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ABSTRACT 

Gameplay immersion is a central motivation for players. 

Previous research suggests removing non-diegetic interface 

elements (the overlaying user interface existing beyond the 

game world) increases the level of immersion experienced 

by the player. However, game design often requires these 

elements be present for successful player interactions and 

in-game management. This paper explores a compromise - 

non-diegetic elements are removed from the primary 

monitor but extended into the surrounding space using 

augmented reality. This mixed methods study explores the 

impact and implications of this novel interface on 

immersion and workload. Participants played both the 

augmented reality and vanilla versions of the game. 

Immersion scores were higher for the augmented reality 

interface, with high control and real-world dissociation. No 

difference was found in subjective workload. In post-study 

interviews, participants explain why the augmented 

interface had an immersive effect, as well as impacts of the 

design and field of view. They also discuss ergonomic and 

user interface limitations. Findings provide evidence that 

the augmented interface increases immersion by removing 

non-diegetic and paused menu elements from the screen. 

The augmented interface also maintains functionality of the 

interface and continuity of gameplay. This relates to 

previous findings that removing overlay and increasing 

screen size aid immersion; but fluidity, convenience and 

continuity are also facilitators offered by the augmented 

interface. Findings imply unbroken play experiences and 

control over viewing interfaces influence immersion. 
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1. INTRODUCTION 
Gameplay experience has many attributing facets, yet a 

cursory glance at the reviews of the highest scoring games 

will reveal the significance of immersion [27]. Identifying 

the definition and influencers for immersion has provided 

motivation for research seeking to understand player 

involvement [6,7,18]. Immersion is also of interest to 

developers who follow the maxim that well reviewed games 

sell well.  

Games have user interfaces (UI’s) to communicate 

information to the player, however, interactions with UI’s 

are problematic for immersion. Firstly, games frequently 

overlay important information upon the scene, like health 

bars and maps. This poises a barrier between the players 

connection to the game world. You might imagine a film 

would be harder to “get in to” if the subtitles were on and 

the television settings menu appeared regularly. Elements 

outside of the fabricated world of the in-game characters, 

such as ammo counters, are non-diegetic [13,15]. Secondly, 

the interaction with some interfaces demands that the 

experience be halted. It is axiomatic that immersion is 

disrupted when the player pauses the game to retrieve a full 

screen interface which exists outside the game world (a 

common example would be accessing inventory or world 

maps). Pausing to view information stops the game and any 

potential interruptions from in-game events [12], but it is 

also a non-diegetic operator act [13] which breaks the 

experience. 

Key prior research has explored the effects of diegesis on 

immersion [15]. In this two-part study, non-diegetic 

elements were removed from the game, leaving the game 

with only diegetic components. The initial study found no 

barriers for engagement and enjoyment when the heads-up 

display (HUD) was removed. A second experiment 

comparing the same two versions of the game, but splitting 

the participants based on expertise, found immersion was 

increased for expert players using the diegetic interface. 

This implies experts are distracted by the HUD and able to 

focus on gameplay in its absence, meaning designers should 

enable the option for experts to configure the appearance of 

UI elements. However, whilst removing non-diegetic UI 

elements increases immersion, this is not a feasible solution 

for all games; especially those requiring numerous UIs, like 

massively multiplayer online role-playing games 

(MMORPGs), which enable the games primary functions 

and mechanics. 
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In addressing this matter, developers often provide players 

the option to alter and hide the HUD from the settings. 

However, this is an imperfect solution as it costs the player 

the information which the games design assumes the player 

has. Another answer is to contextualize the UI, for example, 

when the health bar is not needed it may be removed from 

the display only to appear again when the character takes 

damage. Arguably, the dynamic reappearance of UI is 

distracting, particularly in challenging moments when the 

player requires focus. Alternatively, developers create 

diegetic interfaces by merging elements into the game 

fiction [12], therefore creating lore friendly information 

(see figure 1). Yet, this is only appropriate for some genres 

with the creative license to do so, and is not a solution for 

larger elements commonly veiled behind paused menu 

interactions which require a full screen overlay. 

 

Figure 1. The Dead Space series used appropriately diegetic 

representations of common HUD overlays by placing a 

holographic health bar on the back of the protagonist’s 

armour. 

Subsequently, there is a gap which can be addressed here - 

how can we remove the overlay on the game world whilst 

keeping the information available to the player? A method 

of extending the HUD beyond the primary game display 

would suffice, yet this infers foreseeable consequences. For 

example, if the UI was displayed on monitors or tablets 

around the screen, we would expect these displays to be 

distractors in peripheral vision. Also, this method would be 

inflexible for UI design and arduous to set up. 

This study aims to evaluate a UI that could address this 

issue. Augmented reality (AR) will be used to extend the 

non-diegetic UI of The Witcher 3: Wild Hunt into the 

surrounding space of the primary monitor. Subsequently, 

the monitor displaying the game is left free of non-diegetic 

UI elements, which previous research suggests can increase 

immersion [15]. The display size of the game is effectively 

increased, which is also linked to increased immersion [25]. 

UI elements normally residing within a paused menu, like 

the world map, will be displayed and will not require 

pausing to view. Also, in keeping the UI elements 

accessible to the player in AR, the player might retain the 

functionality provided by the games UI and simultaneously 

maintain the immersive benefits of no UI overlaying the in-

game world. Conversely, the introduction of a head 

mounted display (HMD) and the action of moving the head 

to retrieve the information from the UI may be too arduous 

for users and might break the immersive experience. With 

no directly relevant research conducted on such a game 

interface, this study aims to fundamentally evaluate if AR 

UI would be beneficial and immersive for desktop gamers.  

2. LITERATURE REVIEW 

2.1. A Brief History 

Video games have grown exponentially from their 

oscilloscope foundations in 1958 by physicist William 

Higinbotham, who conceived Tennis for Two (see figure 2). 

The late 70s and early 80s saw the start of the games 

industry with the first generation of game consoles and the 

release of text-based games like Zork (1977) or 8-bit games 

like Pacman (1980). Concurrently, the ZX Spectrum (1982) 

allowed for an influx of programmers to create homebrew 

8-bit games.  

 

Figure 2. Tennis for Two: a game played on an oscilloscope, 

created in 1958. 

The game industry has since become vastly opulent. 

Current growth indicates that industry revenues could reach 

$108.9 billion in 2017, driven by 2.2 billion gamers [20]. 

Consoles, PCs and smartphones have become increasingly 

available worldwide, providing a progressively larger 

platform for gaming. The 1 trillion-fold uptrend in 

processing power of such hardware during the previous 

sixty years [11] has allowed gaming software to become 

more available to the public. For example, arcades in the 

80s involved large dedicated machines to play a single 

game like Pacman. Now we can play numerous games from 

our smartphones and never endure a boring moment on the 

train. 

Comparatively, modern games are highly sophisticated (see 

figure 3). Since early 8-bit 2D games, availability of 

increased processing power means games now run on 

powerful engines like Frostbite and Unreal which boast 

living 3D worlds, realistic animations, and vivid visual 

effects. For example, Battlefield 1 on Frostbite recreates the 

haunting large-scale trench conflicts of the first world war. 
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Game mechanics have also become more impressive and 

meaningful. The Witcher and Mass Effect series involve the 

player making meaningful choices which effect the in-game 

world, characters and narrative of the game; the 

consequences of which persists throughout each instalment.  

 (A) 

 (B) 

 (C) 

Figure 3. Technological advancement has resulted in 

progressively sophisticated games. A) Space Invaders (Arcade 

machines, 1978); B) Crash Bandicoot (PlayStation, 1996); C) 

Battlefield 1 (PlayStation 4/Xbox One/PC, 2016). 

