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Abstract 
With the relatively recent growth in Virtual Reality (VR) for educational purposes, The Open University 
(OU), the United Kingdom’s largest higher education institution, has been creating various VR 
applications in order to explore the affordances of teaching in this medium. 

VR can be well-suited for learning because of its increased levels of immersion and suitability for 
experiential activities. However, VR has kept most of its core funding and expertise located centrally 
around its native gaming industry, with most advancements in VR interactions and use cases coming 
from this sector. As such, little heed has been paid to the needs of education, particularly distance 
education providers such as the OU, as few instructional design strategies exist for VR [1]. 

In this session, we will present some of the problems faced by teaching in VR and how to overcome 
them based on what we have learned from our exploratory projects. We will focus on the pedagogical 
challenges faced by learning designers working in VR and how these are often overshadowed by the 
appeal and novelty of VR. We will also look at how we are managing to scale VR to our distance 
students, in spite of the associated costs. 

Our work in this area has resulted in a more practical assessment of teaching in VR aimed at helping 
those who wish to explore the medium but have certain concerns around its effectiveness, relevance 
and cost. Our results attempt to bridge the gap in theory and practice [2] and will be presented in the 
form of our ‘suitability toolkit’, which we will share with session participants via our website. 

Participants will come away from the session with a better understanding of the benefits and 
constraints of teaching in VR. They should also feel more confident in knowing how to overcome 
certain pedagogical challenges, as well those relating to scalability, accessibility and interaction. 
Participants will be able to access our toolkit and use it as a reference point for navigating some of the 
more costly hurdles of getting started with VR. 

Our projects have been incrementally developed, drawing on low risk pilots and evaluation to enhance 
our understanding of best practice, and we will continue to develop and iterate our work as we share 
findings with colleagues. 
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1 INTRODUCTION 
Virtual Reality (VR) allows the user to be immersed in virtual worlds and has shown greatest uptake in 
the computer gaming sector. More recently, this consumer market has seen the introduction of 
increasingly affordable head mounted VR displays and handheld controllers enabling users to 
manipulate virtual objects and interact via less conspicuous interfaces (e.g. voice and gesture control), 
which contribute to a greater sense of presence for users. The technology has the ‘flexibility to adapt 
to different problems and domains’ [3] and beyond the computer games sector, VR exhibits properties 
that could be beneficial in educational contexts [1], [4], [5], [6]. It is therefore understandable that the 
education sector might want to make use of VR and its affordances. We recognise that immersion 
alone is insufficient to improve the learning experience [7] and its novelty value is unlikely to endure as 
a mechanism for engaging learners. In our own work with VR at the OU, we have created various VR 
experiences that have contributed to our understanding as to what makes VR effective for education, 
and the steps needed in order to achieve it. The significance of this paper is that it presents a practical 
toolkit for educators and learning designers to build effective learning experiences. 

The OU is an online and distance university with the majority of its geographically dispersed students 
studying part-time. This presents challenges with supporting the introduction of new technologies. It 
has been suggested that different media can achieve the same learning objective [8], which implies 
media do not possess unique properties that support learning and that other factors bear greater 
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influence. Others contend that such arguments have their roots in behaviourism and overlook our 
relationship with technology and the ‘cognitive, affective and social processes by which learning takes 
place’ [9]. With immersive technologies, such as VR, having proliferated in the computer games 
sector, it has led to suggestions that the ‘efficacy of using […] immersive technologies for teaching 
[has] more to do with requisite changes in pedagogy and impacts on learners than with the tools 
themselves’ [10]. This is frequently echoed in the discourse with calls to consider the pedagogical 
problem before potential technological solutions, however there is currently a lack of theory in 
immersive media for educational contexts [1], [2], [11]. Constructivist approaches to learning, whereby 
learners construct knowledge through their experiences in the environment, are widely cited in the 
literature on immersive simulations, yet there are calls for practical design guidance to be developed 
[12] in order to advance theory and practice. 

The existing literature focuses on the research findings relating to a specific software application in 
order to demonstrate impact during the product development process. This paper reflects on our 
experimental work involving three projects and contributes practical guidelines for educators and 
designers of VR applications in the form of a toolkit with design prompts. We hope this will be useful to 
others working in higher education contexts seeking to create effective VR experiences.  

