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Abstract 

In recent years, the rapid development of new head-mounted display technology (HMDs) for gaming 

provides usage opportunities for the mass market. A kickstarter project initiated by a well-known HMD 

developer Oculus Rift inspired our study. The main purpose of this study was to find out how a HMD 

will affect user’s expressed level of enjoyment. The method utilized in this study was a quantitative 

research method based on a research experiment.  

 

The thesis reports on a comparative study, in which the same game is played both with and without a 

HMD.  Based on the analysis of our collected data, the results showed that playing games with a HMD 

does really give a boost in user’s enjoyment level. This may seem as a reasonable conclusion because 

the HMDs can provide the user with a more realistic and completely immersive in-game environment. 

 

Unfortunately there were some limitations in our study, one of the most crucial one was that the 

hardware was outdated, which significantly affected the reliability of the test results. For future 

prospects, it is recommended to use a more modern setup to acquire more reliable results, as well as 

optimizing the experience for the users. 
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1. Introduction 

In the recent years, the head-mounted display (HMD) technology is finally reaching the mass market; 

this is providing usage opportunities for consumers, and indicates a new era in the digital gaming area. 

A few remarkable examples of modern HMD would be the Rift developed by Oculus, the smart goggles 

by Sensics and HMZ-T2 3D viewer by Sony. Oculus Rift had a huge success by pledging almost two 

and half million dollars in a kickstarter project while their goal was only 250,000 dollars. (Kickstarter, 

2012) According to the Consumer Electronics Show 2013 (CES), Oculus Rift headset provides users 

with “an amazing experience” by putting users into a total immersive environment.(D.Nosowitz, 2013) 

It is also because that Oculus Rift can provide the user a wider field of view (110°) than other ordinary 

HMDs. (J.Hruska, 2012 ) 

 
We have a strong interest in computer games and especially in the modern virtual reality technology and 

curiosity in playing games with head-mounted displays. The success of Oculus Rift was the main reason 

that we initiated our thesis. 
 

The aim of our experiment is to show users’ expressed level of enjoyment when playing a computer 

game using a PC monitor compared to using a head-mounted display with motion sensor. The main 

focus here is user’s enjoyment, and the background factors which affect user’s enjoyment are secondary.  

The research question of our thesis is “How does head-mounted display affect users expressed sense of 

in-game enjoyment” 
 

Head-mounted displays can provide the user with a closer view of the game world, and provide user a 

completely immersive game environment. The head motion tracking is also enabled during the 

gameplay. These are the features which make the game even more realistic, so the expected hypothesis 

is that when users are playing PC games with HMD, it will show a higher enjoyment level than the users 

playing computer games with traditional setup. Generally speaking the head-mounted display will boost 

the users’ enjoyment and make the game more interesting to play. 

 

The available hardware in our laboratory is limited. The main reason is because that a prototype version 

of Oculus Rift cannot be reached in time for our studies on the impact of HMD on users’ enjoyment. 

The only solution for the problem was to borrow a HMD known as eMagin Z800 3DVisor from the IT-

department of our University. The hardware is not as modern as Oculus Rift, therefore the experiment 

can only be performed under rather poor conditions and a very old computer had to be used to meet the 

requirement of the HMD. 

 

Even with all of our outdated hardware and limitations, the final result surprisly turned out to be rather 

positive, after excluding the participants who had symptoms such as dizziness, nausea or tiredness 

during the trial with HMD in the statistical analysis, the result showed that there is a significant 

difference in the enjoyment level between the two trials. 

 

Finally, this thesis will also provide people with a brief insight about how people’s enjoyment could 

change by playing computer games with a new technology compared to the traditional PC setup which 

has always been used by people. It also can provide some opinions and ideas to both virtual reality game 

designers and head-mounted display developers 
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2. Background 

2.1 Virtual reality 
Virtual reality is an artificial three dimensional environment or immersive world which is often 

computer generated. It allows people to enter the visual world to explore and often interact with the 

objects inside. (How Virtual reality work - Jonathan Strickland) This technology has been used in many 

areas such as medical treatment, education and military. (Science News, 2013) (C.Youngblut, 1998) 

(Maj. Loren Bymer 2012) 

 

The history of virtual reality can be traced back to 1965 when Ivan Shutherland built “the ultimate 

display”, which is considered to be the origin of the virtual reality technology. The ultimate display is 

basically a room, where a computer can control the existence of the matters within the room. In 1977, 

Dan Sandin, Richard Sayre and Thomas Defanti worked together and made the first data glove in the 

world. Datagloves are gloves with sensors that can sense the hand movements which will allow you to 

interact with computer interfaces. (I.Shutterland 1965) (University of Calgary, 2004) The creation of 

data gloves made interaction through body movement possible. 

Virtual reality systems can be referred to three different systems. The first one is known as the head-

mounted display. The second one is named BOOM (Binocular Omni Orientation Monitor). It is a device 

which is similar to HMD except that users don’t support any weight of a BOOM on their necks. It is a 

viewing box with a viewport which allows users to look into the 3D environment. (University of Illinois, 

1995). The third system is called the CAVE (Cave Automatic Virtual Environment). It provides users 

with an absolute total immersive experience by putting the user into a darkened cubicle, where users no 

longer need to observe things by looking into a flat screen from the outside; instead users now have a 

new experience by stepping into the screen. Another advantage of CAVE is that it provides the user with 

a very large field of view. Thomas DeFanti, the co-developer of the CAVE said something which 

basically covers the feature of the CAVE, he said “In the CAVE, you are no longer on the outside 

looking in but on the inside looking out.” (University of Illinois, 1995) Details about how field of view 

(FOV) can affect users’ enjoyment will be taken up in the limitations section. 