The increased complexity of triple-A games means they are 

now significant investments, such as Destiny costing a total 

of $500 million.  Video game production involves financing 

writers, directors, designers and graphics experts [19]. Yet, 

with the increased pace of technological advancement, 

rapid industry success and the financial risks surrounding 

game development, an important question remains 

ambiguously answered – what are the main factors which 

explain why people enjoy video games [25]? 

2.2. Immersion 

Immersion is an integral facet of gameplay experience 

which relates to how psychologically involved the player 

becomes [6]. Game reviews customarily praise immersive 

experiences and condone experiences which cause 

disruption (for example, [27]), therefore its considered 

axiomatic that immersion correlates to critically acclaimed 

games. Professional reviews are also linked to how well a 

game sells – both valence and quantity of reviews are 

predictors for a games commercial success [23]. Arguably, 

a development team would be obliged to understand and 

explore measures which create immersive gameplay 

experiences based on the idea that players are motivated by 

immersion and subsequently pursue and pay for immersive 

experience goods. 

Yee [29] distinguishes three broad motivations players have 

in gaming – social facilitation, achievement hunting and 

immersion. Indeed, the reverence for immersion is replete 

throughout player and critic reviews [6]. From this we can 

assume the phenomenon is coveted by gamers and reflects 

positively in the reviews. Valence and volume of reviews 

for videogames are linked to commercial success [23] 

which means any method or technique through which 

immersion is stimulated  would be of value to the 

developers and game industry. For example, research 

investigating the effectors for immersive gameplay revealed 

that removing non-diegetic elements [15] and larger screen 

sizes [25] seem to trigger heightened immersive 

experiences. 

The literature on immersion has historically been an open 

discussion in which the definition varies [18]. The concept 

was initially all-inclusive and vague; interchangeable with 

the virtual reality terminology of presence, and obscurely 

defined as “the feeling of being there” [21]. With 

overlapping and unclear language, it is wise to explicitly 

define immersion and its subsequent components.  

Colloquially, immersion is expressed as the sense of being 

“in the game” [7]. This is drawn from the metaphor of 

being immersed in water [22]. An important distinction is 

that this sense is cognitive – whilst presence within game 

worlds is obtainable, games like Candy Crush or Tetris do 

not offer any virtual space upon which the player could 

inhabit [25]. Instead, to be “in the game” is a cognitive 

statement whereby the player is meaningfully immersed in 

the activity of playing the game. Indeed, presence can occur 

without being immersed – for instance, a monotonous 

virtual reality game [15]. 

Grounded theory research by Brown and Cairns  [6] 

investigating gameplay immersion defined the phenomenon 

with a three-tier hierarchy of immersive experience. The 

first level was engagement which has prerequisites that the 

gamer overcomes barriers of understanding the game 

mechanics and learning the controls through time and 

effort. Engrossment was the second identified level, 

whereby players’ emotions are affected by gameplay and 
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become less self-aware and less aware of surroundings than 

before. The highest level is total-immersion which is a rare 

and transitory experience of complete in-game presence 

where the player is dissociated from reality. 

Immersion has neighbouring concepts in psychology which 

seemingly overlap, like flow [10] and cognitive absorption 

[2]. Therefore, it is important to clarify what makes 

immersion distinct. Flow is a concept from positive 

psychology which describes optimal experience caused by 

extreme engagement in an activity [9]. Prerequisite criteria 

are needed to achieve Flow, including balanced ratio of 

challenge and skill, lack of self-consciousness and time 

distortion  [10]. Flow relates to the challenge of the task and 

occurs when the ratio of action opportunities is equal to the 

actor’s capabilities or skills, whereas unbalanced ratios 

cause negative experiences like anxiety (see figure 4).  

However, whilst Flow seems similar to immersion, Flow is 

distinct because it completely absorbs the attention of a 

person. Thompson et al. [25] argues that a smartphone 

gamer waiting for a bus who is in Flow would miss their 

bus, yet an immersed gamer would successfully catch their 

bus and maintain an immersive experience.  

 

Figure 4. Model of the flow state [9]. 

Another comparable model is GameFlow (GF). GF was 

intended to establish flow in relation to gameplay [24]. 

Similar to flow, GF consists of prerequisite criteria relating 

to optimal experience and also includes immersion. 

However, GF immersion superfluously overlaps with other 

GF components [18]. Also, GF reviews the games 

properties, unlike immersion (as defined by [6]) which 

focuses on the players experience, meaning GF is of more 

use to design and evaluation of games [7]. 

Cognitive Absorption (CA) is also a similar  body of work 

to immersion and is  defined as the level of involvement 

with software [2]. CA is based on the literature surrounding 

the personality trait of absorption and consists of similar 

dimensions to flow: temporal dissociation, enjoyment, 

control, attention and curiosity. However, CA is focused on 

user’s reactions or attitudes regarding software in general, 

as gauged by perceived usefulness and usability. 

Subsequently, CA is not concerned with the motivations or 

experience of gameplay, whereas immersion is [18].  

Other related work includes the Core Elements of Gaming 

experience (CEGE); a theory generated from analysing 

game reviews using a grounded theory approach [8]. 

Findings reveal the initial conditions required for a positive 

gameplay experience. Firstly, video game factors include 

game-play (the rules and scenario) and environment (the 

graphical implementation, sounds and presentation). 

Secondly, puppetry factors include control (game 

responding to players actions), ownership (responsibility 

for actions) and facilitators (available time, previous 

experiences and aesthetic values). However, CEGE only 

parallels with engagement, which is the lowest level of the 

immersion hierarchy [6].  

With a more distinct definition of immersion, the 

Immersive Experience Questionnaire (IEQ) was developed 

to score a players level of immersion [18]. Development of 

this 31-item measure involved identifying five aspects of 

immersive gameplay: 

1. Cognitive involvement regards attention and effort. 

2. Emotional involvement regards affect and suspense. 

3. Real world dissociation regards conscious/real world 

awareness. 

4. Challenge regards difficulty or frustration. 

5. Control regards usability of interface and controls. 

All of these aspects correlate with each other, forming 

facets of immersion and are explicitly concerned with the 

immersive experience of playing a video game. 

2.3. Diegesis and Immersion 

Diegesis is a concept originally applied to film and literary 

theories but now relates to games [13] and has recently 

been investigated as an influencer on player involvement 

[15]. For films, it encompasses the on-screen aspects of the 

characters world whilst non-diegetic elements include 

aspects only available to the audience like subtitles. These 

terms transfer to gameplay, with diegesis encompassing in-

game worlds, whilst HUDs or menus are considered non-

diegetic. The purpose of the HUD is to aid the players 

understanding of the state of the game and communicate 

core game mechanics, for example, a character near death 

will have a low health bar. Importantly, game interfaces can 

also be diegetic, such as the representation of the health bar 

in Dead Space [12], or the ‘eagle vision’ mechanic in 

Assassins Creed which communicates to the player what 

the protagonist senses (see figure 5).  
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Figure 5. ‘Eagle vision’ is a diegetic interface from Assassins 

Creed which communicates the protagonists understanding of 

NPCs – red are enemies, whilst yellow are primary targets. 

Arguably, classic HUD overlays are disruptors to deeper 

immersive experiences. In a two-part study [15], 

researchers explored the effects of diegesis on player 

immersion. The initial study established that a diegetic 

version of the game (Battlefield 3) was playable. 

Participants played both versions of the game and after each 

session were given the CEGE questionnaire and a brief 

interview. This study found the game was still playable 

with the HUD removed and that engagement was not 

hindered. The second study followed similar procedure, 

except participants were grouped on level of expertise and 

given the IEQ after each session. The results showed that 

immersion was increased for expert players using the 

diegetic version. Closer inspection revealed that expert 

players without a HUD could concentrate more on the game 

and feel more autonomous. 

