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Abstract. Virtual Reality environments provide an immersive experience for the 

user. Since humans see the real world in 3D, being placed in a virtual environ-

ment allows the brain to perceive the virtual world as a real environment.  This 

paper examines the contrasts between  two different user interfaces by presenting 

test subjects with the same 3D environment through a traditional flat screen (pan-

cake) and an immersive virtual reality (VR) system. The participants (n=31) are 

computer literate and familiar with computer generated virtual worlds. We rec-

orded each user’s interactions while they undertook a short-supervised play ses-

sion with both hardware options to gathering objective data; with a questionnaire 

to collect subjective data, to gain an understanding of their interaction in a virtual 

world. The information provided an opportunity to understand how we can influ-

ence future interface implementations used in the technology. Analysis of the 

data has found that people are open to using VR to explore a virtual space with 

some unconventional interaction abilities such as using the whole body to inter-

act. Due to modern VR being a young platform very few best practice conven-

tions are known in this space compared to the more established flat screen equiv-

alent.  

Keywords: Virtual Reality · Immersive · 3D Environments · Computer 

graphics 

1  Introduction  

Virtual Reality has gained popularity over recent years. With improvements in hard-

ware and software, technology has become affordable to a larger audience [23] and not 

just the military, industry, and research communities. Affordable systems in the con-

sumer market are opening up opportunities to offer training, entertainment and 3D vis-

ualisation in fields such as engineering, healthcare, education, media and gaming. In 

many of these industries VR is an increasingly important component, enabling innova-

tors to develop advanced prototypes [20], facilitating rapid iteration and testing. Yet 

there are very few established conventions [32] around implementing the technology at 

present. Due to the unconventional way the human body is used to interact and control 

a VR experience, discovering whether the interface offers utility, or is fully accepted 

by the consumer, is an important step in its evolution.  



“Furthermore, computing power must increase to allow for more photorealistic ren-

dering and complex natural interactions. Researchers will need to better understand 

how to design specific experiences to teach specific topics, while understanding the 

capabilities and limitations of learners of varying ages and skills. These and other 

pragmatic concerns must be addressed to create a robust learning technology.” (Bujak, 

2013) [2] 

The data gathered in the study examined here will be used to build and improve a 

user interface for Virtual Reality applications being developed for use within computer 

science education. With our present knowledge there are gaps in the data, which this 

study aims to fill. 

 

1.1 What is Virtual Reality? 

Virtual Reality has been described as “an artificial environment which is experienced 

through sensory stimuli (as sights and sounds) provided by a computer and in which 

one's actions partially determine what happens in the environment” [34]. 

We are conscious of our immediate surrounding by collecting information from our 

sensory system – sight, smell, sound, touch and taste. To build a three dimensional 

spatial awareness of our environments we mainly use our sight and hearing [31]. Virtual 

Reality recreates a spatial environment in stereoscopic 3D, where high quality visuals 

and sounds are created in a similar way that computer games are generated. However, 

in VR, content is then rendered to a head mounted display (HMD) instead of a computer 

screen. The processing and rendering of the images to the screens in the headset allows 

the user to perceive the environment in three dimensions [17]. Tracking of the headset’s 

pitch and yaw allows a 360° field of view; with positional tracking allowing the user to 

move around the environment. The technology can ‘fool’ the user to accept the 3D 

environment with a perceived level of realism by implementing; a wide field of view, 

stereoscopic rendering, binaural sound, head and hand tracking and low latency be-

tween the user’s movement and visual updates [7]. 

One of the benefits of VR is that it permits a person to undertake an experience that 

is ‘beyond’ reality, negating the need for a hyper-real environment [13]. Such computer 

generated ‘unrealities’ can be just as immersive as that we consider natural, yet the 

experiences undertaken can be highly implausible or impossible [12]. VR is the only 

media that can present the world in such an immersive way. 

