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Abstract. The paper details the design and evaluation of a joint, multi-
user immersive virtual field trip (iVFT). The setting for our work centers
on academic disciplines that value place-based education. The reported
user study is embedded into a developing research framework on place-
based learning and the role immersive experiences play as supplement,
proxy, or through providing experiences physically not possible. The re-
sults of this study are both practical as well as theoretical, demonstrating
the feasibility of using entry level immersive technologies in regular class-
room settings and showing that even low-cost VR experiences strongly
relying on 360◦ imagery add value to place-based education. With quan-
titative analysis, we also identify potentially critical aspects in how in-
dividual differences shape the adoption of this technology. Finally, we
report insights gained through two qualitative analyses on how to im-
prove the design of future iVFTs for educational purposes.

Keywords: Virtual Reality · Virtual Field Trip · Place-based education.

1 Introduction

Place-based education provides a spatial, embodied, and contextual way for stu-
dents to learn about natural or human environments [22]. While place-based
education is a relatively newly coined term in pedagogy (in 1990s) [6, 23], vis-
iting a particular site to gain experiential understanding of a topic has been
an important component in curriculum design across many different disciplines,
allowing students to observe and interact with a facility or environment, to par-
ticipate in a service or profession [23]. Disciplines such as geography, geosciences,
history, or architecture are among those that benefit most from place-based edu-
cation, often delivered in the form of field trips. In fact, taking students on field
trips is often a requirement in these disciplines’ college curricula. This is due to
the fact that certain environmental and cultural characteristics or proficiency in
using scientific instruments can only be fully learned by putting students in a
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particular environment. Textbooks or traditional computer-based learning ma-
terials simply cannot provide the kind of immersive and multimodal experience
that place-based education affords.

However, actual field trips (AFTs) also face challenges. They often pose logis-
tical, financial, and even safety constraints [1, 15]. Furthermore, because of the
logistical considerations (e.g., managing a big group of young students’ travel;
going to a site with safety concerns from construction or wildlife; dealing with
weather uncertainty), AFTs sometimes can only allow instructors and students
to stay on a site for an abridged period of time. These factors can also result
in rushed or distracted (e.g., due to background noises) on-site commentary by
the trip instructors, which is much less of a problem in a regular classroom or
laboratory. Finally, AFTs can also pose accessibility or inclusivity issues [5]. For
example, students with disabilities may not be able to join an AFT, which may
impact students’ learning. To deliver the benefits of AFTs while bypassing the
aforementioned challenges, virtual field trips (VFTs) have been considered either
as an alternative or a supplement [24, 26].

For more than two decades, researchers and educators have investigated the
use of various media forms (websites, CD-ROMs, computer-based modules) to
offer VFTs to support learning in different contexts and environments [4, 11,
25]. In particular virtual reality (VR) offers a tremendous potential for placed-
based learning in the form of immersive virtual field trips (iVFTs) that provide
a digital environment that allows learners to immerse themselves in a particular
site without the need to be physically there [20, 18, 9]. Using VR also allows the
teaching team to customize the application so it can record learning progress,
allow learners to go to various spatial locations instantaneously (such as visiting
different ends of a outcrop [14]) , provide detailed information on points of
interest, and seamlessly embed learning materials (media resources, simulations)
not easily available at the actual site. Besides these advantages, iVFTs can also
give students time flexibility, allowing them, for example, to schedule the iVFT
at a time that is most convenient and even revisit the experience as often as
desired, things that are typically not an option for AFTs.

While iVFTs are not an unexplored area, there is a lack of empirical studies
about the design and deployment of iVFTs in place-based education. This holds
for single-user experiences but even more so for joint multi-user VR experiences,
in which a group of students experience a site and related learning content
together with all participants using their own VR device but still being able to
communicate and interact with each other. An example of an empirical study
on VR-based place-based learning is the work by Borst et al. [2] that evaluates
an approach in which the teacher is projected into the VR experience of an
individual student. In contrast, our focus in this article is on joint multi-user
iVFT experiences that support scenarios in which students learn together, while
being guided by an instructor or domain expert. While commercial solutions
such as Google Expeditions5 and Wonda VR6 exist with many of the capabilities

5 https://edu.google.com/products/vr-ar/expeditions/
6 https://www.wondavr.com/
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we consider crucial for joint iVFTs, we believe that this is an application area
that demands thorough empirical investigation. This investigation is necessary
considering how the emergence and rapid integration of cost-effective VR devices
into educational contexts bear a tremendous potential for group experiences,
while also raising new design and research challenges.

iVFT experiences and involved design decisions can have significant influ-
ences on the learning experience of students in terms of factors such as usability,
interactivity, enjoyment, general attitude towards the experience, or cybersick-
ness. This article takes a first step in exploring and assessing the experiences of
students using a joint iVFT as part of an undergraduate course. To summarize
the main contributions: We report results from a pilot study that demonstrates
the feasibility of using entry-level immersive technologies in regular classroom
settings and shows that even low-cost VR experiences relying on 360◦ imagery
add value to place-based education. We identify potentially critical aspects in
how individual differences shape the adoption of this technology, in particular
that spatial abilities can predict the attitude toward joint iVFTs. Finally, we
report insights gained through qualitative thematic analyses on how to improve
the design of future iVFTs for educational purposes. The results of this explo-
ration will inform the future design of iVFTs and will pave the way for examining
the effects of iVFTs on students’ learning performance in future studies.

