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ABSTRACT 

 

Augmented Reality (AR), technology that combines virtual reality with the real 

world, is now becoming commercially feasible. With a wide range of applications, 

from maintenance to cultural heritage, this technology will become increasingly 

prevalent in a number of settings. Other interactive technologies with engaging 

graphical content such as video games and virtual reality have been found to be 

highly immersive. If this is also the case with AR, there may be important safety 

implications to its use in busy outdoor environments. 

 

This study investigated levels of immersion induced by the use of an AR system as 

an archaeological guide, and the safety implications of using this system in an urban 

environment. Twenty participants (6 female), all UCL postgraduate students, were 

divided between two conditions: one using an AR system, the other a non-AR 

control system. Five independent variables were tested; immersion, total task 

completion time, level of situational awareness and amount of archeological 

knowledge acquired. Participants were videoed whilst walking around a prescribed 

route, and subsequently tested on the amount of knowledge absorbed and level of 

immersion via the use of questionnaires. Situational awareness was tested through 

recall of salient objects placed around the experiment area. 

 

Data analysis found that immersion was significantly higher in the AR condition and 

that time to complete the task was significantly longer. However, there were no 

incidents of obstacle collisions and no significant differences were found between 

conditions for the recall of salient objects or the amount of knowledge acquired. As a 
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result this study found that, despite there being evidence that an AR system can 

induce a state of immersion, there were no barriers to safety in the use of an AR 

archaeological guide system in a busy outdoor environment.  
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CHAPTER 1. INTRODUCTION 

 

In the past few years, the first commercial applications that add a virtual reality layer 

to a user’s view of the world have appeared. With the advent of smartphones and the 

rapid uptake of powerful tablet computers, the prospect of augmenting reality with 

computer-generated content is moving out of the realms of laboratory research and 

into everyday life. Applications such as ‘Layar’ overlay locations of points of 

interest onto a stream from a video camera; games such as ‘Paranormal Activity’ 

bring the world of the game into the player’s environment; while applications like 

‘Star Chart’ bring the night sky to life. 

 

Put simply, Augmented Reality (AR) adds a layer of virtual graphics to the user’s 

view of the world, presenting information that would not otherwise be accessible. 

With mobile AR, the user’s location and orientation can be identified so that graphics 

relevant to the real world environment can be displayed. AR applications often 

present engaging graphics and absorbing content, in a similar manner to video games 

or virtual reality. Users of these types of technology can become heavily involved or 

immersed while using them, often to the exclusion of outside stimuli. The question 

of whether users of AR systems also experience high levels of immersion has never 

been fully addressed. Since many of the applications of augmented reality involve an 

outdoor setting, this raises the question of whether high levels of immersion would 

create safety issues in a potentially hazardous area such as a busy urban environment. 

This study intends to address some of these issues; the next section will outline the 

research questions and aims that shaped the research. 
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1.1 Research Questions 

Immersion is a phenomenon commonly experienced during the use of computer 

games. It can be defined as the extent to which users are absorbed in the world of the 

game (Jennett, Cox, & Cairns, 2009). The main characteristics of immersion 

identified by Jennett et al. (2008) are: a lack of awareness of time, loss of awareness 

of the real world and a sense of being in the game environment. As mentioned above, 

immersion is a concept that has also been applied to the field of virtual reality; since 

AR is a mixture of virtual reality and the real world, it is a domain where the concept 

of immersion could potentially be applied. A system that is used in an uncontrolled 

space has a number of issues to contend with that do not appear in fields such as 

virtual reality and video games, such as other people, weather and other unexpected 

events. This study aims to investigate whether the concept of immersion can be 

applied to an AR system when used in a busy urban environment. This leads to the 

first research question: 

 

Can the use of an augmented reality system in a busy outdoor environment lead 

to high levels of immersion? 