The immersive effects of removing non-diegetic elements 

from the screen are not due to increased challenge, instead 

the increased realism effects the cognitive involvement and 

control experienced by the player. This suggests an 

increased sense of focus and control are brought about 

through decreasing the distraction caused by the HUD. The 

limitations of this experiment must be taken into 

consideration. Firstly, the study tested one level of a first-

person shooter (FPS) which remained playable when the 

HUD was removed. Most games are designed from the 

outset with a HUD facilitating many of the player’s 

interactions and understandings of the in-game world. 

Secondly, certain game mechanics require interactions with 

these elements from design standpoint. For example, the 

player may need to look at a waypoint on a map to navigate 

the correct direction in an open world game.  

Some game genres require substantial interactions with 

non-diegetic UI panels which afford essential gameplay 

mechanics, so removing these panels would render the 

game unplayable. MMORPG’s such as World of Warcraft 

or Final Fantasy XIV involve several panels which the user 

can open from a series of menus. These games involve a lot 

of in-game character and social group management; 

therefore, the player is required to continuously search 

through various menus to find the correct interface they 

need for the desired action. Of course, if every non-diegetic 

window was opened at the same time there would 

essentially be no screen space left for the in-game world, so 

instead the user is required to search for these items in 

menus and pick carefully which items are most useful to be 

open within the limited screen real-estate (see figure 6). 

 

Figure 6. Example of Final Fantasy XIV’s UI elements, some 

require menu interactions or hotkeys to open. 

2.4. Display Size 

Another factor influencing game immersion is the size of 

the display. A study comparing portable or TV-based 

consoles displaying either films or games found that the 

smaller Sony PSP reportedly caused less arousal and flow 

compared to the Sony PlayStation 2 [17]. However, flow 

was only measured using a single item question [25], 

therefore we can criticise this finding due to the lack of 

depth. 

A study investigating the immersion experienced by players 

on an iPod touch and an iPad found smaller screen sizes 

modestly reduce immersion [25]. A possible explanation 

could be that larger screen size creates more atmosphere 

making game engagement more accessible. The small effect 

could be due to the shallowness of the casual game used 

(Fruit Ninja), whereas a deeper story driven game may 

provide less barriers to immersion. 

Arguably, the explanation for the aforementioned results is 

not clear, yet an effect is present. Game designers aspiring 

to increase immersion would best avoid small screened 

platforms. Also, when considering the game diegesis 

literature, we could argue the area of the display dedicated 

to the in-game world shrinks with an increased quantity of 

overlaid UI.  A potential answer could be to move excess 

UI to a nearby second screen, which Nintendo have done 

with their consoles (Nintendo DS and Wii U). However, 

augmented reality offers the opportunity to extend the UI 

overlay around the players real-world in 3D which 

effectively increases the screen size for two reasons – 

firstly, primary screen would be entirely dedicated to 

displaying the in-game world and secondly the total area in 

front of the player dedicated to gameplay has also 

increased.  
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2.5. Augmented Reality UI 

Augmented reality (AR) systems integrate virtual objects 

within the real-world with the intention that real and 

computer-generated objects seemingly coexist [3]. AR 

HMDs like the Microsoft HoloLens offer users the ability 

to place virtual items in the real 3D space around them – 

including items like the aforementioned interface elements.  

An argument against doing so could be that the HUD is still 

visible to the player. Therefore, it might be more distracting 

and distant so immersion might not be increased. However, 

the HoloLens’ limited field-of-view (FOV) might be a 

strength in this scenario (see figure 7). Human FOV reaches 

180° horizontal, but the HoloLens only displays a narrow 

FOV at 40° horizontal [28]. This means that whilst the user 

is looking directly at a screen, any UI items placed around it 

would become invisible, effectively removing the display 

until the user turns their head towards it. So, despite 

retaining the overload of UI elements, the limited FOV can 

conceal them from sight, leaving the player to recall the 

spatial location of the UI elements around the screen. 

 

Figure 7. Visual representation of the limited FOV. 

This is potentially a more immersive and streamlined way 

of interacting with in-game UI as opposed to continuously 

displaying the UI as an overlay (therefore lowering 

immersion) or placing UI behind pause menu interactions 

(therefore, increasing time between intention and action). 

Augmenting UI elements normally found in paused menu 

interactions means the information has been organised into 

a flat hierarchy [26] because the player only has to view the 

elements without involving layers of interaction. This omits 

the need to navigate to a paused menu to select their target 

before resuming the game therefore the UI elements would 

be more discoverable. 

With the UI augmented around the player, it provides 

control to interact and view the UI at their behest. Past 

research [15] suggests removing the interface causes no 

barriers to engagement and a higher level of immersion to 

experts. Subsequently, we might expect to see similar 

results when the UI is extended beyond their screens but 

accessible through head movements using AR (see figure 

8).  

A limitation of this design might be that the information 

access cost (IAC) has increased due to the player now 

moving their head around the screen as opposed to making 

simple saccades and fixations on the screen with their eyes. 

The effects of IAC have been researched in the multitasking 

literature.  One study involved nurses entering data into 

infusion pumps and interleaving [4]. The high IAC 

condition involved the data being further away from the 

infusion pump, which is analogous to the AR extended 

HUD being further away from the screen. In the high IAC 

condition, the participants interleaved less and used 

chunking to move between the information and data. Whilst 

the study found this had beneficial effects on human error, 

increasing IAC in a game may have detrimental effects on 

immersion or require too much effort for the user to bother 

turning their head to the information.   

AR technology is becoming increasingly honed and has the 

opportunity to become ubiquitous if implemented suitably 

in the future. Whilst the current HMDs are arguably not 

suitable for lengthy gameplay sessions, technology has 

shown a trend for becoming increasingly refined over time. 

For when the technology becomes more appropriate for 

gaming, it is worth having the previous research to infer 

what is and is not applicable.   

This research adds to the understanding of how AR may be 

viably implemented and interacted with. Also, one of the 

key weaknesses with current AR technologies is the FOV, 

yet this interface potentially creates a benefit from this by 

keeping the user interface invisible to the user during 

interaction with the main screen, which previous findings 

[15] suggest could increase immersion. However, previous 

research has not explored the application of AR interfaces 

for gameplay experience and therefore it is worth 

investigating the potential benefits.  

 

Figure 8. A prototype of an augmented HUD for Final Fantasy 

XIV [1]. The numerous user interface panels are augmented 

around the main screen, leaving a diegetic interface in-game. 

Does this increase immersion? Is it harder to find the UI 

elements the user needs? 
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3. RESEARCH QUESTION 

The aforementioned research explores multiple facets of the 

player experience, yet no research has explored how AR 

could create diegetic immersion whilst preserving UI 

information. The research question for this paper is as 

follows: Does repositioning non-diegetic and pause menu 

UI elements from the game display to the area around the 

screen using AR increase immersion? 

Past findings provide a rationale to suspect that it can. 

Removing the overlay from the game has an impact on 

immersion [15]. Placing UI panels around the player 

effectively increases the spatial area in which the game is 

interacted. Consequently, the overall display size is 

increased, which is linked to increased immersion [25]. 

Other potential immersive effects may arise from limited 

FOV; potentially removing peripheral distractors and 

leaving the player to consciously access the UI. Also, 

placing UI elements which normally reside within a pause 

menu into the accessible space around the screen may also 

be an effector and may lower subjective workload.  

Therefore, the hypotheses are as follows:  

1. The AR interface will incur higher immersion scores than 

the vanilla interface. 

2. The AR interface will incur lower subjective workload 

scores than the vanilla interface. 

