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ABSTRACT 
Virtual reality (VR) ofers promise in education given its immersive 
and socially engaging nature, but it can pose challenges for edu-
cators when creating VR-specifc content. VR videos can function 
as a new educational tool for VR content creation due to their cre-
ation afordability and user-friendliness. However, little empirical 
research exists on how educators utilize VR videos and associated 
pedagogy in real classes. Our research employed a contextual in-
quiry, through in-person interviews and online surveys with 11 
instructors to gain actionable insights from envisioned teaching 
scenarios for VR videos that are informed by actual instructional 
practices. Our study aims to understand the factors that motivate 
instructors’ adoption of VR videos, identify challenges educators 
face when incorporating VR videos into instructional units, and 
examine pedagogical adjustments when integrating VR videos into 
teaching. Through empirical evidence, we provide design implica-
tions for the development of VR-based learning experiences across 
diverse educational contexts. Our study also serves as a practical 
case of how VR can be adopted and integrated into education. 

CCS CONCEPTS 
• Human-centered computing → Virtual reality; Empirical 
studies in HCI. 
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1 INTRODUCTION 
Virtual reality (VR) technology has gained widespread popularity 
in various felds, including education [42, 43, 46]. In particular, VR 
videos1 have been used as a pedagogical tool to provide students 
with immersive and dynamic learning experiences. These videos 
can capture panoramic views of real-world or simulated environ-
ments, allowing learners to explore and interact with the content 
as if they were physically present. 

While traditional video learning has long been a staple in edu-
cation, the emergence of VR videos as an educational tool intro-
duces new pedagogical practices. It has the potential to reshape 
how students engage with content, moving beyond the passive 
consumption of information associated with traditional video for-
mats [75]. Prior work has reported positive efects on learning 
with VR videos, such as improved knowledge retention [5], motiva-
tion [18], and academic performance [41, 76, 96]. It also achieves 
technical advantages compared to other VR content given its ease of 
creation [45, 102], cost-efectiveness [41, 69], compatibility of a vari-
ety of devices [14, 44, 68, 88], and convenient employment without 
the need for extensive technical knowledge or training [75, 80]. 

Despite these promising afordances of VR videos, there is still 
limited research on how instructors use VR videos in their teach-
ing practices and the efective pedagogical strategies associated 
with their use from a holistic view. A predominant portion of the 
existing research centers on specifc subjects or content domains 
(e.g., [52, 70, 77, 84, 86]), often neglecting to initiate inquiries from 
an authentic pedagogical foundation building upon the instructors’ 
real-world teaching materials and experiences. Ranieri et al. [74] 

1In this paper, the term "VR videos" refers specifcally to monoscopic 360-degree videos 
experienced within the VR headset. We selected this format due to its extensive range 
of uses and its prevalent adoption in the industry and education area [6, 63]. 
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developed a more systematic approach to the understanding of 
the educational uses of VR videos in diferent educational contexts 
from a scoping literature review. However, this approach did not 
provide empirical insights and perspectives from the instructors — 
the actual strategies, real-world challenges, and expected outcomes 
remain areas of active exploration. Therefore, our research seeks 
to explore the pedagogy of how instructors may use VR videos as 
part of their pedagogical approach in-situ and identify the efective 
practices and challenges associated with their integration across di-
verse teaching contexts. Our exploration provides a comprehensive 
view of instructors’ practices in integrating VR video in education, 
ofering valuable insights into VR video’s utility and perceived im-
pact as a pedagogical tool. By grounding our study in authentic 
instructing materials and experiences, our research contributes em-
pirical knowledge to VR video education, with a more nuanced 
and practical understanding of VR’s role in contemporary teaching 
methodologies. Specifcally, our research questions are as follows. 

• (RQ1) What are the factors that impact the interest in VR 
video usage in classes? 

• (RQ2) What challenges do instructors face and what facil-
itations are currently missing in the process of generating 
instructional units with VR videos? 

• (RQ3) How do instructors adapt pedagogical approaches to 
instructional units with VR videos? 

In order to answer these research questions, we used the contex-
tual inquiry [8], which involves 1) an in-person contextual inquiry 
session including observing and interviewing instructors in their 
real workspace, and 2) an online interpretation session through a 
survey, helping validate and triangulate our results. Through this 
approach, we aimed to understand how instructors perceive VR 
video integration, the strategies or adjustments they consider for 
this integration, and the challenges and necessary support that arise 
during the instructional process. In summary, our contributions 
include the following: 

• Empirical insights into the potential incorporation 
of VR videos into instructors’ teaching practices, illus-
trated with target example scenarios provided by instructors. 
The selected integration scenarios are infuenced by instruc-
tors’ perceived educational values associated with VR videos. 

• Insights on necessary adjustments needed in the in-
structional processes and units for the integration of 
VR videos, particularly during the stages of evaluating avail-
able video content resources, designing educational activi-
ties, and conducting pilot classes. 

• Challenges and missing facilitations in using VR videos 
across diferent teaching contexts, such as limitations in 
content-related resources, the absence of collaborative com-
munities and networks, and the need for tools to support 
class management and subject-specifc learning activities. 

• Design implications and opportunities for future tech-
nology to support the adoption of VR technology in 
educational settings, in light of our fndings on VR videos’ 
integration with current instructional practices. 

2 RELATED WORK 
Our work is inspired by the use of video as an educational tool, the 
incorporation of VR video technologies in educational settings, and 
the role of VR as a pedagogical medium. 

2.1 Video as a Teaching Tool 
Videos have proven to be a valuable educational tool across multiple 
disciplines for capturing rich multimedia records of the physical 
and social worlds [10, 100, 101]. The commonly used theoretical 
foundation for understanding the intrinsic motivation behind using 
video as a teaching tool is derived from the Cognitive Theory of 
Multimedia Learning [30, 54]. According to the theory, learners 
possess two channels for learning: visual and verbal (or auditory), 
deeper learning occurs when information is presented through both 
text and graphics than text alone [53]. 

Prior studies have shown that videos play a pivotal role in diverse 
class formats (e.g., online courses [49, 62] and blended learning [7]), 
which increases student’s motivation [11], engaging students in 
active learning [10] and helping to illustrate abstract concepts to 
students in certain subjects [92], thus leading to positive learning 
outcomes [1]. Learning from videos also helps instructors maintain 
an afordable and sustainable teaching routine. Besides the vastly 
available resources online, instructors can also create their own 
videos to further facilitate teaching, such as recorded lectures [39]. 

However, video is only efective when it is embedded in ap-
propriate instructional contexts and well-conceptualized learning 
environments [47, 83]. Little empirical research examines how spe-
cifc instructional approaches might efectively exploit the potential 
of video with authentic context (one exception is using video for 
teacher education [9]). Recognizing this research gap, we initiated 
a contextual inquiry to explore which instructional strategies most 
efectively harness the potential of video, with a specifc focus on 
VR video. This emphasis is rooted in the shared context of tradi-
tional and VR videos, as they both function as tools to visually and 
audibly convey information, fostering engagement and experiential 
learning. By gaining insights from real classrooms, our fndings 
and implications provide guidance for future designs and research 
endeavors related to VR video-based learning. 

2.2 VR Video Technologies in Education 
VR videos provide a bridge connecting the traditional video-based 
learning experience with modern VR technology. Compared to 
creating other virtual graphic-based learning tools, such as sim-
ulated VR videos made from animated 3D models, VR videos are 
more cost-efective with the proliferation of afordable 360 video 
cameras and a ton of 360 video online resources [4, 15]. Prior lit-
erature review [46] has shown that VR videos can provide a more 
immersive and interactive experience that further helps improve 
students’ learning outcomes, including an increased engagement 
in the learning activities [2, 59], higher satisfaction towards the 
learning process [87], yet the improvement in academic score still 
remains unsettled [40]. 

Many technologies have been developed to enhance the ef-
ciency of VR video learning experiences, including annotation [95], 
view sharing [41, 63], shared video control [41] and interactive 
VR video [35, 35, 99]. For example, [41] presents a collaborative 
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system that allows students to share notes, visual cues, and video 
control during joint VR video viewing. Their results showed that 
using collaboration tools in VR video can positively infuence users’ 
satisfaction, reduce cognitive load, and improve factual knowledge 
acquisition. Other studies introduce multi-sense in VR videos to 
support experience learning (e.g., spatial audio [63], olfaction and 
wind stimulation [60], and haptic sensation [36]). The enhanced 
multisense VR videos are proven to increase the sense of presence 
in the virtual environment, learning enjoyment, as well as provide 
novel interactions to further improve skills [22]. 

Despite the fruitful studies on VR video technologies in edu-
cation, most studies focus on lab studies and specifc educational 
scenarios. As highlighted in the previous section 2.1, efective video-
based learning depends on contextualizing it within appropriate 
pedagogical approaches. We seek to identify empirically supported 
principles of VR video-based teaching and learning based on ex-
isting classes. This endeavor provides a holistic overview of in-
structors’ insights into VR video-based class design, challenges, 
and areas requiring facilitation. It culminates in the formulation of 
design implications that aim to inform future research and provide 
guidance for educators’ practices. 