 

A specific HMD was chosen for our studies because it is the only option that is available on the mass 

market. Other alternatives would be a BOOM or CAVE, since BOOM is the ancestor of the HMD and 

the technology is no longer available, the CAVE was left as the only possible alternative. But it turned 

out that the CAVE system requires an expensive installation and only a few companies in Sweden 

possess a system like that, so the solution became no longer a possible option for our studies.    

 

Microsoft’s recent technology which is a type of CAVE, known as the IllumiRoom is prepared for the 

next-generation Xbox. It’s basically a projector which extends the display of an Xbox TV screen by 

projecting pictures on living room walls. According to the Microsoft IllumiRoom at CES, several 

features are supported, which includes the game objects that fall out of the TV screen and land on to the 

room floor, and the change of the lightning effects. (Evan Narcisse, 2013) 
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Pic 2.1.1 here is a demonstration picture for the concept of Microsoft IllumiRoom. (Microsoft Research - IllumiRoom) 

 

Virtual reality games are a well-known game type, especially popular among teenagers (Virtual reality 

games, 2009). Inside a virtual reality game it is possible to interact with other players and explore a 

three-dimensional virtual world. These games does not only exist on computers but also other game 

consoles such as Xbox, PlayStation and etc. (Virtual reality games, 2009) A remarkable and successful 

example of a virtual reality game would be “The Sims”. The game allows players to create virtual 

characters, and freely express themselves by becoming different in-game virtual roles, for instance 

criminal mastermind, vampires etc. (The Sims Official homepage) (Jimmy Thang, 2008) 

2.2 Head-Mounted Displays 

Head-mounted displays (HMDs) refer to wearable displays which are often integrated in eyeglasses or 

helmets. They are similar to head-up displays (HUD); the only difference between them is that head-up 

displays show data or figures on a transparent glass and it does not block user’s vision. They are mostly 

found on fighter jets and modern cars.(Majority Report is Real,2009) Head-mounted displays consists of 

one or two small built-in screens, and often includes a motion sensor that tracks the users head 

movement which allows the user to interact with the immersive world by moving its head. (IT- Glossary, 

Gartner) 

 

There are two different types of HMD. The one that has been used in our experiment is a HMD that only 

displays computer generated environments and graphics. Another type is known as augmented reality. 

An augmented HMD includes a camera which allows the user to see the real world and to add graphics, 

sounds and even smells to the natural world in the camera. It is a technology that brings the user a step 

closer to the real world. (Kevin Bonsor) 

2.3 Hardware- Emagin Z800 3DVisor 

The head-mounted display which has been used in our experiment is Z800 3DVisor. It is a rather slim 

version of HMD developed by eMagin. The hardware is mainly built up by two OLED (Organic light-

emitting diode) micro displays and it contains a 3 dimensional head motion tracker like most of the 

HMDs. (Z800 3DVISOR: Get inside the game) However the hardware is only compatible with windows 

XP or Vista with a resolution of 800x600, these requirements caused a certain amount of trouble during 

the setup phase of our experiment.  
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2.4 Gameplay Experience 
Gameplay experience has arisen together with the development of the video games under 1980s 

(Kierkegaard and Alex 2012). When a player plays a video game, the player will always receive some 

sort of gameplay experience. It could be both positive and negative. In other words, a positive gameplay 

experience attracts players and the game becomes fun to play, but unfortunately it works both ways. In 

order to understand what a game is, we need to understand the player’s gameplay experience 

first.(L.Ermi & F.Mäyrä 2005) 

 

According to L.Ermi and F.Mäyrä’s work in 2005, there are some aspects that can affect the player’s 

gameplay experience which includes sensations, thoughts, feelings and actions in game. But these 

aspects are not the only causes, players will also bring desires, anticipations and previous experience 

into the game, which helps the construction of their gameplay experience. (L.Ermi & F.Mäyrä 2005)  

2.4.1 Playability 

Playability is an important element in the gameplay experience. It is a degree of how fun the game is to 

play or the acceptance level of the game by the players. Generally speaking it is the quality of the game. 

It can be affected by the features of a game, including story-lining, controls, customizability or even the 

quality of graphics and sounds.  (Glossary - Usability First) 

 

Playability can also be defined as a set of attributes and properties that characterize gameplay experience. 

The attributes consist of satisfaction, learning, efficiency, immersion, motivation, emotion and 

socialization. And with these attributes, gameplay experience in a videogame can be evaluated. (J.L. 

Gonzalez Sanchez et al.) 
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3. Theory 

3.1 Media enjoyment 

Entertainment has always been known to be one of the main reasons for using media. However the term 

of gratification is highly important here.(J.L.Sherry, 2004, p.328-347) Media enjoyment can be 

associated to a broad range of different genres and categories of activities including sports, horror 

movies, children’s programs and etc. (Nabi & Krcmar 2004)  

 

Most models of enjoyment are based on the self-determination theory by Deci & Ryan in 1985. It 

includes the satisfaction of three needs of psychological state, autonomy, competence and relatedness. 

(R.Tamborin & N.Bowmani, 2010) According to their work, a player’s enjoyment can be examined by 

manipulation of video game characteristics related to the satisfaction of these psychological needs. As a 

result media enjoyment can be defined as needs of satisfaction. (R.Tamborin & N.Bowmani, 2010) 

 

3.1.1 Tripartite model of media enjoyment 

According to Nabi and Krcmar, media enjoyment can be defined as a three-dimensional constructs, 

including affective, cognitive and behavioral information. 