 

The characteristic of immersion that leads to most concern for AR use in an outdoor 

setting is ‘loss of awareness of the real world’. Those who have experienced an 

immersive state have described feeling cut off from reality and feeling like they exist 

solely in the game world. If such an immersive state could be induced through the 

use of technology in a hazardous environment, there would be obvious safety 

concerns. This study intends to investigate the extent to which such a system affects 
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users’ awareness of their environment and any related safety implications. Therefore 

the second research question is: 

 

What are the safety issues implied by a lack of environmental awareness 

induced by the use of an augmented reality system in a busy urban 

environment? 

 

Last year, a study was conducted to investigate a similar question and this work is 

intended to some extent as a follow-up to that study (Kuo, 2010). The previous 

research found that there was evidence that an AR system did induce an immersive 

state. It also found that participants using an AR system had a tendency to collide 

with obstacles in their environment. This study intends to attempt to replicate this 

result and conduct a more detailed analysis of participant awareness of their 

environment and behaviour while using an AR system. It will then attempt to 

establish how participant behaviour influences any safety issues that occur. 

 

The remainder of this document describes how this research was conducted and the 

results and implications of the work. Chapter Two describes the field of AR in more 

detail, before exploring the concept of immersion and discussing current research 

into the safety implications of mobile technology use and how the concepts of 

situational awareness and inattentional blindness can be used to investigate these 

implications.  

 

Chapter Three declares the experimental hypotheses and provides a detailed account 

of the methodology used to evaluate them. The results of this investigation are 
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presented in Chapter Four; which are then discussed in detail in Chapter Five. The 

final chapter offers a general conclusion to the work.  
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CHAPTER 2. LITERATURE REVIEW 

 

This chapter will outline and discuss the current state of research into augmented 

reality and examine other literature relating to the research questions covered in this 

study. It will first present a brief overview of the field of mobile augmented reality 

and explore some of the applications of this technology. Next it will consider the 

topic of immersion and how it can be applied to this field. Finally, it will cover some 

of the existing research into the safety implications of using technology on the move 

and how this relates to the concepts of situational awareness and inattentional 

blindness. 

 

2.1 Mobile Augmented Reality 

Augmented reality (AR) integrates virtual reality elements into the user’s physical 

environment. Mobile AR provides this functionality without constricting a user to a 

particular area (Höllerer & Feiner, 2004). Such a system can add a relevant layer of 

information wherever the user might be. Höllerer & Feiner (2004) define a mobile 

AR system as “one that combines real and computer-generated information in a real 

environment, interactively and in real-time, and aligns virtual objects with physical 

ones”. This involves using tracking and mapping software to pinpoint the location 

and orientation of the system and using that information to add a relevant layer of 

computer generated graphics to the user’s field of view. 

 

One of the first mobile AR systems was the Columbia touring machine (Feiner, 

MacIntyre, Höllerer, & Webster, 1997). It used a head-tracked see-through display 

and a tablet computer to provide a mobile tour guide of the Columbia university 
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campus. The first prototypes of mobile AR systems were often bulky and unwieldy 

and therefore unfeasible as commercial systems, but as computers are becoming 

smaller and more powerful, mobile AR is becoming increasingly prevalent. With the 

advent of smart phones and the wide availability of data on the move, the potential 

reach of mobile AR is increasing and provides the possibility of creating context-

aware computers. The concept of mobile AR has similarities with Weiser’s ideas of 

ubiquitous computing, where computational devices are integrated throughout 

everyday objects and activities, and technology can be seen as pervasive throughout 

a user’s environment (Weiser, 1993):  according to Papagiannakis, Singh, & 

Magnenat-Thalmann (2008) mobile AR can be viewed as “a meeting point between 

augmented reality, ubiquitous computing and wearables”. 