2.3 VR as a Pedagogical Medium 
Learning in VR has a solid theoretical base (e.g., constructivism 
theory [27], social presence theory [33], cognitive theory[72] and 
embodied learning [89], etc.), which ofers a strong rationale for the 
use of VR as a medium in educational contexts. Prior work also pro-
vides both quantitative [42, 81] and qualitative evidence [24, 34, 41] 
supporting its efectiveness. This validation has spurred educators 
and developers to design instructional technologies within the VR 
medium, with some focusing on enhancing class management and 
providing monitoring and creation tools for instructors. For ex-
ample, Krekhov et al. [48] proposed a one-way mirror that allows 
the instructor to watch the student in VR from outside the virtual 
environment. ObserVAR [93] is a visual cue system that allows in-
structors to view in-VR students’ gaze direction on a mixed-reality 
device. Their system provided a more fexible system to improve 
instructor-student interaction during class and can be scaled up 
to support larger classrooms. VRdeo [16] and EditAR [19] enable 
instructors to create and record the process when they’re in the 
VR scene and can be exported as a traditional 2D video to view 
without a VR device. Several studies also target employing assess-
ment in VR medium [13, 21, 67]. One comparison study [82] applies 
diferent machine learning models to automatically assess students’ 
VR dental simulation performance based on their hand motion. 
There are also educational VR systems targeting between-students 
interaction [51, 94, 97]. Drey et al. [24] studied the impact of paired 
studying in VR and compared it with a VR-tablet pairing system. 
Their results showed a signifcant increase in the sense of immer-
sion, satisfaction, and reduced cognitive load, which all contribute 
to learning outcome improvement. 

However, most studies and available applications primarily con-
centrate on lab-based classes or provide support for purely VR-
based classes. They may not fully capture the diversity of real-world 
teaching and learning experiences in classrooms, thus limiting the 
ability to capture the complexities of actual education [37]. Hence, 

there exists a gap in empirical research that provides a compre-
hensive understanding of educational VR technology from a ped-
agogical perspective, particularly concerning the use of VR as a 
supplementary tool within the teaching process, rather than as the 
exclusive medium for the entire class. Our study utilizes VR video as 
an illustrative technology within the VR medium to gain empirical 
insights into the strategies and challenges instructors might face 
when adapting their existing classes and instructional processes. 
We then used these insights to generate design implications for 
supporting VR technology in educational contexts. 

3 METHODS 
We employed Contextual Inquiry (CI) [8] to understand and con-
struct the design space of VR-video-based classes for higher edu-
cation. This approach advocates feld interviews with participants 
in their actual workplace, which allows conversations to naturally 
evolve in the real-world context. We specifcally chose CI over tra-
ditional interviews 1) to reveal the process, details, and motivations 
behind instructors’ work, 2) to uncover factors in classroom envi-
ronments or real settings of class preparation that could potentially 
infuence the usage of VR videos, 3) to observe activities unfolding 
in their natural and rich context, and 4) to enable the recognition of 
subtle interaction cues and potential disparities between verbal ex-
pressions and actual actions. In this section, we provide a summary 
of our participants and their backgrounds, followed by a detailed 
description of our study procedure, data analysis process, and a 
discussion of our method limitations. 

3.1 Recruitment and Participants 
We recruited participants from a university in the Midwest area of 
the United States, through a comprehensive mailing list encompass-
ing various subjects and departments of the university. A total of 
11 instructors were selected to participate in this study to cover a 
range of academic feld expertise. We stopped recruiting instructors 
when we reached data saturation when we started hearing repeti-
tive themes from our participants. We also collected participants’ 
background information including their area of expertise, VR famil-
iarity, 360 video experiences, teaching experience, and video-based 
teaching experience. We screened potential participants based on 
their experience with using videos in teaching, and only selected 
ones who confrmed their previous use of video as a pedagogical 
tool in their classes. We did not require participants to have prior 
experience with VR or 360 video viewing and made the efort to 
include participants with a range of VR experiences in our recruit-
ment because we wanted to explore how instructors with varying 
levels of familiarity with VR video would perceive and adapt to its 
educational applications. 

Our participants’ ages ranged from 29 to 56 years old (� = 38.5, 
�� = 10.48), with an average of 13.18 years of teaching experience 
(�� = 9.14), and the gender distribution included six females, four 
males, and one participant identifying as non-binary or third gender. 
Two participants had used VR in actual teaching, sharing 3D models 
(P2) or 360-degree images (P3), while two others (P1 and P6) exper-
imented with at least one educational VR application. None of the 
instructors had used VR videos in their lectures; P3 had collaborated 
with a support team to record VR videos but had not utilized them 
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for teaching. Before participating in our study, six participants had 
viewed 360-degree videos with or without VR headsets, three were 
familiar with the concept of 360-degree videos but had not watched 
any, while two participants had neither viewed 360-degree videos 
nor were clear about the concept. Table 1 provides background and 
demographic information about our participants. 

Our study contained a contextual interview and an interpreta-
tion session (section 3.2). All participants completed both parts 
of the study. Each participant received a $50 gift card as study 
compensation. The study was conducted within the participants’ 
workspace identifed by themselves, with the setup including their 
own laptop/computer or teaching aids, a VR headset, and an audio 
recorder to capture the entire session. 

3.2 Procedure 
In order to understand practices and opportunities for VR videos to 
enhance instructing activities, we conducted a contextual inquiry 
and followed up with an interpretation session through an online 
survey (See Figure 1). In pre-study communication, we asked partic-
ipants about their preferred location for the inquiry, which varied 
based on their class preparation needs (as shown in Table 1). Some 
instructors chose their ofce or home when instructing materials 
were accessible in their accustomed working environments, and not 
much consideration of the classroom environment was needed for 
their class preparations (i.e., regular lecture halls versus specialized 
laboratories). We also initiated correspondence with participants 
through email before the study, aligning with the guidelines out-
lined in [78]. Specifcally, we followed the guidance that: 1) used 
the term contextual interview to distinguish it from a conventional 
interview, 2) elucidated the method’s adaptable nature, devoid of 
predefned questions, and underscored the importance of observing 
their regular task execution, 3) presented an agenda of discussion 
topics and potential observational tasks, and 4) conducted an inter-
pretation session to validate our results. 

3.2.1 Contextual Inquiry. We conducted an in-depth, in-person 
contextual inquiry with instructors interested in integrating VR 
videos. During the contextual interview, a researcher from our team 
conducted interviews with the instructors while simultaneously 
observing their actions and writing memos for analysis. Our obser-
vations include instructors’ interactions with digital and physical 
tools and materials as well as their workspaces. Researchers took 
observation notes and photos during the sessions for later analysis 
(see Appendix Table 2 for examples). The average time to complete 
this part was about 60 minutes (� = 60.9 minutes, �� = 5.15). 

Introduction (~5 minutes). The contextual inquiry started with 
an introduction of the purpose of the study and method. After the 
consent process, we confrmed participants were clear about the 
diferences between the contextual interview and traditional in-
terview and encouraged participants to take a more active role in 
leading their sessions. Then, we explicitly communicate the follow-
ing assumptions for this study to avoid leading the discussion on VR 
adoption due to our primary focus being on VR video. The assump-
tions are from an investigation about educational VR adoption [42], 
which anticipated that these issues can be resolved eventually with 
the wider public acceptance and availability of VR headsets. 

• Financial Consideration. Assuming the course will not 
encounter fnancial constraints regarding VR headsets. 

• Health Concerns. Operating under the assumption that 
students will not be signifcantly afected by cybersickness 
when using VR. 

• Technology Management. Assuming that the university IT 
ofce will assist with headset distribution and troubleshoot 
both hardware and software issues. 

• Learning Curve. Assuming that VR is no longer a nascent 
technology and has garnered familiarity, instructors can 
reasonably anticipate a widespread understanding of its op-
eration. 

It’s important to note that although we made those assump-
tions, participants were still encouraged to raise their concerns, 
particularly those pertaining to the utilization of VR videos. 

VR Video System Trial (~10 minutes). Next, we asked par-
ticipants to explore an educational VR video system with a video 
of city tours. This session was intended to introduce our partici-
pants to the technical capabilities of VR video technology and assist 
them in broadening their approach to structure their classes. It was 
particularly benefcial for those participants who had limited prior 
experience with VR videos. We implemented an educational VR 
collaborative video system from an open resource. We chose this 
system because this system is specifcally designed for collabora-
tive educational settings and has demonstrated qualitative evidence 
about the potential usage in a real class for instructors [41]. With 
this system, instructors and students have individual video time-
lines and control. It has several class management and monitoring 
tools such as view sharing (peek students’ views or synchronous 
instructor’s view with students), annotation (speech-to-text notes, 
screenshots, and drawings), and monitoring (visualize students’ cur-
rent progress, views’ focus and notes). Figure 2 shows a summary 
of all the functions of the system used in the trial. During the sys-
tem trial, one researcher explained the functions and guided the 
instructor to explore all the features noted before. 