 

fig. 3.1.1 A Tripartite Model of Media Enjoyment’s Effects on Viewing and Content-Related Behavior (Nabi & Krcmar 2004) 

 

 

As Nabi & Krcmar have mentioned “each of the affective, cognitive and behavioral reactions that 

underlie attitude or enjoyment is influenced by a number of other factors, like prior knowledge, direct 

experience, personality traits, current mood, and so on.” This is very similar to both requirements for 

the state of flow and immersion. In order to reach the state of the flow, the balance between difficulty 

and skills must be kept, but it’s also strongly depended on other factors as Nabi & Krcmar mentioned. 

And it turned out to be the same thing, when it comes to the state of spatial immersion. The term of flow 

and concepts of immersion are taken up in the following sections. 
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3.2 Flow theory 

Flow is a concept developed by the psychology professor Mihaly Csikszentmihalyi. Flow can be defined 

as a state where people are completely involved in an activity, which can result in losing their sense of 

time and fade of ego. This only happens when people are having a great deal of satisfaction during an 

activity, such as when people are painting or playing music. (Thinker of the year award, 2000) 

 

The theory of flow does also apply to video games, and it is also one of the main reasons of a gameplay. 

Like when players enjoy a game very much and reach the state of flow. People want to achieve 

happiness and become satisfied during the gameplay. In order to reach this state, the balance between 

difficulty and skills must be kept. For example when a game has high difficulty while a player has low 

skills it is hard to reach the state of flow, and it turns out to be the same when the difficulty is low and 

player’s skill is high. A figure will explain this phenomenon perfectly. (Curtiss Murphy, 2011) 

 
Fig2.2.1 Balance of Difficulty vs. Skill (Curtiss Murphy, 2011) 

 

When the participants are having the trial with HMD, a reasonable flow is expected to be shown, 

because of the enhanced visual effects a HMD brings, and the motion tracker simulates real-world 

movements. However this is strongly depended on the participant’s background experience and personal 

characteristics. 

3.3 The concepts of immersion 

Immersion is an important element within gameplay, and also a highly contested concept. According to 

the well-known game designer and consultant Ernest Adams, immersion can be divided into three 

categories. (Ernest Adams, 2004) In our study only one type of immersion is involved, which is not 

included in these three categories.  

Tactical Immersion 

In order to create tactical immersion, player must have a good user interface. The controls should 

provide immediate feedback to users, slow and tricky controls should be avoided in order to reach the 

state of tactical immersion. This is because tactical immersions are usually found in fast action games 

where the player often has no more than a fraction of a second to complete a challenge. (Ernest Adams, 

2004) 
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Strategic Immersion 

Strategic immersion often occurs to chest masters where they find several paths to victory. In order to 

get into the state of strategic immersion, it requires a high amount of brain activity to observe or 

calculate any challenges. (Ernest Adams, 2004) 

Narrative immersion  

Narrative immersion is very similar to books and movies where for example the user cares about the 

story in the game and is interested to find out the end of the story. A good story lining, realistic plots and 

good characters are the essentials of getting in to narrative immersed state. (Ernest Adams, 2004) 
 

However these types of immersions are not the only ones. In the book of Patterns in Game Design, 

S.Björk and J.Holopainen divided immersion types into similar types as Ernest Adams did. But there is 

an additional type called spatial immersion. It is when a player feels that he or she is really inside the 

game, and everything seems to be real. (S.Björk & J.Holopainen 2004, p.206) We believe that this type 

of immersion is somehow similar to state of flow, they both require the users or participants to be deeply 

involved in order to reach the state of flow and spatial immersion. This is also the particular type of 

immersion that is expected to be shown in our experimental trials with HMD.   
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4. Materials & Method 

A quantitative research method has been chosen for our study. An experiment with 20 randomly selected 

participants, who will perform two trials each. After each trial, the user’s reported experience will be 

collected in a form of questionnaires. 

4.1 Our study 

The first main objective was to study user’s enjoyment level by trying two different hardware setups. 

The first setup is traditional computer setup with keyboard, mouse and ordinary monitor, and the other 

kind of setup is when the HMD is used. Secondly, the connections between user’s background 

experience and the experiment results were investigated as well. The entire procedure of our experiment 

were performed in the usability laboratory in our University. 

 

4.2 Participants: 

Participants were randomly chosen from our University (mainly from our class). They were 20 young 

adults within the range of 21 to 26 years old, average age of 21.55 years old. Eleven of them (55%) 

spend 0-5h every week on PC games and 9 of them (45%) spend 6 to >15h every week on PC games. In 

average, they started playing games at an age of 8 (Min=4, Max=13 years old) (See appendix B. Table1) 

 

Most of the participants gain their gameplay satisfaction from exciting features (65%), beautiful 

graphics (60%) and a good story lining (50%).The participants mainly enjoy role-playing games (65%), 

shooter games (55%) and strategy games (45%).  

Their earlier gaming experiences are quite evenly spread out. Where 20% of them are non-experienced, 

15% are novice, 20% are experienced, 25% are skilled and finally 20% of them consider themselves as 

expert game player. For detailed information about the participants see Appendix B. 
 

 
Pic. 4.2.1 A participant initiated the trial with Z800 3DVisor 
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Furthermore, there are certain types of variables that cannot be controlled by us. These variables are the 

characteristics of our participants. Some of them are nearsighted and some of them often experience 

motion sickness. These characteristics can cause dizziness and fatigue during the trial with the HMD. 

Five of our participants’ experienced extremely negative feelings during the trial with the HMD. They 

are participant 1, 8,10,14,18. According to the collected data, those who experienced negative feelings 

scored extremely low in both satisfaction and enjoyment level. For detailed symptoms and cause of the 

negative experiences from usage of HMD, see the limitation section. 