4. METHOD 

4.1. Participants 

16 participants were recruited through opportunity sampling 

to partake in this study on campus at University College 

London. All participants were acquaintances of the author 

and were either friends or colleagues on the Human-

Computer Interaction course. Participants included 10 

males and 6 females. They were paid £10 for partaking in 

this study. A Seventeenth participant was excluded due to a 

malfunction of the AR UI. 

4.2. Design 

The experimental design was a mixed methods within-

subjects design. The independent variable was the user 

interface being displayed – either AR or Vanilla. The 

dependent variable was the level of immersion measured by 

the IEQ. The participant was allocated a first group at 

random, which was equally counterbalanced so half were 

exposed to AR first and half to vanilla first. Post-study 

interviews explored the broad question “what was the 

experience of using the augmented user interface?”. 

4.3. Materials 

The PC used to run the game had the following 

specifications: MSI Z170-A Pro Socket LGA1151 Max 

64GB ATX motherboard, 16GB (2 x 8 GB) Corsair 

Vengeance DDR4 RAM, Intel Core i7-6700 CPU @ 3.40 

GHz 4 cores and an MSI GeForce GTX 1060 Gaming X 

6GB GPU. The monitor provided a 1920 x 1080 resolution 

and the game was run on maximum visual settings at 60 

frames per second. Players were provided with a mini 

keyboard and a five-button mouse. Earphones and 

headphones were provided if the participant did not have 

their own. To omit distractions, only a desk and the 

participants possessions were present in the room during 

conditions.   

For both conditions, a printed copy of the IEQ [18] and 

NASA TLX [14] were used to measure the level of 

immersion and subjective workload the player experienced 

during each session (see appendix).  

The Witcher 3: Wild Hunt was the chosen game for this 

experiment as it brought several advantages over other 

candidate games. Firstly, the game is critically acclaimed 

and well-reviewed with great praise for its immersive 

world, quests and storytelling. Secondly, using 

Metacritic.com the game has no negative critic reviews and 

of 1149 user reviews (at the time of writing) only 56 are 

negative. Arguably, there is only a 5.56% chance of 

someone disliking this game and subsequently arranging a 

barrier to immersion.  

This game also facilitates UI customisation from the in-

game menu, which aids in setting up the experiment 

without modifying the game code and potentially causing 

unforeseen consequences or bugs. For both conditions, we 

removed all the dynamic elements of the HUD, such as the 

health bars and the action log because static UI elements 

were simple to augment and the game was still playable 

with those HUD elements removed. The remaining overlay 

for the vanilla condition was therefore control prompts and 

item controls. Idealistically, dynamic UI elements would be 

included, however on a technical level, creating and linking 

dynamic UI elements to the HMD was beyond the scope of 

this experiment.  

The AR condition utilised the Microsoft HoloLens. The AR 

UI was designed using sketches (see figure 9) and 

developed in Unity and Visual Studio (see figure 10). The 

Interface was then placed appropriately around the primary 

monitor and just outside the FOV as to not distract the 

player. For replication, see table 1 for details of the 

positioning. All elements are static images of the in-game 

equivalent UI elements, apart from the control prompts 

which is a copy of the information but recreated in 

PowerPoint (see appendix 6).  

 

Figure 9. Final sketch design idea for the AR UI. 
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Figure 10. Appearance of AR UI in Unity. 

In the vanilla condition, the map of the game area was a 

static image which was accessed by alt-tabbing. Alt-tabbing 

to the map simulates the commonplace interaction of 

navigating a menu to the desired interface whilst the 

gameplay is suspended. For example, to ordinarily access 

the map in The Witcher 3 the player normally presses Enter 

to access the paused game menu and select the map icon. 

The same static image of the map was used across 

conditions to keep UI elements similar. Once the player alt-

tabbed back to the game, it needed to be resumed from the 

pause menu to continue. In the AR condition, the map 

image is above the screen at all times.  Figures 11 and 12 

shows how the game appeared in each condition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Vanilla appearance, with non-diegetic overlay in 

bottom corners. The map and bestiary fully overlaid the 

screen and paused the game. 

 

Figure 12. AR appearance through HoloLens onboard camera 

(N.B. does not capture FOV). In-game overlay removed. 

4.4. Procedure 

Prior to the experiment, participants were asked if they 

regularly play videogames and have played using mouse 

  Position Rotation Scale 

  X Y Z X Y Z X Y Z 

Main Camera 0 0 0 0 0 0 1 1 1 

Map 0 0.449 1.9 0 0 0 1.318 0.7104 0.7104 

B: Wolves 1.05 0.151 1.435 0 30 0 0.4 0.4 0.4 

B: Drowners -1.062 -0.719 1.444 0 -30 0 0.4 0.4 0.4 

B: Ghouls -1.067 0.246 1.444 0 -30 0 0.4 0.4 0.4 

B: Wraiths -1.42 -0.176 1.232 0 -30 0 0.4 0.4 0.4 

B: Noonwraith -1.425 0.244 1.299 0 -30 0 0.4 0.4 0.4 

B: Bears 1.226 -0.259 1.332 0 30 0 0.4 0.4 0.4 

B: Dogs 1.404 0.151 1.228 0 30 0 0.4 0.4 0.4 

Control Prompts 0.682 -0.2 1.627 0 25 0 0.4 0.4 0.4 

Item Controls -0.695 -0.2 1.666 0 -25 0 0.25 0.25 0.25 

Table 1. Details of the positioning and scale of all UI elements in Unity (Bestiary abbreviated as ‘B’). 
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and keyboard to ensure they would not encounter a barrier 

of access [6]. Participants were welcomed in to the lab. 

Information sheets and consent forms describing the 

experiment were read and signed by all participants (see 

appendix 1 and 2). A verbal discussion regarding the 

specifics of the experiment followed. Ensuring they were 

sat comfortably, they were given their preferred audio 

device which was checked to be at a suitable volume. The 

final preparation was that participants new to the game, or 

who had not played within the last 6 months, played the 

opening tutorial of the game which took approximately 

fifteen minutes to complete. 

With prerequisites complete the participants were assigned 

a first condition. For the AR condition, the researcher wore 

the HoloLens to run the UI app in the correct position 

before fitting the HoloLens to the participants head. The in-

game HUD was turned off and key bindings were changed 

so no paused menus could be accessed.  The vanilla 

condition involved showing extra controls for alt-tabbing to 

the map and opening the bestiary. Participants began in the 

same starting position (marked on the map with a black 

arrow) but were not reset at the start of the second condition 

to avoid a repetitive experience. 

Participants were told to explore the game world for fifteen 

minutes and use the UI to their advantage. For 

incentivisation to use the UI elements they were told to find 

and clear six points of interest (POIs) on the map during the 

condition for a monetary reward. POI’s varied in nature but 

generally involved combat at an enemy site (like enemy 

camps and nests) or hidden treasure. After each condition, 

the NASA TLX and the IEQ were completed. Following 

completion of both conditions a recorded interview 

occurred discussing the experience. Participants were then 

debriefed and paid the full reward regardless of 

performance.  

5. RESULTS 

5.1. Quantitative Results 

Paired samples t-tests were used to determine whether a 

difference emerged in immersion between the two versions 

of game interfaces. The scores for the IEQ for each 

participant in both conditions (AR or Vanilla) were totalled 

(table 2).  

 Mean IEQ Score SD 

Vanilla 99.88 17.36 

AR 111.56 10.53 

Table 2. IEQ Scores. 

The paired samples t-test for the IEQ scores found a 

statistically significant difference in immersion between the 

AR condition (M=111.56, SD=10.53) and the vanilla 

condition (M=99.88. SD=17.36), t(15)=2.61, p=.02. The eta 

squared statistic (.148) indicated a large effect size. Figure 

13 shows a boxplot of the immersion scores. 

