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Abstract: Despite the benefits of playful learning experiences to increase students’
motivation and learning, traditional classrooms lack opportunities to learn through
play. Virtual reality (VR) is a promising tool to bring rich, playful contexts into class-
rooms, but designing instructional models that make the most of its affordances re-
mains challenging. This paper describes a multi-year design process implementing VR
field trips in high school engineering classrooms to highlight the benefits and chal-
lenges of using VR to promote playful learning in schools. In both remote and in-person
classes we developed virtual field trip lessons using immersive videos and videogame-
like environments. Over time, learning goals, activities, and assessments were adjusted
to meet students’ needs as part of an iterative design process. The benefits of VR for
playful learning are discussed, along with the importance of post-VR reflection and
discussion, and the persistent challenges of lacking educational content and class time.
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Situating learning in rich contexts and playful experiences increases learning, transfer, and
motivation to learn (Plass et al., 2014). Yet in STEM education, schools are largely devoid of
experiences that are playful or authentic to the practices and environments of professionals
(Carlone et al., 2014; Kelley & Knowles, 2016). Indeed, classroom learning is highly decontex-
tualized, with a focus on abstract concepts removed from their real-world application (Lave
& Wenger, 1991; Lepper & Henderlong, 2000). Situating learning in more authentic contexts
has typically been achieved by taking learning outside the classroom via field trips, appren-
ticeships, and internships (DeWitt & Storksdieck, 2008; Lave & Wenger, 1991). Virtual reality
(VR), however, is a promising technology to bring such experiences into the classroom, situ-
ating learning in digital environments that makes the learner feel as though they are in a dif-
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ferent place and allows them to take others’ perspectives (Pimentel et al., 2022). VR envi-
ronments encourage active exploration in line with playful learning and have been shown to
increase intrinsic motivation and enjoyment of learning (Makransky & Petersen, 2021).

Despite these affordances of VR for playful learning, integrating the technology into class-
rooms remains a challenge. VR has primarily been developed for individual consumer use for
video gaming, and there is a dearth of content that aligns to school curricula (Southgate,
2020). Further, while instructional designs incorporating media such as books and videos
have been well-studied, questions remain about optimal ways to design instruction that in-
corporates VR (Mayer et al., 2022). Educators and designers also run the risk of repeating
past educational technology failures, which have been “oversold and underused” (Cuban,
2001; Pimentel et al., 2022). Despite their aims to engage learners in transformative and
playful learning, more often digital technologies reinforce rote learning and traditional
teaching models (Darling-Hammond et al., 2014). It is possible VR will suffer the same pitfalls
if not designed for playful learning and to make the most of its affordances.

This paper addresses the need to understand how emerging technologies can be designed
and implemented in schools to facilitate situated and playful learning. Using VR field trips in
high school engineering classes as a case study, the multi-year design process is detailed to
illustrate lessons learned for playful instructional design.

2.1 Situated and Playful Learning

Situated learning theory attends to the social and cultural foundations of cognition and
learning, opposed to models that see cognition as purely “in the head” (Rogoff & Lave,
1984). Learning is more than retaining factual knowledge, but is a process of moving from
novice to expert achieved through active participation in a community of practice (Lave &
Wenger, 1991). Situating learning in contexts authentic to where the learner ultimately
needs to use their expertise is often achieved through apprenticeships, internships, or field
trips (DeWitt & Storksdieck, 2008; Lave & Wenger, 1991).

Situated learning shares many qualities with playful learning. Play has long been recognized
as a central activity for cognitive development, as children interact with the world to under-
stand physical and social relationships (Piaget, 1962). Playful learning, like situated learning,
is grounded in the active and sociocultural foundations of learning (Plass et al., 2014). For ex-
ample, games are effective learning environments that leverage play and align with situating
learning in communities of practice via active participation (Gee, 2007). Mardell et al. (2019)
characterizes playful learning as social, active, joyful, iterative, empowering learners with
choice, ownership, and curiosity. Despite the benefits of play for learning and development,
it has not typically been acceptable as part of school, and some adults see play and learning
as in opposition to each other (Mardell et al., 2019). Therefore, situated and playful learning
have typically been achieved outside of schools. However, VR technologies are promising
tools to bring these experiences into schools (Dede, 2009).
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2.2 Virtual Reality in education