In the remainder of this article, we first propose a general design schema for
joint multi-user iVFTs (Section 2). We then use an iVFT application in which
students visit a fracking site in Northern Pennsylvania, United States, which
we developed following this schema, to study and evaluate the application of a
joint iVFT experience in a class on Energy Policy (Section 3). We report on the
results from analyzing the collected data both quantitatively and qualitatively,
and reflect on insights gained from the students’ feedback. This is followed by a
brief discussion of how the data from this joint iVFT study compares to previous
research we conducted with single-user iVFTs (Section 4). We conclude this
article with a discussion and outlook on future work in Section 5.

2 Design schema for joint iVFTs

In [28], a number of features are proposed and then discussed to be included
in the design of joint iVFTs to cater for the desirable qualities of interactivity,
scalability, and availability. In this section, we extend these features to a more
comprehensive list of suggested characteristics for designing joint iVFTs:

1. Provision of a synchronous experience simulating an actual field trip to a
(potentially arbitrarily) large number of users.

2. Cross-platform compatibility from low-cost devices to high-end head-mounted
displays (HMDs) to achieve high scalability and availability.

3. Support for local (e.g., in the classroom) and remote (e.g., distance learning)
application scenarios.

4. Support for both (a) free and undirected exploration and (b) guided tours
in which a users is able to lead other users through the experience.
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5. Support for communication between users both verbally and through non-
verbal communicative cues.

6. Visualizations to indicate the other users’ locations and activities.
7. Mechanisms for guiding the attention of others to a particular point of in-

terest in a non-intrusive way.
8. Support for (dis)playing additional content and media resources (e.g., im-

ages, plots, 3D models, ambient sound, pre-recorded narrations) on demand
9. Authoring support that allows educators to easily and efficiently update or

replace learning content or create new iVFT experiences from scratch.

In light of these features, the proposed design schema in this research utilizes
a client-server architecture in which multiple users (the clients) can join a single
iVFT session by connecting to a room hosted on a central server and exchanging
messages via internet protocols TCP/IP and UDP. This architecture caters for
the “joint” feature of an iVFT and enables both on-location and distant users to
participate in the same synchronous experience. Based on our proposed schema,
iVFTs are best realized in (game) engines that are capable of deploying the VR
experience on a multitude of HMDs and mobile devices. In our current imple-
mentation, we are using Unity3D7 in combination with the Photon8 multiplayer
and voice extensions. Our own joint experience content delivery and interaction
component is built on top of these layers, which provide the required networking
and voice communication capabilities.

360◦ images can be utilized as the main media source for quickly creating
learning content and producing the scenes in our iVFTs. As inexpensive 360◦

cameras are readily available these days and producing images of sufficient qual-
ity with them does not require extensive technical knowledge, these can be eas-
ily used by educators to create new content. Notwithstanding, such 360◦ based
multi-user experiences come with their own limitations. The main limitation
compared to an application that is based on environmental 3D models is that
360◦ image-based scenes severely restrict user-visualization in 3D space, interac-
tion, and movement options. Full body avatars reflecting other users in space do
not work well when users tend to typically be located at the exact same location,
the center of a given 360◦ image. Furthermore, direct manipulation of the indi-
vidual components making up the scene cannot be realized in this image-based
approach, and movement options are limited to head movements and locomotion
between discrete view points that correspond to the locations from which the
different 360◦ images have been taken. Nevertheless, the popularity that this
approach for creating VR experiences has gained over the last years shows that
in many application scenarios the advantages outweigh such drawbacks.

As suggested in [28], one of the main characteristics of joint iVFTs are “guided
tours”. As such, a mechanism needs to exist that affords one user to guide the rest
of the users through the iVFT. As discussed in [28], this can be realized by assign-
ing different roles to users such as “Leader” and “Follower”. In short, the leader
7 https://unity.com/
8 https://www.photonengine.com/
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can be afforded the ability to decide which area of a site is viewable by followers,
narrate the field trip, and place non-verbal communicative cues on the scene. As
part of our proposed design schema, the users of a joint iVFT should be able
to communicate verbally either by speaking when co-located, or through a voice
communication component when distant, and non-verbally through placement
of markers or other visual cues in the environment. Therefore, it is suggested
that the leader of a iVFT be equipped with tools to add synchronized visual
elements to particular points of interest in the scene, supported by mechanisms
to guide the attention of users to those points. Our currently employed visual
attention guiding approach is further described in Section 3.1. However, we are
also in the process of empirically evaluating and comparing different guidance
options (not part of this article).

The pilot study reported in the next section is a first step towards collect-
ing empirical data to evaluate the design features of the proposed schema for
joint iVFTs; however, not all characteristics were assessed in this pilot study,
in particular not the points of displaying other media resources (point 8) and
authoring support (point 9). Since the kind of 360◦ based joint iVFT experience
we are addressing here places the learner in a special place-based collaborative
learning situation, one long-term goal is to gain a better understanding of how
design choices affect the interaction and communication strategies employed by
users and of what assistive measures (such as the mentioned attention guiding
approach) work best under these conditions.

3 Evaluation

In this section, we describe a specific joint iVFT that was created based on
our design schema and evaluated as a pilot study. The field site chosen is a
fracking facility in Pennsylvania, and the iVFT was integrated into an Energy
Policy course at Penn State University. We chose a fracking site as the subject
matter because Energy Policy is a course in geography that is also of interest
to earth science and engineering majors, showing the course’s multidisciplinary
relevance. Energy Policy topics often suffer from a lack of place-based learning
because production sites are often not accessible to the general public, let alone
supporting student field trips, impeding the formation of unbiased opinion.