  
Pic 4.2.2 Participant nr.10 who received extremely negative experience during the trial with Z800 3DVisor 

4.3 Materials 

 Emagin Z800 3DVisor Head-mounted display 

 Stationary computer (XP)  

 External monitor 

 Video camera. 

 
Pic 4.1.1 Lab environment 
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4.4 Method 

The preparation for our experiment was separated into several stages. Before the start of the experiment, 

we as researchers introduce ourselves and our work. We also inform that all the participants are there 

voluntarily and all the participants have the right to withdraw from the experiment anytime, also that the 

participants have the right to anonymity and confidentiality of the collected data. 

The participants are asked to complete a set of questions about their background experience as a game 

player right before the testing phase starts. The aim of this questionnaire is to gather some basic data 

from the participants for the final analysis.  

 

The experiment is divided into two different trials where the first trial is to let the participant to play a 

game without HMD and the second trials is to let the same participant to play the same game with HMD. 

Participants are asked to answer a same set of pre-designed questions after each trial. This is the main 

part of our experiment where the in-game enjoyment is measured. Our design concept of the background 

and post-test questionnaires is influenced by the work of (Xiaowen.F , Susy.C, Jacek.B & Chitra.N 

2010), (Fong-Ling.F, Rong-Chang.S, Sheng-Chin.Y 2009) and a standardized video game survey by 

Beckman’s Institute, University of Illinois. (hpp.beckman.illinois.edu/download/survey.doc) 

 

For the background questions we use a standardized video game survey by Beckman institute, 

University of Illinois (questions 1, 7, 8 from part 1 and a mixture of questions 1, 3, 6,9,17 from part 2) 

 

The inspiration for our post-test questionnaires is taken from Xiaowen.F, Susy.C, Jacek.B & Chitra.N 

2010, Appendix, instruments of measuring enjoyment of computer game play version 5, Affect, page 20. 

And also Fong-Ling.F, Rong-Chang.S, Sheng-Chin. Y 2009, table 2, Scale of EGame flow, Immersion, 

page 5. 

 

In addition to the standardized questions, we add survey questions that are specifically related to our 

study. For instance question 6 in our trial 2 questionnaires; “I would enjoy the game even more if 

experiment hardware was better”? The question is asked because we are aware that the hardware for the 

experiment is not modern enough to bring the maximum effect to the participants in our research. Such 

as a poor graphic card and a partly broken HMD. 

4.4.1 Preparation of the instruments 

The first thing to do, is to set up our stationary computer in the lab, which includes connecting the HMD 

to the computer, starting up the machine and also make sure that the HMD and the rest of the 

instruments are working properly. 
 

4.4.2 Experiment and observation 

Quantitative research method will be used in our experiment. We will have twenty randomly selected 

participants with age of 18+.  All of them will first be tested to play a well-known action role-playing 

game called Elder scrolls III: Morrowind with PC monitor, mouse and keyboard during 15 minutes, and 

after that the lights in the laboratory will be turned off to remove the vision of the surrounding 

environment. For the second trial the users are going to play the same game with head mounted display 

(Z800 3DVisor) during same length of time. 

While a participant is playing, we as researchers will observe and also record the participants with a 

video camera. We will observe on several different aspects, including their reactions, their emotional 

feelings, their language expressions and their achievements in game etc. 
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4.4.3 Questionnaires after experiment 

Participants were asked to answer a set of questions after each trial, the questions are the same except 

there is an additional question for the test of HMD. The answers will be compared, analyzed and 

processed after the experiment. The questionnaires can be found in an appendix. 

A set of questionnaires was designed with the help of some literature. We used SurveyMonkey to collect 

responses. The participants were asked to complete a set if questionnaires both after the trial with and 

without HMD. Time spent during gameplay was set to 15min; however there were 5 participants who 

canceled the trial with HMD due to negative feelings.  
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5. Results 

Several charts are shown here to compare the average satisfaction and enjoyment levels. Satisfaction and 

enjoyment levels are presented with a help of Likert scale of scores of our participants, which is from 

score 1-5 (low to high). The average score is calculated and presented here. All of the raw data of our 

results can be found in Appendix. 

 

Trials without HMD: 
 

Table 5.1 Raw data - There were in total 6 questions prepared for the trial without HMD, (See appendix 

C) and the table below shows the collected data from trial without HMD. For example there were 11 

participants agreed and 6 participants disagreed to question number one while there were three 

participants were not sure about the answer. 

 Agree Disagree Not sure 

Q1 11 6 3 

Q2 6 9 5 

Q3 10 9 1 

Q4 4 13 3 

Q5 10 3 7 

Q6 5 10 5 

1. Average satisfaction level: Avg. 2.60 

2. Average enjoyment level: Avg. 2.65 

 

Chart 5.1.1 data representation using chart, gives a clear overview of collected data. 
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Test trial without HMD 

Not sure Disagree Agree 
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Figure 5.1.1 The green bars are showing the participants who are not sure about their answers, red bars are showing the 

participants who are disagreed to a question, and at last the blue bars are representing the numbers of participants who are 

agreed to one question. The chart can simply compared to the chart 5.2.1 in next page in order to see the major differences 

between the two trials. 

Trials with HMD: 
Table 5.2 Raw data - One additional question was added into the questionnaire for trial with HMD, 

which is question number 7. (See appendix C) Therefore there were in total 7 questions were asked after 

trial with HMD. The table below shows the collected data from the trial. EX. 12 participants agreed and 

6 participants disagreed to question one while there were two participants were not sure about their 

answers. 