Contextual Interview (~45 minutes). We collected instructors’ 
detailed background and their prior experiences with video-based 
teaching methodologies and asked them to speculate suitable teach-
ing scenarios based on VR video. While conducting the interview, 
the researcher also kept observation notes and took photos for 
further analysis. We structured our interviews based on the typi-
cal steps of preparing educational content for the classroom (e.g, 
ADDIE model [25]) as follows. 

• Select Teaching Scenarios. We began by asking partic-
ipants to refect on their teaching experiences and recall 
details about their classes, especially those involving video 
technology (e.g., How did you use video in your class? How 
much of the course content is video-related? How do you 
view the role of video in your course?). Participants could 
share their existing class syllabus using their own laptops 
with researchers if available. Based on their class, partici-
pants can select the most suitable scenarios that could be 
adapted with VR video technology from the current class 
or potential class, and then explain why they believed VR 
videos would complement their class efectively. If they came 
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Table 1: Demographics and interview location of participated instructors. 

Participant 
ID 

Department VR Familiarity 
Have used VR 
for education? 

Have Watched 
360 Videos? 

Interview 
location 

P1 Molecular, Cellular and Biology Passing Knowledge Yes No Ofce 
P2 Anthropology Knowledgeable Yes Yes Ofce 
P3 Forestry Passing Knowledge Yes Yes Home 
P4 Kinesiology No Knowledge No Yes Ofce 
P5 Chemistry Passing Knowledge No No Laboratory 
P6 Retail Merchandising Knowledgeable Yes Yes Ofce 
P7 Chinese Passing Knowledge No Yes Home 
P8 Dental Hygiene No Knowledge No No Classroom 
P9 Music No Knowledge No No Piano room 
P10 Fitness Passing Knowledge No No Gym 
P11 Medicine and Surgery Passing Knowledge Yes Yes Ofce 

Figure 1: Overview of the study procedure. 

up with two scenarios, they would follow the same process 
to go through the rest of the steps. 

Next, we provided instructional units as cards and allowed par-
ticipants to rearrange the order to match their teaching behaviors 
and habits. If there were additional steps they considered impor-
tant but not included on the cards, they could add them on blank 
cards. The order of the next four stages was determined based on 
the order participants established during this process. Participants 
were allowed to draw connections between steps even if a linear 
process didn’t apply. For each stage (including the stages the in-
structor proposed), we asked participants about potential changes, 
challenges, and missing facilitations if using VR videos and related 
concerns. 

• Identify Learning Objectives. During this stage, we en-
gaged participants in refecting on the learning objective 
within the selected education scenario. 

• Create Activities with Class Constraints and Learning 
Goals. Participants adjusted their activity designs to incor-
porate VR videos in this stage. By sharing their teaching 
materials with us, participants made changes to existing ac-
tivities and were prompted to consider the VR video tool in 
VR Video System Trail session. 

• Identify or Generate Video Content. Instructors started 
this stage by refecting on their prior experiences with video 
generation — whether self-generated or sourced from on-
line resources. Then they discussed how they might adapt 
VR video content and started a think-aloud activity [98] of 
searching for appropriate videos online to locate a VR video 
that matches their teaching scenario. If a specifc video is 
unavailable, they were encouraged to extract elements from 
other VR videos (or 2D videos), use VR videos as motiva-
tional introductions rather than course-specifc content, or 
think about cameras’ positioning for creating VR videos. 
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Figure 2: Overview of features of collaborative VR video system used in the study. 

Researchers observed the process, noting any challenges 
encountered during VR video searches as well as provid-
ing assistance when needed, such as suggesting 360 video 
keywords or websites. Once a video was identifed (or a 
potential video was generated), participants were asked to 
share additional resources used in video preparation (e.g., 
video editing tools). They elaborated on their usage and re-
fected on their concerns and the support they needed in the 
content generation process. 

• Integrate Assessment of Learning Outcomes. In this 
stage, instructors retrieved the assessments previously uti-
lized (if applicable) within the chosen educational scenarios. 

Finally, we asked participants to discuss the support they would 
require from external sources (e.g., department, video player devel-
oper, video producer) during the creation of this activity/video and 
the challenges or unexpected situations that might arise in a real 
class. 

3.2.2 Online Interpretation. To validate and refne the outcomes 
derived from our contextual inquiries, an interpretation session 
served as member checking [17] was conducted through an online 
survey format with open-ended questions. Member checking allows 
for participants’ intentions to be assessed by providing them with 
the opportunity to rectify errors, ofer additional information, and 
contribute insights. Instructors who participated in the contextual 
inquiry were contacted to partake in this follow-up online survey. 
This survey included qualitative insights from the contextual in-
quiry sessions. The survey took approximately 15-20 minutes for 
participants to complete. 

3.3 Qualitative Content Analysis 
For qualitative data analysis, we adopted a data-driven thematic 
analysis approach, drawing inspiration from the Grounded Theory 
Method [58]. Our process commenced by transcribing the recorded 
contextual inquiry interviews into textual data. Subsequently, the 
transcriptions were subjected to open coding by the frst three 
authors who had actively participated in the interview process and 
possessed training in the Glaser method [31]. All observation notes 
and memos from the contextual inquiry were converted into textual 
data and analyzed through the same process. Photographs taken 
during the inquiries were included in the analysis as supplemental 
materials to textual data, to provide a visual context for analysis. 

This procedure generated a substantial collection of over 1300 
open codes, from 11 individual interview sessions. The next phase 
involved a comprehensive review and clustering of the open codes, 
led by the frst two authors. We iteratively clustered all codes us-
ing a constant comparison approach, which was operationalized 
through the creation of an afnity map. During the clustering pro-
cess, a third author was involved in the discussion to resolve any 
diference between the two lead authors. All authors also engaged 
in regular discussions about the clusters during the analysis process. 
The fnal clusters generated fve themes (see Appendix Table 3), 
which we presented to our participants in an open-ended question-
naire format. This follow-up questionnaire was created for member 
checking, to further engage our target group of users and enhance 
the credibility of qualitative research. We analyzed the collected 
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interpretation survey using a similar qualitative approach and com-
bined it with previously generated themes, which we report in our 
fndings. 

3.4 Method Limitations 
We recruited participants from a single university in the Midwest 
area of the United States and reached data saturation with a rela-
tively small size of participants (N = 11). Although we took measures 
to ensure diversity within this small group of participants, the lim-
ited scale and single-site nature of our research might restrict the 
generalizability of our fndings, particularly to educational contexts 
beyond university-level instruction, such as elementary, middle, or 
high school settings. A larger and more varied group, possibly from 
multiple geographical locations and educational levels, would likely 
have yielded a more comprehensive understanding of VR video 
applications in broader educational environments, which is open 
for future investigations. Furthermore, although two instructors 
had previously employed VR technology for displaying 3D models 
and 360-degree images, none of these instructors in our study had 
directly utilized VR videos in their classrooms. Our fndings are thus 
speculative in nature. Future research that deploying VR videos 
in actual classrooms, is essential to validate and expand upon our 
insights. Despite these constraints, we strived to ofer in-depth and 
valuable insights into the integration of VR videos in higher educa-
tion, serving as a foundation for further research and exploration 
in this evolving feld. In addition, qualitative analysis inherently 
involves subjective judgments during coding and interpretation, 
which could introduce a degree of interpretation bias. Finally, the 
technology tutorial on the collaborative VR video system during 
the contextual inquiries could have introduced a certain level of 
bias, as participants’ responses may have been infuenced by the 
system we presented to them. 

4 RESULTS 
In this section, we begin by summarizing participant-identifed 
teaching contexts and then present fve salient themes through our 
data analysis. For each theme, we present a rich description of how 
educators adapt their pedagogical strategies and instructional units 
to accommodate changes when integrating VR videos into their 
classes, and what are the challenges and missing facilitations during 
this process. Throughout this section, we present boldfaced pain 
points that we believe can be mitigated through technological and 
research innovations, thereby enhancing efciency and educational 
outcomes. 

4.1 Overview of Participant-Identifed Teaching 
Scenarios 

Our participants had various backgrounds in teaching method-
ologies, instructing setups, and disciplines that might shape their 
experience with VR video. They were asked to concentrate on one 
or two specifc classes, relying on their actual teaching experiences, 
to speculate on how VR videos could signifcantly enhance the 
learning process in those contexts. In the following, we summa-
rized the scenarios envisaged by participants varied on several 
dimensions (details are shown in Appendix Table 4). 

Teaching Scenarios. A total of 14 teaching scenarios that par-
ticipants described cover a wide range of subjects and disciplines. 
We categorized these scenarios based on the work by Parker et 
al. [71], which describes diferent immersive learning scenarios 
found in the literature by using VR videos. The categories identifed 
include virtual tours (N = 3)2, recorded processes and procedures (N 
= 3), recorded situations (N = 1), recorded experiences and recording 
processes for learning through replay (self-refection) (N = 3). We 
added additional categories (e.g., simulated situation (N = 1), sim-
ulated processes for spatial knowledge representation (N = 4)) to 
diferentiate simulated video from recorded video. 