3.1 Pilot study and iVFT application

The joint iVFT experience was deployed on the Oculus Go standalone VR device
and is illustrated in Figure 1. This low-cost VR HMD was chosen to facilitate
the participation of a rather large population in a single iVFT simultaneously.
The content of the iVFT is based on 360◦ images taken at the fracking site.
Eleven locations were captured at both ground level and a height of 9m above
the ground providing more of an overview perspective (e.g., Figures 1(c) and
(d)). The site was also captured with 360◦ drone footage from about 70m. The
experience uses two different kinds of views: First, an overview map (Figure
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(a) (b)

(c) (d)

(e) (f)

Fig. 1: VR application used in the study: overview map (a), navigation menu (b), 360◦

based view at ground level (c) and from an elevated view point (d), pointing via placing
synchronized markers (e) supported by visual guidance for users in follow mode (f).

1(a)) that shows the image locations as points that change color when hovered
over with the crosshair of the gaze control used in the application. Second, by
clicking a button, the user is instantaneously teleported into the 360◦ image-
based ground level view of that location (Figure 1(c)).
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In the 360◦ view, the respective 360◦ image is used to texture the inside
of a sphere surrounding the camera, creating the impression that the user is
standing at that location and providing an embodied experience in which the
user is able to look around freely. The user can also open additional panels, such
as a zoomed-in map, as well as use different GUI elements such as the navigation
menu shown in Figure 1(b). The menu allows the user to move back to the
overview map or change to the next/previous image in a default order as well as
to switch between ground level and higher elevation views. In addition, arrows
on the ground allow for moving between the images based on spatial adjacency.
Navigation options also include selecting a tour for navigating between all or just
some of the locations in a certain predefined order. All interactive elements are
operated via the gaze control to make sure that the application can be intuitively
used on very simple VR devices.

While students can use the application to explore the site individually, the
class experience we are presenting here used the joint mode in which several
instances of the application potentially, running remotely and on different hard-
ware platforms (e.g., smartphone with VR viewer, tablet, HMD based devices
such as the Oculus Rift/Go or HTC Vive), can be linked together (see Section
2) allowing students to experience the content together as well as enabling an
instructor to guide a class through the experience. To realize such guided tours,
further GUI buttons next to the overview map allow for connecting and setting
the application into ‘Lead’ mode or ‘Follow’ mode. Only one of the connected
instances can have the lead at any given moment but that instance can drop the
lead so that another instance can take over. All scene/location changes made
by the leading instance (e.g., when using one of the ground arrows or entry in
the navigation menu to teleport to another image location) will be reflected by
all connected instances currently in follow mode. This simple approach is suf-
ficient for allowing one instance to provide all other connected instances with
a guided tour through the experience. In the study, the invited expert (i.e. the
leader) used this feature to guide the class around based on a predefined tour
(a sequence of locations curated by the expert before the study) created for this
purpose. The expert explained the important features of each location to the
class and was able to switch between ground level and elevated view as desired.

To address the challenges raised by every participant in the joint session being
visually secluded and not able to see what the expert guide is currently looking
at, we implemented a special pointing approach for this application. Since it can
be very difficult to figure out what parts of the scene are currently described
by the communication partner under such conditions [19], we enabled the guide
to place a flashing green circle marker anywhere on the surrounding 360◦ image
and that marker will then appear at the same position for participants in follow
mode. Furthermore, since it’s easily possible that participants will be looking into
an entirely different direction and not see the marker, we added the previously
mentioned visual guidance approach that uses flashing green arrows to indicate
that a marker has been placed and in which direction to turn to be able to see it.
Figures 1(e) and 1(f) illustrate this situation: The expert guide in lead mode has



8 J. O. Wallgrün et al.

just placed the marker with the help of the crosshair (Figure 1(e)) causing the
marker to appear towards the left boundary of the current view of a participant
in follow mode (Figure 1(f)). As a result, the flashing arrow towards the right
border of the view appears to guide that participant towards the marker.

3.2 Methodology
To evaluate the experiences of users after participating in the iVFT described
above, we collaborated with a professor and a domain expert. The professor is
teaching the Energy Policy course, and the domain expert specializes in the topic
and is familiar with shale production, global socio-economic trends, researching
public opinions, etc. More importantly, the expert has extensive experiences in
giving physical tours on sites including the one used in this iVFT.

For the guided tour, the domain expert acted as the virtual tour guide in Lead
mode (Section 3.1) and was able to control which 360◦ based scene was shown to
every participating students’ device to go along with his verbal commentary and
to point at particular objects with the help of the described guidance approach.
The students (as Followers, Section 3.1) were in “view only” mode, meaning they
were not given the Oculus Go hand controller to use the application. This design
was chosen to avoid a training phase, but also inspired by insights from [4] that
field observation is important for undergraduate students in geosciences, i.e.,
they have to establish a good base knowledge for an environment with a guided
and focused tour before later being allowed to explore content more freely.

Measures. Table 1 summarizes the measures we used to assess the students’
experiences. We administered the pre-questionnaire before the interaction with
the iVFT asking for participants’ demographic information, feeling about expe-
riencing VR, conditions under which they learn best, and their attitude towards
technology. Participants’ sense of direction was measured using the Santa Bar-
bra’s Sense of Direction Scale (SBSOD) [10].