2 METHODOLOGY 
With the relative lack of guidance around the ‘instructional’ design and pedagogic frameworks for 
using VR in a distance learning context, we adopted a design-based research approach and used an 
iterative, experimental, design process. Design-based research aims to improve practice by using a 
systematic but flexible methodology of iterative analysis throughout the design, development and 
implementation phases of products [13]. The design-based research process has been described as a 
four-stage process [14]: 

1 Analysis of practical problems 
2 Development of solutions within a framework 
3 Evaluation and testing of solutions in practice 
4 Reflection to produce design principles 

We produced three mobile VR apps for smartphones sequentially, with two of them being used in 
course materials. Lessons from each iteration of design, development and implementation would 
inform the next product iteration, and the learnings from each project would feed into the next. This 
meant that we designed and developed our first application without a set of principles and they 
emerged as part of the process. This first set of principles would then be used as a starting point for 
the next project and so forth. We accepted that with very little information to guide us, we would make 
mistakes, and that we would have to act retrospectively to ensure they did not impact students 
negatively. This method of experimental design and incremental improvement was the best course of 
action for a team such as ours whose primary focus is to understand the pedagogic affordances of 
new and emergent technologies, and develop the supporting processes to scale up their use and 
enhance the learning experience. Just as our VR applications went through a cycle of evaluation and 
refinement, we also anticipated that our understanding of VR best practice would follow that same 
route. 

The first VR application we developed was a Virtual Oceanographic field trip (VOFT) which allowed 
students to experience the type of work carried out by an oceanographer on a live vessel at sea (see 
Figure 1). This included going into a submersible and venturing to the depths of various oceans 
around the globe, while analyzing basic ocean data and observing the environment and wildlife. This 
project was used in a third-year undergraduate module and was built for the ‘cardboard’ versions of 
the VR headsets, which required a smartphone to run.  

This app sought to help students synthesize and interpret multiple datasets. While starting with the 
learning objectives is good practice, and remains so when working with VR, development must avoid 
converting pedagogic need into technical requirement if VR’s attributes for effective learning are to be 
realized. An example of this was the inclusion of the datasets which run for multiple pages; VR is not 
suited for extended text due to the screen resolution which makes assimilation and digesting 
information challenging.  
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Figure 1. Screen shot of the VOFT app 

The second project was designed to give Law students a platform on which to practise their public 
speaking skills by placing them in front of virtual audiences and allowing them to rehearse a 
presentation using various aids (see Figure 2). We again used the cardboard headsets for scalability 
and cost reasons. Much of the data we received back from students actually tended to comment more 
on the headset than the experience, with some students opting not to engage with the app because of 
perceptions associated with VR and gaming. To more effectively exploit affordances unique to VR, 
compared with established media and technologies, we worked closely with domain experts to shape 
the specific learning objectives for this application. This resulted in a far more accomplished piece of 
teaching which uses VR more creatively – in fact, we designed whole new systems to help students 
overcome some of the physical barriers to studying in VR. For example, using third person recordings 
of student practice to allow students to reflect and evaluate their performance. 

 
Figure 2. Screen shot of the law app 

Design and development of VR simulations can be costly. At this stage it is important to recognize 
these first two projects enabled us to develop and test the product development process. Use of smart 
phones had several limitations, not least the levels of interaction these devices enabled with the virtual 
environment. There were also challenges with users’ devices having a varying range of technical 
capability. At this point, further investment was warranted; design and development is now focused on 
head mounted VR displays with handheld controllers, such as the Oculus Rift, as it enables users to 
interact with virtual objects. 
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Through completing the Law app, we already had a first draft for the toolkit, but what the design prompts 
lacked was any practical evaluation: we conceived the prompts out of problems experienced on specific 
projects, but we hadn’t developed solutions to them in isolation to see if they worked in reality. So the 
third project was created as a supplementary experience aimed at showcasing the early toolkit’s 
principles (see Figure 3). We used a fictional narrative to tie together various scenes in the app which 
demonstrated how each of the prompts worked in practice. The original purpose of the toolkit was to 
support the design of pedagogically robust VR by providing a source of practical information, which could 
help domain experts understand whether VR is a suitable solution to a given pedagogic problem. The 
app was not included in a course, so it was never used by students, however it did allow us to refine the 
early toolkit prompts. The final toolkit is a set of prompts born out of the VOFT and Law apps, and refined 
in the final app intended for a practitioner audience. 