Class Capacity. The described scenarios varied in class sizes, 
spanning from large lectures with more than 100 students to 1-1 
instructional interactions. In these scenarios of larger lectures (N = 
12), classes utilizing VR videos in an asynchronous setup had an 
average student capacity of around 65, while those integrating VR 
videos to facilitate synchronous settings had an average of around 
25 students. The two 1-1 scenarios include both asynchronous and 
synchronous setups. 

Real World Captures vs. Simulations. Participants envisioned 
scenarios involving videos from real-world captures (N = 9), simu-
lations (N = 3), or both (N = 2). Real-world scenarios often encom-
passed virtual tours and recorded experiences or processes, ofering 
students access to experiences that are otherwise inaccessible in the 
real world. Simulated scenarios included safety training and virtual 
animations or models that serve to demonstrate complex spatial or 
temporal concepts or mimic situations which is hard to capture in 
real-world environments. Most of the simulated VR video scenar-
ios from our participants regard spatial knowledge representation 
processes. 

Timing. Participants explored the temporal aspect of VR video 
that could play in diferent teaching materials when describing sce-
narios. Participants considered the incorporation of VR videos into 
in-class activities (N = 6), allowing both instructors and students to 
engage with the content simultaneously. Alternatively, VR videos 
were utilized as pre or post-class resources (N = 10), accommodat-
ing diverse learning paces and economizing time, particularly for 
longer videos. 

VR Video Duration. The video duration in the described sce-
narios ranges from 2 minutes to 30 minutes, with the exception of 
one scenario with the video that lasts for 2 hours. This extended 
video described by P5 covered half of the class duration and was 
dedicated to demonstrating an experiential laboratory process. Typ-
ically, VR videos in the scenarios provided only occupied a small 
fraction of the class time. 

However, we did fnd that most participants envisioned utilizing 
VR videos at a foundational level (i.e., understanding rather than 
applying or analyzing concepts), and explored scenarios using short 
demonstration stream videos to introduce fundamental ideas. Such 
applications often aim to motivate and engage students at the begin-
ning of their learning process. Only one scenario (P11) focused on 
VR in a higher level of context of applying and practicing learning, 
for training fellows to become acquainted with surgical processes 
and the operation of complex medical devices. 
2The number represents the number of scenarios related to the specifed categories. 
The count of scenarios may be multiplied when a single scenario can be classifed into 
more than one categories. 
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4.2 A Varying Interest in VR Video Adoption 
based on Perceived Value and Received 
Support 

As shown in section 4.1, all participants identifed teaching scenar-
ios where they believe integrating VR videos might yield positive 
outcomes. However, their ultimate adoption decision was closely 
tied to their perceptions of the educational value of VR videos 
and the availability of a supportive community for resources and 
assistance. 

4.2.1 Perceived Learning and Instructing Values. Instructors’ deci-
sions on VR video adoption depended on their perception of the 
learning and instructing values associated with VR videos. Our 
participants identifed several benefts of VR video usage when 
compared to other visual aids such as images, 3D models, and tra-
ditional 2D videos, which aligned with benefts identifed by prior 
work [71]. Specifcally, VR video can provide an immersive and 
natural environment that students don’t normally experience with 
traditional visual aids (P1, P2). P6 further commented on the learn-
ing environment with minimal distractions provided VR video’s 
immersive experience. VR video can also efectively convey spatial 
dimensions and dynamic attributes of locales or objects, even if 
"it’s fattened to a video" (P1, P2, P5, P6, P10, P11). And it has the 
capability to elicit emotional responses from students and enhance 
empathy (P8). Both P1 and P9 commented on VR video’s ability to 
support students’ understanding and memory retention through 
moving demonstrations. P3 felt VR video can facilitate student col-
laboration and information sharing through a panoramic view of 
informational content, as well as accommodating individualized 
interests. 

Regarding the learning objectives, the consensus among our in-
structors was that the class objectives would remain unchanged 
when integrating VR videos into their classes, with minor modifca-
tions depending on the actual video content. The predominant role 
of VR videos, as perceived by our participants, would be enhancing 
learning efciency and teaching efectiveness during the processes, 
to provide students with a deeper understanding and opportunities 
for experiential learning related to the existing learning objectives. 
As shown in Appendix Table 4, most scenarios identifed by our 
instructors focused on the introductory level. Instructors were more 
likely to be interested in adopting VR videos if they perceive them as 
an introducing tool that enhances student engagement, motivation, 
and active participation in the learning process: 

I would play VR videos before class starts just to get 
students to wake up a little bit because it’s an 8 a.m. 
class. So I’d love to fnd like some cool biology videos. 
That kind of helps to wake them up. (P1) 

During the interpretation session, instructors concurred with this 
theme regarding their VR video adoption. Two instructors (P1 and 
P9) emphasized that the presence of evidence regarding the impact 
of VR videos on students’ learning outcomes (i.e., the efectiveness 
of VR video in teaching) might infuence their inclination toward 
integration. As the music instructor P9 stated, 

I might not use VR videos if there is evidence demon-
strating only a slight improvement in student engage-
ment compared to 2D videos. It wouldn’t be worth it 

to invest that much efort just to experiment with a 
new technology. (P9) 

This statement was also echoed our observation of P9’s arrange-
ment of instructional units, which is refected in Figure 3. The 
process of identifying learning objectives is captured by revisiting 
the analysis stage, ensuring that the perceived instructing value 
can justify the decision to incorporate VR videos. Although per-
ceived educational value holds signifcance to instructors, it is 
challenging for instructors to identify strong evidence that 
can demonstrate such perceived values in their teaching sce-
narios. 

4.2.2 Available Community Resources and Support. Community 
support is another crucial factor that infuences instructors’ interest 
in VR video adoption. From our contextual interviews, we found 
three types of community support that can reduce the time and 
efort required for instructors when integrating VR videos into their 
practices, and enhance instructors’ confdence in using VR video as 
a new teaching tool: 1) the support from related learning community 
and training programs which can reduce the time and efort in 
learning and navigating content when integrating VR videos into 
instruction; 2) adequate technical support which helps with setup, 
troubleshooting, and maintenance for instruction, and 3) general 
VR related resources, such as existing practical guidelines, VR video 
content and platforms. 

In the interpretation sessions, instructors expressed diferent 
opinions on the types of community support needed. They agreed 
that technical support is very important when using VR headsets 
and they will "have more confdence and are more willing to try it 
when they know that colleagues have been successful in implementing 
it in their own classrooms" (P1). However, with the assumption of the 
negligible learning curve associated with VR usage, extensive train-
ing isn’t deemed essential for VR video integration. As emphasized 
by P6: 

VR videos, if already live online, are very easy to use, 
at least for me. I don’t feel the need for much tech 
support or training. (P6) 

P2 shared a similar sentiment that in spite of the limited resources 
and support, instructors were still able to achieve their goals if they 
"really want to fnd a way". 

Overall, community resources and support serve as a founda-
tion for instructors interested in VR video as a new technology. 
However, instructors may not be able to get adequate support or 
opportunities for related training in VR as a prerequisite before 
using VR videos (P1, P5, P7, P9, P11). There is also a notable 
absence of a mature community that provides resources on 
VR video-based learning and teaching, as P3 mentioned in her 
comment. 

4.3 The Importance of Class Piloting and 
Refnement in Successful Teaching 

Class piloting allows instructors to experiment, refne, and evaluate 
their instructional units with VR videos before implementation 
on a full scale. Our investigation into rearranging instructional 
units revealed that the instructional units often are not arranged 
in a linear sequence but can be iterative or grouped to align with 
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instructors’ objectives (see Figure 3). Piloting classes emerged as a 
critical step advocated by instructors, an aspect that had not been 
previously covered in our initial instructional unit framework but 
has an impact on every unit. Instructors identifed two types of 
piloting, with diferent goals, practicing technology and testing the 
contents’ efectiveness. 

4.3.1 Practicing VR Technology. Instructors express concerns re-
garding the technical aspects of VR video integration, such as equip-
ment setup, troubleshooting, and ensuring seamless integration 
with instructional activities (especially for pre-video and after-video 
activities), which can be challenging for both instructors and stu-
dents (P3). They also mentioned that piloting the technology is 
more about practicing VR usage than practicing the logistics of VR 
video in teaching. Instructors might also come up with more ideas 
on VR video integration after piloting (P1). 

4.3.2 Evaluating the Efectiveness of VR Video. Instructors also 
hoped to evaluate the efectiveness of VR videos through piloting 
before formally teaching the class. To understand the efectiveness 
of VR videos, instructors wanted to evaluate the impact on students’ 
engagement and learning outcomes, including measurable skills, 
abilities, knowledge, as well as values they expected from students 
completing a VR video-based course (P1, P2, P3, P4, P5, P6, P7, P9, 
P11). The piloting session can involve only a small group of 2-3 
students for initial feedback, including their preferences (P6) and a 
comparison between VR and other visual aids (P3), or expand to a 
larger class to ensure the "VR videos have educational value in the 
class" (P7). 