VR is a technology that surrounds the user with a virtual world of 3D images and sound in
360-degrees, typically by wearing a head-mounted display (Bailenson, 2018). As the technol-
ogy becomes more affordable and widespread, there is increasing interest in using it in edu-
cation (Pimentel et al., 2022). Its primary affordances for learning are its immersive and in-
teractive capabilities that provide learners a strong sense of presence in a different place
and give them agency over their learning (Johnson-Glenberg, 2018; Makransky & Petersen,
2021). As with computer simulations, video games, and virtual worlds, these characteristics
can enable situated and playful learning opportunities in which students explore environ-
ments and take the perspective of scientists (Dalgarno & Lee, 2010; Dede, 2009; Gee, 2007).
VR experiences can involve many of the characteristics of playful learning by giving learners
choice and ownership, facilitating social interaction, and allowing for iterative active learning
in low-stakes settings.

Research on learning with VR to date has largely focused on comparisons with other devices
and has mixed results: At times using VR increases learning outcomes and at others it does
not (Hamilton et al., 2021; Radianti et al., 2020; Wu et al., 2020). Such mixed results can be
explained by the focus on hardware rather than the design of the learning experience, and
on assessing content knowledge rather than other learning outcomes (Georgiou et al., 2021;
L. Jensen & Konradsen, 2018; Southgate, 2020). Heightened immersion and agency can in-
duce high cognitive load, making it more difficult to process information than with other me-
dia like slides or video (Makransky et al., 2019; Parong & Mayer, 2018). VR may be more ef-
fective at enhancing affective dimensions of learning such as enjoyment and motivation, but
these benefits have been less well-studied (Hamilton et al., 2021). Other questions remain
due to the short duration of experiences and experiments conducted in lab environments
not comparable to classroom learning (Wu et al., 2020). Therefore, although the affordances
of VR can engender playful learning situated in rich contexts, little research has yet explored
this application in formal learning environments.

2.3 Design-based research in formal education

Design-based research (DBR) is a common methodology commonly in the learning sciences
to account for contextual factors of the classroom while studying how people learn and cre-
ate designs of educational activities and tools that will work in the classroom rather than
only in the lab. Collins et al. (2004) describes DBR as:

a way to carry out formative research to test and refine educational designs based on
theoretical principles derived from prior research. This approach of progressive refine-
ment in design involves putting a first version of a design into the world to see how it
works. Then, the design is constantly revised based on experience, until all the bugs
are worked out. (p.18)

The research is therefore focused on theory and practice. It helps avoid pitfalls of lab-based
research too focused on experimental design to provide results that will generalize to messy



Eileen McGivney

classroom environments, and of practice-oriented studies that do not provide rigorous evi-
dence to be applied in other contexts (Dede, 2005).

DBR has been used in the design and development of educational technologies, including
desktop-based virtual environments for science learning. River City, a virtual environment
that situates learning in an authentic scientific inquiry, was developed and studied over mul-
tiple classroom implementations (Nelson et al., 2005). The EcolLearn projects also employed
DBR to develop and test learning in virtual ecosystems and using augmented reality in real-
life ecosystems (Dede et al., 2017, 2019; Grotzer et al., 2015). These studies resulted in im-
portant understanding of how young people reason with scientific evidence, what motivates
them to learn science, and how immersive technologies can be incorporated into classroom
instruction. While DBR is often used to design new technology applications, it is also a fruit-
ful methodology to understand instruction with existing technologies and commercial appli-
cations through iterative implementation in formal learning environments (Squire, 2005).

DBR is a promising methodology to respond to recent calls for more research on VR for
learning that investigates the “state of the actual” rather than the “state of the art”
(Southgate, 2020). Doing so addresses deficiencies of VR learning research to date by focus-
ing on meaningful learning experiences, aligning with educators’ needs, and adapting to
classroom constraints (McGivney, 2023).

Here | describe the process of partnering with a high school engineering teacher to imple-
ment VR in classroom instruction. The research was conducted at an urban public charter
high school in a low-income city in the greater Boston area. 67% of students at the school
are classified as low-income, 76% as high-needs, and 87% identify as Black or Hispanic. The
students who participated in the research came from the two upper-level engineering clas-
ses in a three-year sequence across three academic years from 2020 to 2023. 20-30 students
participated each year. Across the three cohorts, all but one student came from an immi-
grant background—their parents or themselves immigrating to the United States—primarily
from Latin America and the Caribbean. In each cohort three to five students identified as fe-
male and the others as male.