Immersive platforms such as VR can be more effective in delivering an experience 

than any other digital media because the brain perceives the virtual world as a real 

world; therefore transferring the skills and knowledge learned in the virtual world to 

the real world with higher retention [29]. This is a progression from non-immersive 

virtual experiences, as Robertson et al [28] says, that “places the user in a 3D environ-

ment that can be directly manipulated, but it does so with a conventional graphics work-

station using a monitor, a keyboard, and a mouse”. We will refer to this as desktop 3D. 



 

1.2 The 3D Environment 

The virtual environment used for this study is custom built using the game engine Un-

real Engine 4 and has been intentionally kept visually simple. The minimalist environ-

ment allows the experience to run smoothly and at a high frame rate. A higher frame 

rate allows the system to negate some of the side effects of motion sickness that some 

people can experience when using VR motion sickness is experienced by some people 

when wearing a head mounted display. It is thought this is due to the discrepancies 

caused by a high latency between actual movement and virtual movement [32]. In ad-

dition to the higher performance cost of a VR experience compared to a flat screen 

experience, using a minimalist approach we ensure both virtual environments are exe-

cuted at the same quality. Not having a rich environment has also helped the partici-

pants focus on the task set out in the study instead of being distracted by the ‘wow’ 

factor that can happen when users are put into a virtual reality experience, which could 

then skew the results. The participants are presented with 4 models on plinths surround-

ing them to interact with. They are placed at an equal distance from each user’s start 

position. 

The 4 objects are: A character model (non-human biped), a motorcycle, a robot and 

a rifle as shown in figure 1. 

.

 

Fig. 1. Models presented in the virtual environment 

The plinths they sit on are translucent and sit around 1 (Unreal Engine) unit in height, 

which is 1 meter in real world measurements. A simple grid-patterned floor is under-

foot, and post processing fog prevents the participant from seeing beyond 10 units.  

Within the program described, movement in VR can be executed by either physically 

walking around the play space or using a teleport system that is implemented by the 

user pressing and releasing a button on the left-hand controller. On the desktop this 

movement is performed using the mouse: double clicking on a model moves the user’s 

camera to near the model’s position, which can then be orbited by moving the mouse. 

The right-hand controller has a laser pointer attached to it: a model can be picked up in 

VR by aiming this at the models and depressing the trigger. The user can move the 

model freely in any axis. The desktop user can move a model in any linear axis (up, 

down, left, right, back and forth) and rotate it by depressing the right mouse button with 

the cursor over the model and moving the mouse in the corresponding direction. 



On starting the experience in both flat screen and VR the user is presented with a 

user interface (UI), shown in figure 2, that has icons and text describing the control 

system. This includes how to move and the actions corresponding to each button. In 

VR the UI is attached to the right controller; and the user can turn this off and on with 

a button on that controller. A permanent notice of how to pull up the UI is placed in the 

user’s field of view in a head up display, in case users need to access the instructions 

again. This can also act as a guide for the user to position the headset in the sweet spot 

when they first put the headset on. The average human field of view is around 180° 

[26]. The virtual reality headset used in the study has a 105° field of view (FOV) and 

due to the precise positioning of the Fresnel lenses on the headset, it can take some 

adjustment to get it right [14]; thus the UI text is used to guide the wearer to see this in 

focus before tightening the head strap and can help them get the HMD on correctly. On 

the desktop application the UI is a HUD style element permanently displayed, though 

fading when the user starts to interact with the 3D scene. The UI can be brought back 

up again if the user hovers the mouse over the faded element. 

  

One further interaction has been implemented: the ability to disable texturing and 

see the wireframe of the models underlying geometry. This feature was included be-

cause the majority of participants are students of the creative computing department; 

studying undergraduate degrees in gaming, animation, or related fields. 3D modelling 

is part of their education; having the ability to see the wireframe of the models is some-

thing these students are interested in. It was taken as an indication that the participants 

had mastered the basic controls if they then entered the wireframe mode. This also gave 

the participants more to experience; beyond the basic features of movement and inter-

action. 