During the interpretation session, P1, P3, and P4 raised concerns 
about the pilot’s potential costs for both practicing technology and 
testing its efectiveness. They suggested addressing these concerns 
by tapping into community support (section 4.2.2), through sharing 
experiences and guidelines with instructors teaching in similar con-
texts to potentially avoid the need for a large-scale pilot. Therefore, 
piloting classes is crucial for VR video-based educational suc-
cess. This step can be accelerated through the collective wisdom of 
the educational community by sharing experiences and guidelines 
with instructors in similar teaching contexts, thus avoiding the 
unnecessary duplication of eforts. 

4.4 Constraints on Experience Diversity Due to 
Video Generation Capabilities 

The intended learning experience is often afected by the quality 
of VR video content used for the instruction. We observed that 
participants often struggled to fnd a good amount of video content 
from online resources, as well as generating their own content. 

4.4.1 Online Video Resources Limitations. In the video generation 
unit, we observed instructors’ content preparation procedures for 
the 14 teaching scenarios they proposed, and identifed their chal-
lenges with fnding suitable and quality resources on existing video 
content platforms. Participants commonly searched for content on 
Youtube 3 and Google 4. They found some 360-degree/VR video 

3https://www.youtube.com/
4https://www.google.com/ 

searching platforms such as AirPano 5, DeoVR 6 and 360cities 7. 
Despite the widespread availability of video content online, often 
tagged with descriptors such as 360°, featuring 360° icon, or VR 
headset images on the video covers, we observed that some instruc-
tors still held misconceptions about 360-degree/VR videos. Some of 
the video content selected by instructors also turned out to be 2D 
videos, although they were labeled with keywords or hashtags like 
VR, Point of View (POV) 8, 3D videos. 

Among the 14 scenarios, only fve were able to locate appropri-
ate VR video content without the need for signifcant edits. These 
videos consisted of recorded processes and virtual tours, with min-
imal adjustments such as time shortening. For seven scenarios, 
suitable VR video content was not readily available, but instruc-
tors could extract relevant elements from existing videos online or 
their prior teaching materials (whether VR or 2D video) for their 
classroom activity. These videos were mostly in the category of 
simulated processes or experiences. Three scenarios involve letting 
students generate their own refection videos. One scenario, which 
was about simulating heart disease training procedure named Mi-
traClip 9, encountered difculties in fnding relevant information 
but managed to pick elements from existing images. 

Instructors were concerned about whether the quantity and 
quality of VR videos from current online resources can serve their 
educational purpose or not. For example, P6 commented that the 
VR video "is still in the developmental stage... It’s not pervasive like 
everywhere, and you still need to make lots of efort to look for them." 
Notably, instructors explored alternative VR tools as substitutes for 
VR videos during the video search process. For instance, P6 initially 
found 360-degree images in search results and became interested in 
this content because it could also create an immersive real scene in 
merchandising design to meet her teaching goal. She also expressed 
a willingness to explore simpler VR tools as potential VR video 
alternatives if feasible. Additionally, P4 came across a video record-
ing of a VR volleyball game and saw it as a valuable supplement 
for beginners to pique their learning interests, which could serve a 
similar role as VR videos. 

During the interpretation session, instructors highlighted the sig-
nifcance of user-friendly capturing and editing tools for authoring 
VR videos. They also stressed the need for substantial support from 
the community in terms of content discovery and adaptation to 
align with their teaching objectives. P3 provided insights about her 
thoughts on deciding between self-made videos or existing video 
resources: 

We have helped with the creation of some Google 
Cardboard 360 apps for other departments (e.g., Forestry), 
which have included 2D images and annotations. I 
think our lab is one of the few places on campus that 
can do this. For most folks, I would recommend start-
ing with existing resources vs. making their own ex-
periences. (P3) 

5https://www.airpano.com/360video_list.php 
6https://deovr.com/ 
7https://www.360cities.net/video_gallery 
8POV video is meant to be watched as if the viewer were present or the viewer is in a 
specifc situation
9MitraClip is a procedure to fx the mitral valve. During the procedure, doctors access 
the mitral valve with a catheter that is guided through a vein in the leg to reach the 
heart. 

https://www.airpano.com/360video_list.php
https://deovr.com/
https://www.360cities.net/video_gallery
https://4https://www.google.com
https://3https://www.youtube.com


CHI ’24, May 11–16, 2024, Honolulu, HI, USA Qiao Jin, Yu Liu, Ye Yuan, Bo Han, Feng Qian, and Svetlana Yarosh 

Figure 3: Class design procedure of instructional units when integrating VR Video. This procedure was adapted to ADDIE 
model [25], which is a structured framework for instructional design that includes Analysis, Design, Development, Implemen-
tation, and Evaluation stages. The thickness of the line represents the number of people who have chosen this sequence, with 
thicker lines indicating a higher number of selections. 

Hence, there still exists a gap in building a resourceful library 
for educational VR video and helping instructors easily navi-
gate these resources for their needs. VR content in other formats 
can also be provided to instructors to supplement their teaching 
materials as alternative options. 

4.4.2 Video Authoring Limitations. We rarely observed instructors 
show interest in creating VR video content themselves. Only one 
instructor, P3, mentioned her collaboration with a video genera-
tion team, providing her with the capacity to create custom VR 
video content. The majority of instructors opted to utilize online 
VR videos as they lacked the resources and support to capture 
videos themselves, particularly for the 360-degree videos generated 
through computer simulations. In scenarios where students were 
tasked with creating their own VR videos, instructors also raised 
concerns about the availability of capturing tools. P4 suggested a 
potential solution, which involves "creating the 360 videos in groups" 
to lower the need for capturing tools. 

When instructors identifed VR video content suitable for their 
classes, we inquired about the specifc editing requirements they 
envisioned. The editing tasks mentioned most frequently included 
shortening the video duration or specifying a starting timestamp 
(P1, P3), adding captions and annotations (P4, P9, P10, P11), or 
incorporating background voice (P9, P10). Although these tasks 
mostly concerned with fundamental video editing skills (which 
instructors were familiar with editing 2D videos), we observed 
that instructors encountered signifcant challenges in completing 
them. For instance, P11 attempted to download the 360-degree 
videos onto his laptop and import them into the video editing 
software he usually employs to add annotations. However, there 
was a dramatic disparity emerged between the downloaded version 
on his laptop (presented as an equirectangular projection10) and the 
original content experience on the website, where viewers could 
only see a portion of the video and had to actively determine their 

10Equirectangular projection maps the globe onto a rectangle, maintaining equal 
spacing of meridians and parallels. 

viewing direction. P11 conducted online research and explored a 
few VR video editing tools, and was surprised by the large amount 
of projection methods in 360-degree videos (e.g., equirectangular, 
monoscopic11, stereoscopic12, and cubemap13): 

I didn’t realize there were so many formats for 360-
degree videos, and I don’t know which one could be 
compatible with VR headset... It seems like the video 
is distorted at the edges (shown in the video editor), so 
I’m uncertain how I can place annotations accurately. 
(P11) 

Instructors also brought up additional capturing or editing needs 
they might have, such as creating interactive videos capable of 
responding to students’ input (P7), having multi-sensorial capturing 
capabilities (e.g., smell) and adding them to VR videos (P3). The 
ability to navigate 360 video with depth information in the tool 
is also important (P5, P8, P11). This tool would be particularly 
valuable for subjects requiring observations from multiple angles, 
as exemplifed by P5’s scenario involving a chemical lab experiment. 
In such cases, it is essential to observe operations conducted at a 
fxed point from diferent directions. 

This limitation in authoring tools was also re-iterated during 
interpretation sessions. P9 contributed additional points regarding 
future VR video editing and creation tools. These points included 
the need for tools capable of automatically generating 360-degree 
videos, potentially utilizing multiple phone cameras, video clips, 
or converting 2D images into VR videos with animation efects, 
emphasizing the necessity of an AI-based video editing tool. Fur-
thermore, they stressed the need for tools that simplify the process 
of downloading/uploading 360-degree videos to VR and editing 

11Monoscopic projection involves a single image or video projected onto a sphere 
around the viewer. 
12Stereoscopic projection provides a 3D viewing experience by delivering separate 
images to each eye.
13Cubemap projects the video onto the six faces of a cube that surrounds the viewer, 
with each face representing a diferent direction. 
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software, without the need for format conversions (P9). Thus, cur-
rent technological options for VR video authoring often require 
professional skills and training, which makes it challenging for 
instructors to utilize without a professional team’s help to 
support instructional needs. Capturing and editing tools should 
place a strong emphasis on being user-friendly, reducing the re-
quirement for specialized technical knowledge or training. 