Students, and their parents if under 18, consented to participating in the research and data
collection; they were informed that participation in the study was not required to participate
in the VR activities. This study was approved by the Harvard University Institutional Review
Board.

The project took an iterative and participatory approach to design instructional activities
that would address the learning needs of students, constraints of the classroom and school,
and help to answer research questions. The process took place over three academic years,
beginning during remote education during the COVID-19 pandemic and continuing through
two years of in-person schooling. The design process is described for each stage of the itera-
tion.
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3.1 Phase 1 (2020-2021): Incorporating immersive media in remote schooling
Initially, the teacher and | decided to collaborate out of a shared interest in using VR in edu-
cation. The teacher was primarily interested in exposing his engineering students to the lat-
est emerging technologies, and my interest was in researching how diverse young people re-
sponded to and learned from immersive media. While we planned to use Oculus Quest
headsets during in-person instruction, when the school announced it would be teaching re-
motely for the year, we pivoted the implementation to use Google Cardboard headsets over
Zoom lessons. We distributed the low-cost VR viewers with other educational materials, and
students could use them to watch 360-degree videos with their smartphones at home.

The first use of VR with the students was conducted outside of class time in one-on-one
Zoom meetings between myself and five students. During these meetings, students chose
two or three destinations they wanted to take a virtual field trip to, and they watched 360-
video content from producers such as National Geographic and the New York Times. | ob-
served them via Zoom as they used each experience and then interviewed them after. This
pilot helped to highlight how well the technology worked in this format and what we needed
to do to prepare lessons for in-class instruction.

Over the course of three months, we then conducted four whole-class lessons using the VR
viewers and 360-videos. The first VR experience was a career exploration from Google of an
aerospace engineer, Tiera Fletcher. The second was a virtual dive from The Hydrous to ob-
serve the effect of climate change on coral reefs. In the third lesson, students met in
breakout rooms with their peers to choose among the virtual field trips offered in the initial
pilot phase.

Following each immersive video, students were placed in Zoom breakout rooms to discuss
what they had seen and learned. Members of the research team facilitated and recorded
these discussions as focus groups. For the final lesson, students created their own 360-photo
using Google Street View and then shared why the place they photographed was meaningful
to them with a peer in a Zoom breakout room.

During this implementation, some of the benefits and challenges of using immersive tech-
nologies began to emerge. As far as benefits, students described feeling immersed and en-
gaged in the activities via focus, control, and interest. They described being able to focus
better than when using other devices because they felt immersed and the VR viewer blocked
out external distractors. They also described feeling a sense of control over their experience,
being able to look where they wanted and choose from multiple viewpoints in the 360-de-
gree environments, and that the VR experiences tapped into their own interests, for exam-
ple learning about the work of aerospace engineers or seeing places they want to visit. The
findings suggested VR could be a powerful tool for observational learning, allowing young
people to learn through social information. Results of this study are reported in McGivney
(2021).
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The immersive media also became a powerful tool for connecting peers and encouraging re-
flection. Breakout rooms with peers and small-group discussions were scarce in typical in-
struction, and the immersive media was effective at eliciting discussion and reflection. Giv-
ing them tools to create and share their own media was particularly beneficial, but all the ex-
periences helped students reflect on their interests and understanding in community, which
has been shown in studies of other educational environments (McGivney, 2021; McGivney
et al.,, 2022).

There were also challenges in implementing the technology within the formal learning envi-
ronment. One major challenge was time, as class periods were shortened to 45 minutes for
remote learning it was difficult to both utilize the VR experiences and conduct activities to
support their learning and reflection from them. Another was appropriate content related to
the curriculum. While the educator was interested in exposing students to the technology
rather than using it to promote a specific learning goal, it was challenging to incorporate it
into the engineering class to align with what students were learning.