1.3 Related Work 

We researched prior studies that looked at virtual reality vs traditional content and 

found some literature undertaking studies within the fields of education, healthcare, and 

engineering. We expanded our literature review also to incorporate augmented reality 

(AR). As a sister technology to VR, AR shares many of its key components. However, 

where VR fully immerses the user in a virtual world, AR takes elements out of the 

Fig. 2. Desktop UI (left) Virtual Reality UI (tight) 



 

virtual world and overlays them on the real world through either a headset with a see 

through screen; or a mobile device screen using a pass-through camera system.  

In the North study [24] a comparison between an Immersive Visualization Environ-

ment (IVE) and a traditional virtual environment was studied to find that a more natural 

and richer experience had been undertaken while using the immersive system; allowing 

the participant to become more immersed in the world. They found the feeling of im-

mersion in the environment became increasingly important for users to interact with an 

application. This feeling of immersion has been described as presence [16] or a ‘sense 

of being there’, a game in virtual reality can trick the player’s cognitive system into 

believing the virtual world is real. However, this work discovered that ignoring or 

breaking the fundamental ‘best practices’ of VR can cause the user to feel discomfort 

and experience simulation sickness. 

VR can offer more engaging, motivating and better results through experiential 

learning with students able to learn through practice and repetition [30]. A 3D virtual 

environment can offer a wealth of experiences and intensity that no other platform can 

compete with. This richness can be tiring and cause motion sickness in some users. The 

vibrancy of a virtual environment can also distract a learner [11]. This has led to mixed 

results between studies regarding whether 3D and virtual environments actively im-

prove or worsen results for the learner [25]. This could be due to a disparity in the 

applications offered between the different studies; or occur from inconsistencies in how 

the studies were implemented (e.g. the learning objective, student backgrounds, the 

specific task performed, and the students’ time on task). A superior multi-sensory ex-

perience might find an increase in knowledge retention over a less well-provisioned 

one [21]. 

The inclusion of emotional, multi-sensory and fantasy elements into an educational 

interactive and immersive experience by using virtual reality to enhance traditional 

classroom teaching/learning techniques can provide a richer experience [15]. In the 

study by Richards [27], using an interactive virtual reality system offered gains in learn-

ing outcomes over traditional technology; but the gains in younger adults were more 

prominent. The greater familiarity with interactive technology for this age demographic 

could account for the increase. Enjoyment of the experience was recorded for all ages 

and concludes that the participants engaged more fully in the VR tasks. In other studies 

when augmented reality was introduced to a learning experience and a comparison to 

an interactive simulation on a flat screen was made, similar results were found [4]. 

Students were “deeply engaged” and free of the physical constrictions of the classroom 

while manipulating physical elements in the augmented world [2]; this added to the 

learning experience of the participants of the study. However, the research finds that 

computing power must increase to allow more photo-realistic visuals and complex nat-

ural interactions; adding that further research must be undertaken to understand how to 

design experiences to fully bring the technology in to the education sector. 

VR has the potential to create a paradigm shift in education and training [1, 19] yet 

we find there is very little practical evidence that the learning experiences offer any 

added value to education beyond that it uses novel technologies. Being ‘present’ in an 

experience does not always promote better learning outcomes. Belini [1] concludes that 

a lab simulation in virtual reality can cause nearly a 50% increase in brain workload 



compared to the desktop version of the simulation. Further investigation of interaction 

systems and the immersive environment in VR is needed to better improve the imple-

mentation of the technology in an educational setting. Introducing a game-like educa-

tional experience could be more engaging to the learners and offer a more attractive 

application of immersive VR. The serious games industry has years of experience of 

this, and positive results have been observed with an immersive serious game demon-

strating improvements both in the quality of learning, and the retention of learnt con-

cepts [5]. It has been noted that restrictions on the availability of the VR hardware can 

limit the implementation. While the desktop version may provide an inferior level of 

immersion, it is open to a far larger user base. 

