time they are 

invited. Educators who seize the opportunity to blend this new tool (IVR) with an ancient 

practice (teaching) will be guiding learners toward an engaging future. 
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Appendix A 

Qualitative analysis codebook for final coding scheme. 
Code Comment Example 

Application to learning Mention of items related to what was or 

could be learned using this module or 

another in IVR. 

“…and also just provided a 

good way of learning.” 

Attention Allocation About the user’s direction of attention 

applied during the experience. 
“…and it had a video that 

showed up in the front. So if it 

was showing you something, 

it was right there.” 

Big bang Mention of big bang theory (word tag - 

mostly otherwise coded). 
“I learned about the different 

reasons that scientists think 

the Big Bang Theory could be 

what really happened.” 

Cognition Reference to or use of participants’ 

personal cognition/thinking. 
“…the one thing that was, it 

kind of relates to what you’re 

talking about how you’re 

thinking that you’re like, on 

Mars, but also thinking that, 

hey, I’m possibly sitting in my 

living room doing this.” 

Control Ability of user to influence what was 

happening in the space. 
“It did have that beginning 

instruction thing when you’re 

in the pod thing and it was 

telling you where to go. And it 

said you can select any on the 

side…” 

Emotion Refers to mention of emotional reactions 

or predispositions of the user - fun, 

enjoyment, sadness, etc. 

“…it would have been fun not 

to just like drive around. But 

to like, walk around.” 

Feel Mention of feel/felt/feeling - these are 

word markers; most are coded otherwise. 
“I feel that it did feel pretty 

real.” 

Headache/Eyestrain/Dizzy Subcode of negatives. Mention of 

headache, eyestrain, dizziness and 

similar negative effects. 

“…the quality of parts made 

me wanna take the headset off 

or it made me feel dizzy to 

look at…” 

Interactivity Degree to which the device and content 

allow the user to interact with the virtual 

environment. 

“I tried to swing the controller 

into myself…I tried to point it 

into my eye.” 

Involvement About the user’s ability to interact with 

the environment. 
“You watch just enough that 

you’re like, okay, I know 

what’s going on. And then you 

start pushing buttons.” 

Logistics References to the use of headset or 

module, where they were situated, other 

elements of execution, not really related 

to the VR experience itself. 

“I didn’t know if I was like, 

when to end it, because it just 

kept playing the music.” 

Mars/rovers Mention of Mars/rover/module. “I’ve heard of all the rovers 

before except for Spirit.” 
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Motivation Desire or willingness to act. “The VR experience was very 

interesting and something I 

haven’t tried before.” 

Nausea Subcode of negatives. Mention specific 

to nausea caused in user. 
“…something around there 

was kind of making me a little 

nauseous and every once in a 

while I had to take it off.” 

Negatives Negative parts of the experience causing 

discomfort - some are also subcoded for 

nausea, headache. 

“I kind of felt like, 

suffocated.” 

Other science Information learned general to science 

(not Mars or the Big Bang).  
“[I learned] That red stars are 

actually moving away, and 

older galaxies look different 

than newer galaxies.” 

Pattern inference Specific mention of completing a pattern 

in a way expected because of previous 

experience. 

“So it just kind of takes some 

looking around. You just need 

to think of it as it’s like a car. 

Like you have a wheel that 

you work on.” 

Physiology Evidence of physical considerations for 

participants - size, position, etc. 
“The pointer was adjusted to 

the right hand so using your 

left hand was more difficult by 

a small margin.” 

Predictability The expectation for the headset or 

module to behave as expected.  
“I was really like curious 

because it was bright. And it 

had letters. So I was like, oh, 

I’m gonna click this and just 

see what happens…” 

Previous Experience Mention of previous experience with 

VR. 
“I think it was like fifth or 

sixth grade when I had my 

social studies teacher and they 

had one of those.” 

Realness Degree to which the virtual environment 

seemed like the “real world”. 
“The VR felt amazing and 

real. I almost tried to take off 

the headset to get a better look 

at things.” 

Self-Location Indication of placement of self in a 

location other than where physically 

located. 

“…audio is a really important 

thing to like, you know, shut 

you out. Make you feel like 

you’re in a different place.” 

Spatial Presence Conviction of being located in a 

mediated environment. 
“…I thought it was really cool 

because it…closed me off 

from the living room like I 

know it was in there, but in 

my eyes and what I could see 

was like, I was actually on 

Mars.” 

Suspension of Disbelief Willingness to suspend belief that what 

one is seeing is not real. 
“If you don’t look too far 

down out of the headset, you 

don’t actually notice that 
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you’re still sitting where 

you’re sitting.” 

Vividness Quality/extent of the device and 

content’s projection of visual, auditory 

and other haptic elements that make the 

experience feel “real”. 

“I wanted to add to that the 

graphics weren’t like really 

the best. Like I drove to the 

outer edges, one diamond, it 

just looked like bends and 

paper.” 
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Appendix B 

Text of the “Adventures in Space” Module 

 

The Theory of Big Bang 
 

Welcome to our Mars Rover guided tour. We’ll take you around to see a few of the mobile units 

the US managed to land on this planet. At the same time, we’ll be covering one of the greatest 

questions the universe holds: its origin. 