3.2 Phase 2 (2021-2022): VR field trips with varied levels of interactivity

The next phase built on what we learned in the first phase. The teacher and | spent time to
codesign lessons that would use more immersive VR devices due to the return to in-person
learning and a donation of 30 Quest 1 headsets from the Facebook Reality Labs. The aim was
to build lessons with VR field trips that better aligned with the course’s curricular goals, lev-
eraged instructional designs to maximize student learning, and continued to investigate the
findings that emerged from the remote lessons with 360-degree videos. Some of the re-
search areas of interest included learning with more- and less-interactive media to assess
how their feelings of engagement and control would vary from the videos used in the first
phase to more interactive videogame-like experiences.

The first issue addressed was how to better incorporate the VR experiences into relevant
curricular goals. The teacher identified engineering problem statements as a persistent chal-
lenge, the first step in the engineering design process and a component of the Next Genera-
tion Science Standards for engineering education (NGSS, n.d.) Other educators and research-
ers have also identified this challenge: young people struggle to identify and articulate prob-
lems that engineering could solve (Lucas et al., 2014).

Therefore, we designed the lessons to help students practice identifying and articulating
problems. The ability to observe and role play as scientists in VR environments would help
students develop and apply their understanding of problems engineering could solve in
these environments, leveraging the richness of the media and interactivity. To address re-
search questions about varied VR media types and levels of interactivity, VR experiences
were chosen that allowed for observation of real scientists with 360-degree immersive vid-
eos and that allowed for embodied role play as the scientists with videogame-like interactive
graphical environments. Four experiences were chosen, two that covered Antarctica from
National Geographic, and two that covered the International Space Station produced by
NASA. These four experiences are pictured in Figure 1.
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Figure 1 VR applications. Top, Interactive Graphical Environments: National Geographic Explore [Na-
tional Geographic] and Mission: ISS [Magnopus & NASA]. Bottom, Immersive Videos: Polar
Obsession [National Geographic Society] and Space Explorers [Felix & Paul].

Each student used all four experiences, but the order in which they used them varied. Half of
the students used interactive graphical environments in the first two lessons, then immer-
sive videos. The other half used them in the opposite order. This helped answer research
questions about student reactions to the different types of VR media and instructional de-
sign decisions on student learning, while also addressing space constraints of the school and
the teacher’s requirement that all students experience every activity.

Figure 2 Classroom Implementation in Phase 2. Left: Interactive Graphical Environment. Right: Im-
mersive Video.
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Table 1 Lesson Plan for Antarctica Lesson

Time

Activit .
y (minutes)

Warm-up: Individual written response, then whole-group discussion.
What is one thing you know about Antarctica? 10
What is one question you have about Antarctica?

VR Setup: Distribute headsets, split into two groups, arrange space, navigate to ap-

. 10
plication, troubleshoot technology.

VR Experience: Polar Obsession 360-Video or National Geographic Explore VR. 15-25

Reflection Activity: See, Think, Wonder.

Using post-it notes, students reflect and write one thing they saw in the VR experi- 5-10
ence, what they thought about that, and what they wonder.

Small Group Discussion:
Students share their see, think, wonder and build on each other’s responses. Facili-

tator prompts them to draw on those thoughts to discuss what problems engineer-
ing could help solve.

10-15

Clean up 5

Wrap-up: Whole-group discussion 5

Assessment in the Following Class Period:
Write an engineering problem statement related to the VR environment. 10

Table 1 provides a snapshot of the lesson plan, illustrating how students participated in a
warm-up exercise, engaged in the VR experience, and then participated in reflective activi-
ties. In the following class period, they wrote an engineering problem statement based on
something in the environments as their learning assessment.

This implementation provided further understanding of the benefits and challenges of using
VR in the classroom. We found that the immersive experiences helped students generate cu-
riosities about the work of scientists and what it means to do science. Students expressed
strong emotions such as awe, curiosity, enjoyment, and even fear in response to the envi-
ronment. With proper scaffolding, they could articulate ideas of how engineering could solve
problems facing STEM professionals in these environments, such as better equipment to
prevent dangers to astronauts on space walks or developing electronic devices that can sur-
vive harsh conditions in Antarctica.

We identified challenges related to instructional design as well. One challenge was time, as
we found students needed as much or more time to process what they had learned after us-
ing VR as they spent in the VR experience (see Table 1). Without sufficient time for small-
group discussions their earlier problem statements were often incomplete or irrelevant.
Also, comparing the experiences of the two groups showed that using an immersive video
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prior to using an interactive graphical environment could help scaffold learning, as the stu-
dents in this group expressed less confusion and frustration in the more open-ended interac-
tive environments.