2 Methodology 

A 3D virtual gallery with four computer generated models sitting on plinths are pre-

sented to the participant to explore in two forms: a computer screen using a keyboard 

and mouse; and also a virtual reality HMD. Half of the test subjects explored the screen 

interface first, then the virtual reality interface. The other half explored the environment 

using the virtual reality interface first, and then the screen interface. Participants used 

the VR headset and controllers to explore the gallery of 3D models; produced by stu-

dents from an undergraduate animation degree course. In the virtual environment the 

user can walk around the play space; teleport to different locations using the controllers; 

as well as pick up, move and rotate the models. The same virtual gallery was presented 

on the flat screen experience. The user can move around the play space using the mouse 

to orbit the viewpoint around each model. A double mouse-click will move between 

models; a single click will grab and move them. For both modalities, interaction data 

was recorded using virtual estimation software that records the user’s movement; al-

lowing the re-creation of these movement in a game engine. A comparison between the 

participants’ movement data for both interactions was also made side by side using 

laboratory-controlled analysis. After the participants experienced both interfaces, they 

were asked to complete a survey consisting of three comparison scale questions and 

three qualitative questions. Equipment used throughout the testing was as follows: for 

the pancake deployment, a HP gaming laptop with a dedicated graphics card, 15” LCD 

screen, keyboard and mouse; for the VR experience, an ASUS gaming laptop with a 

dedicated graphics card, a HP Windows Mixed Reality VR1000-100nn headset, and 

controllers for the interactions. 

2.1 Testing in VR (best practices) 

In this section we look at play testing in VR and discuss the best practices we came 

upon during this study. Play testing is usually undertaken during software development, 

because of a user’s physicality within virtual reality, such testing and observation has a 

more important role than in traditional game testing. We considered the special require-

ments needed for virtual reality, such as play space dimensions and took these unique 



 

factors into considerations when testing the VR application as opposed to a standard 

2D/3D (flat screen) application. 

Conducting a play test in Virtual Reality has more elements and conditions to meet 

than a traditional play test. A player’s body can be put under significant strain when 

using wearable immersive technology in VR. The most recognised comfort issue is 

motion sickness [3]. To minimise the probability that players will experience simula-

tion sickness in the application we focused upon two main factors: 

(i) Technical performance is extremely important for VR applications to maintain a 

high frame rate and avoid unwelcome rendering artifacts such as screen tear. Today’s 

VR succeeds according to a low delay between the player moving in the real world, and 

the HMD screen displaying the change in the virtual world; also known as motion to 

photon latency. If this is low, it will deceive the brain. Poorly optimised applications 

and hardware issues add to this latency and can break the illusion; with motion sickness 

being the result for the user [10]. 

(ii) The second factor is the design of the application. Design can have a great impact 

regarding motion sickness, design choices to maintain performance and frame rates to 

make sure they run well are important. If a participant takes the role of a passenger in 

a moving vehicle, with text to read placed close to them, then a carsickness simulation 

has been created. Essentially when exposing a player to any type of motion, locomotion, 

object motion, vehicles or camera, one should consider how this affects comfort [22]. 

We avoided putting our participant into any scenario that would cause discomfort that 

could skew the data we gathered. 

One of the least researched areas of comfort in VR is eyestrain. Users could experi-

ence headaches, nausea or fatigue due to eyestrain while using an HMD [18]. To negate 

this, during the design process we thought about the scale and position of objects within 

the virtual environment. We found placing objects half a meter or further away from 

the user is the best practice. Objects that are too close to the user have been shown to 

cause vision accommodation [33]. Vision accommodation is used to describe the natu-

ral blurring of the background to the foreground when the eye focuses on a particular 

object. User interface elements that are fixed in place within the user’s field of view 

through the HMD were placed in a comfortable position. Consequently, we ensure us-

ers do not strain their eyes; by avoiding them looking to the edge of their vision. Read-

ing text in the headset can also contribute to eyestrain. We focused on size, colour and 

font of any text that is in the user interface to overcome any problems they may cause 

by making sure that it was large with an easy to read  font, had a good contrast with the 

environment and is not placed too close in the users field of view.  