The post-questionnaire consisted of several groups of questions: We asked
about the extent to which participants experienced simulation sickness using the
instrument by [13]. The usability of the iVFT was measured using two items from
[12] that asked participants how easy it was to use the system and how much
help they needed in doing so. Similarly, the interactivity and display quality
attributes of the iVFT were measured using two and four items, respectively.
Furthermore, a measure of overall user experience was calculated by averaging
the scores on usability, interactivity, and display quality.

The enjoyment level of the participants was measured using three items that
explicitly asked participants to what extent they enjoyed the iVFT, learned from
it, and would do the trip again. Using the instrument by [27], the spatial situ-
ation model of the participants was measured. In addition, participants’ sense
of self-location was measured using the instrument from [27]. Last, participants’
general attitude towards the iVFT was measured using five items that asked
for their opinion on whether iVFTs have the potential to replace AFTs, partic-
ipants’ preference between iVFT and AFT, iVFTs’ educational potential, and
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Fig. 2: Photo from the iVFT session showing the domain expert and class.

their potential for integration into the university curriculum. All items in the
questionnaires were rated on a Likert-type scale from 1 (“strongly disagree”) to
5 (“strongly agree”).

In addition to the questionnaires, six open-ended questions were asked from
the participants. Two questions, which were administered before the experience,
asked about what aspects of the iVFT they are most excited about, and what
potential benefits they anticipate to gain from participating in the iVFT. Four
questions, which were administered after the iVFT, asked participants about the
feature of the iVFT they liked best, the feature they liked least, their opinion
on the benefits of iVFTs compared to AFTs, and what they would change in the
iVFT to enhance it for future users.

Procedure. The evaluation was organized into two sessions during a regular
class meeting of the course. Each session roughly took 5 to 10 minutes for the
pre-questionnaire, 20 minutes for the guided VR tour, and 10 minutes for the
post-questionnaire. We did not put all students into one single session due to
considerations of research quality. For example, students and the expert guide
needed to have enough space to rotate their bodies by swiveling the chair during
the iVFT (see Figure 2). In each session, after the tour was finished, a quick
Q&A session (around 5 minutes) was given for students to ask questions to the
domain expert about the fracking site.

Two days after the VR experience, we used the class time as a debriefing
session. First, the professor talked about how the VR experience correlated to
the previously taught materials. Second, one of the researchers conducted an
open-ended, semi-structured discussion with the class, focusing on the iVFT ex-
perience. Finally, the domain expert shared more experiences and presentation
slides on how other fracking sites were constructed, distributed, or publicly per-
ceived. Notes were taken during the debriefing class, which lasted 75 minutes.
Table 1 under “Debriefing discussion” shows the higher level “seed questions”
asked in the middle part of the debriefing session. Note that some of these
higher-level questions and specific discussion points were based on reviewing the
responses from the pre- and post-questionnaires.
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Table 1: Overview of Variables and Instruments.

Variable Description Assessment

Individual
differences:
- Gender
and demo-
graphics
- Spatial
Abilities

(pre-iVFT)

Individual differences to discern
student participants and allow for
potentially identifying groups that
benefit most from immersive expe-
riences.

Basic questionnaire on demographics.

The official Santa Barbara Sense of Direction
Scale (SBSOD).

Attitude
towards
immersive
virtual
field trip

(pre-iVFT)

Using a pre-post-design allows for
assessing the opinions and atti-
tudes towards iVFTs.

Combination of four questions:
(a) I would rather visit an actual field site than
experience a virtual field trip.
(b) Virtual field trips can replace actual field trips.
(c) I would like to see more use of virtual field trips
in university teaching.
(d) I can learn the same amount from a virtual field
trip as I can from an actual field trip.
(e) I think both virtual field trips and actual field
trips can be useful in learning geoscience materials.

Field trip
enjoyment

(post-
iVFT)

Enjoyment can be an essential as-
pect of a learning experience and
might positively influence engage-
ment with the material and stu-
dents’ intrinsic motivation.

Combination of three questions that address differ-
ent aspects of enjoyment related to the immersive
field trip experience:
(a) I enjoyed using the virtual field trip.
(b) I learned a lot from the virtual field trip.
(c) given the possibility, I would do the virtual field
trip again.

Media
effects:
- Spatial
situation
model
(SSM)
- Self-
location

(post
-iVFT)

Media effects researches have cu-
rated substantial questionnaires to
address questions of how present
someone feels during exposure to
a mediated location.

We selected a subset of questions from the pub-
lished and well cited presence questionnaire (MEQ-
SPQ) that measured two levels of developing spa-
tial presence through experiences in the virtual
field site (two-level model; see [29] for more de-
tails).
1st level: SSM—example questions:
(a) Even now, I could still draw a plan of the spa-
tial environment I observed.
(b) I was able to make a good estimate of the size
of the spatial environment.
(c) I had a precise idea of the spatial surroundings.
2nd level: Self-location—example questions:
(a) I felt like I was actually there in the environ-
ment.
(b) I had the feeling that I was in the middle of the
action rather than merely observing.
(c) It was as though my true location had shifted
into the environment.