3.3 Phase 3 (Spring 2023): Condensing lessons and scaffolding learning

For the third iteration of the VR field trip lesson design, we condensed the lessons into one
weeklong set of activities. We aimed to create a lesson structure more easily adoptable by
other educators, with all students participating in the same version of the lessons. All stu-
dents engaging in the same activities meant the lesson was run by one teacher without
needing multiple facilitators. This phase was less focused on research as well, making it more
aligned with instruction in a typical classroom. Figure 4 depicts the whole class engaging in
the same VR activity together.

Figure 4 Whole-class VR Implementation in Phase 3

The implementation consisted of using four VR field trips over the course of two lessons.
Building on the finding from Phase 2 that immersive videos could scaffold learning in a more
interactive environment, all students used an immersive video experience, participated in a
reflective activity with peers, then used an interactive experience of the same environment.
These activities were preceded by a warmup activity to learn about the environment, and
followed by a whole-class discussion.

The lessons utilized the same Antarctica experiences as Phase 2. For the second field trip,
students participated in virtual dives about the ocean and coral reefs. This adjustment was
due to technical issues with the ISS experiences. Figure 4 depicts the ocean VR field trip ex-
periences. Both VR experiences utilized interactivity via controllers: Explore VR asks students
to identify manta rays and types of coral reefs and Ocean Rift allows for free exploration via
an ocean safari with the opportunity to touch and interact with some of the marine animals.
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Figure 5 Ocean VR experiences. Left:Th
Rift [Picselica].

The learning goal was also adjusted, due to the challenge of teaching problem finding and
articulation within these short lessons. Instead, they focused was students’ curiosity about
the environments and scientists. This was based on the evidence in Phase 2 that the experi-
ences provoked feelings of awe and increased their curiosity about what it means to do sci-
ence in these environments.

This phase demonstrated that VR field trips could be utilized as whole-class activities, and it
was feasible to structure lessons with less interactive experiences as scaffolds before using
more interactive experiences. Students did not complain of frustration or confusion in this
implementation. As for the instructional design, the students were able to engage in multi-
ple reflective activities that built on each other as they used the multiple VR experiences.
However, students’ reflections were not as deep or rich as witnessed in the prior phase,
which could be due to the condensed format, lack of discussion facilitators, or the change to
the content of the lessons. From their written reflections and group discussions, students did
not appear to express as much curiosity about the work of scientists and STEM professionals
in these environments as they had in phase 2.

4.1 VR field trips can bring playful learning experiences into classrooms

The VR experiences engaged students in many aspects of playful learning. For example,
Mardell et al. (2019) describes playful learning as active, engaged, joyful, promoting choice,
curiosity, and wonder. The way students used and responded to the VR field trips exhibited
many of these characteristics, including that the students were actively participating in the
activities and felt a sense of agency while using them. They described having fun and feelings
of delight and wonder.

Some aspects of playful learning, however, came from activities they engaged in around the
VR rather than the VR experiences themselves. For example, the Characteristics of Learning
through Play model also emphasizes helping students make meaning of what they are doing
and engaging in social interaction with peers and adults (H. Jensen et al., 2019). As VR is a
very stimulating environment, students needed time to process what they were learning and

10
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make meaning of how it applied to their ideas about engineering, which is where post-VR
reflection and discussion was helpful. It was through these discussions that the students en-
gaged in social interaction as well, with both peers and educators. The VR experiences them-
selves were solo, meaning each student was engaging in an activity or viewing an immersive
video without seeing others in the environment. However, it became clear that students
wanted to engage with each other and have more social interaction. Students often called
out to each other to describe what they were seeing and doing, and they were eager to
share their experience with each other when they removed the headset.

4.2 Instructional design choices impact playful learning with VR

The three phases of this implementation highlight the challenge of designing instructional
models that make the most of the playful aspects of VR field trips and also help students
learn. While greater interactivity increased learners’ active engagement and choice in the
environments, it was also at times over-stimulating and confusing. Using immersive videos
to help introduce students to the environment before asking them to engage in open-ended
embodied tasks is one promising method to help scaffold learning so students can make
meaning of the more playful environments. This finding aligns with prior work that finds VR
induces a greater cognitive load than less immersive media (Makransky et al., 2019), and
that designing the learning experience around the VR can scaffold learning (Georgiou et al.,
2021; Mayer et al., 2022).