 

In science it’s very important to study the origin of things. Knowing how something came about 

grants us greater insight into its nature, and, potentially, how we can recreate it. So of course, 

scientists are eager to know how the universe itself began, and a part of that journey was the 

formulation and investigation of the theory commonly known as The Big Bang. To get started on 

the Big Bang Theory, make your way to our first stop on the tour, the rover Spirit. 

 

This is Spirit, perhaps the best named rover, as it functioned for twenty times longer than NASA 

anticipated. Spirit traveled across Mars for six years before getting trapped, and even then 

continued to work for a time as a stationary platform. It’s a good place to start as we try to 

answer a question that’s plagued mankind for all of written history. 

 

The Big Bang is a theory that attempts to explain how the universe became what it is today. 

While it may or may not be the absolute beginning of everything, it is definitely the birth of 

every galaxy we know of, and the earliest event we have evidence of. Here’s how the theory 

breaks down. 

 

Approximately 13.8 billion years ago the universe was one very hot, very small singularity. It 

had no stars or planets; it didn’t even have atoms. It was simply an unimaginably dense mixture 

of cosmic forces. And then, suddenly, it began to expand very, very quickly. In other words the 

singularity exploded. In this early phase of the universe, called inflation, it was pure energy. 

 

As it began to expand, it entered a cooling phase, and the energy began to settle into forms. After 

a mere one second from the initial explosion, electrons and protons came into existence, and 

after a few minutes they slowed down enough to start bonding, forming the first primal elements, 

deuterium and helium. During all of this, the universe was largely uniform. Its density and early 

similarity meant that there wasn’t really any room for differences to pop up in large numbers. As 

time passed, though, and the universe continued to expand, it began to form into structures. This 

period of structure formation created what we think of as the hierarchy of the universe today, all 

the way from the minute interactions of subatomic particles, to the vast mechanisms dictating the 

movement of the galaxies.  

 

At last, about five billion years ago, we reached our current stage: cosmic acceleration. While the 

exact cause isn’t known, the most likely hypothesis is that a substance called dark energy has 

grown more dominant since the birth of the universe. What we do know is that the universe is 

actually expanding at an ever-increasing rate. In other words, we’re not only moving away from 

other galaxies, we’re moving away from them faster with every passing moment. 
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So, to summarize the Big Bang Theory, it went like this: In the beginning, there was an 

explosion of energy. Once things cooled down, they started forming into organized structures. 

However, even as they cooled down, they continued to fly away from each other, faster now than 

before. That’s a pretty crazy theory, and amazingly extensive for how long ago it happened. How 

could we possibly know any of this? Let’s find out by heading over to Opportunity. 

 

Opportunity is Spirit’s sister rover, landing on the other side of Mars just a few weeks later. Most 

impressively, Opportunity is still functional today, having travelled 25 miles, collecting data for 

NASA. That data tells us as much as it can about Mars, and consequently, what the universe is 

like beyond our planet. That’s important data for developing scientific theories. 

 

In truth there have been many theories about the beginning of the universe. Every good 

hypothesis must, however, be falsifiable. That is, it must make predictions about what it means 

for the world that can be proven false - even if the prediction is not false. As we’ve collected 

more evidence, more and more of those theories have been disproved, while the Big Bang 

Theory remains, unable to be falsified. Currently, there are four main pillars of evidence on 

which scientists rest this theory. 

 

The first of these is Hubble’s Law, which simply states that objects observed in the farthest 

regions of space all appear to be moving away from Earth. We know this because we can 

observe these objects’ Doppler shift. When objects move away from us very quickly, the 

wavelengths that we see are at the higher end of the electromagnetic spectrum, the redder part. 

Because of this, when we look through telescopes and see that some stars are redder than others, 

we can tell that they are moving further away. 

 

The second pillar is our observations of galactic evolution and distribution. Older galaxies have a 

much different structure than younger ones. We can see that older galaxies look different from 

younger ones, meaning that over time the universe is changing and evolving. We can also use 

these observations to predict what very old galaxies would have looked like in their younger 

days, as well as how old they are, exactly. There are two more pillars, but to learn about them, 

we’ll need to go take a look at Curiosity. 

 

Curiosity is the latest addition to the Mars Rover collection, landing on the red planet in 2011. 

Curiosity is the most advanced rover we’ve ever sent, and it is tasked with helping us learn as 

much as we can about the history of Mars. Some of what we learn from its pictures and radiation 

tests may have far larger implications than just Mars. 

 

The third pillar of the Big Bang Theory is the distribution of large scale cosmic structures. Even 

galaxies belong to larger neighborhoods that are organized in an obvious hierarchy. The ways in 

which these massive structures are organized line up very well with the specific predictions that 

astronomers make about the universe when they base their calculations on the Big Bang Theory. 