4.5 Missing Management, Monitoring, and 
Assessment Tools in VR Context 

4.5.1 Disconnection between the Video and Related Activities. In-
structors discussed the concerns in moving between platforms and 
formats for VR video content and other supporting activities related 
to the video content. When instructors discussed their teaching ac-
tivities involving VR videos, we observed the presence of both pre-
and post-video activities in most teaching scenarios. For instance, 
prior to commencing the VR video session, P1 designed guiding 
questions to prepare students for the video content. After watching 
the video, P9 and P11 emphasized the importance of subsequent 
discussions, often utilizing notes from the video. A few instructors, 
such as P5, incorporated a brief quiz to further deepen students’ 
understanding and enhance learning outcomes in a chemical exper-
imental class. Several class management issues arose during this 
process. P11 commented on the management’s efort in distributing 
the video to students. P9 talked more about the disconnection as 
students move from VR platform to other education tools: 

It appears that we’ll need to remove and put on the 
headset frequently during multiple video sessions for 
class discussion or other stuf...which can diminish 
the immersive benefts that VR ofers. (P9) 

Instructors highlighted the importance of improving facilitation 
for pre- and post-video activities, whether conducted within VR 
or outside of it. Certain instructional facilitations, such as guiding 
questions, a brief introduction, or discussions, can be seamlessly 
integrated into the video experience, allowing for a more immersive 
learning process without the need to remove VR headsets. For 
example, smoothly exporting the notes students made during the 
video for their reference after the video is good for them to recall 
memories and elicit meaningful discussion (P5). 

In the interpretation sessions, instructors confrmed that pre- and 
after-activities should be tied to the VR video. A smooth transition 
between in-VR video and non-VR activities is essential to 
maintain a consistent learning experience as well as a sense 
of immersion during VR-integrated teaching. 

4.5.2 Disconnection between student/instructor and student/student. 
Instructors expressed their need to establish stronger connections 
with students or encourage connections among students while play-
ing VR videos. These personal connections included facilitating 
team collaboration (P1, P3, P5, P7, P8), keeping awareness of all 
students’ statuses and processes (P7), and assessing students’ per-
formance inside VR (P1, P6, P8). For example, P8 walked around 
the classroom, explaining her usual group separation methods, and 
expressed interest in using VR videos for similar student grouping. 
She noted the challenge of interacting with groups in a VR setting, 
as she typically moves between them to give guidance physically. It 

is also important for instructors to control the pace of a class when 
using the VR tools, because compared to in-person classes, "it is 
very difcult to make sure that every student is concentrating on the 
video in VR" (P7) and "students may not stay on task while using VR, 
such as chatting" (P1). 

Several instructors provided insights to address this issue based 
on their experiences from collaborative VR system trial. They pro-
vided suggestions for features such as view-sharing and monitoring 
tools. For instance, one instructor recommended that the system 
should have "a more efective visualization method that illustrates 
students’ focus areas such as the hot areas" (P8). Furthermore, P9 
expressed an interest in enhanced capabilities for managing team 
discussions, such as the ability to set up VR video rooms for smaller 
team interactions, along with the option for instructors to transfer 
between diferent rooms. 

During the interpretation phase, all instructors agreed that tools 
for building connections are essential and important considera-
tions for VR videos to be efectively integrated into classes. It is 
important to provide class management, monitoring, and 
assessment tools that establish the connection between in-
structors and students during VR video for its adoption. 

4.6 Missing Subject-specifc Learning Aids for 
Experiential Learning 

Although we set out to identify the common needs across diferent 
teaching contexts, we fnd that some educational subjects still re-
quire specifc learning aids to facilitate their learning process. In the 
scenarios described in Appendix A, four instructors believed that 
the general VR video system was sufcient for their scenarios, while 
over half of the instructors mentioned the need for subject-specifc 
aids. 

To illustrate this need, P11 provided a concrete example of his 
expectations regarding the integration of the existing 2D dynamic 
ultrasound image with VR video to enhance the training process 
for MitraClip. In this scenario, the VR video serves the purpose of 
enhancing students’ spatial perception and aligning it with the ul-
trasound image, which will be used in real-world practice. Similarly, 
P3 expressed the need for a measuring tool that is proportional 
to the scale of objects within the video for geography students to 
perform measurement studies on a virtual feld trip. Other examples 
of the aids included incorporating specifc 3D models (P1, P2, P5, 
P10) and adjusting video playback speed (P4). 

In the interpretation session, all instructors agreed that having 
subject-specifc learning aids will improve the efciency of VR 
in learning. While some instructors expressed an understanding 
of the constraint with cost in developing VR applications, they 
indicated that subject-specifc aids could be "largely benefcial and 
possibly mandatory for instruction to be successful" (P4). Existing 
VR video tools often neglect the customization requirements for 
each subject, hence missing the opportunity to ofer specifc 
educational support. However, addressing this gap would require 
additional development eforts and associated costs, leading to the 
discussion on the potential trade-of between cost and the expected 
educational value. 
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5 DISCUSSION 
Our fndings provided insights into the present and prospective 
utilization of VR video within higher education. In this section, we 
frst summarize our results in alignment with the research questions 
posed, then translate the results to four key design implications 
aimed at enhancing the development of VR educational technolo-
gies (with a focus on VR video) for the future. Next, we refect on the 
theoretical framework and model related to educational technology 
integration and methods. 

5.1 Principal Results 
We started our inquiry by examining teaching scenarios in which 
instructors express interest in incorporating VR videos into their 
real classes. After identifying specifc scenarios, instructors revealed 
related instructional units that leverage VR videos efectively from 
a practical perspective. We qualitatively analyzed the data from 
contextual interviews and interpretation surveys to understand 
the factors that infuence instructors’ decisions to integrate VR 
videos in practical educational settings. For our RQ1 regarding the 
factors that impact the interest in VR video usage in classes, 
instructors proposed 14 teaching scenarios based on their teaching 
experiences and we found that: 

• Instructors’ interests in integration are often infuenced by 
how well VR videos align with the learning objectives and 
the perceived educational benefts of VR videos, such as 
increasing students’ engagement and providing in-depth 
learning experiences. 

• The availability of community support and resources can 
encourage instructors’ VR video adoption. Such support can 
include the available related learning communities, VR tech-
nical support, as well as relevant resources, such as practical 
guidelines, video content, and platforms. 

Our exploration of RQ2 revealed the challenges that instruc-
tors face and the missing facilitations when instructors gen-
erate instructional units with VR videos. Our fndings highlighted 
that: 

• Instructors’ video generation capabilities are constrained by 
the limited quality of online videos, as well as the availability 
of subject-specifc VR platforms and user-friendly editing 
tools for educational purposes. 

• The absence of tools for class management, student engage-
ment monitoring, guidance provision, and assessment facil-
itation in VR learning contexts can diminish instructional 
efectiveness. 

• Missing subject-specifc learning aids in VR-facilitated learn-
ing can hinder experiential learning. 

For RQ3, we sought to understand the potential adaptation in 
teaching strategies and methods resulting from the incorpora-
tion of VR videos in the classroom setting. These insights include: 

• An iterative process for constructing instructional units, 
rather than a linear process, which highlights the impor-
tance of community support within the process. 

• The pivotal role of piloting classes in the success of VR video-
based instruction, serving the dual purpose of evaluating the 
efectiveness of VR videos for achieving learning objectives 

and providing instructors with hands-on experience with 
VR technology. 

• An understanding that VR videos are not intended to modify 
learning objectives but instead enhance existing objectives 
by ofering students opportunities for in-depth and experien-
tial learning. To achieve such enhancement, adaptations are 
required in the stages of discovering suitable video content 
and designing appropriate teaching activities. 

Based on our fndings, we have identifed four design implica-
tions for the utilization of educational VR technology context with 
an emphasis on VR video technology, as outlined in the next section. 

5.2 Design Implications for Supporting 
Educational VR Technology Adoption 

While this paper primarily delves into the utilization of VR videos as 
a pedagogical tool, it also serves as an exemplary illustration of how 
VR technology can swiftly adapt to the actual classroom. For each 
implication, we begin by translating our fndings into implications 
for VR videos and then extend them to support a broader adoption 
of educational VR technology. 

5.2.1 Facilitating the Validation of Educational Efectiveness and 
Community Collaboration. Our results show that educators’ in-
terest in VR videos depends on perceived educational value and 
the level of support they can receive from related communities. 
Instructors found it challenging to determine whether the per-
ceived educational benefts were substantial enough to outweigh 
the integration costs they incurred. Hence, the results promote the 
necessity for technology capable of assessing the performance of 
VR video in learning outcomes, which can further empower instruc-
tors to better understand the benefts and encourage instructors to 
integrate it in classes. Moreover, these fndings also call for a sup-
porting knowledge-sharing and collaboration ecosystem designed 
to streamline the integration of VR videos. The collaborative efort 
of a community can thereby reduce entry barriers, minimize the 
costs of pilot studies, and alleviate individual workloads. 