Simulator
sickness

(post-
iVFT)

Simulator sickness (e.g., nausea,
disorientation) is typically experi-
enced by users who wear VR head-
sets for extended periods of time.
Its level of severity is often var-
ied with individual differences, vir-
tual activities, and types of VR
system. Severe simulator sickness
might draw users’ attention from
the virtual field trip, decrease their
involvement in the virtual field
site, and therefore reduce their en-
joyment and learning performance.

The standard Simulator Sickness Questionnaire
(SSQ; [13]):
A self-report symptom checklist assessing 16 symp-
toms that are associated with simulator sickness.
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Table 1 continued from previous page

Variable Description Assessment

System
usability

(post-
iVFT)

The evaluation of usability in VR
systems is important for identi-
fying and subsequently improving
the user interface. It is also neces-
sary to recognize the system fea-
tures that were more or less essen-
tial for field trip experiences.

We modified a subset of questions from the well-
cited usability questionnaire (VRUSE; [12]) that
measured the usability of a VR system according to
the attitude and perception of its users.The key us-
ability factors of VR systems including ease of use,
interactivity, and display quality were evaluated in
the current study.

Open
ended
feedback

((a) to (b):
pre-iVFT
(c) to (f):
post-iVFT)

As a new medium for delivering
class content, immersive experi-
ences are new to most students as
well as to researchers. Open ended
questions were included to elicit
flexible feedback on aspects of the
learning experience not covered in
questionnaires and to guide future
developments.

Six questions:
(a) What benefits do you anticipate you will receive
from experiencing the virtual field trip of site?
(b) What aspects of the virtual field trip to the site
are you most excited about?
(c) What did you like best about your virtual field
trip to the site?
(d) What did you like least about your virtual field
trip to the site?
(e) What benefits do you think there are from using
virtual field trips instead of actual field trips?
(f) What would you change about your virtual field
trip experience to enhance it for future students?

Debriefing
discussion

(Two
days after
iVFT)

The instructing professor, the site
expert, and a member from the re-
search team asked follow-up ques-
tions to let the students openly
and interactively elaborate more
of their thoughts about the group
iVFT experience.

Higher-level questions were asked as ”seed ques-
tions” to trigger the discussion. The discussion was
semi-structured, i.e., when student shared certain
thoughts from a seed question, we asked follow-up
questions to facilitate and encourage more discus-
sions. The seed questions: (1) Please share more
about the iVFT experience, especially in relation
to your own field of study. (2) What do you think
about the group experience in VR? (3) What more
content and interactions would you like to have?
(4) How do you think group iVFT can support col-
legiate learning and communal discussions?

Participants. Session 1 had 8 participating students, while session 2 had 10
students, all enrolled in the Energy Policy course. Of the 18 students, four were
excluded due to incomplete information (e.g., missing pre-questionnnaire). The
remaining 14 participants (5 females) had an average age of 21.64 (SD = 1.44).
Thirteen were geography majors, while one majored in international relations.

3.3 Results & discussion

Quantitative analysis. Descriptive analyses were used to understand users’
experiences of the iVFT. A paired T-test was used to see if participants’ attitude
towards the iVFT had changed from pre- to post-questionnaire. Several regres-
sion analyses using post-experience attitude towards the iVFT as the dependent
variable and the pre-experience attitude towards the iVFT and participants’
sense of direction as the independent variables were conducted to see which
experiences/characteristics of participants could be a predictor for their post-
experience attitude towards the iVFT. The effect of gender on the experiences
of participants was also explored by means of an independent T-test. Last, a
series of correlation analyses were performed to understand which experiences
of participants correlate with each other.
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Fig. 3: Results of the descriptive analyses of participants’ experience

The descriptive statistics of participants’ experiences are shown in Figure
3 (the highest possible score is 5 and the lowest is 1). The iVFT based on
our proposed schema elicits a rather positive experience from participants. This
is corroborated by high average scores on usability (M=4.2 SD=.72), overall
user experience (M=3.5 SD=.48), and enjoyment (M=4 SD=.9). Furthermore,
participants reported very low scores for simulation sickness (M=1.5 SD=.42).
Nevertheless, in particular the somewhat lower scores for interactivity (M=3.1
SD=.71) and display quality (M=3.3 SD=.9) also indicate potential areas for
improvements that will be further discussed in the qualitative analysis. In addi-
tion, participants exhibited a rather positive general attitude towards the iVFT
both before (M=3.2 SD=.67) and after (M=3.4 SD=.94) the experience and
high average scores in the spatial situation model (M=4.1 SD=.85), self-location
(M=3.2 SD=1), and sense of direction (M=3.7 SD=.77) categories.

The T-test to analyze whether participants’ attitude towards the iVFT has
changed from pre- to post-experience did not reveal any significant differences
(P > .05) between the pre- and post-experience attitude towards the iVFT.
Notwithstanding, they are both rather positive, as shown in Figure 3. The result
of the regression analysis for the post-experience attitude towards the iVFT,
however, showed that participants’ sense of direction is a significant predictor
for their attitude (F(1,12) = 6.404, p <.05), with an adjusted R2 of .294. The
calculated model indicates that 29.4% of changes in the post-experience attitude
towards the iVFT can be explained by the score on the sense of direction. For
every 1 unit of change in the sense of direction score, .716 of a unit change in the
attitude was reported. Gender has an effect on the iVFT experiences of users
and their self-assessed spatial abilities. Our results show that males reported a
significantly higher level of sense of direction (p < .05), lower simulation sickness
(p < .01), and higher usability (p < .05) compared to females.