With VR being a wearable technology, users are often physically moving or at least 

standing, and hence likely sweating while they play. With a flat screen experience the 

user is typically seated, and less physically active. It was important for us to consider 

the intensity and the length of the participants physical activity period. Our application 

was designed not to push a user’s physical ability, by implementing a teleportation and 

grab & pull function we offered an alternative to room scale movement. In future testing 

careful observation will be needed to ensure physical activity is not overdone [9]; look-

ing for the user perspiring, shortness of breath or losing balance as signs that they are 

over exerted.  Similarly, avoiding long load times or periods of inactivity; and 



minimising the idle time when in the virtual environment. Idle time is also a consider-

ation with flat screen applications but is magnified in VR since the participants are a 

somewhat captive audience; with a heavy device strapped to their head. 

A few other points were considered during our VR testing. We: 

• Confirmed HMDs and controllers were sanitised. 

• Ensured that all relevant software updates were installed. 

• Prepared the play area based on the dimensions needed for the play test.  

• Made sure the area was safely clear of clutter or tripping hazards. 

• Checked that HMD lenses were clean and clear. 

• Checked elements like lighting or other factors would not interfere with tracking.  

• Ensured that the VR hardware was ready for immediate use by each test subject.  

• Kept spare batteries on hand. 

When everything was ready, we pre-briefed the participant before putting on their 

HMD and handing them a controller. In the pre-brief we set expectations for the test 

and explained the basics of how the controllers work before putting on the headset while 

they could see and hear us.  

A varied experience level of participants with VR was expected; and some needed 

help getting the HMD on. To standardise the process with each participant we: 

• Loosened all the HMD fittings and had the participant hold the lens assembly close 

to their face. Some had to shift the lens assembly along their face to find maximum 

clarity. 

• Tightened all the fittings, once they stated the text in the scene was clear. 

• Handed over the controllers and secured the wrist straps. 

Once the participant had been given all the relevant information and the VR equipment 

was properly fitted, they were ready to start the experience. We avoided coaching the 

participant through the experience and avoided creating any type of disturbance that 

would affect the behavior of the user in VR. Hearing noises outside the virtual environ-

ment during the play test can give the tester performance anxiety or break the immer-

sion. Once the play test concluded we assisted the participant with removing the VR 

equipment. 

2.2 Gathering data 

While the VR experience was fresh in the subject’s mind we debrief with them. Partic-

ipants were asked a standard set of questions as per the testing plan; and we gave them 

a survey to facilitate quantitative analysis. Standardising the procedure to gather data 

from every participant is essential. We identified the precise conditions of each test as 

well as listing the actions for the tester. A list of game functions was compiled, as well 

as any information about the testing environment; the PC specifications, play area size, 

etc. during play testing. Every effort was made to ensure conditions and tasks were 

identical for each participant. So too we standardised whatever information we gave to 



 

each subject before the play test; as with the questions we asked while we observed the 

play test. A few questions that we asked ourselves during a play test observation were:  

• Does the player understand the objectives?  

• What specific oral, visual, or contextual information is missing if they do not under-

stand?  

• Are there any visual signs of discomfort such as sweating, flushed skin or the player 

ending the session early? 

• Is there a certain part of the experience that is causing this?  

• Are there parts of the experience where players express emotion?  

• How does each player spend their time during the play test?  

• Do players spend more or less time on a certain interaction? And why? 

When the testing was complete a spreadsheet with all the gathered data was compiled. 

For each of the participants we kept track of the interactions via the virtual estimation 

software built into Unreal Engine 4, and the answers to a set of standard survey ques-

tions that we gave. Once we gathered and organised all the data the next step was to 

analyse this data. 