 
Figure 3. Screen shot of the final app demonstrating the practical application of the interactive  

and self-contained prompts from the toolkit 

3 RESULTS 
The findings from the three projects were predominantly specific to the scenario from which they were 
born. It was therefore hard to articulate to other practitioners lessons learned unless they happened to be 
creating something very similar. As our main goal in this endeavour was to first enlighten ourselves, then 
to help others, we could not disseminate the majority of our tailored findings to a broad audience. We 
had to ascertain which of our findings had relevance to broader applications and then condense them 
into practical prompts for use in real design and development. The result of this refinement process is, 
contradictorily, a set of less-refined principles which give practitioners something to think about when 
designing their own educational VR experiences. 
Designed as a first port of call for those still at the ideation stage of their project, and later on in 
development, the toolkit prompts have been separated into different categories for ease of use. Each of 
the six categories relate to a different area of consideration and comprises a prompt or question which 
heads the category, a brief explanation of what is meant by the prompt, and an example of both viable 
and limited applications of this meaning in a given context. 
The different categories and their prompts are as follows: 

Table 1. Category and Prompt summary table 

Category Prompt 
Immersive Does your learning experience require an immersive environment? 
Interactive Will students be interacting with the environment? 
Accurate Is student understanding contingent on the accuracy of the environment? 
Experiential Is your learning experience an experiential one? 
Self-contained Is your learning experience studied as part of a larger activity? 
Evaluable Can students evaluate their learning solely within the experience? 
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This collection of prompts form the bulk of a larger ‘suitability toolkit’ which also contains information 
on the types of hardware best suited to different needs, and is available at:    
http://learninginnovation.open.ac.uk/vr/vr-suitability-toolkit/. 

The current reality of VR in education is one of sometimes poorly designed experiences which are 
expensive and novel, but not necessarily effective at teaching. We found in much of our testing that 
students are often drawn in by the novelty of something like VR, but that novelty is ultimately unable to 
sustain the student when it comes down to them actually having to learn something of quantifiable 
value. When we put the toolkit in front of others, we found that sensible learning design methodologies 
fit well within the toolkit’s framework and offers practitioners a foundation from which they can mould 
their learning objectives. In our own sessions with academics interested in using VR, we always start 
by identifying the learning objectives just as you would with any other piece of learning material, then 
utilize the toolkit to help shape the teaching and design the VR product if deemed a suitable solution. 

Below are the full versions of the prompts and their examples, as well as the rationale for their 
creation: 

Table 2. Immersive prompt 

Does your learning experience require an immersive environment? 

‘Immersive environment’ refers to a tangible environment within the virtual world which can be interacted with. It 
ultimately boils down to whether the learning is in some way connected to the environment you have created; 

the weaker this connection, the weaker the case for VR (also bear in mind that while important to VR, immersion 
alone doesn’t increase understanding and should not be used in place of learning content). 

Example of a viable application  
in a given context 

Example of a limited application  
in a given context 

First person navigation and exploration of Mars’ 
topography 

Mars is a place students can’t otherwise visit, and it 
has great immersive potential, made even more so 

when combined with practical applications of 
theoretical learning. 

Getting students to look at a map of Mars’ topography 
In this case, Mars is still the environment in question, 

but immersion no longer plays a part in student 
understanding. Presenting the map (even an 

interactive one) on screen or printed out may be a 
better option. 

The ‘Immersive’ category is the foundation of functional educational VR, and where the comparison 
between video and VR left little to distinguish them, increased immersion was often the key factor in a 
prevalent VR solution. In the case where there was no sense of increased immersion in the VR, the 
justification for developing it became weaker, and this was something that was witnessed across the 
board without exception. This is thusly our first and most prominent prompt of consideration. 

Table 3. Interactive prompt 

Will students be interacting with the environment? 