The quantitative results suggest a rather positive evaluation of the iVFT,
and hint at its potential to be used as an educational tool. Furthermore, the
results suggest that peoples’ sense of direction is an important and determining
factor in their attitude towards iVFTs. As such, it is important to understand
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how to cater to users with lower scores on sense of direction as the objective of
iVFTs is to cover a broad audience.

Qualitative analysis. In addition to the quantitative analysis, we also con-
ducted a qualitative analysis to better understand the participants’ opinions and
experiences from the study. The qualitative analysis consists of two parts: (1)
From the responses gathered in the open-ended questions in the post-questionnaire
(Table 2), we conducted a structured content analysis; (2) combining our findings
from the content analysis and the summarized discussions from the debriefing
class, we used thematic analysis to synthesize and elaborate higher-level themes.

Qualitative analysis part 1: Our structured content analysis overall followed
the method from [21] but we also used a hybrid approach [7] in which we referred
to existing codes from previous research [14, 17] and inductively generated new
codes. In summary, two researchers went through the participants’ responses
line by line and assigned each line one or multiple of the codes established in the
cited previous research. If a line did have a specific expression but there was no
suitable existing code that would align well with the expression, we inductively
created new codes to capture the content. This was an important step because
the codes from previous research did not contain codes directly related to the
joint experience component (classroom-based learning, live commentary from an
expert, etc). If there was a line that was too vague or elusive for both researchers
to understand, we would not assign a code to it to avoid over-interpretation.

The two researchers coded the responses separately, followed by consensus
meetings (negotiation discussions) to group, rearrange, or generate codes. Then,
with this 2-coder analysis, we used a Cohen’s Kappa of ≥ 0.8 [21] for the inter-
rater reliability to finalize the consensus. Table 2 summarizes this content anal-
ysis and frequencies in which the codes were assigned; in the following, we list
some observations and elaborate on the codes and how they relate to this study:

(1) It is worth noting that every question’s responses has been assigned a
learning related code, either for considering the joint iVFT experience as a pos-
itive way to supplement or reinforce learning or for proposing the addition of
more content and interaction to facilitate learning. The questions clearly trig-
gered students’ reflections on how VR can be used for learning about the subject
matter of fracking production.

(2) The grouped code ‘Accessibility’, per [14, 17], can either mean allowing
physically disabled students to attend a field trip or allowing students in general
to virtually go to a site that is otherwise very logistically difficult, remote, or
dangerous to physically visit. In this study’s Question 3, ”What benefits do you
think there are from using virtual field trips instead of actual field trips?”, we had
three responses that could be put into this ‘Accessibility’ category: two about
using iVFTs to visit a remote site and one covering both meanings. This is an
indication that some students in our study had thought about the benefits of
using VR as an alternative way to learn about a site. Note that in this study,
the site was one that is typically not accessible to the general public.
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Table 2: Summary of Qualitative Analysis 1: Structured Content Analysis.

Question Code # of
Lines Code Example Cohen’s

Kappa
1. What did you
like best about
your virtual field
trip to the site?

Elevated view 7 The bird’s eye view.
0.821Learning in more

detail/depth 5
Seeing the setting of
the gas setup and how
things worked.

New/fun way to learn 5 Was a neat experience
and a fun way to learn.

2. What did you
like least about your
virtual field trip to
the site?

Discomfort 3 The virtual haziness
creating motion sickness.

0.904Image/display quality 10 Low quality images.
Learning content 3 Not enough sites visited.

Agency 1 Not being able to
move around.

Guidance 3 The blinking cursor
got annoying at times.

3. What benefits do
you think there are
from using virtual
field trips instead
of actual field trips?

Convenience 5 Convenient.

0.926Cost-Effective 11 Less cost, faster.

Reinforcement or
supplement for learning 2

[They] reinforce classroom
teaching to help students
better understand the materials
taught in class.

Accessibility 3
They allow to work around
time restraints or dangerous
environmental conditions.

4. What would you
change about your
virtual field trip
experience to
enhance it for
future students?

More interaction/control 4 Let students control
their own camera.

0.869
Image quality 6 Upgrade picture quality.

Agency 3
Maybe the ability to freely
walk around the site with
more options.

Reinforcement or
supplement for learning 4

Sound would be useful but
also more downstream parts
of the process.

Guidance 2 I would make the markers
smaller or not blink.

Comfort 2 Effects of motion sickness.

(3) For Question 3’s responses, we used the codes ‘Convenience’ and ‘Cost-
effective’, separately. We understand that it is common practice to group codes
that have similar meanings into a higher-level code. But from reviewing the
responses and our intermediate codes followed by discussions, we decided to
keep both codes to best capture the granularity and essence of the participants’
responses. For example, some responses were explicitly only about one of the
codes (and we did not want to make unnecessary additional inference to the
other), while some responses clearly mentioned the sentiments for both codes.