 Agree Disagree Not sure 

Q1 12 6 2 

Q2 15 2 3 

Q3 13 5 2 

Q4 7 13 0 

Q5 15 2 3 

Q6 11 6 3 

Q7 16 3 1 

Average satisfaction level: 2.50 

Average enjoyment level: 3.10 

Chart 5.2.1 showing the result of table 5.3 

 
Figure 5.2.1 The green bars are showing the participants who are not sure about their answers, red bars are showing the 

participants who are disagreed to a question, and at last the blue bars are representing the numbers of participants who are 

agreed to one question. The chart can simply compared to the chart 5.1.1 in the previous page in order to see the major 

differences between the two trials. 

12 

15 

13 

7 

15 

11 

16 

6 

2 

5 

13 

2 

6 

3 

2 

3 

2 

0 

3 

3 

1 

0 2 4 6 8 10 12 14 16 18 

I feel excited during gameplay 

I feel frustrated during gameplay 
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Comparison between the two trials 
Table 5.3 The table below shows a comparison between the data sets, transformed to numerical values. 

(From Agree, Not sure and Disagree to score of 2, 1, 0) We were unable to compare the two conditions 

in the same chart because exact values was used in the answer of our questionnaires. Therefore the 

exact values was transformed into numerical values for easier comparison.  

Average score No HMD HMD 

Q1 0,75 1,25 

Q2 1,35 1,65 

Q3 0,55 0,7 

Q4 1,05 1,4 

Q5 0,85 1,65 

Q6 1,25 1,3 

 

Chart 5.3.1 the answers were transformed into numerical values here for a more clear comparison 
between the two trials 

 
Figure 5.3.1 the red bars are showing the average result values for trials with HMD while blue bars are showing the 

average result values for trials without HMD, the max value here is 2 while the minimum value is 0. If the value is high then 

it means that more participants were agreed to that question, and if the other hand if the value is low then it means that there 

were more participants disagreed to that question. 

Table 5.4: Table below shows the comparison between the average satisfaction and enjoyment level 

without wearing a HMD and wearing a HMD. A Mann Whitney U Test was performed in order to 

calculate the significant difference between the two conditions. The results shown there were no 

significant differences in both satisfaction and enjoyment level in the test trial with and without HMD. 

However if the participants who felt dizzy and negative during the test trial with HMD are excluded then 

a significant differences in enjoyment will be shown. For the details and calculations of statistical 

analysis see Appendix D. 
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 Avg. Satisfaction level Avg. Enjoyment level 

Test without HMD 2.60 2.65 

Test with HMD 2.50 3.10 

 

 

Figure. 5.4.1 Comparing the average score of satisfaction and enjoyment between trial with and without HMD. The blues 

bars are displaying the average satisfaction score and the red bars are displaying the average enjoyment score, the scores 

were collected by help of Likert scale system. It is clear that there were not much differences in the average satisfaction score 

while there might have a significant difference in the average enjoyment score. Therefore we performed a Mann Whitney U 

test in order to confirm if there really is a significant difference. 
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6. Discussion 

The results showed that the average enjoyment level increased while the average satisfaction level 

decreased in the trial with HMD, compared to the trial without HMD. However there were no significant 

differences in satisfaction and enjoyment scores between the two trials. This phenomenon was not 

difficult to explain in our case. As mentioned earlier there were a total of five participants who felt dizzy 

and uncomfortable during the trial with HMD, this means that their physiological characteristic strongly 

affected the result of the experiment. If the participants who felt dizzy and uncomfortable are excluded 

in the statistical analysis, a significant difference will show in the result. (See appendix D) 

 

The number of participants who agreed with question one was slightly increased from 11 to 12 in the 

second trial (with HMD) which didn’t make any significant changes in the number of participants who 

felt excited during the gameplay. During the trial with normal setup only six participants expressed that 

they felt frustrated during the gameplay (Question 2), but after the trial with HMD, that number rised to 

15. This change is most likely due to the inaccurate motion tracker in HMD. Five participants aborted 

the trial for physiological reasons (motion sickness). These are also the factors which caused a decrease 

in satisfaction level. There were several additional comments which suggested that the participants 

found it very unnatural and hard to control the movement when using the HMD. As a result, the 

participants still largely relied on the mouse to look around in the game. This led to tiredness of the 

participants due to awkward controls. Even for those who didn’t abort the experiment early, according to 

our data in the trial with HMD, the number of participants agreed to question three was increased from 

10 to 13 (Question 3).  

 

However, the results and the additional comments do not only show negative aspects. There were 

several participants who commented: “it was a better experience than ordinary monitors”, “I liked the 

graphics more when wearing the HMD” and “It was really interesting and fun, even the technique needs 

to be developed.” There were also many of the participants who suggested that the time given for the 

HMD trial was not enough, they enjoyed the game with HMD very much. This reveals that many 

participants have interests and curiosity to continue playing with the HMD. The comments were in 

accordance with our result which clearly showed that; compared to the trial without HMD, time given 

was far more not enough during the trial with HMD. 

As mentioned earlier in the text, our equipment for the test was really restricted. Our HMD was 

borrowed from the IT-department of our university, and the HMD is about 8 to 10 years old. It’s only 

compatible with Windows XP and Vista both of which are outdated operating systems. The fact that the 

company has not updated the drivers for the hardware showed that even the company believes it to be 

obsolete. 

 

There was concordance between our awareness of the hardware problem and our test result. In the trial 

with HMD, 15 (75%) of our participants agreed to if the hardware was more modern and accurate they 

would enjoy the gameplay even more. Even during the trial without HMD, still 10 (50% of the 

participants) agreed to that the computer needs an upgrade in order to get a better gameplay experience. 