‘Interacting’ includes any form of dependency on the environment. This interaction needn’t just be physical 
either – simply looking at the environment is enough to meet this criteria as long as the students are learning 

something by doing so. This question can often lead into another which is just as important: “Can your 
experience be achieved just as well, or even better, in another format?” 

Example of a viable application  
in a given context 

Example of a limited application  
in a given context 

Giving students the opportunity to operate a virtual 
crane 

Practising how to operate a crane safely in a facsimile 
of the real world will allow students to practically 
translate their virtual experience into something 

workable with real cranes. 

Getting students to read a crane operator’s manual 
Aside from large pieces of text and extended prose not 
displaying well in VR, this example makes little use of 

VR’s practical potential. Although text can be 
interacted with, assimilating its content would be easier 

on screen or in print. 

The notion of ‘interaction’ and ‘interactive’ was something we as a team took longer to realize than 
some of the other prompts and this was because it had its roots in the hardware being used. After 
trialing VR on many different systems, we found that students who were able to interact in an active, 
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rather than passive sense, were far better able to retain the information presented to them. A simple 
manifestation of this form of interaction is being able to use one of the many hand controllers which 
mimic hand movements (e.g. Oculus Touch controllers). One successful example of this was with the 
agglutination test we created in our third project, in which we gave users hands-on practice with this 
process to see if they would be better able to replicate the experiment without prompting, compared to 
if they had simply assimilated this information – something which could easily be done in VR had the 
toolkit prompts not been followed. The handheld touch controllers are used to pick up objects and 
interact with the virtual environment in a way no other virtual medium can facilitate, allowing users to 
use expensive and dangerous equipment without fear. They gained confidence in the physical act of 
carrying out the experiment and felt they would have been easily able to replicate the experiment in 
real life, with some users suggesting the experience gave them the confidence to attempt an 
agglutination test even when presented with certain variables such as different equipment. 

Table 4. Accurate prompt 

Is student understanding contingent on the accuracy of the environment? 

Accuracy is mostly problematic when working with 3D models, especially if students are being asked to learn 
from them. If you have access to a 3D modeler or bespoke model creation then you are in a good position to 
ensure the consistency and quality of your assets, though you should be mindful of the costs and lead times 

involved with this approach. If you haven’t got access to bespoke assets, or don’t need them, then off-the-shelf 
options can be useful for keeping time and costs down, but they could be potentially inaccurate. 

Example of a viable application  
in a given context 

Example of a limited application  
in a given context 

Giving students a virtual tour of the Pyramids of Egypt 
When working with rich environments, there is a 

tendency to put immersion above all else, and while 
this plays well to VR’s strengths, it can come at the 

expense of robust pedagogy. An alternative format or a 
simpler objective can help mitigate the potential 

weaknesses in the learning. 

Asking students to study hieroglyphics at the Pyramids 
of Egypt 

In VR, learning opportunities are made better by being 
tied to the physical environment, but in this example 

you must think carefully about whether you can acquire 
or accurately replicate the hieroglyphics. 

The accuracy prompt sits within those categories around development considerations and is mostly a 
result of developing VR first hand. With our three projects, we carried out multiple user experience 
(UX) tests which led us to the creation of our  VR style guide. The style guide offers UX advice on 
things such as text legibility and interactions, but it also covers some Learning Design points such as 
those more explicitly covered in the ‘Accurate’ prompt. It is mostly common sense, but in our earlier 
projects, it was clear that considerations such as this one are easily overlooked unless you have 
encountered the problem and tried to resolve it. It also gives insight into the mechanisms of producing 
VR and what the implications of resource limitations are. 

Table 5. Experiential prompt 

Is your learning experience an experiential one? 

This question is concerned with applied knowledge. Experiential activities tend to spread the cognitive load 
during study, and lend themselves to VR experiences where the student has an opportunity to apply theory to 

reality. 

Example of a viable application  
in a given context 

Example of a limited application  
in a given context 

Allowing students to recreate chemical experiments 
This example allows students to not only apply their 
externally acquired expertise in a safe environment, 
but also gives them the opportunity to learn through 
trial and error without the potential cost implications 

and dangers of actual experimentation. 