We suggest the following design implications for new technolo-
gies to enhance the supporting ecosystem for VR video adoption 
and increase instructors’ confdence in adopting it for achieving 
learning objectives. These implications also work for the educa-
tional VR context, enabling researchers to evaluate, analyze and 
share the learning outcome, experiences, content, and pedagog-
ical approaches. First, developing assessment, analytics, and 
sharing tools for educational VR activity can help instructors 
validate its educational outcomes and foster a knowledge-sharing 
community. Technologies should facilitate and tailor for assessment 
and analytics within VR environments, and also support knowledge 
sharing. There are two possible solutions to uncover data-driven 
insights that can ofer evidence of the educational advantages of-
fered by VR technologies [90]: 1) Integration of VR capabilities into 
existing assessment and analysis workfows situated outside VR 
environments. Educators can augment traditional desktop appli-
cations with 3D visualization and data collection features (e.g., a 
simple way is casting or exporting log data from VR), enabling 
the utilization of established desktop data analysis and assessment 
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capabilities for VR-enabled applications. 2) Incorporation of assess-
ment and analysis functionalities directly into VR applications. For 
instance, the tool [26] can capture and record immersive VR ses-
sions within explorative virtual environments, yielding valuable 
insights into user behavior, scene saliency, and spatial afordance. 
Additionally, MRAT [61] is available to streamline the entire data 
collection and visualization process for analysis. Within the con-
text of video content, prior research ofers a video analysis tool 
to scrutinize gesture performance [61] and assess view similarity 
during viewing experience [63]. 

Second, developing a comprehensive educational VR sup-
porting ecosystem for content and knowledge sharing is essential. 
Technology should complement and assist educators with essential 
VR training and educational VR resources that cater to various 
VR equipment options, such as massive open online courses and 
online communities. These platforms can serve as repositories of 
best practices for diferent types of VR technologies (e.g., VR video, 
360-degree images, VR games), enabling instructors to exchange 
experiences and mentor one another in the efective integration of 
VR technology. 

5.2.2 Lowering Barriers for Content Search, Creation and Authoring 
Tools. Our results showed that most instructors chose to directly 
get video content online. However, there are limitations in online 
resources and accessible tools to adapt video content for pedagogi-
cal purposes. Our results echoed the prior VR investigations [42], 
which showed that the major barrier to VR adoption is the content 
creation barrier. Thus, reducing barriers to content search, creation, 
and modifcation is crucial to enable educators to save time and 
exert less efort in leveraging VR technology. 

The frst suggested action is facilitating accessible means of 
searching for VR resources. The VR Resources platform should 
include clear indicators of format types (and can be searched by), 
as various 3D projections and display methods used [32] may not 
be directly compatible with their intended educational applications. 
For example, in the context of VR video, YouTube distinguishes VR 
videos from other videos by using a "360" tag, which helps partici-
pants quickly identify the video format. This could be optimized by 
technologies such as AI-powered language-searching chatbots or 
advanced recommendation systems [23, 55] for easier navigation. 

Second, scafolding easy-enough content creation and edit-
ing to accommodate instructors’ content-building process. Auto-
matic templating tools and AI-generated content hold promise 
for scafolding instructors in the creation of suitable VR content. 
In VR video context, prior works explored various strategies and 
techniques to improve audio and video editing in authoring tools 
(e.g., [12, 85]). One approach involves text-based video and audio 
editing, introducing an additional interaction modality that allows 
users to navigate and edit content using transcriptions generated 
from media sources [38, 50, 79]. Another method is developing an 
integrated software solution that supports the intuitive and native 
handling of 360-degree video formats within VR environments such 
as Vremiere [64]. 

Third, participants in our study also expressed the need to cus-
tomize subject-specifc learning aids within VR. Technology 
should be adaptable to accommodate specialized teaching aids and 

functionalities that facilitate the instructional process. Some spe-
cifc requirements could be integrated as pre-added common func-
tions; for instance, some instructors expressed a desire to integrate 
subject-related models, suggesting a need for self-model integration 
functions. Some subjects might beneft from multisensory author-
ing tools (e.g., haptic feedback [20], scent and wind [22]). However, 
certain requirements may incur additional costs on hardware equip-
ment and development eforts for implementation. Recognizing that 
creating bespoke tools for each subject would escalate development 
costs, in line with our initial implication concerning community 
support and learning, technologies should simplify the sharing 
and connection for educators and content creators. 

5.2.3 Developing Cohesive Classroom Management, Monitoring and 
Assessment Mechanisms. From section 4.5, we gained insights into 
the critical role of classroom management and assessment tools 
in ensuring efective instruction. These tools enable instructors to 
grasp students’ progress, adapt the learning pace based on assess-
ment results and ensure seamless transitions between in-VR and 
out-VR activities. 

In response to this, we have outlined the following design im-
plications. First, providing instructional toolkit for class man-
agement, monitoring and assessment. Prior research employed 
both symmetric designs [42], involving instructors and students 
within VR, and asymmetric designs, enabling instructors to manage 
teaching activities and track student progress outside of VR [48]. 
For instance, one study delves into evaluating student performance 
in VR using gaze data [82], providing tools for instructors to gain 
insights into how students interact with VR content and to measure 
their comprehension and engagement levels. Integration visualiza-
tion techniques (e.g., [28, 73]) and measurement tools (e.g., simula-
tor sickness questionnaire [29]) with VR could also help the teacher 
to better interpret what happens during the learning session. 

Second, facilitating instructor-student and student-student 
interactions via novel collaborative techniques. Instructors empha-
size the importance of collaborative activities, such as group study 
and discussion within VR, to optimize learning experiences (e.g., 
"When watching VR videos, group members could observe diferent 
aspects and collectively synthesize their fndings" (P8)). Technology 
should provide new modes of interaction between instructors and 
students or among students that enable instructors to manage team 
activities or exchange information rapidly. This could involve tools 
for team formation and collaboration to enhance collaboration 
among students with special consideration in VR environments. 

Third, enabling post-VR revisitation to deepen students’ un-
derstanding. This can be achieved through features like "Note Trans-
actions," where students can take screenshots and add 3D anno-
tations for note-taking during VR experiences. Instructors expect 
these notes to be exportable for further discussion or performance 
evaluation (P1). Additionally, incorporating "Video Recording" func-
tionality would allow students to revisit their VR activities outside 
of VR, aiding in review and comprehension, similar to the growing 
trend of recording traditional classroom sessions on platforms like 
Zoom (P6). Future VR technologies should include playback options 
for revisiting and re-examining VR experiences (e.g., VRdeo [16] 
and EditAR [19]), catering to diverse accessibility needs. 
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5.3 Theoretical Refections on Instructional 
Process for Educational Technology 
Integration 

Technology was identifed as a signifcant player in the learning 
and teaching process for contemporary education reform. Previous 
research has pointed out the lack of theoretical and conceptual 
frameworks to guide research and prepare teachers for technology 
integration in education [3]. As noted in [56], understanding "what 
the teachers need to know in order to appropriately incorporate 
technology into their teaching" as well as "how they might develop 
it" is important to ensure the smooth involvement of educational 
technology in the classroom. Our study contributes to these ques-
tions by ofering practical examples and empirical evidence on 
how to adapt new technology (e.g., VR videos) to the class, thereby 
supplementing existing frameworks and models. In this section, 
we refect on two theoretical frameworks that are closely related 
to this work that can serve as a roadmap for educators, ofering 
strategies for managing the instructional process to integrate new 
educational technology. 

First, the Technological Pedagogical Content Knowledge 
(TPACK) framework [66] describes the kinds of knowledge re-
quired by teachers for the successful integration of technology 
in teaching. It suggests that teachers need to know about the in-
tersections of technology, pedagogy, and content. However, this 
framework is not accompanied by specifc recommendations or 
strategies for how to help develop this body of knowledge for teach-
ers [65, 91]. In this study, we explored how the integration of new 
technology might interact with and infuence pedagogy and con-
tent, giving practical examples and implications for researchers and 
educators. 

Second, our unit creation process is similar to the existing AD-
DIE model [25] (shown in fgure 3). This model is often used to 
design learning and training programs in organizations. This model 
provides a streamlined, structured framework that can help instruc-
tors create efective classes. There are fve stages of the learning 
development process: analysis, design, development, implementa-
tion and evaluation. A signifcant challenge of the ADDIE model 
is its linear process [57], which lacks the fexibility and creativity 
required to envision the integration of new technology into the 
class. To address this challenge, we modifed the ADDIE model 
by allowing participants to rearrange the order of the last four 
stages during the analysis phase. We incorporated a pilot phase 
into the model, aimed at gathering valuable feedback to refne each 
step. Our fndings suggest an iterative pathway for educators to 
have a pilot phase in technology integration, involving not only 
instructors but also capitalizing on community knowledge sharing. 

5.4 Method Refection 
We employed contextual inquiry to investigate our research ques-
tions. This approach immerses both participants and researchers in 
an actual teaching preparation process and environment, ofering 
frst-hand insights into how instructors conduct the given tasks 
with considerations of contextual factors, such as classroom setup, 
technological infrastructure, available resources, and institutional 
support. For instance, when designing the teaching activity, P8 

demonstrated how she would organize student groups in the class-
room. Additionally, she utilized a dental teeth model within the 
classroom to illustrate her approach to positioning the 360-degree 
camera for creating an ideal VR video. Another example pertains 
to the video-searching task. During our observation, we witnessed 
instructors searching and editing for video content and noted their 
confusion and struggles during this process. More examples can be 
found in Appendix Table 4. These insights might be challenging to 
accurately glean through traditional interviews. 