(See question 5) 

Before conducting experiments, our hypothesis was that HMD can provide users a completely 

immersive game environment and boost their enjoyment. The positive answers to question six (“it feels 

that I’m inside the game”) indicated that our assumption was correct. In the trial without HMD only five 
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(25%) of the participants agreed that they felt they were inside the game and emotionally involved, but 

this number increased significantly to 11 (55%) in the trial with HMD. Although we performed 

experiment with an outdated hardware, the Z800 3DVisor contributed greatly to the sense of immersion. 

Participants who didn’t experience negative feelings showed positive thoughts and were confident in the 

future development of HMD. In accordance with these thoughts, in the result from question seven in the 

trial with HMD, 16 (80%) of the participants were willing to, and interested in, trying other kinds of 

games with similar or more advanced, more developed versions of HMD. 

 

6.1 Limitations 

There were both limitations we were aware of and limitations that have been discovered under the 

experiment. The first and the most crucial limitation of our experiment was the hardware which has been 

used in our experiments. The HMD Z800 3DVisor which was used, is a very old version of HMD, it was 

released in 2005. This meant that we have to find an old computer in order to meet the system 

requirements of this device. It must be either Windows XP or Vista with resolution of 800x600. This 

caused us a lot of problem because most of the modern computers nowadays operate on either Windows 

7 or 8. But this problem didn’t last long until we found an old stationary computer with Windows XP 

installed. The computer had several poor components; graphic card, processor and RAM. This also 

indicated that it’s impossible to run a modern game on this computer. In the end we had to pick a game 

which was released in 2002 in order to meet the capacity of the computer. The game wasn’t designed for 

the HMD at that time, and therefore it might cause the discomfort during the gameplay. 

 

Another important limitation is that all of the players require a quite large space and free movement in 

order to use the motion tracker properly. However, in our experiment player’s body movement was 

limited during the trial with HMD, it was because the hands had to stay on the mouse and keyboard in 

order to make any actions in game. As mentioned before the game was quite old (11 years). At that time 

there were no PC games were compatible with a wireless hand controller, which resulted that a keyboard 

and mouse was the only choice for gameplay controls. 

 

It shows that not all people are suitable to play games with a head-mounted display on. VR games with 

HMD will make some of the people dizzy and feel sick, just like 3D movies. This is because our field of 

view (FOV) in the real world is 200 degrees wide and with our emagin Z800 3DVisor users can only 

experience a 40 ° wide FOV. According to K.W.Arthur’s work in year 2000, by restricting a person’s 

field of view, it can affect his/her behavior and cause several symptoms such as headache, eye strain, 

dizzy feelings etc. (K.W.Arthur 2000) This is a factor that might affect the final result of our study. In 

our case there is no way for us to avoid this, because our participants were randomly selected.  

 

Every person has his/her own biological or physical characteristic. In the earlier paragraph we 

mentioned that not everybody is suitable to use a HMD. These characteristic could also count as one of 

our experimental limitations. It turned out that some of our participants really hated the HMD and in 

contrast some others loved the experience with the HMD. However, this is an unavoidable limitation as 

mentioned. 

   

Several different types of games for the experiment were prepared before the start. But due to the 

limitations of our hardware, only one of them was used in the experiment. According to our game 

experience background research on our participants, not all of our participants enjoyed the game type of 
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action and role-playing games (See Appendix B). In this case the game that was used in our experiment 

was an action/ role-playing game. One of the participant commented that this is a wrong game choice for 

a trial with HMD, and one other commented that she couldn’t find anything to do. Thus, by changing the 

type of game, the result could look different. 

6.2 Recommendations for further work 

Several realistic improvements could be done until the next similar experiment. A modern HMD should 

be used next time, for instance the ones that we have mentioned before: Oculus Rift, Sensics 

smartgoggles or Sony 3D viewer. In our case Oculus Rift is strongly recommended because it is 

developed with a purpose of gaming. It is compatible with all modern computers with ultra-high 

resolution of 1920x1080. There are already games that were developed specifically for Oculus Rift, 

which made more exciting features and reliable controls available. We believe that a better result can be 

shown by using the Oculus Rift device. In that way there will be no hardware limitations to the 

experiment at all, because of the technology will be the latest on the market 

HCI is often occupied with the desire to build good interfaces for everyone. Studies often focus on 

novices or on users with various disabilities. In our case we were testing an optional device which is 

clearly not for everyone. A valuable recommendation is to do some research on the available 

participants and filter out a group of people who are physiologically suitable for this kind device and 

also enjoys playing the same type of game. When the hardware is the latest, the game options won’t be 

so limited anymore. 

An upgrade on the experimental hardware will solve several existing limitations of our experiment. And 

finally, a wireless hand controller could be used to avoid the hindrance of players head or body 

movements, because there are so many modern games that are compatible with a hand controller. 

 
Pic 6.2.1 here is an ideal setup recommended for future work. (Using Oculus rift, a wireless hand controller and a virtual 
environment designed for the HMD) (CES: Oculus Rift – A Glimpse of Gaming’s future, Richard George, 2013) 
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7. Conclusion 

As a final conclusion, this study showed that HMD does really have an impact on users’ expressed sense 

of enjoyment. Even with the existing limitations in our experiment, the result turned out to be rather 

promising. The result also showed that the majority of our participants believe there is a positive future 

for head-mounted displays in the gaming area. 75% of our participants accepted HMD in our experiment, 

and the rest of 25% of our participant could either not continue or felt extremely bad with HMD. This 

could mean that still a majority of the population can accept this kind of device and find it interesting. 