 

3 Experimental Results 

Taking the results from the questionnaires the 31 participants filled in before and after 

they had completed the two experiences, we compiled the results into spreadsheets and 

converted the data into easy to read graphs. 

Fig. 3. Participant using room-scale (left) and participant using teleportation (right) 



3.1 Questionnaire Results 

A large percentage of participants had used a virtual reality headset prior to this study 

with 64.5% of them having previous experience in a VR platform as seen in figure 4. 

However, shown in figure 5, a slight majority of the participants described themselves 

as beginners with 51.6% classifying themselves in this category.  

  

Fig. 4. Have you used Virtual Reality 

prior to this study? 
Fig. 5. What best describes your VR expe-

rience level? 

More people found using the VR system very easy compared to the desktop system 

with 19.4% versus 9.7%. On a scale from 1 to 5, where 1 is easy and is 5 difficult in 

both experiences more of the participants gave a grade 2 to navigate in the experience; 

with the desktop gaining the more votes here; 41.9% & compared to 32.3% using VR. 

Only 1 person found using either system difficult. When asked a question about if they 

thought that VR gave a better experience over the flat screen interface; 58.1% of the 

participants thought that it did; 22.6% disagreeing and 19.4% unsure. After undertaking 

both experiences a large majority of users preferred the VR system over the desktop 

with 80% versus 20% of all participants liking virtual reality more.  

The participants were asked three questions regarding their thoughts on both expe-

riences immediately after undertaking the play tests. Here we present the questions and 

some of the responses. 

• Question 1: Based on your previous answer (Which system did you prefer?) what 

did you like most about the system? 

─ “I could bring the model right next to my face and look at it from very specific 

angles” (VR) 

─  “Use of the mouse provides better control” (Desktop) 

─  “VR allowed for better object movement to inspect small details that would be 

hard to check using the desktop version” 

─ “I could look around and walk closer to the objects in order to see them better” 

(VR) 

─ “The way that you could interact. It was fun” (VR) 

─ “It's easy to leave and I can take my time” (Desktop) 

─ “Easy ability to manipulate VR objects” (VR) 

 

64.5

35.5

Yes No

51.6
29

6.5
12.9

Beginner Intermediate

Expert None of the above



 

• Question 2: What did you dislike, if anything, about the other system?  

─ “In the desktop you are not present in the environment”  (Desktop) 

─ “Visuals not as clear which made it difficult to appreciate” (VR) 

─ “How simple and easy it was, it wasn't fun” (Desktop) 

─ “I have to be very careful with the system and myself and can't relax and really 

properly look at the models” (VR) 

• Question 3: What suggestions or ideas do you have for improving the system? (Desk-

top and/or VR)  

─ “Have a cinematic resolution for VR so textures can be more clearly seen” 

─ “Desktop has no/little sense of scale” 

3.2 Interaction Results 

Looking at the average time the participants spent in each of the two different experi-

ences virtual reality users spent nearly 10 % longer in VR (average 3 mins 10 secs) than 

they did with the flat screen (average 2 mins 9 secs). The longest time spent in an ex-

perience was in VR with a total of 7.38 minutes with the shortest time of 1.51 minutes 

spent in the flat screen 3D environment. The model that was looked at the longest 

amount of time in VR and desktop differ. In VR the most popular model was model 3 

(the robot) this was the most detailed model with a high polygon count and superior 

textures. Within the desktop environment model 1 is slightly ahead of model 3. Model 

1 is the character model. This is also the model placed to the left of the participants 

screen when they are first spawned. The order from high to low of the average time 

spent looking at the models are shown in figure 6:  

VR Model 3 (Robot)  

57 seconds 

Model 4 (Rifle) 

51 seconds 

Model 1 (Charac-

ter) 48 seconds 

Model 2 (Motor-

bike) 39 seconds.  