 

Figure 13. Boxplot of immersion scores for AR and vanilla 

conditions. 

The IEQ measures five factors which attribute to 

immersion. Further statistical analysis using paired samples 

t-tests on the data for each factor breaks down the IEQ 

results further (table 3). Note, some factors are measured by 

more questionnaire items than others.  

 Challenge Control Real World 

Dissociation 

Emotional 

Involvement 

Cognitive 

Involvement 

Mean 

Vanilla 
12.75 17.13 20.13 17.56 32.31 

Mean AR 13.25 19.19 25.38 19.50 34.25 

p .317 .021* .008* .065 .216 

Eta 

squared 
.065 

 

Moderate 

.147 

 

Large 

.168 

 

Large 

.117 

 

Moderate 

.079 

 

Moderate 
Effect 

Size 

Table 3. IEQ factor scores, significances and effect sizes 

Across these five factors the mean score for AR was always 

higher than vanilla. For two factors, paired samples t-tests 

reveal statistically significant differences. Control was 

significantly higher for AR (M=19.19, SD=1.52) than for 

vanilla (M=17.13, SD=3.98), t(15)=2.584, p=.021; with a 

large effect size (eta squared =.147). Real world 

dissociation was also significantly higher for AR (M=25.38, 

SD=3.74) than for vanilla (M=20.13, SD=6.25), t(15)=3.03, 

p=.008; with another large effect size (eta squared=.168). 

To calculate the NASA TLX scores the ratings for each 

item were added up. NASA TLX scores were then 

evaluated using a paired samples t-test to determine 

significance. No significant difference was found between 

the subjective workload for vanilla (M=323.75, 

SD=100.32) and AR (M=311.56, SD=96.67), t(15)=.534, 
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p=.601. Figure 14 shows a boxplot of the NASA TLX 

scores. 

 

Figure 14. Boxplot for NASA TLX scores for AR and vanilla 

conditions. 

5.2. Qualitative Results 

Post-study semi-structured interviews were examined using 

thematic analysis [5]. Interviews totalled almost two hours 

of audio data, resulting in forty-five unique codes which 

were semantically arranged to form six themes (Positive 

Impressions, Immersive explanations, FOV implications, 

Design effects, UI limitations and Ergonomic limitations). 

These were also grouped in to two overarching themes: 

Beneficial Implications of AR UI (figure 15) and 

Limitations of AR UI (figure 16).  

 

Figure 15. Map of primary theme Beneficial Implications of 

AR UI, with subthemes (ovals) and codes (rectangles) grouped 

by colour. 

 

Figure 16. Map of primary theme Limitations of AR UI, with 

subthemes and codes. 

Beneficial Implications of AR UI 

Positive Impressions 

Positive impressions encompass the shallow or surface 

level observations of AR’s benefits in comparison to alt-

tabbing. Interviews began with broad questions on the 

participants general experience of the conditions. 

Interviewees remarked that AR was more fun, immersive, 

novel, useful, and suggested it was less effort or lowered 

information access cost.  

P17: “[AR] seemed a lot faster, and novel. It was 

quite fun.” 

P15: “[AR] was actually really immersive, but it 

was a different way of playing games. Yeah, I 

really enjoyed it.” 

P16: “One of the reasons I looked at the map so 

often is that it didn’t really require any effort to 

look at it” 

Alt-tabbing to the map simulated the paused menu 

navigation which games tend to implement. On reflection 

of the AR condition, participants remarked that alt-tabbing 

was more effort and broke immersion.  

P3: “I thought alt-tabbing was the most annoying 

thing throughout the experience.” 

P7: “well obviously not having to alt-tab out of the 

game kind of keeps the immersion” 

When asked why the AR condition creates these positive 

impressions, participants cited reasons corresponding to 

three other themes: explanations on why it was immersive, 

the effects regarding the UI’s design layout and the 

implications of the FOV. 
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Immersive Explanations 

The participants implied (directly or indirectly) that AR was 

an improvement for reasons relating to increased 

immersion. The lack of HUD overlay, leaving a clean in-

game world on screen, was one reason, which also relates to 

previous findings [15].  

P3: “normally with games there’s some sort of 

overlay […], yeah having nothing there was like 

watching a film or something, it was more clean, 

so slightly more immersive yeah.” 

Another reason immersion was increased was that the space 

in which the game took place increased, which also relates 

back to previous research investigating screen size [25]. 

P12: “I found myself a bit immersed in the 

augmented condition which was extending the 

game somehow, even further than the screen” 

Other explanations revolved around the experiential 

advantages of the AR HUD itself; including continuity, 

fluidity and convenience. 

P13: “[I prefer AR] because everything just 

continues, but you just have to look up and it’s 

there.” 

P5: “It seems to be more fluid with the AR. It’s still 

a nuisance, but it seems to be more fluid.” 

Linked to these explanations of immersion were the effects 

derived from the design and layout of the user interface. 

Design Effects 

A deeper enquiry into the benefits of the AR UI involved 

discussing the implications of the interface design. 

Participants stated that the UI was logically positioned and 

that it felt part of the game. 

P12: “Yeah everything was in the right place, and 

it was very easy to reach so that was good” 

P9: “Yeah it felt part of the game, […] it felt like 

maybe a mod or something that someone would 

have made you know” 

The design was intended to surround the participants with 

the augmented interface. Some participants enjoyed this 

idea and one suggested a link to immersion.  

P16: “[the AR UI] were more around me, so it felt 

like it was encapsulating me more, if that makes 

sense. Like more of my vision was taken up by the 

game so I felt more wrapped up in it.” 

Another confirmation of the designs intentions was that the 

most commonly used elements were closer to the screen. 

P16: “the most crucial stuff like the controls and 

the potions were closer in, but the less important 

stuff like the bestiary was further out.” 

A common observation of the interface was that the map 

was the main element used, presumably due to the nature of 

the task. However, the maps placement was highly praised 

because it was above the screen, which was reportedly more 

accessible than elements to the left or right. 

P2: “That’s why the map was fine because it was 

just like up and down. But the sides didn’t feel 

natural” 

Further inquiry revealed participants felt looking to the 

sides broke too much line of sight from the screen, 

implying elements placed above the screen is more 

desirable than items placed horizontally. 

 P16: “If I look to the right I’ve cut off half the 

screen and I can only see this half of the screen. 

So, when I look up I can see the entire screen right 

now, it’s in my peripheral but I can see the entire 

surface area of it” 

Similarly, the idea of directional consistency (which was 

briefly reported by one participant) was a possible 

explanation for why placing elements above the screen was 

more desirable.  

P15: “if you’re walking forward and your looking 

towards the screen; if you look left it kind of puts 

you off a bit because when you’re looking upwards 

you’re still facing forward in the game” 

The data in this theme both confirms design intentions and 

unveils indirect implications. Another intention was to 

exploit the limited FOV, which participants also discuss 

when explaining their experience. 

FOV Implications  

Reportedly the limited FOV may have added to the 

immersion. This links to the data that participants noticed 

that the limited FOV removed any of the augmented UI 

from view when looking at the game.  

P17: “peripherally I probably couldn’t [see the 

UI], that’s what made it feel more immersive” 

P9: “I did feel like there was a bit of information 

that I didn’t really need on there but it didn’t 

distract me because it was out of the field of view 

anyway.” 

Participants also understood the implications of this idea. 

Subsequently, they reported that the AR UI could be 

advantageously viewed at their behest as opposed to 

appearing in their view continuously.  

P16: “[the UI] was always just there in the 

background a little bit, and it wasn’t intrusive 

when I didn’t need it I could just focus entirely on 

the game.”  