Further, giving students opportunities to reflect on what they saw and did in VR with their
peers was a particularly fruitful instructional method. This format worked well in both re-
mote and in-person contexts. The small group discussions helped students connect with
each other to feel as though they had a shared experience and gave them an opportunity to
process their learning in community. It also helped them to express their curiosities and
demonstrate what they were learning that could not be captured on a traditional written as-
sessment.

4.3 Content and time remain challenges in teaching effectively with VR in
schools

Across all three phases, finding high-quality content aligned to the curriculum remained a
challenge. On one hand, there were not options for VR field trips that allowed the engineer-
ing students to explore environments engineers typically work in, but rather more extreme
environments. One reason is currently more interest in entertainment experiences that can
“wow” the user by making them feel as though they are in outer space or the depths of the
ocean. This highlights another challenge with the VR content currently available: It is primar-
ily used for entertainment such as gaming and therefore the experiences are not built upon
sound learning design. In our implementation we addressed this by creating instructional ac-
tivities around the VR field trips but having educational content that was designed to help
achieve learning goals would make them stronger. A related technical challenge was utilizing

11
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headsets with groups of students, requiring many workarounds to get them on secure ac-
counts and only using applications that work offline, highlighting how the design of the de-
vices for individual consumer gaming is also a barrier to VR’s feasibility in the classroom.

Second, another challenge that persisted across all phases was having enough time to imple-
ment the lessons and support students’ meaning making. The cost of VR is often discussed
as a barrier to implementing it in schools, but time is just as important a resource. Consist-
ently across the three phases of implementation we struggled to have enough time to set up
the equipment and get students into it, use the VR experiences, and have sufficient time for
reflection and discussion so they could consolidate what they were learning. While Phase 3
did tackle the implementation within one week and incorporating multiple VR experiences
and reflection activities into each lesson, it was not clear this was as effective at encouraging
deep reflection.

This paper described an implementation of VR field trips in high school STEM classes to illus-
trate how these immersive media can be tools to bring playful learning into formal educa-
tion. The design process showed how the VR experiences exemplified many aspects of situ-
ated and playful learning that can be difficult to achieve in traditional classrooms, giving stu-
dents agency over their learning, promoting feelings of joy and curiosity, and providing op-
portunities for social interaction and meaning-making in peer discussions about the VR. Fur-
ther, the phases iterated how VR was incorporated into instruction and surfaced ways to
promote learning from them, such as using immersive videos to scaffold learning in interac-
tive VR. The project highlights challenges as well, particularly a lack of appropriate and high-
quality educational content, and having enough time to implement these types of experi-
ences.

Further research should continue to investigate the potential for VR to bring playful learning
to schools and test the effectiveness of varied instructional models and types of VR content
in an experimental design. Such studies can build on the findings here to adapt lessons with
VR field trips to other contexts and test different designs with larger groups of students. The
empirical analysis of Phases 2 and 3 is currently underway, and these findings are forthcom-
ing. Therefore, the focus of this paper is on the design process and broad lessons learned,
and it cannot speak to the results comparing varied types of VR on learning outcomes.

Future work should build on this study by comparing VR field trips to other media or busi-
ness-as-usual instruction, which would answer questions about VR’s unique benefits or chal-
lenges related to alternative activities. Future research should experiment with isolating the
impact of interactivity by manipulating the VR experiences, and with instructional designs
that utilize VR over a more extended time. Such research should document challenges in
other contexts, such as the optimal amounts of time for varied lesson plans, and other tech-
nical or resource constraints that may not have surfaced in this school.

12
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This was a small case study of VR in one context, and while all findings may not generalize to
other contexts, they do provide useful guidance for incorporating VR into many schools as a
tool for playful learning. The instructional designs used for the VR field trips are likely to
work across contexts to help students explore and process their learning. The benefit of us-
ing 360-video before more interactive activities provides a model of how activities can move
along the spectrum from guided to free play, scaffolding learning in more agentic activities.
Utilizing reflective small group discussions is a fruitful way to help students make meaning of
their learning in community following VR and any playful learning activity. And considering
lack of content and time as barriers is informative for understanding why situated and play-
ful learning are not more widespread in formal education.
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