(4) The following three codes are unique to the joint iVFT experience com-
pared to single-user iVFT research [14, 17]: (a) ‘Guidance’: This code categorizes
responses related to the green marker, how it worked with the live commentary,
and how the presentation and the use of the marker could be utilized or further
improved for this virtual guided tour experience. (b) ‘Agency (support mov-
ing/walking)’: This code is used to group together responses about wishing to
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be able to virtually move around on the site, to be able to use physical locomo-
tion as an input, and to have more personal swiveling space during the study.
We could have also grouped the code ‘More interaction/control’ under ‘Agency’,
which is conventional to education-based publications. However, in the context
of this VR and HCI research and the focus on agency as being able to use bodily
movements, we decided to use a separate code ‘Agency’ dedicated to categorize
and capture participants’ preference to have more spatial movements (either vir-
tually or physically). (c) ‘More interaction/control’ (in Question 4’s responses):
This code reflects our study design that the students were not given a controller
to interact with the content or other participants (including the tour guide).
While there were not a lot of occurrences of this code, we thought it should be
a separate code to let us understand how many students preferred to be able
to have more interactions and control as indicated by responses such as “let the
students control their own camera”, “maybe adding more interactions”, etc.

Qualitative analysis part 2: Based on the content analysis for the post-
questionnaire (Qualitative analysis 1) and the discussions and notes from the
debriefing class (particularly the middle part of the debriefing class, i.e., the
interactive discussion about the iVFT experience), we summarized the main
themes using thematic analysis [3] with the goal that the identified themes will
inform future design opportunities.

Feedback on the content and interaction: While iVTFs are not a brand-new
research topic, and there exist commercial immersive tour applications, we con-
sider our iVFT research unique in that the content has been directly developed
and curated for a specific undergraduate course (Energy Policy in a geography
department), while providing a joint iVFT experience. The expressed positive
responses indicate that students for the most part appreciated the general setup
and the way the learning content was presented to them. For example, in the
post-questionnaire, when asked about what they liked best about the virtual
tour, they wrote, “I liked the aerial view and learning about what each compo-
nent of the site is.”; “[I liked] Seeing the setting of the gas setup and how things
worked”; “[I liked the] ability to visualize the site with a guide that could not be
achieved by just looking at pictures”. This is later supported in the debriefing
discussion, in which two students mentioned that the group iVFT allowed them
to see the content and listen to the commentary in a more focused way compared
to their previous AFTs for other courses that were rushed and noisy.

Meanwhile, we also received feedback on how we can improve the content and
the corresponding interactions. In the post-questionnaire, students mentioned
that improved image quality9 would make the experience better and that they
would like to have more content, such as more coverage of the same site or other
sites in the energy production workflow: ”More downstream parts of the process”;
”Closer to the machinery. Needs audio ”(audio here refers to the sound from the
facility). Students also mentioned (in written or verbal comments) that it would
be good to be able to interact with the virtual environment, such as seeing more
9 This was a limitation of the Oculus Go, not the image material used in the study.
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information after clicking on an area of interest to learn more about production
pads, or being able to control their own view angle. Note that students were able
to freely look around from a given point of view; “view angle control” here refers
to the ability to choose a view point that is different from that of the guide,
e.g., ground view vs. aerial view. They also mentioned the wish to have several
episodes of iVFT tours to support a better understanding of the whole supply
chain and life cycle of production.

Concurrent group learning in a co-located space: In the debriefing discus-
sion, the class agreed that they would not have enjoyed the virtual site tour as
much if the commentary was played as a pre-recorded audio clip. A student also
mentioned that he liked the classroom VR experience, particularly because it
was like a traditional classroom or lab session that he was sitting in together
with fellow classmates and the professor, an environment that motivates him
to learn. When asked about the follow-up questions on how students thought
about the possibility of lending the HMDs to every student and letting them
join a guided iVFT session remotely from home or dormitory, most students
expressed an unsure attitude, e.g., not certain about how to use the HMD by
themselves. While this exploratory study does not dive deep into the details of
how to best design a joint iVFT experience for an undergraduate course, these
preliminary findings show that being concurrently together in a session can be a
motivating and beneficial factor. Students showed familiarity and preference to
be physically situated together during the learning and visions for future designs
should take advantage of such findings. One immediate future design approach
could be to further foster traditional classroom interactions in a way that works
even though participants are not able see one another while wearing HMDs.

Becoming more informed & educated: According to the professor, one com-
mon problem in Energy Policy and the public’s opinion on it is that people learn
about production from piecemeal information in the media. Many people with
polarized opinions (strongly against or strongly supportive of an topic) are often
the ones who have little knowledge about the topic, who live very far from the
sites, and who have never seen what a production facility is like. This becomes
an even more important issue for college students who are in a time of their
live and career when they are learning to be future scholars, policy makers, or
responsible and informed citizens. Our study preliminarily showed that students
felt more informed and educated about fracking production after the iVFT expe-
rience. Students in the debriefing class mentioned that the experience improved
their understanding of fracking sites, e.g., the site looked much cleaner and well-
maintained than they expected. While from this study we cannot conclude that
the participating students had fundamentally changed their attitude about this
type of production, students did express in the debriefing class that after the
guided joint iVFT, they felt more educated and informed to make later decisions.

Further potentials of iVFTs: With the power of VR, we can also create ad-
vanced visualizations that can “transcend time and space”. In our debriefing
discussion, the researcher and students brainstormed on possibilities such as
visualizing or simulating natural disasters (earthquake, flood, etc), ecological
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change (projections or historical recreation in the scale of decades or even cen-
turies), etc., for instance as a promising tool for participatory decision/policy
making and the relevant learning in preparation for it, and on how such visual-
ization could help community members (the university, the local residents) form
opinions and discuss and plan for certain policy topics (e.g., environmental im-
pacts, emergency response). One student in the debriefing discussion mentioned
that while he liked how clean the fracking facility looked on the surface (which
was not what he imagined before the VR experience), he was still interested to
see what the operation was like in the underground level, so he could have a
better idea about whether or how the site was impacting the environment.