 

Finally, we rely on cosmic microwave background radiation, or CMB. This 4th pillar is 

especially important, as it is the piece of evidence that influenced the astronomy community to 

treat the Big Bang Theory as the most likely explanation for the beginning of the Universe. CMB 
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radiation is simply radiation from the microwave band in the electromagnetic spectrum. What 

makes it notable is that it is known to come from the infant universe. Since we know that it 

travels at the speed of light, which is constant, this radiation is the oldest possible signal that we 

can detect. The existence of this kind of radiation, and the differences we observe in it, is a huge 

piece of evidence to suggest that the universe has a distinct beginning. 

 

The universe is a vast and mysterious place. Learning about it can be quite challenging, which is 

why astronomers must work diligently to use every piece of evidence they can get their hands 

on. As data begins to accumulate, we can start to truly form theories about everything around us. 

The Big Bang Theory and its evidentiary foundation, is one of the best examples of how 

scientists have been able to use scraps of information to put together a picture of something we’ll 

never be able to observe in person. Making those logical leaps is one of the great pleasures that 

science allows us. 

 

Image 1 

 
 

Image 2 
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Image 3 
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Appendix C 

Contents of Adult Guidebook 

At Home Guidebook 
 
DEVICE  

PICO G2 4K - $299

 
Launched March 2019 
 
3 Degrees of Freedom (DoF), all-in-one form 

● 3DoF means that the view is limited to your head motions - there will be no need to 

stand and move around. If the content requires you to move around in space, it will 

tell you how - sometimes it is point and click, sometimes looking in the direction you 

are to go.   

● All in one means you do not need a computer connected to get started, or a lot of 

space. Have a seat, turn on the unit, connect to wifi (if you want), and explore. 

 
One controller 
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● Typically selections are made by clicking the large round pad at the front of the top. 

If that doesn’t work, try pulling the trigger at the front of the controller. To exit an 

app, press the Pico button (the bottom one with the Pico symbol). 

 
Display - 4K resolution, 101 Field of View, 75Hz refresh rate 

● These numbers indicate the quality of images and how quickly the image can change 

in your view. 4K means ultra-high definition - images and video that are loaded 

properly should be crisp and clear. 75Hz reduces screen flicker from earlier forms of 

visual media, which could help individuals who are sensitive to visual disturbances. 

 
Includes 32GB storage with SD card slot 

● Easily extend storage with a mini card. (Not used for this activity.) 

 
Content available from Pico Store, Viveport M, WebVR, Firefox Reality Browser 

● Choices seem limited if you only check the Pico Store, but many Viveport titles are 

available to Pico headsets, and lots of other items are available for direct download 

or streaming over the web. (None of this will be available for this activity.) 

 
Battery is mounted on the back of the unit; literature says it’s replaceable.  

● The battery placement reduces the weight of the main unit which covers the eyes. 

This helps balance the unit on the head.  

 
**Note:  

For this activity, internet access will not be needed as the content will be pre-loaded to 
the unit. 

 
Quick Tips for use: 

● If you want to lift the headset by the top, use the bottom (stretchy) strap. The top 

strap is the power cord and should be treated with care. Please don’t ever lift the 

unit by the power cord. 

 
● Wipe lenses with the clean, soft cloth provided before each use. The better your 

vision is in VR, the better you will feel. 

 
● If the controller gets disconnected, point it forward and hold down the bottom 

button (Pico button) for three seconds. When you let go of the button, the reconnect 

message will appear. If it does not wake, use the controls on the side of the headset. 

 
● The volume is on the bottom of the unit, left side. Students might plug in 

headphones, but for this activity it is recommended that there are no headphones so 

the instructor can hear where the students are in the module. 
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CONTENT  
 
Adventures in Space 
Produced by VictoryXR and accessed through Pico Store, it has been pre-loaded to the 
headsets. It is the only content available in the headset. 
 
Specific lesson for students to click into: 
 
The Theory of the Big Bang - self-paced  

● In this module, participants “drive” a Mars rover to a simulation of each of three 

NASA rovers: Spirit, Opportunity, and Curiosity. At each stop they hear about the 

timeline of the big bang, Hubble’s law and CMB radiation, and finally the concepts of 

inflation, cosmic acceleration, and falsifiable.  

● Because the rover can be driven around the space without a forced pattern, please 

give users a twenty-minute timer. They can proceed until they finish, or until they 

run out of time. (Or until they choose to stop if they feel uncomfortable.) 

● If participants finish early, they are welcome to look at the other lessons in the 

Adventures in Space. (This will be on their instructions.) 

 
Addresses Science standards: 
This lesson could fit into instruction as a part of core material, or as enrichment.  
 National 

● MS - ESS1-2 Develop and use a model to describe the role of gravity in the 

motions within galaxies and the solar system. 

● HS - ESS 1-2 Construct an explanation of the Big Bang theory based on 

astronomical evidence of light spectra, motion of distant galaxies, and 

composition of matter in the universe. 

 State 
● 6.E.1 Understand the earth/moon/sun system, and the properties, structures 

and predictable motions of celestial bodies in the Universe. 
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TO DO when your child is ready: 

❏ Read the transcript text (#2 Below). Have participants use hand sanitizer before and 

after using the headset, there should be all they need in the box (including more 

instructions) and they should take off the headset to come out of the module if 

they don’t feel well. 