We believe that the popularity have a great chance to increase once the technology is more developed.  

 

In the future we also believe that the HMD technology will be more developed and used by many people 

in several different areas. However, the user of the HMD would be self-selected. Users who cannot use 

the device for physiological reasons would either not buy it or abandon it very quickly. This 

phenomenon is similar to the fact that some people enjoy watching 3D movies, and some others just hate 

it. On the other hand we have confidence that developers can design a special HMD product especially 

for people who have physiological hindrances and overcome this problem.  

 

Even so, we believe that there will still be a portion of population who will either not good at playing 

games with HMD or cannot get used to it. There will also be contradictions in the gaming area using 

HMD. If players are after the best gaming experience with a HMD, then a specific game which is 

practically developed for HMD should be chosen. It will be fun and interesting when people are playing 

a single player game using a HMD.  However, if a HMD is being used in a multiplayer online game, 

there might be some “unfairness” in it, if some players are using HMD and others are not. Finally, the 

study needs to be continued and more test trials need to be carried out with more advanced and modern 

instruments in order to confirm the reliability of our results. 
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Appendix 

Appendix A: 

Link to our questionnaires (Using Survey Monkey): 

Background questionnaire:http://www.surveymonkey.com/s/LGH88LK 

Questionnaire for trial 1 (Test without HMD): http://www.surveymonkey.com/s/HD7Q5MX 

Questionnaire for trail 2 (Test with HMD): http://www.surveymonkey.com/s/LHCHNY2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

http://www.surveymonkey.com/s/LGH88LK
http://www.surveymonkey.com/s/HD7Q5MX
http://www.surveymonkey.com/s/LHCHNY2
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Appendix B: 
Background questions: 

1. At what age did you start to play your first PC game? 

2. How often do you play PC games? 

3. How long time do you spend on PC games every week? 

4. Q4: How do you gain satisfaction from games you’ve played? (Options: 1. Beautiful graphics 2. Exciting 

features 3. Good story lining 4. Complete in-game challenges 5. Achieving personal goals) 

5. I enjoy playing this/these type/s of PC games the most (Options: 1. Action 2.Role-Playing 3.Strategy 4. 

Survival 5.Adventure 6.Shooter) 

6. I consider myself as a/an 

Table1. Raw data - Background questions 

 

Nr. Age Gender Q1 Q2 Q3 Q4 Q5 Q6 -player 

1* 22 F 9 Seldom <1h Op1 Op3 Non-

experienced 

2 21 F 12 Seldom <1h Op2 Op1 Novice 

3 21 M 8 Often >15h Op3 Op2,4,6 Expert 

4 25 M 7 Frequent 6-10h Op1-5 Op1,2,4-6 Skilled 

5 21 M 8 Often >15h Op3 Op2,6 Skilled 

6 24 M 4 Often >15h  Op1-5 Op1-5 Expert 

7 24 M 6 Frequent 1-5h Op1,2,5 Op2.6 Experienced 

8* 22 M 13 Seldom <1h Op1 Racing Non-

experienced 

9 26 F 4 Sometimes <1h Op1,3 Op3,5 Novice 

10* 21 F 10 Never <1h none none None-

experienced 

11 21 M 6 Frequent 11-15h Op2,4,5 Op2,3,4,5 Skilled 

12 22 M 9 Sometimes 1-5h Op1,3,4 Op1,2,5,6 Experienced 

13 23 M 5 Often >15h Op2,4 Op2,6 Skilled 

14* 22 F 6 Sometimes 1-5h Op1,2,4 Op3,5 Novice 

15 23 M 10 Frequent 1-5h Op1,2,3 Op1-6 Expert 

16 24 M 5 Sometimes 1-5h Op2,3,4,5 Op2,5 Experienced 

17 22 M 6 Often >15h Op1,2,3 Op1,3,5,6 Expert 

18* 24 M 6 Often >15h Op2,3,5 Op2,3,6 Experienced 

19 25 F 13 Seldom <1h Op1,3 Sims Non-

experienced 

20 22 M 12 Often >15 Op2,4 Op2,3 Skilled 

Avg. 21.55 M=14(70

%) 

F=6(30%) 

8  
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Appendix C: 
Post-test questions: 

1. I feel excited during gameplay 

2. I feel frustrated during gameplay 

3. I didn’t want to continue after a while 

4. Time give for the game was not enough 

5. I would enjoy the game even more if experiment hardware was better (better & faster computer or more 

accurate head tracking) 

6. It feels that I’m inside the game (Emotionally involved) 

7. I’m willing to try other types of games with similar kind of device in future* (This question is only asked 

after trial with HMD) 

8. General satisfaction level low 1-5 high 

9. General enjoyment level low 1-5 high 
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Appendix D: Statistical analysis 
 
In this section, Mann Whitney U test is going to be used in order to calculate the significant value. Mann 
Whitney U test is the most used and common statistical test in the area of statistics. It’s for testing if two 
samples come from the same distribution or not. It’s also known as best non parametric significant test. 

Calculation 1 for satisfaction score: 
 
Null hypothesis: There is no satisfaction score difference between trial without HMD and trial with HMD. 
 