4 Joint vs. single-user iVFT

How do joint experiences compare to individualized experiences using the same
technology? Although this was not specifically addressed in the current study,
we are in the fortunate position that we have data from a different iVFT, as
part of a larger study on iVFTs in a geoscience introductory course [14–16], that
allows us to at least draw a first comparison. Students in the Fall of 2018 ex-
perienced the iVFT to the Reedsville/Bald Eagle formation at an outcrop close
to the authors’ university [14]. The Reedsville study employed an experimental
setup and measures comparable to the current study but the iVFT was a single-
user experience, not a joint one. Given the unbalanced number of participants
(19 participants single-user iVFT versus recorded 14 participants for the joint
iVFT), we ran independent T-tests with the Welch approximation to test group
differences on the variables listed in Table 1 and used a generalized linear mixed
model (GLMM; [8]) to examine whether there was an interaction between pre-
and post-attitude towards iVFTs across groups. There were no significant differ-
ences or interactions except interactivity of the VR system. Specifically, the joint
iVFT (M = 3.11, SD = .71) was evaluated significantly less interactive than the
single-user iVFT (M = 4.29, SD = .89), t(30.72) = 4.24, p < .001, which is
in line with the open ended feedback in which more than half of the students
pointed this aspect out as the disadvantage or point of improvement for the joint
experience. Notwithstanding, descriptive summaries of the field trip enjoyment
(single-user: M = 3.54, SD = 1.07; joint: M = 4.1, SD = .9), spatial situation
model (single-user: M = 3.59, SD = .71; joint: M = 4.07, SD = .91), and sim-
ulator sickness (single-user: M = 1.86, SD = .57; joint: M = 1.53, SD = .43)
point at a numerically positive trend in favor of the joint experience. In future
studies, we hope to conduct more systematic comparisons of joint and single-user
iVFTs to better understand these aspects and the relationship between learning
situation and place-based learning performance.

5 Conclusions, limitations & future work

In our study, we supported students to gain a more informed understanding of
a real world place by the use of VR and a guided tour approach. Using low-cost
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HMDs such as the Oculus Go, we were able to allow students to experience a re-
mote location in a collegial and familiar classroom setting where they were able
to discuss with instructors or fellow classmates during or after the iVFT experi-
ence. The findings of the study show that quantitatively, while there was overall
positive experience among the participating students, individual differences were
also found (e.g., sense of direction could be used to predict post-iVFT attitude).
In the two qualitative analyses, we summarized codes and themes to capture
the student responses and to inform future design and research opportunities.
This pilot study allowed us to collect valuable feedback and make important
experiences with running joint VR classroom experiments that will help us im-
prove designs and shape future studies. Future experiments will also see more use
of methods and specialized questionnaires to explicitly raise detailed feedback
on specific design choices. The current application has relatively few interactive
features to support communication and live collaboration but addresses key fea-
tures we identified in our proposed design schema. Our technological foundation
allows for adding more advanced features without much efforts to support col-
laboration and opinion exchange, which will be beneficial for student learning or
participatory policy making and which will also be the subject of future studies.

The user feedback we elicited indicates a mainly positive experience. Our
iVFT application implements rich content and stable functionality that supports
a large(r) scale joint classroom VR experience, very different from typical single-
user experiences. We informally worked with the domain expert to improve the
app before the study. Although our study only involved a maximum of 12 Ocu-
lus Go devices (students, professor, and tour guide) per session, technically our
implementation and setup can easily be scaled up to support classes with several
hundred students. However, classes of this size pose some scalability considera-
tions, such as but not limited to: (1) It can be expected that much before the
technical limits of the joint session networking component are reached in terms of
concurrent users, practical issues (e.g., issues related to preparing and managing
a large number of VR devices in a classroom environment, network connection or
bandwidth issues) will start to appear creating a practical threshold on the class
size that the instructors are able to handle. Devising suitable workflows, testing
methods, and response mechanisms to quickly and efficiently address issues will
be crucial to raise this threshold. (2) When a large number of users join and use
a concurrent VR session, having good VR interaction and user experience de-
sign becomes an even more critical issue. For instance, visualizations indicating
other user’s locations and activities will be much more challenging to design for
hundreds of concurrent users compared to groups limited to ten students. In our
study, we let the students be in view-only mode, meaning they were not given
a hand controller to interact with the content. However, we do envision that in
future iterations, students will be able to use the hand controller and the new
interaction options need to be designed differently from the instructor/guide’s
interactions and suitable for the target number of joint participants. With this
vision in mind, we are cognizant of the importance of improving the interaction
design of the application to support a large group of users. (3) While in our study,
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the participants (students, the professor, the domain expert) all enjoyed being
physically co-located in a live session to visit a remote site virtually together,
it is certainly both a challenge and opportunity to design spatially (virtually or
physically) for a joint classroom experience with larger group of participants. In
[16] , we proposed different kinds of iVFTs based on different levels of movement.
Our 360◦ image-based study aligns with the authors’ classification of a low level
of movement (limited to head movement and turning in the swivel chair). How-
ever, even with such low movement requirements, the physical space and the
virtual inter-user interaction still need to be thoughtfully designed when scaling
up the joint experience to support more users.
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