❏ Instructions for the users are also in the box, both on headset operation and how to 

access the module. 

❏ Set a timer for twenty minutes - students using the Adventures in Space Big Bang 

episode could go longer but do not need to. If they finish early, they can use their 

extra time to try other modules if they like. 

❏ Again, please remind students they can stop at any time! There is no reason to 

continue if the module is not comfortable. 

❏ When participants have completed the module, direct them to the survey link. If 

they can complete it right away, that is ideal, but not required. There will also be a 

printed slip with the address in the box for them to take. We will also email you a 

link. 

❏ Please ask students to complete the survey within 24-48 hours of completing the 

module. This way the content and feelings should still be fresh in their minds. 

 
These additional items follow: 

1. Station signs and copies of the inserts for the boxes (They remind students to 

stay six feet apart, sanitize, stay masked, toss trash) 

2. Instructions transcript (what to say to get the participants started) 

3. Video link and overview (Explains what and how the participants will be doing with 

the VR. Feel free to post this on your webpage if you have one, or send it to them 

ahead of time.) 

 

1/ 

BOX INSERT  
 
Thank you for joining the study today! 
REMEMBER: If at any time you do not feel well, simply TAKE OFF the headset. You can put 
it back on again if you want, or just stop. 
 
To get started: 
 

1. Use the hand sanitizer provided to clean your hands. 

2. Adjust the headset for your head. (there are velcro straps on the sides if you need to 

make it tighter or looser) 

3. Push the on button.  

4. Put on a face guard  
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5. Put on the headset and pick up the controller.   

6. Follow the instructions in the headset to navigate to the session on the Big Bang 

Theory. 

7. If you finish the Big Bang Theory and your time is not up, feel free to start another 

module. 

8. After time is up, put everything except your used face guard, back in the box. Throw 

away your face guard. 

9. Take a slip with the web address for the survey. Please complete that as soon as 

possible after your VR experience. (We will also email it to you through your parents 

just in case.) 

10. I will contact you if I could use your help for an interview. Thanks!! 

 
 
 

STATION Sign  
Stay safe in VR! 
 
Stay six feet from other participants. 
 
Clean your hands before starting. 
 
Keep on your mask and use a face guard. 
 
Stay seated. 
 
Take off the headset if you don’t feel well. 
 
 
2/ 
To say TRANSCRIPT 
“Thank you for agreeing to participate in this study. Please have a seat and stay seated the 
entire time.  There are instructions in the box that will tell you to use the hand sanitizer, fit 
the headset for your head, put on a face mask, and then turn on the device and put it on 
your head. The module you are doing is the only content on the headset so there will be no 
confusion. You are to choose the Big Bang Theory segment (that’s also on your 
instructions). Please refer back to the instructions if you get lost, and REMEMBER to come 
out of the headset if at any time you don’t feel well.  After you finish, you will take the 
survey online with the link provided. Any questions?” 

 
VIDEO outline  

1. Thank you and overview 
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• Thank you for agreeing to participant and completing all your forms 

• This study is exploring how adolescents experience the sense of presence in VR, 
looking for connections between that and learning. 

2. About the Pico (turn on/off, controls) 

• For this study we are using what is called a three degrees of freedom (or DoF) 
device. This means that the directions you can move in a digital world are limited 
to the fixed location of the headset. You won’t be able to get up and walk 
around. You can move your head around to look in any direction, but if you need 
to move around in the virtual world you will have to use the controller. 

• This is the Pico G24K. The content you will need will already be loaded to the 
device. You will need to adjust it to fit your head (here and here - showing sides). 
You won’t be able to adjust the top. Please don’t try. This (show) is the power 
cord connecting the battery (show) to the unit. You don’t want to damage that. 
Only lift the headset by the stretchy strap or by handling the sides. 

• Once you have the unit adjusted for your head, put on a face mask to add a layer 
of protection for your skin. If this was your personal headset, you wouldn’t need 
that.   

• Turn on the unit by pressing the power button (show). If you don’t put it on 
quickly the sensor (show) will notice and turn it back off. Make sure you are 
ready to start when you press the on button. 

• Put the headset on and hold the controller. Follow the instructions it gives you to 
get the controller connected. 

3. About the content 

• Once you are in the module, please start by selecting the Big Bang Theory 
module (showing content video while I’m talking). I have chosen this one 
because it is so interactive. You will be in a Mars rover and need to “drive” to 
each location it tells you to get information about the Big Bang Theory. 

• If you finish before your adult comes to get you, feel free to try some of the 
other materials in the Adventures in Space module. 

4. What to do if… 

• If you start to feel funny when the rover is moving, concentrate on the inside of 
the cart where you are. If this doesn’t help, take off the headset and take a break 
(show). There’s no reason to force yourself to watch. 

• If your controller battery is dead, don’t give up. You can use the buttons on the 
side of the unit (show) to navigate. 

• If your headset gets warm and the lenses fog up, loosen the straps (show how). 
You have them too tight and no air can get in. 