Desktop Model 1 (Character)  

39 seconds 

Model 3 (Robot) 

37 seconds 

Model 4 (Rifle) 

31 seconds 

Model 2 (Motor-

bike) 26 seconds. 

 

Looking to see if the way the participants were spawned into the game affected 

which model was looked at first. Model 1 (Character) was the prominent model, with 

56% of the users in VR and 67% of user on the desktop going to this model first. All 

the participants in both experiences were spawned into the same location looking in the 

same direction, with model 1 to the left and model 2 to the right, model 3 & 4 behind 

them and initially obscured from view. However, within VR the participants could quite 
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Fig. 6. Time spent looking at the model 



easily look around and we observed some users looking in all directions around the 

environment as soon as they put on the HMD but coming back to the initial direction 

faced once they settle into VR.  

The data collected on how the participants interacted with the models in each of the 

environments is visible in figure 7. We find that all of them picked up all of the four 

models when in VR; the trend wasn’t carried through in the desktop version of the 

experience with an average of 2.4 of the users picking up a model in the desktop mode.  

Studying the statistics on the participants further interactions with the models and 

whether they took a closer look at a model within the virtual reality experience, can be 

seen in figure 8. This could have been the participant leaning in to look closer at the 

model by physically moving in the VR’s room-scale space (VR/RS) or bring the model 

closer to their face by picking it up (VR/PU). In the desktop environment (SCR) this 

would be done by ‘zooming’ in on the model.  

We find that Model 1 (Character) & 4 (Rifle) were closely examined by all the par-

ticipants in VR. Only one person did not get closer to Model 2 (Motorcycle) and two 

people did not examine Model 3 (Robot) closer with the pickup (VR/PU) method. The 

split is far more even between the participants physical moving closer to look at the 

models (VR/RS), with Model 3 (Robot) being the most looked at model and 19 people 

moving to look closer at this model. Generally, all the models had more of the partici-

pants moving closer to them although this was slight. In the desktop experience most 

VR SCREEN VR SCREEN VR SCREEN VR SCREEN

Model 1 Model 2 Model 3 Model 4

Yes 31 8 31 4 31 6 31 6

No 0 23 0 26 0 25 0 25

Fig. 7. Did the participant pick up the model? 

VR/PU VR/RS SCR VR/PU VR/RS SCR VR/PU VR/RS SCR VR/PU VR/RS SCR

Model

1
Model 1

Model

2
Model 2

Model

3
Model 3

Model

4
Model 4

YES 31 16 24 30 18 27 29 19 28 31 17 26

NO 0 15 7 1 13 4 2 12 3 0 14 5

Fig. 8. Did the participant get a closer look at the model? 



 

participants did zoom in to have a closer look at the models with an average of 26 of 

the participants taking a closer look at the models. Model 3 (Robot) was the most looked 

at item in this category with 28 of the participants spending time to look at this model 

in more detail. 

Movement of the participants while using virtual reality could be undertaken by ei-

ther using the controls provided within the app that allowed the user to ‘teleport’ around 

the scene or alternatively they could physically walk around the scene. The testing play 

space was large enough to allow the participants to not only physically walk around 

each model placed on the virtual plinths but also walk from model to model. Tracking 

the way that the participants moved around the virtual space we see that around two 

thirds of users used the teleportation way of movement only. Leaving 34% of partici-

pants combining teleportation and room-scale movements to explore the virtual space. 

4 Data Analysis  

The navigation method of moving around in the VR experience was considered easy 

by the majority of the users. This was a similar level of ease they found with the desk-

top. Therefore, showing that even though most of the users were unfamiliar with VR 

movement they did not have much difficulty adapting to it. Given the experience of the 

users with a desktop system you might expect that this would have led to a higher per-

centage of them thinking it provides a better experience. This was not the case; the VR 

system might have offered these participants a novel way to explore a virtual environ-

ment, which has be shown can have a positive effect when learning a new task [16]. 