Table 5.6.1 The data are being prepared for the Mann Whitney U-test 

Satisfaction 
score in trial 
without HMD 

Ranked order 

(  ) 
Rank Satisfaction 

score in trial 
with HMD 

Ranked order 

(  ) 
Rank 

2 1 4.5 1 1 4.5 

2 1 4.5 3 1 4.5 

4 1 4.5 3 1 4.5 

3 2 14 4 1 4.5 

4 2 14 3 1 4.5 

4 2 14 2 2 14 

2 2 14 3 2 14 

1 2 14 1 2 14 

3 2 14 4 2 14 

1 3 26 1 2 14 

3 3 26 2 3 26 

3 3 26 4 3 26 

3 3 26 4 3 26 

1 3 26 1 3 26 

4 3 26 3 3 26 

3 3 26 3 3 26 

3 4 36.5 2 4 36.5 

2 4 36.5 1 4 36.5 

2 4 36.5 2 4 36.5 

2 4 36.5 2 4 36.5 

 

∑   =425.5   ∑  =390 
 
Formula: 

  = (  ×  ) + (
 

 
×  ) × (    )-   

  = (  ×  ) + (
 

 
×  ) × (    )-   

 

  = (20×20) + (
 

 
×20) × (    )-390 

  =220 
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  = (20×20) + (
 

 
×20) × (    )-425.5 

  =184.5 
 
The critical value=127 significance level of 5% 
Using the lower value of the results 
184.5>127 Hence there is no significant difference! 
 

Calculations 2 for enjoyment score: 
 
Null hypothesis: There is no enjoyment score difference between trial without HMD and trial with HMD. 
 
Table 5.6.2 The data are being prepared for the Mann Whitney U-test 

Enjoyment score 
in trial without 
HMD 

Ranked order 

(  ) 
Rank Enjoyment score 

in trial with 
HMD 

Ranked order 

(  ) 
Rank 

2 1 4.5 1 1 4.5 

2 1 4.5 4 1 4.5 

4 1 4.5 3 1 4.5 

3 2 12 5 1 4.5 

4 2 12 4 1 4.5 

4 2 12 4 2 12 

2 2 12 3 3 20.5 

1 2 12 1 3 20.5 

4 2 12 5 3 20.5 

1 3 20.5 1 3 20.5 

2 3 20.5 3 4 31.5 

3 3 20.5 4 4 31.5 

3 3 20.5 4 4 31.5 

1 3 20.5 1 4 31.5 

4 3 20.5 5 4 31.5 

3 4 31.5 3 4 31.5 

3 4 31.5 4 4 31.5 

2 4 31.5 1 5 39 

2 4 31.5 2 5 39 

3 4 31.5 4 5 39 

 

∑   =366  ∑  =454 
 
Formula: 

  = (  ×  )+(
 

 
×  ) × (    )-   
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  = (  ×  )+(
 

 
×  ) × (    )-   

 
 

  = (20×20) + (
 

 
×20) × (    )-454 

  =156 
 

  = (20×20) + (
 

 
×20) × (    )-366 

  =244 
 
The critical value=127 significance level of 5% 
Using the lower value of the results 
156>127 Hence there is no significant difference! 
 

Calculation 3 for enjoyment score: (excluded the participants who felt 

uncomfortable and sick/dizzy) 
 
Null hypothesis: There is no enjoyment score difference between trial without HMD and trial with HMD. 
 
Table 5.6.3 The data are being prepared for the Mann Whitney U-test 

Enjoyment score 
in trial without 
HMD 

Ranked order 

(  ) 
Rank Enjoyment score 

in trial with 
HMD 

Ranked order 

(  ) 
Rank 

2 2 3 4 2 3 

4 2 3 3 3 10.5 

3 2 3 5 3 10.5 

4 2 3 4 3 10.5 

4 3 10.5 4 3 10.5 

2 3 10.5 3 4 21.5 

4 3 10.5 5 4 21.5 

2 3 10.5 3 4 21.5 

3 3 10.5 4 4 21.5 

3 3 10.5 4 4 21.5 

4 4 21.5 5 4 21.5 

3 4 21.5 3 4 21.5 

3 4 21.5 4 5 29 

2 4 21.5 2 5 29 

3 4 21.5 4 5 29 

 

∑   =182.5 ∑  =282.5 
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Formula: 

  = (  ×  ) + (
 

 
×  ) × (    )-   

  = (  ×  ) + (
 

 
×  ) × (    )-   

 

  = (15×15) + (
 

 
×15) × (    )-282.5 

  =62.5 
 

  = (15×15) + (
 

 
×15) × (    )-182.5 

  =162.5 
 
The critical value=64 significance level of 5% 
Using the lower value of the results 
62.5<64 Hence there is a significant difference! 
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Appendix E: 

Summary table participant’s satisfaction & enjoyment score: the charts are taken 

directly from our survey software provider survey monkey. 
 

Table 1 Raw data for satisfaction and enjoyment level (without HMD) 

Participants Satisfaction (score) 1-5 Enjoyment (score) 1-5 

1 2 2 

2 2 2 

3 4 4 

4 3 3 

5 4 4 

6 4 4 

7 2 2 

8 1 1 

9 3 4 

10 1 1 

11 3 2 

12 3 3 

13 3 3 

14 1 1 

15 4 4 

16 3 3 

17 3 3 

18 2 2 

19 2 2 

20 2 3 
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Chart1.1 showing the summary of satisfaction score  

 
Chart1.2 showing the summary of enjoyment score 

 

Table2 Raw data for satisfaction and enjoyment (with HMD) 

Participant Satisfaction (score) 1-5 Enjoyment (score) 1-5 

1 1 1 

2 3 4 

3 3 3 

4 4 5 

5 3 4 

6 2 4 

7 3 3 

8 1 1 

9 4 5 

10 1 1 

11 2 3 

12 4 4 

13 4 4 

14 1 1 

15 3 5 

16 3 3 

17 2 4 

18 1 1 

19 2 2 

20 2 4 
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Chart 2.1 showing the summary of satisfaction score  

 

 

 

 

 

 

Chart2.2 showing the summary of enjoyment score 

 