• If the picture is blurry, move the headset around a little on your face (show) to 
see if there is a better view with it in a slightly different location.  When you see 
better in VR, you feel better. 
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Appendix D 

Parent/Guardian Permission Form  

 

Title of Study: Exploring Adolescents’ Sense of Presence with Educational Content in 

Immersive Virtual Reality: A Mixed Methods Study (eIRB # 23512) 

Principal Investigator(s): Rebekah S. Davis, 336-263-0638, rsdavis2@ncsu.edu 

Funding Source: College of Education Dissertation Continuity Grant  

Faculty Point of Contact: Dr. Meghan Manfra, 919-513-2590, mmmanfra@ncsu.edu 

 

What are some general things you should know about research studies? 

Your child is invited to take part in a research study. Your child’s participation in this study is 

voluntary. Your child has the right to be a part of this study, to choose not to participate, and to 

stop participating at any time without penalty. The purpose of this research study is to gain a 

better understanding of the extent to which a 3 degrees of freedom (DoF) virtual reality (VR) 

headset induces a sense of presence within adolescent users when experiencing educational 

content. We will do this through having students experience a module with the VR headset, take 

a survey about how they felt, and potentially participate in focus group interviews about the 

experience. 

 

Your child is not guaranteed any personal benefits from being in this study. Research studies also 

may pose risks to those who participate. You may want your child to participate in this research 

because it is connected to the state and national science curriculums and uses an exciting new 

form of technology. It is anticipated that students will gain some understanding of concepts 

related to the universe’s formation. They will also potentially be using technology that they have 

not seen in schools before and may enjoy completing the module. You may not want your child 

to participate in this research because they have special needs that keep them from being able to 

use a head-mounted display such as the Pico G2 4K (the particular 3DoF device). 

 

Specific details about the research in which your child is invited to participate are contained 

below. If you do not understand something in this form, please ask the researcher for 

clarification or more information. A copy of this consent form will be provided to you. If, at any 

time, you have questions about your child’s participation in this research, do not hesitate to 

contact the researcher(s) named above or the NC State IRB office. The IRB office’s contact 

information is listed in the What if you have questions about your rights as a research 

participant? section of this form.  

 

What is the purpose of this study? 

The purpose of the study is to investigate possible benefits of a 3DoF headset for learning. The 

researcher is studying the feeling of presence in adolescent learners with a survey and interviews.  

 

Is my child eligible to be a participant in this study? 

There will be approximately 40 participants in this study. 

 

In order to be a participant in this study, your child must have your permission to participate, 

your child must agree to be in the study, and be a middle or high school student at the time of 
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participation. Your child will need to be able to see and follow verbal and written directions 

appropriate for their age range.  

 

Your child cannot participate in this study if they do not want to be in the study, you do not give 

them permission to be in the study, or if they cannot see. 

 

What will happen if your child takes part in the study? 

If you agree to allow your child to participate in this study, you be provided with the headset, 

PPE materials, and instructions for use. The participants asked to do all of the following in your 

home: 

1.Spend up to twenty minutes in a 3DoF headset (Pico G2 4K) experiencing a virtual reality 

module set on Mars. During the module, they drive a Mars rover to different stations to hear 

about portions of the big bang theory. Participants should remain seated throughout. 

2.After using the headset, participants will take an online survey about their feelings of presence, 

or “being there”. The link will be provided with the materials and emailed to you, the parent. 

3.Some users will be asked to participate in a 20-minute group interview on Zoom at a 

predetermined time. (You will be contacted later to set this up.) 

 

The total amount of time that your child will be participating in this study is 40 minutes (for 

module and survey only) or up to an hour (if asked to participate in an interview). 

 

Recording and images 

 

As a part of this research, I would like your consent to photograph, audio record, and/or video 

record your child. Your child can still use the headset and take the survey even if the answer to 

all of these is no. Please initial next to the sentence(s) that you agree to. 

  

 

______ I consent to my child's de-identified photograph being used for presentation, publication, 

and future research purposes. 

 

 

______I give permission for my child to be video and audio recorded for an interview. 

 

______I give permission for my child to be audio recorded ONLY for an interview. 

 

________ I do not consent to my child's de-identified photograph being used for presentation, 

publication, and future research purposes 

 

______I do not give permission for my child to be video or audio recorded for an interview. 

 

  

Risks and benefits 

There are minimal risks associated with participation in this research. The risks to your child as a 

result of this research include discomfort associated with a VR headset such as eye strain or 

dizziness. Please remind your child before and during the process that they may stop the module 
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at any time and take a break, or quit the module. They should remain seated for the duration so 

there is no risk from moving with a headset on, but you may want to consider the child’s 

sensitivity to motion illness as they will view movement in the headset.  

  

Due to the COVID-19 pandemic, the headset and the controller will be wiped with an anti-

microbial PPE cleaning cloth and sterilized in a UV cleaning box between each use.   

  

The possible direct benefits is the enjoyment of using a new type of technology. The indirect 

benefits include contributing to the understanding of how people might learn with virtual reality. 