The ‘wow’ factor of exploring the virtual world with the VR equipment could be the 

cause here and with more exposure to VR this could balance out. 

Taking note of the participants answers in the questionnaire that they were presented 

with. The majority found VR provided a more intuitive way to interact with the envi-

ronment, although it was pointed out that some found it a less comfortable experience 

and it didn’t provide the same level of visual quality as the desktop. We put this down 

to the differences in screen resolutions with the VR system (1440 ppi x 1440 ppi) not 

having the same display properties as the desktop (1920 ppi x 1080 ppi).  

The fact that people spent longer in the VR experience could be down to them set-

tling into VR i.e. looking around; seeing how when they move their hands the control-

lers follow in the virtual world. Investigating further the details of how much time the 

users looked at each model, we see a similar percentage of time spent here. Therefore, 

this would back up the data from the subjective questionnaire: participants enjoyed 

looking at the models in VR more than they did on the desktop. 

Model 1 was the prominent model, looked at first by the participants in both experi-

ences, positioned to the left-hand side when the player is first spawned in the virtual 

world. Readers of European languages are influenced by the left to right reading pat-

tern; suggesting in the western world our attention is drawn to items on the left-hand 

side of our vision first [6]. This could be observed differently in different cultures. 

Examining whether the participants found the VR experience an enhanced way to 

explore the environment we looked at the data gathered on whether they picked up the 



models for inspection. Here we find that the participants were more engaged with the 

models in the VR world, both picked up the models and brought them closer to have a 

better look, or moved closer in the real world to see the items in better detail. 

Teleportation was the most used movement system; this could have been influenced 

by being told how to use the system during the pre-brief. Therefore, prejudicing the 

movement ability before they even started the experience. Other factors could also ac-

count for the majority of people using this method; (i) They didn’t feel safe to walk 

around in the real world while they could only see the virtual world; (ii) Presumably 

the user isn’t truly immersed (e.g. The Matrix). A controller in hand will certainly re-

mind the user of that. However, the fact that just over a third of the participants also 

used the room scale movement to explore shows that even though they are aware of the 

teleportation system they felt comfortable to roam as they would in the real world.  

5 Conclusion 

A distinct characteristic of virtual reality is the complete immersion of the user into the 

virtual environment. This allows a person to be physically transported into any con-

ceivable world, and to undertake any task without the physical and financial limitations 

of the real world. This study compared the influence of immersive and non-immersive 

platforms on 31 creative computing undergraduate students. It has shown that this de-

mographic is open to the idea of using a virtual reality system to explore virtual envi-

ronments and use the interface discussed over a more familiar system; 80% preferred 

the VR interface. While using immersive technology the participant is more engaged 

and spent 10% longer to undertake a task.  Increased engagement is recorded in the 

virtual reality system with both a greater number of interactions with the models; 100% 

of the users picked up all the models in VR; and spent longer interacting with the ob-

jects; showing that a VR system can deliver a richer experience than a flat screen. Due 

to VR being relatively early in its development as a platform there are many aspects 

that still need to be researched in order to make further conclusions. The design of the 

VR content has a vast impact on the effectiveness of the user’s experience, and we 

noticed that elements placed in the user’s initial view are looked at first. Although this 

is shown to happen in both user interfaces the effect is reduced in VR due to the ability 

of the user to look around the environment more easily and naturally with the headset. 

The main objective of this study was to play test, observe and analyse how the inter-

action interface influenced the user. We have found it to be essential in undertaking 

studies like this one to make any informed assertions on how to develop immersive 

platforms used in virtual reality. As hardware and software develop and improve any 

such research will need to be updated to reflect these changes. However, we can say 

with confidence that user comfort while in an immersive experience is greatly im-

portant. The design of the interface that a user is put in can affect the level of comfort. 

This is not as much of a problem when using a traditional 2D computer screen; making 

it easier to develop and deploy an experience for a pancake system. 
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