Showing students the results of chemical experiments 
The difference between this example and the one 
above, is mostly a matter of interaction. True to 

experiential learning, students in the good example are 
able to learn by proactively seeking answers, whereas 

in this example, students are merely shown the 
answers. 
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Similarly to the ‘Immersive’ prompt, the idea that educational VR should explore experiential activities 
seems fairly obvious, but as with all of these prompts, the novelty factor can frequently obscure the 
real objective and allow for simple considerations to be overlooked, ultimately driving the project down 
a road which is of no increased benefit to students. As is also the case with the ‘Immersive’ prompt, 
the ‘Experiential’ prompt ties into all others and should be considered out the outset when the project 
is still at the ideation phase. We found that experiential activities lent themselves particularly well to 
VR by allowing things such as Immersion and Interaction to take place, because it is within 
experiential activities that these things are possible. In many ways, this prompt is the enabler of the 
other prompts. 

Table 6. Self-contained prompt 

Is your learning experience studied as part of a larger activity? 

Some educational experiences can still be viable in VR even if they fail to tick most boxes, but only when they 
are used as supplementary pieces to more thorough pieces of learning. 

A good standalone experience would allow students to complete their learning with little need to reference 
external sources of information (external to the VR environment, i.e. the real world). While dipping in and out of 

VR during an experience is doable, it is certainly not desirable. It is important to understand the physical 
relationship between the learning objects as well as the pedagogical relationship. 

Example of a viable application  
in a given context 

Example of a limited application  
in a given context 

Getting students to focus on conversational fluency in a 
language learning environment 

Conversational fluency requires practice and repetition, 
and the student has the opportunity to do this solely 
within the VR experience. If further understanding is 

needed, extra learning content can be studied 
asynchronously through other formats. 

Getting students to focus on conversational accuracy 
in a language learning environment 

A student will develop accuracy by referring back and 
forth between the experience and their notes and/or 

dictionary to reinforce their understanding 

Table 7. Evaluable prompt 

Can students evaluate their learning solely within the experience? (Importing and exporting information) 

Many topics are best understood by a student after a period of self-directed evaluation. This may be as simple 
as taking notes and reading them back later, or as complex as creating bespoke artefacts which are meaningful 
to the student. It is currently difficult to take notes and export materials from VR into the student’s study domain. 

Example of a viable application  
in a given context 

Example of a limited application  
in a given context 

Allowing students to practice public speaking skills in 
front of a live, virtual audience 

This is an activity where there is little reliance on 
study aids, and the immersion is the driving force 

behind achieving the learning outcome. 

Getting students to watch a 360′ video lecture on how to 
improve their public speaking skills 

This format contains too much information to be 
processed at once, and creates a disconnect between 

theory and practice. A student may feel inclined to make 
notes in this type of scenario but a clunky attempt to 

allow this in VR would become a barrier to the immersion 
and fluidity of the experience. 

There is some cross-over with the ‘Self-contained’ prompt and the ‘Evaluable’ prompt as both are 
concerned with the physical nature of learning and how VR is currently not a great facilitator of 
traditional methods of study, such as taking notes or referencing external materials. In these prompts, 
we have tried to identify the problem and set some guidelines to allow creators of educational VR to 
come up with their own solutions to these problems just as we did. One example of where we 
overcame this issue of the physical learning space versus the virtual learning space, was in our use of 
artificial intelligence to give students French speaking practice. The activity was designed to let 
students practice speaking in French without the need for another human being present. In order to 
allow students the opportunity to reflect on practice, we had to devise a mechanism within the app 
which let them access an in-app recording of their speech with the AI. They were then able review this 
in the experience or export it for review outside of VR. 
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4 CONCLUSIONS 
VR is an emergent technology and without developing an understanding how its affordances differ 
from established technologies, and the types of media most suited to VR experiences, it is unlikely to 
bring about the changes in pedagogy necessary for its effective use. To this end, both the pedagogy 
and technology need to be mutually supported and this is where practical design guidance can 
contribute.  

Although this work need to be recognized in light of its limitations, and the relatively small amount of 
data available to develop the toolkit prompts, the toolkit is designed to be a practical resource for 
educators and learning designers, and future work will evaluate and refine it. 
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