 

Right to withdraw your participation  

Your child can stop participating in this study at any time for any reason. In order to stop your 

child’s participation, please contact Rebekah Davis, the PI (336-263-0638 or 

rsdavis2@ncsu.edu) or her advisor, Dr. Meghan Manfra (919-513-2590 or 

mmmanfra@ncsu.edu). If you or your child choose to withdraw consent and to stop participating 

in this research, you can expect that the researcher(s) will redact your child’s data from their data 

set, securely destroy your data, and prevent future uses of your child’s data for research purposes 

wherever possible. This is possible in some, but not all, cases. For example, the survey answers, 

once entered by your child, cannot be separated from the group and deleted. 

 

Confidentiality, personal privacy, and data management 

Trust is the foundation of the participant/researcher relationship. Much of that principle of trust 

is tied to keeping your child’s information private and in the manner that I have described to you 

in this form. The information that your child shares with me will be held in confidence to the 

fullest extent allowed by law.  

 

Protecting your child’s privacy as related to this research is of utmost importance to me. 

However, there are very rare circumstances related to confidentiality where I may have to share 

information about you or your child. You and your child’s information collected in this research 

study could be reviewed by representatives of the University, research sponsors, or government 

agencies (for example, the FDA) for purposes such as quality control or safety. 

 

How I manage, protect, and share your child’s data are the principal ways that I protect your 

child’s personal privacy. Data that will be shared with others about your child will be 

anonymous. If your child is interviewed, information from the interview will be deidentified.  

 

The survey is anonymous. Anonymous data means that at no time can I or anyone else link your 

child’s real identity to the information collected during the survey portion of this research. This 

means that I cannot identify your child at all, when the data is alone, or combined with other 

information. I will also not seek to identify your child using any techniques or technology.  

 

Interview information will be De-identified. De-identified data is information that at one time 

could directly identify your child, but that I have recorded the data so that your child’s identity is 

separated from the data. I will not record your child’s real name when transcribing or reporting 

results. While I might be able to link your child’s identity to your child’s data at earlier stages in 
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the research, when the research concludes, there will be no way your child’s real identity will be 

linked to the data I publish. 

 

Future use of your child’s research data 

To help maximize the benefits of your participation in this project, by further contributing to 

science and our community, your child’s anonymous answers to the survey questions and de-

identified transcripts will be stored for future research and may be shared with other people 

without additional consent from you or notice to your child. 

 

The recordings (either audio/video, or audio only) of the interviews will be stored in the 

researcher’s Zoom account until the transcript from Otter.at is confirmed. Once the text is 

confirmed, the audio and video portions will be deleted so only the de-identified text remains. 

 

Compensation  

For your child’s participation in this study, they will receive no compensation. 

 

 

What if your child is a student? 

Your child’s participation in this study is not a class requirement and their participation, or lack 

thereof, will not affect their class standing or grades.   

 

Sponsorship and Funding 

This research is funded by a Dissertation Continuity Grant from the College of Education at NC 

State. This means that the sponsor is paying for the equipment needed for the research. The 

researcher does not, however, have a direct financial interest with the sponsor or in the final 

results of the study. If you would like more information, please ask the researcher(s) listed in the 

first page of this form about the funding and sponsorship.  

 

What if you have questions about this study? 

If you have questions at any time about the study itself or the procedures implemented in this 

study, you may contact the researcher, Rebekah Davis (336-263-0638 or rsdavis2@ncsu.edu) or 

her advisor, Dr. Meghan Manfra (919-513-2590 or mmmanfra@ncsu.edu). 

 

What if you have questions about your rights as a research participant? 

If you feel your child has not been treated according to the descriptions in this form, or their 

rights as a participant in research have been violated during the course of this project, you may 

contact the NC State IRB (Institutional Review Board) Office. An IRB office helps participants 

if they have any issues regarding research activities. You can contact the NC State IRB Office 

via e-mail at irb-director@ncsu.edu or via phone at (919) 515-8754.  

 

Consent to Participate 

By completing this consent form, I am affirming that I have read and understand the above 

information. All of the questions that I had about this research involving my child have been 

answered. I have chosen to allow my child to participate in this study with the understanding that 

my child may stop participating at any time without penalty or loss of benefits to which my child 
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is otherwise entitled. I am aware that I may revoke my consent for my child to participate in this 

research at any time. 

 

 

Yes, I agree my child can participate in this research study. 

 

Your Name________________________________________ 

 

Child’s Name ______________________________________ 

 

Today’s Date ______________________________________ 

 

 

No, I do not want my child to participate in this research study. 

 

Thank you for your consideration. 
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Appendix E 

 

Child Assent Forms 

Assent Form for 11 to 13 years old 

 

Title of Study: “Exploring Adolescents’ Sense of Presence With Educational Content in 

Immersive Virtual Reality: A Mixed Methods Study”  (eIRB # 23512) 

Principal Investigator(s): Rebekah S. Davis, rsdavis2@ncsu.edu, 336-263-0638 

Funding Source: College of Education Dissertation Continuity Grant  

Faculty Point of Contact: Dr. Meghan Manfra, mmmanfra@ncsu.edu, 919-513-2590 

 

 

I am inviting you to participate in a research study about how virtual reality headsets can make 

learners feel “right there” with educational content.  