Lastly, peripheral gaming occurred. When looking up at the 

map, participants used their FOV to maintain peripheral 
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vision with the main screen and continue the gaming 

activity at the same time. 

P9: “when you were on your horse, you could 

continuously look up at the map. Even when you 

were on the move you could see where you were 

headed, so you could multitask.” 

These explanations, implications and experiences elucidate 

the quantitative results. However, interviews also revealed 

barriers and limitations of the AR UI.  

Limitations of AR UI 

UI Limitations 

Much data discusses inadequacies directly related to the 

user interface. Chiefly, participants state obstacles caused 

by the non-dynamic map.  

P5: “the fact that you don’t see yourself on the 

map, it’s pretty frustrating.” 

A similar drawback is that some AR UI is underutilised or 

forgotten about. In particular the UI to the far left and right 

was considered irrelevant to the task. However, FOV 

implications suggests unnecessary UI was not a hindrance 

to immersion. 

P16: “I didn’t really look at the bestiary because I 

didn’t feel like I needed it at all.” 

P3: “I honestly completely forgot there were things 

on the side when I got used to it.” 

Other comments included too much information, a lack of 

context and a visual disparity between the screen and 

holograms. More common criticism revolved around the 

physical attributes of the headset.  

Ergonomic Limitations 

Barriers were highlighted regarding the weight which 

caused discomfort leaving participants to be very conscious 

of the device. This is not desirable for creating an 

immersive experience as it is a distractor. 

P4: “I was really aware of the existence of the 

device above my head, because its heavy right.” 

It was also mentioned that the lens caused a barrier too. In 

response, participants sometimes mentioned how the 

HoloLens needed refining, or that a pair of glasses would 

be better, implying the technology is currently too 

cumbersome.  

P17: “With a later system in a couple of year’s 

time I’m sure it will be effortless.” 

6. DISCUSSION 

6.1. Findings 

This study analysed the immersion, workload and discourse 

of participants experiencing augmented and vanilla 

interfaces. Immersion scores were higher when gaming 

with the AR UI than with the vanilla screen based UI. This 

finding indicates we accept the first hypothesis as the AR 

interface incurs higher immersion scores than the vanilla 

interface.  

Past findings imply diegetic interfaces increase immersion 

as the absence of information means less distractors [15]. 

The AR UI removes the non-diegetic UI elements on the 

game monitor and produces the same immersive effect. 

Some participants say they felt the game was more 

immersive because the game looked “cleaner”.  Likewise, 

past findings suggest larger screens increase immersion 

[25]. By placing UI elements in AR around the screen it 

appears to the player that the area the game is displayed has 

been virtually extended, even though the physical game 

display has not changed. This is backed by some 

participants stating the AR elements felt like part of the 

game. The AR UI simulates a larger screen size effect and 

produces increased immersion like the previous study [25]. 

Regarding the components of the IEQ [18] the higher real-

world dissociation scores in AR could be explained by the 

increased game space and the encapsulating effects 

described by the participants. This may have felt like the 

real world was more closed off. This implies game 

designers should seek methods which expand the game 

around the player. Additionally, not pausing the gameplay 

meant AR allowed for a more fluid experience. This means 

a comparatively lower consciousness of the real world 

because it may be easier to “get in to” the game world 

without disruption. This suggests gamers become more 

conscious of reality when they pause or overlay the game 

world and lose control over the protagonist. So, designers 

should plan workarounds to meaningfully combine the 

game world and paused UI overlay  together (see figure 17) 

in a similar way that Dead Space moves non-diegetic HUD 

elements into the game [12]. 

 

Figure 17. Tom Clancy’s The Division. 3D world map appears 

as an in-game hologram. The player is not disconnected from 

the game world by pausing. 

Likewise, control regards the usability of the interface and 

controls by measuring the extent the player feels they are 

directly interacting with the game at will. AR scored higher 
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for control which may be explained by the continuity of 

experience produced by the lack of disruptive interactions 

with the map. Perhaps by not pausing the game the player 

maintains a sense of control over the in-game character, 

creating a greater sense of will power when interacting with 

the game environment. Gamers seeking immersion should 

pause infrequently, so game designers should aim to keep 

gamers in control of the character by removing pause acts. 

Another explanation for control being higher for AR is that 

AR gives the player command over when they view UI 

elements. Participants describe how they could not see the 

AR UI when playing unless they decided to look at them. 

This may have lowered unexpected or non-diegetic 

distractors and increased the sense of agency players had in 

the world. Again, game designers should conceive methods 

like the AR UI to limit distractors by giving players 

command over the appearance of UI elements. 

After completing both conditions, the participants discussed 

why the AR condition was immersive. In addition to the 

immersive diegetic display, the interface allowed a more 

continuous and convenient experience compared to its 

vanilla counterpart. Much weight is given to viewing the 

map, which is arguably the main difference between the 

conditions. This is because the incentivisation task made 

the map the principal element, which is also compounded 

by the entirely different way the map is accessed in each 

condition. Therefore, we must distinguish between overlaid 

UI and pause menu UI, as both are non-diegetic interfaces 

but the latter stands to benefit most from AR’s immersive 

advantages. Overlaid UI includes the elements typically 

placed as a HUD over the game world which do not require 

pausing and breaking control over the character. Pause 

menu UI lets players study a large UI element 

uninterrupted, but this breaks connection to the character 

and game world which participants suggest is more 

disruptive for immersion. Naturally, these distinctions are 

specific to certain game genres involving a playable 

character inhabiting a game world. 

A possible reason the paused menu UI map was more 

immersive when augmented compared to alt-tabbing and 

pausing (which simulated the usual interaction to view such 

interfaces) is because the map was more appropriate for flat 

information architecture [26]. Essentially, the flat hierarchy 

means less layers of interaction because the target item is 

directly available to the user, like the map in the AR 

condition. The map in the vanilla condition involves 

multiple layers of interaction to view (alt-tabbing to the 

map, viewing, alt-tabbing to the game then unpausing), all 

whilst breaking players’ connection to the game world. The 

AR map involves a simple look upwards whilst keeping the 

gameplay active and in peripheral vision. This allowed for 

continued gameplay, whereas the layers of interactions 

when pausing is reportedly too costly in comparison. 

Immersion was also effected by the hardware used in the 

study. The HoloLens has various ergonomic issues for 

players, including immersion disruptors like lens glare and 

weight, yet this was not enough to outweigh the benefits. 

Interestingly, participants mention that a future AR system 

which refines these limitations or changes the form to a pair 

of spectacles would be more practical for displaying the AR 

UI.  

The HoloLens’ limited FOV meant when participants 

looked at the game screen, none of the augmented interface 

elements were visible until they turned their head towards 

them. Participants mention how this attributed to immersion 

because it gave them control over when they view the 

interface, which meant it was easier to focus on the game. 

However, participants also describe how the limited FOV 

caused them to forget and underutilise some augmented 

elements (especially the bestiaries) because they were less 

relevant to the map task and distant from the screen. These 

elements did not draw attention to themselves so the 

information remained unused outside the FOV. Any 

designer using augmented reality should be cautious of the 

FOV and display hints to remind users of the presence of 

items they do not see.   

Another important finding regarding the FOV is that 

players criticise horizontal head movements which cut off 

more line of sight from the monitor. In contrast, viewing the 

augmented map involved vertical head movements which 

allowed the players to maintain peripheral line of sight with 

the whole monitor. Arguably the rectangular shape of the 

monitor means a larger screen cut off is made in horizontal 

head movements, but further empirical clarification is 

required. For whatever reason, it is clear that looking at the 

area directly above the screen felt most natural to players. 

There are some suggestions that players want to maintain 

some line of sight with the whole monitor because it allows 

them to continue gaming in their peripheral vision whilst 

they study the map. 