We used multiple data sources and methods, such as interviews, 
observations, and surveys to investigate our research questions 
through iterations. We included member checking and soliciting 
feedback from participants, which contributes to the overall cred-
ibility of our interpretations from the analysis and our study’s 
outcomes. For instance, we initially identifed that a multi-sensory 
VR video authoring system was a general need for instructors, and 
after the interpretation, we discovered that instructors actually pre-
fer a straightforward video editing tool that includes only essential 
features and requirements. In addition, since novel technology can 
be challenging to conceptualize and investigate for practical guide-
lines and use cases, employing multiple methods of investigation 
with iteration can efectively assist users in eliciting their needs. 
We encourage other researchers, especially those involved in the 
design of innovative educational technologies, to consider using 
similar strategies when carrying on formative investigations with 
novel educational technologies to enhance the credibility of their 
results. 

6 CONCLUSION 
This research has explored the integration of VR videos as a transfor-
mative VR tool in higher education. Our investigation has elucidated 
the instructional strategies employed by educators when integrat-
ing VR videos into their teaching practices. Through a contextual 
inquiry, we have unveiled the determinants infuencing instructors’ 
interest in utilizing VR videos, pinpointed pertinent challenges, and 
highlighted essential pedagogical adaptations. These fndings ofer 
invaluable design implications for the development of VR video-
based learning experiences and a broader educational VR technol-
ogy context across diverse educational settings. Finally, we refected 
on the existing theoretical framework and our study methods. As 
educators, instructional designers, and technologists continue to 
explore the transformative possibilities of novel technologies in 
education, the lessons drawn from our examination of VR videos 
ofer a starting point for expressing the full educational potential. 
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Table 2: Observation types and examples of observation notes (with label [Note]) and related photos (with label [Photo]) from 
the collected data. All photos captured during the session are converted to a textual description for analysis. 

Type Description Examples 

Interaction with digital 
technology and materi-
als 

Observes how instructors 
engage with digital tech-
nologies and contents, fo-
cusing on activities like nav-
igating interfaces, interact-
ing with videos and editing 
tools, using existing teach-
ing materials, and respond-
ing to digital stimuli. 

• P10 searched for videos for volleyball class on YouTube but mistakenly 
clicked on videos of a recorded VR volleyball game instead of 360-degree 
videos [Note]. The photo captures YouTube search results of query "vol-
leyball VR video." The results include videos capturing real-life volleyball 
matches and recordings from VR volleyball games [Photo]. 

• P1 presented a class slide showing a 2D video followed by a quiz with 
questions related to the video [Note]. 

• After displaying a 3D skeleton model on the computer, P2 searched for 
tools to record her manipulation of the model into a VR video. Despite 
exploring numerous webpages, she was unable to fnd a suitable method 
for recording [Note]. 

• P10 used an AR application to showcase a 3D human muscle anatomy 
and showed interest in using VR video for animated demonstrations 
[Note]. The photo shows a person holding a phone that displays an AR 
view of a human skeleton with various muscles labeled [Photo]. 

Interaction with physi-
cal tools and materials 

Examines how instructors 
interact with physical tools 
and tangible materials, 
such as the arrangement 
of instructional units and 
engagement with physical 
teaching aids. 

• While organizing instructional unit cards, P1 switched the sequence 
between “Create Activities” and “Identify or Generate Video Content” 
several times and eventually added a bidirectional arrow between these 
two cards [Note]. The photo captures P1’s fnal arrangement of the 
instructional unit cards, showing several bidirectional arrows drawn 
between the cards [Photo]. 

• P8 found a physical teeth model in the classroom and used it to explain 
her idea of positioning a 360 camera inside the mouth to capture all teeth 
for her own video creation [Note]. The photo captures a person holding 
a dental model featuring an upper and lower set of teeth, and pointing 
to where the two halves connect [Photo]. 

• P5 utilized a chemistry molecular model kit on his desk to explain the 
complexities of molecular structures, and noted how VR videos could 
enhance students’ understanding of spatial information [Note]. The 
photo shows a hand holding a molecular model, representing a chemical 
compound’s structure. The model consists of colored balls connected by 
rods, representing atoms and bonds respectively [Photo]. 

Teaching environments examines the physical set-
ting of VR use, including 
classroom layout and atmo-
sphere, to understand how 
it afects the VR educational 
experience. 

• P9 pointed to the mirror and explained its importance for students to 
observe their mouth and body movements [Note]. The photo shows a 
piano practice room with a black piano, wall-mounted mirror, chairs, 
and a music stand [Photo]. 

• P8 moved through the classroom, showing her approach to forming and 
circulating among various student groups to provide guidance [Note]. 
The photo shows the classroom with grouped tables and chairs, white-
board, electronic lectern, side cabinet with tooth models and dental 
appliances [Photo]. 
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Table 3: Preliminary results and interpretation adjustments 

Theme Preliminary Results of Contextual Interviews Post-Interpretation Adjustments 
and Supplements 

A Varying Interest 
in VR Video Adop-
tion Based on Per-
ceived Value and 
Received Support 

This theme underscores the signifcance of both the per-
ceived educational value of VR videos and the impact of com-
munity support in shaping instructors’ interests. It specif-
cally necessitates: 

(1) Instructors’ interest is infuenced by how well VR 
videos align with their learning objectives and their 
belief in the educational benefts, such as increased 
student engagement and deeper learning experi-
ences. 

(2) Community support includes several essential as-
pects: 
• Availability of related learning communities, train-
ing programs, or workshops reduces the time and 
efort needed to integrate VR videos into instruc-
tion. 

• Instructors’ willingness to apply 
VR video in classes will also de-
pend on whether there exists 
strong positive evidence for im-
proving students’ learning out-
comes, which may be challeng-
ing to fnd; 

• Technical support is crucial for 
VR training but may not be as 
essential for using VR videos; 

• Instructors may still attain learn-
ing objectives with limited re-
sources if they are sufciently 
motivated. 

• Adequate technical support positively infuences 
instructors’ interest, including help with setup, 
troubleshooting, and maintenance. 

• Availability of relevant resources, such as existing 
practical guidelines, VR video content and plat-
forms. 

The Importance of 
Class Piloting and 
Refnement in Suc-
cessful Teaching 

Piloting allows for experimentation, refnement, and eval-
uation of instructional units incorporating VR videos. It 
includes: 

(1) Testing the efectiveness of using VR video to their 
learning objectives. 

(2) Practicing technology for class management, such 
as equipment setup, troubleshooting, and ensuring 
seamless integration with instructional activities. 

• Piloting class, despite its impor-
tance, may be costly to instruc-
tors and is suggested to be of-
foaded to the supporting com-
munity; 

Constraints on Ex-
perience Diversity 
Due to Video Gen-
eration Capabilities 

It highlights the need for high-quality videos (including 
computer-generated simulation videos), concerns include: 

(1) Limitations of search engines and the quality and 
quantity of online videos, e.g., an AI-supported VR 
video searching tool that helps to get the appropriate 
video. 

(2) Lacking VR video capturing tools, e.g., somatosen-
sory/spatial audio/smell capture, and advanced video 
creation/format conversion tools for 360-degree 3D 
simulation videos. 

• Video capture tools are sug-
gested to include functions such 
as automated video generation, 
phone camera integration, etc; 

• A simplifed tool to facilitate the 
process of downloading VR video 
and uploading to VR devices is 
suggested; 

(3) Lacking VR video editing tools, e.g., creating inter-
active videos, integration of 3D models, 2D images, 
annotations, and assessments within the video. 

(4) Lacking fnancial support to purchase high-quality 
videos, or capturing tools. 
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Theme Preliminary Results of Contextual Interviews Post-Interpretation Adjustments 
and Supplements 

Missing Manage-
ment, Monitoring, 
and Assessment 
Tools in VR Context 

This theme recognizes the need for tools that support class 
management, monitor student engagement, provide guid-
ance, and facilitate assessments within the VR learning 
environment. More specifcally, it requires: 

(1) Tools for managing, monitoring, and assessing stu-
dents’ engagement and learning outcomes in VR ex-
periences. E.g., AI assistant for teamwork facilitation 
and evaluation. 

• No signifcant adjustment with 
this theme; all instructors high-
lighted the need for easier VR 
management and connection 
tools to facilitate class activities; 

(2) Support for multiple device displays in case of VR 
malfunctions or limited hardware availability. 

(3) Natural transitions between traditional teaching 
methods and VR video content. 

(4) Facilitations for pre-video introductions or priming 
activities to prepare learners for the upcoming con-
tent. 

(5) Facilitations for post-video discussions or refections 
to deepen understanding. E.g., tools for exporting 
notes or annotations made during the video. 

Missing Subject-
specifc Learning 
Aids for Experien-
tial Learning 

This theme emphasizes the need for tools and resources 
that are subject-specifc that allow for the visualization 
of complex concepts, procedures, structures, and measure-
ments during watching the VR video. E.g., Incorporation of 
measurement tools for a VR feld trip; Incorporation of 3D 
human models for a ftness class. 

• The integration of subject-
specifc tools may increase the 
eforts and cost of developing 
VR applications, but can largely 
beneft the learning process. 
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Table 4: Participant-identifed teaching scenarios and class information. Domains of scenarios are adapted from the literature 
review of [71]. 
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