 

Your parent(s)/guardian(s) know I am talking with you about the study. This form will tell you 

about the study to help you decide whether or not you want to take part in the study.  

 

What will I do? 

If you decide to be in the study, you will use a Pico G2 4K headset to interact with a module by 

VictoryXR called “Adventures in Space” for about 20 minutes. After that you will need to 

answer the survey questions online with the link that will be provided. It will take about 20 

minutes to complete. You might be asked to participate in a recorded group interview lasting 

about 20 minutes. (Maximum total less than 1 hour.) 

 

What benefits do I get for participating in this study? 

Taking part in this study may have direct benefits to you through your enjoyment of using the 

advanced technology. It is hoped that I will learn more about how the sense of “being there” in 

virtual reality might be used for learning. 

 

Can anything bad happen if I am in this study? 

I do not expect anything bad to happen to you but some kids may feel dizzy or uncomfortable 

because of the headset. It will help that you will be seated the entire time, and if that happens, 

simply take off the headset! You can restart if you still have time and there will be no problem if 

you want to come to a complete stop. 

 

Will anyone know what I said or did in this study?  

If you decide to be in the study, I will not tell anyone else how you respond or act as part of the 

study. No one besides the research team will know it’s you. Even if your parents or teachers ask 

what you said or did, I will not tell them.  

 

Everything will remain private unless I think you are being hurt by someone else or in danger. In 

those rare and unusual circumstances, I am required to tell someone only enough information in 

order to help you be safe. 

 

Will you share what you learn about/from me with other people? 

mailto:rsdavis2@ncsu.edu
mailto:mmmanfra@ncsu.edu
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I plan to share information that we learn from you with others. Your answers to the survey 

questions, without any information about you, will be shared with the group that made the survey. 

I will share reports about what I learn from your survey answers and possible interview, but will 

never reveal your identity. I also want to keep the information that we learn about you for life so 

that it can be used in other research projects.  

 

You do not have to agree to share your information with others in the future in order to be in this 

study.  

 

Please initial if you agree researchers can share your information with other people in the future 

for other research projects: ________________________.  

 

Do I have to be in the study? 

No, you do not. The choice is yours. No one will get angry or upset if you do not want to do this.  

You will not lose or miss out on anything. You can also change your mind anytime if you decide 

you do not want to be in the study anymore. 

 

What if I have questions? 

If you have questions about the study, you can ask me now or anytime during the study. You can 

also call me at 336-263-0638 or e-mail me at rsdavis2@ncsu.edu. You also have the option of 

contacting my sponsor, Dr. Meghan Manfra at 919-513-2590 or mmmanfra@ncsu.edu. 

 

If you have any questions about your rights as a participant in this research or if you feel you 

have been hurt as a result of this research, contact Jennie Ofstein at the IRB Office at irb-

director@ncsu.edu or (919) 515-8754. She will be able to help you. 

 

You will receive a copy of this form for your records.  

 

Printing/typing your name below means that you have read this form or have had it read to you 

and that you want to be in this study. As a reminder, you can stop being in the study even after you 

say “yes.”  

 
Yes, I want to be in this study 

 
Name_____________________________________________ 

 
Today’s Date ______________________________________ 

 
 

No, I do not want to be in this study. 
 
Thank you.  
 
 
 
 

mailto:rsdavis2@ncsu.edu
mailto:irb-director@ncsu.edu
mailto:irb-director@ncsu.edu
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Assent Form for 14 to 17 years old  

 

Title of Study: “Exploring Adolescents’ Sense of Presence With Educational Content in 

Immersive Virtual Reality: A Mixed Methods Study” (eIRB # 23512) 

Principal Investigator(s): Rebekah S. Davis, rsdavis2@ncsu.edu, 336-263-0638 

Funding Source: College of Education Dissertation Continuity Grant  

Faculty Point of Contact: Dr. Meghan Manfra, mmmanfra@ncsu.edu, 919-513-2590 

 

 

I am inviting you to participate in a research study about how feelings created with virtual reality 

headsets can make learners feel “right there” with educational content.  

 

Your parent(s)/guardian(s) know I am talking with you about the study. This form will tell you 

about the study to help you decide whether or not you want to participate in this research.  

 

What is the purpose of this research study? 

The purpose of this study is to explore how teenagers experience presence, or the feeling of 

being “right there” in a virtual reality headset with educational content.  

 

What will I do in this study? 

If you decide to be in the study, you will use a Pico G2 4K headset to interact with a module by 

VictoryXR called “Adventures in Space” for about 20 minutes. After that you will need to 

answer the survey questions online with the link that will be provided. You might be asked to 

participate in a group interview lasting about 20 minutes.  

 

I expect that you be in this research study for about 20 minutes to use the VR, about 20 minutes 

to take the survey, then if you are chosen for a recorded group interview, another 20 minutes for 

that. (Maximum 1 hour total.)   

 

Can I participate in this study? 