Lastly, subjective workload was measured by the NASA 

TLX [14] and was not different for either condition which 

means accessing the AR interface using a HMD was no 

more or less effort than usual screen-based method. We can 

subsequently reject the second hypothesis stating the AR 

interface would incur lower subjective workload scores 

than the vanilla interface. The qualitative data on 

ergonomic limitations and the participants’ inexperience of 

using the HoloLens offers some explanation. 

6.2. Implications 

One of the key findings of this study is that players desire 

continuous gameplay experiences where they are able to 

view UI information without breaking their connection to 

the game world. Continuity was an important factor to 

emerge from the qualitative data which refers to gameplay 

that was uninterrupted by pausing and is a constant 

experience of play and controlling the character. Pausing 

the game to view an interface is a common non-diegetic 

player action [13] which was simulated in this study by alt-

tabbing to a map image. Participants in this study discussed 
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how disruptive it was for immersion when pausing 

gameplay to view the map in the vanilla condition. In the 

AR condition when viewing the augmented map, players 

were able to maintain enough sight of the game to multitask 

fluidly and continue gaming, even though gameplay was 

peripheral. 

This study provides further evidence that diegetic interfaces 

influence immersion and paused game UI elements like the 

map break the experience. Immersion is increased when 

they are easily accessible without pausing the game. This 

implies that immersive game design should attempt to make 

information and interactions commonly found in paused 

menus available without halting gameplay – AR is one 

method. 

Careful thought is required in deciding which UI elements 

would benefit from an AR intervention, but these findings 

suggest items embedded in paused menu interactions are 

most appropriate. Based on qualitative data, the optimal 

area for players to view augmented elements is directly 

above the screen, but generally the more important 

elements should be closer. Surrounding the player with 

elements was reportedly encapsulating and immersive. 

Whilst the panels should be rotated around the player at 

readable angles, caution should be taken in displaying any 

items too far from the game because participants tended to 

underutilise or forget them.  

In light of these findings, steps should be taken to ensure 

players don’t disregard elements beyond the FOV. AR 

designers could consider a contextualised directional 

prompt that would draw attention to the relevant 

information. The limited FOV was described as immersive 

for removing peripheral elements, leaving access to the UI 

at the players behest. It’s not possible to compare this effect 

to a full FOV due to hardware limitations, but designers 

should still note unnecessary non-diegetic UI elements in 

the players FOV are likely distractors.   

Whilst the static elements in the present study were enough 

to feel part of the game, participants recommended that the 

UI should be dynamic and contextual (for example, relevant 

information appearing during an enemy encounter). 

Information should be kept minimal as they also described 

how they did not want to pause gameplay to read 

everything, although this may be due to time limitations.  

Hardware and console designers can note the ergonomic 

limitations for the HMD. In this study, players felt the 

HMD posed a barrier to immersion as they became 

conscious of the device. Future gaming HMDs (both VR 

and AR) would benefit from a design focusing on reducing 

weight and reduce the presence of any lens glare or blur. 

Participants mentioned how unobtrusive common 

spectacles are in comparison, which indicates a potential 

design direction for the future.  

For researchers, implications include the introduction of a 

novel interface which addresses concerns for game UI and 

immersion. The literature should acknowledge the 

importance that continuity of gameplay has on immersion. 

Researchers should also contemplate the number of suspect 

immersion influencers for AR UI in the findings; such as 

paused menu items, diegetic interface, UI area, flat 

information hierarchy and limited FOV. These may vary in 

magnitude or have a compounding relationship which 

researchers should work towards unravelling. We should 

take a much closer look at the interactions occurring for 

players using this form of UI, perhaps with eye tracking or 

key stroke analysis.  

6.3. Future Directions 

Further research should verify these findings with the 

dynamic and interactive elements which were omitted from 

this study, like the health bar and mini-map. Optimal 

positioning of AR UI elements warrants further 

investigation as only one iteration of the AR UI was tested. 

The size of the interface should also be manipulated to 

further investigate the screen size effects [25]. 

Researchers should distinguish between non-diegetic 

overlay (like control prompts) and paused menu items (like 

the map) and explore which influences immersion more and 

which is more suitable for augmenting. In a future study, 

this distinction would clarify if these results are a symptom 

of the change in map accessibility or the diegetic interface. 

Previous research on immersive diegetic interfaces 

investigated FPS games [12,15], but the present study finds 

this effect is applicable to a third-person role-playing game 

too. Researchers should continue to find how diegesis 

effects immersion in other genres. Likewise, further 

investigations should explore how suitable the AR UI is for 

different game types.  

Expertise was an important variable effecting immersion 

and UI in prior research [15] and should also be applied to 

further studies on AR game interfaces. An extension of this 

study could explore how expertise changes which UI 

displays they are attracted to. However, researchers still 

need to define distinctive types and levels of expertise for 

comparisons between studies [16]. 

6.4. Limitations 

Qualitative data underlines some experimental limitations. 

Firstly, there was a learning curve as participants were new 

to the HMD and the game, so assimilating the two was 

difficult. This is compounded by the experiments time 

limitation which may have impeded higher tiers of 

immersion [6]. A combination of the time limitation and the 

incentivisation also motivated participants to focus on the 

map task and omit looking at less relevant or extensive 

items like the bestiaries (this is true of both conditions). 

Also, as the map did not update the characters location, 

some participants inevitably lost their bearings after some 

time which renders the map unusable. However, this was a 

rare occurrence and a future study should be motivated to 
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implement dynamic elements based on the present 

evidence. 

Despite prior evidence of the effects of expertise on the 

matter of non-diegetic elements [15], it was overlooked in 

favour of generally assessing the viability of the AR 

intervention. As a result, the participants include a mix of 

expertise ranging from moderate keyboard and mouse 

gamers to those who had previously played the game. It’s 

unclear what effect this unmeasured third variable incurs 

but, as previously mentioned, it is an area for further study. 

The results must be interpreted cautiously due to the small 

sample size and the focus on one area of a role-playing 

game which conveniently included options to manipulate 

the UI. There was also only one design layout for the AR 

UI tested, therefore we must be careful not to conclude that 

AR UI’s are generally more immersive. Perhaps the 

particular design characteristics are the cause of the 

increased immersion more than the AR advantages. 

Nevertheless, the AR still permits the designs existence. 

The findings regarding the FOV are similarly hard to 

distinguish. The AR UI was designed to leverage the 

limited FOV so the UI elements were out of sight when 

facing the game, removing peripheral distractors and 

leaving a diegetic display. However, we could not test this 

idea against a non-limited FOV due to hardware restraints. 

Participants testify that it was a good design choice for 

immersion, but also forgot the presence of some elements. 

The limited FOV appears to cut both ways.  

Finally, this was a fundamental analysis of AR’s potential 

to display an immersive game UI. The static images used as 

placeholder UI elements do not reflect the dynamic 

attributes or interactions which a more viable iteration 

would implement. In that sense, this was a study comparing 

a prototype interface to a limited version of the original 

game. Foreseeably, the interface could allow the player to 

move elements to desired positions, allow normal dynamic 

interactions with the map and include other paused menu 

elements like the inventory. With much potential left out 

from this study more work is required, although thus far the 

results are promising for AR.  