You are invited to participate in this study if you agree to be in this study, your parent or 

guardian allows you to participate in this study, and you are able to see.   

 

You cannot participate in this study if you do not want to participate in this study, your parent or 

guardian does not want you in this study, or you are disqualified by the COVID-19 screeners.  

 

What benefits do I get for participating in this study? 

Taking part in this study does not have any direct benefits for you, but it is about the use of an 

exciting new technology tool. The study will help me learn more about the sense of presence and 

how it can be connected to learning. 

 

Can anything bad happen if I am in this study? 

There are minimal foreseeable risks; some teens, however, may feel dizzy or motion sick, or 

uncomfortable in the headset. If this happens to you, simply take off the headset! There is no 

problem with taking a break or stopping altogether. There will be no penalty. 

 

mailto:rsdavis2@ncsu.edu
mailto:mmmanfra@ncsu.edu
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Will anyone know what I said or did in this study?  

If you decide to be in the study, I will not tell anyone else how you respond or act as part of the 

study. This means that no one outside of the researchers will know that it is you. Even if your 

parents or teachers ask, I will not tell them about what you say or do in the study. Everything will 

remain private. In the rare and unusual circumstance that I think you are being hurt by someone 

else or in danger, I am required by law to tell someone only enough information in order to help 

you be safe. 

 

Will you share what you learn about/from me with other people? 

I plan to share information that we learn from you with others. Your answers to the survey 

questions, without any information about you, will be shared with the group that made the survey. 

I will share reports about what I learn from your survey answers and possible interview, but will 

never reveal your identity. I also want to keep the information that we learn about you for life so 

that it can be used in other research projects.  

 

You do not have to agree to share your information with others in the future in order to be in this 

study.  

 

Please initial if you agree researchers can share your information with other people in the future 

for other research projects: ________________________. 

 

Do I have to be in the study? 

No, you do not. The choice is yours. No one will get angry or upset if you do not want to do this. 

You will not lose out on anything if you do not want to do this. You can also change your mind 

anytime if you decide you do not want to be in the study anymore. 

 

What if I have questions? 

If you have questions about the study, you can ask me now or anytime during the study. You can 

also call me at 336-263-0638 or e-mail me at rsdavis2@ncsu.edu. You also have the option of 

contacting my sponsor, Dr. Meghan Manfra at 919-513-2590 or mmmanfra@ncsu.edu. 

 

If you have any questions about your rights as a participant in this research or if you feel you 

have been hurt by this research, you can contact the IRB Office at irb-director@ncsu.edu or 

(919) 515-8754. You will receive a copy of this form for your records for download or printing.  

 

Printing/typing your name below means that you have read this form or have had it read to you 

and that you want to be in this study.  

 
Yes, I want to be in this study 

 
Name_____________________________________________ 

 
Today’s Date ______________________________________ 

 
No, I do not want to be in this study. 
Thank you.  

mailto:rsdavis2@ncsu.edu
mailto:irb-director@ncsu.edu
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Appendix F 

Interview Protocol 

Thank you for talking with me today about your VR experience. Before we get started I want to 

let you know that there is no right or wrong answer to any of these questions. I am interested in 

hearing you describe your personal experience, whether it was positive or negative, or both!  

General Questions 

Have you ever used a VR headset before?  

Where and when?  

What type? 

What did you think of it then? 

If you have used one before, how did that experience compare to today? 

 

What was your favorite thing about the lesson? 

How do you think this lesson would feel different if it was done a different way, like a video? 

 

Was there anything about the information that you learned that was new?  

Was there anything that surprised you? 

 

Factor Specific Questions 

Factor  
 

Engagement 

Involvement, 

Control 

Attention 

Allocation 

1. How did you decide what to look at or do while you were in the 

module? 

2. What sorts of things did you try to do while the content was being 

presented? 

Sense of Physical 

Space 

Spatial Presence 

Self-Location 

1. Where did you think about being (or think you were?) when you 

were in the headset? 

2. What physical movements did you make at any point that didn’t 

match where your body really was (seated at a table or in a desk)? 

Ecological 

Validity 

Realness, 

Predictability 

Suspension of 

Disbelief 

1. How natural did the environment of the module feel? What do you 

remember most about it? 

2. Was there anything you thought you should be able to do, but 

couldn’t? 

Negatives  1. What, if anything, would you change about this experience? 

2. Was there any part you disliked? 

3. Did any of you feel uncomfortable to take off the headset? Why? 

4. If you felt unwell but didn’t take off the headset, why? 
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Appendix G 
 

Participant information questions 

 

How old are you? 

• 11-13 

• 14-17 

 

Gender 

• Male 

• Female 

• Prefer not to choose 

 

Rate your level of computer experience. 

• None 

• Basic 

• Intermediate 

• Expert 

 

Rate how often you play digital games. 

• Never 

• Once in a while (once or twice a month) 

• Often but less than 50% of days 

• 50% or more of days 

• Every day 

 

Have you used a virtual reality headset before today? 

• Yes 

• No 

 

How would you rate your knowledge of virtual reality? 

• None 

• Basic 

• Intermediate 

• Expert 
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