7. CONCLUSION 

In response to the research question, using AR to reposition 

overlaying UI elements from the game display to the area 

around the screen does increase immersion. The AR UI 

offers a more immersive gaming experience and the 

immersive effects persist in the presence of multiple 

ergonomic and interface limitations. Clarification comes 

from qualitative data which explains the numerous 

influencers for immersion onset by the AR UI. Being able 

to see the map whilst gaming instead of initiating a paused 

interaction appears to be the foremost explanation. It 

appears that players become more immersed when the 

experience is unbroken by any pausing or other non-

diegetic distractors. This study finds that AR is an effective 

way to avoid placing paused menu UI and non-diegetic 

elements over the game. Further evidence is needed to 

verify this conclusion due to limited participants and the 

focus on a single area of one game. Overall, we have just 

scratched the surface of AR’s potential to improve the 

gameplay experience.  
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APPENDIX 1: CONSENT FORM 

 

Consent form  

Title of Project: Augmenting the HUD 

UCL Research Ethics Committee approved as Project ID Number: UCLIC/1516/004/Staff Cox/Jennett/Gould 

 

 

Participants Statement 

I ____________________________________________________________ 

agree that I have 

• Read the information sheet and/or the project has been explained to me orally; 

• Had the opportunity to ask questions and discuss the study; and 

• Received satisfactory answers to all my questions or have been advised of an individual to contact for answers to 

pertinent questions about the research and my rights as a participant and whom to contact in the event of a research-

related injury.  

I understand that I am free to withdraw from the study without penalty if I so wish, and I consent to the processing of my 

personal information for the purposes of this study only and that it will not be used for any other purpose. I understand that 

such information will be treated as strictly confidential and handled in accordance with the provisions of the Data Protection 

Act 1998. 

 

Signed: ________________________________________   Date: ____________________________ 

 

 

 

 

Investigators Statement  

I _________________________________________________________ 

confirm that I have carefully explained the purpose of the study to the participant and outlined any reasonably foreseeable 

risks or benefits (where applicable). 

Signed: ________________________________________   Date: _____________________________ 
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APPENDIX 2: INFORMATION SHEET 

 

 

Information Sheet 

 

Title of Project: Augmenting the HUD 

UCL Research Ethics Committee approved as Project ID Number: UCLIC/1516/004/Staff Cox/Jennett/Gould 

Name, Address and Contact Details of Investigators: [Removed for Anonymity] 

We would like to invite you to participate in this research project. You should only participate if you want to; choosing not to 

take part will not disadvantage you in any way. Before you decide whether you want to take part, please read the following 

information carefully and discuss it with others if you wish. Ask us if there is anything that is not clear or you would like 

more information. 

 

Details of Study 

This study is testing the level of immersion and task load of different interfaces for a roleplaying game called “The Witcher 

3: Wild Hunt”. The game and controls will be shown to you through the in-game tutorial if you are unfamiliar. Once 

comfortable you will be asked to play and explore in the game’s starting open world area. Your objective is to use the in-

game map to navigate towards and clear as many points of interest as you can in the area (a monetary prize is available for 

reaching and clearing enough points on the map). This will occur over two fifteen-minute sessions, one of which will include 

the uses of an augmented reality head mounted display called the HoloLens. In that condition the games user interface, map 

and bestiary will be augmented around the primary screen. In-between and after the gaming sessions you will be asked to 

complete two questionnaires which measure the level of immersion and task load (effort).  

 

Following this, a short interview will occur (10 minutes) which will be recorded. Overall the experiment will last about an 

hour. You will receive £5 for your participation and an additional £5 if you completed the exploration goal in time. Please 

ask any questions you have throughout the experiment or email me after the experiment with further questions.  

 

It is up to you to decide whether or not to take part. If you choose not to participate, you won't incur any penalties or lose any 

benefits to which you might have been entitled. However, if you do decide to take part, you will be given this information 

sheet to keep and asked to sign a consent form. Even after agreeing to take part, you can still withdraw at any time and 

without giving a reason. 

 

All data will be collected and stored in accordance with the Data Protection Act 1998. 
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APPENDIX 3: IMMERSIVE EXPERIENCE QUESTIONAIRE 

 

Your experience of the game 

P No.  

 
Please answer the following questions by circling the relevant number. In particular, remember that these questions are asking you about 

how you felt at the end of the game. 

 

1. To what extent did the game hold your attention? 

     Not at all 1 2 3 4 5 A lot 

 

2. To what extent did you feel you were focused on the game? 

     Not at all 1 2 3 4 5 A lot 

 

3. How much effort did you put into playing the game? 

     Not at all 1 2 3 4 5 A lot 

 

4. Did you feel that you were trying your best? 

     Not at all 1 2 3 4 5 Very much so 

 

5. To what extent did you lose track of time? 

     Not at all 1 2 3 4 5 A lot 

 

6. To what extent did you feel consciously aware of being in the real world whilst playing? 

     Not at all 1 2 3 4 5 Very much so 

 

7. To what extent did you forget about everyday concerns? 

     Not at all 1 2 3 4 5 A lot 

 

8. To what extent were you aware of yourself in your surroundings? 

     Not at all 1 2 3 4 5 Very aware 

 

9. To what extent did you notice events taking place around you? 

     Not at all 1 2 3 4 5 A lot 

 

10. Did you feel the urge at any point to stop playing and see what was happening around you? 

      Not at all 1 2 3 4 5 Very much so 

 

11. To what extent did you feel that you were interacting with the game environment? 

      Not at all 1 2 3 4 5 Very much so 

 

12. To what extent did you feel that you were separated from your real-world environment? 

      Not at all 1 2 3 4 5 Very much so 

 

13. To what extent did you feel the game was something you were experiencing, rather than just doing? 

      Not at all 1 2 3 4 5 Very much so 

 

14. To what extent was your sense of being in the game environment stronger than your sense of being in the real world? 

      Not at all 1 2 3 4 5 Very much so 

 

15. At any point did you find yourself become so involved that you were unaware you were even using controls? 

      Not at all 1 2 3 4 5 Very much so 

 

16. To what extent did you feel was though you were moving through the game according to your own will? 

      Not at all 1 2 3 4 5 Very much so 
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17. To what extent did you find the game challenging? 

      Not at all 1 2 3 4 5 Very difficult 

 

18. Were there any times during the game in which you just wanted to give up? 

       Not at all 1 2 3 4 5 A lot 

 

 

19. To what extent did you feel motivated while playing? 

       Not at all 1 2 3 4 5 A lot 

 

20. To what extent did you find the game easy? 

      Not at all 1 2 3 4 5 Very much so 

 

21. To what extent did you feel like you were making progress towards the end of the game? 

      Not at all 1 2 3 4 5 A lot 

 

22. How well did you think you performed in the game?  

      Not at all 1 2 3 4 5 Very well 

 

23. To what extent did you feel emotionally attached to the game? 

      Not at all 1 2 3 4 5 Very much so 

 

24. To what extent were you interested in how the game’s events would progress? 

       Not at all 1 2 3 4 5 A lot 

 

25. How much did you want to “win” the game? 

      Not at all 1 2 3 4 5 Very much so 

 

26. Were you in suspense about whether or not you would win or lose the game? 

      Not at all 1 2 3 4 5 Very much so 

 

27. At any point did you find yourself become so involved that you wanted to speak to the game directly? 

      Not at all 1 2 3 4 5 Very much so 

 

28. To what extent did you enjoy the graphics and imagery? 

       Not at all 1 2 3 4 5 A lot 

 

29. How much would you say you enjoyed playing the game? 

       Not at all 1 2 3 4 5 A lot 

 

30. When interrupted were you disappointed the game was over? 

      Not at all 1 2 3 4 5 Very much so 

 

31. Would you like to play the game again? 

       Definitely not 1 2 3 4 5 Definitely yes 
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APPENDIX 4: NASA TLX 
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APPENDIX 5: CODED TRANSCRIPTS 

All coded transcripts available in the project dropbox. See supervisor for access. 

 

APPENDIX 6: UI ELEMENTS FOR THE UNITY PROJECT 

Map 

 

Control prompts (left) and item controls (right) 
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Bestiary entries.  
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