  

Mobile AR is particularly useful when a user requires information for a particular 

task while remaining focused on the task in hand. Traditional information sources 

such as manuals require the user to shift their attention away from the task, whereas 

AR can be used to seamlessly integrate the required information into the user’s 

current visual field. Potential applications identified by Höllerer & Feiner (2004) 

include: assembly and construction, maintenance and inspection, navigation and path 

finding, tourism, geographical fieldwork, journalism, architecture and archaeology, 

also military training and combat.  

 

This study will focus on the application of AR to cultural heritage. Papagiannakis et 

al. (2008) highlight cultural heritage as an area where augmented reality can be used 

to enhance the user experience: it can enable visualisation of 3D graphics and further 

layers of information relating to both tangible and in tangible cultural artifacts. This 
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application of AR was explored by Vlahakis et al. (2002) in a project to develop an 

archaeological guide for cultural heritage sites in Greece. The system superimposed 

3D models of complete buildings onto ancient ruins to enable users to visualize how 

the sites would have looked when they were first built. This system was implemented 

on three platforms: a laptop with an HMD, a tablet computer and a palmtop 

computer. Users found the system extremely helpful for understanding the history 

and use of the sites. Papagiannakis et al. (2005) used AR to animate flora and fauna 

in ancient frescos in Pompeii in order to create an interactive storytelling experience. 

AR is particularly applicable to archaeological sites in an urban environment, where 

artifacts may not be visible, so the addition of a virtual layer can allow users to 

visualise hidden artifacts. This application of AR is therefore ideal for studying the 

safety implications of using an AR system in a busy urban environment, while also 

providing an interesting, immersive scenario for users. 

 

2.2 Immersion 

This section will explore immersion and how it could be a useful concept for 

studying the user experience of an AR system. Immersion is a concept that originated 

in the world of computer gaming, though it has been applied to other software 

domains such as virtual reality (Bowman & McMahan, 2007). Researchers have 

developed two main definitions of immersion: the perceptual approach that states 

that immersion is “the degree to which a technology or experience monopolises the 

senses of a user”; and the psychological approach that suggests that immersion 

describes the player’s level of mental absorption in the game world (Jennett et al., 

2009). These definitions imply that any system that engages a user’s interest to the 
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extent that they become captivated by it can be said to be immersive; this suggests 

that this concept would apply to AR. 

 

In an effort to establish a more concrete definition of immersion, Brown & Cairns 

(2004) conducted a grounded theory evaluation (Strauss & Corbin, 1997) of 

interviews with a number of gamers. Their findings largely supported the 

psychological view that immersion describes a player’s level of involvement in a 

game. Their investigation concluded that there are three levels of immersion: 

engagement, engrossment and total immersion. For a user to progress to each level 

they must first pass through those before it; and there are a number of barriers to 

immersion at each stage.  

 

Engagement is the lowest level of immersion and does not involve the player 

emotionally. To achieve this level players must first invest time, effort and attention 

in the game. The two main barriers for attaining this level of immersion are access, 

which includes whether the player is interested in the game type and the ease of use 

of the controls. 

 

The next level is engrossment. Here the player begins to feel a certain level of 

emotional involvement in the game. Appealing graphics, interesting tasks, and an 

exciting plot are generally vital for the player to attain this stage. Gamers at this level 

feel a strong drive to keep playing, are less aware of their environment and are also 

less self-aware. Their emotional involvement has caused them to suspend their 

disbelief in the game world and this can cause them to feel emotionally drained when 

they finish playing. 



 15 

 

The final, highest level of immersion is total immersion. This is the rare state where 

a game completely takes over a player’s thoughts and feelings. Barriers to entering 

this state are achieving a high level of empathy with the game characters and a 

realistic and engrossing game atmosphere. Another key factor for achieving total 

immersion is that the game requires a high number of attentional sources covering 

visual, auditory and mental elements. 

 

The level of total immersion can be viewed as similar to the concept of flow, 

developed by Csikszentmihalyi (1991). It describes a ‘state in which individuals are 

so involved in an activity that nothing else seems to matter’ and represents an 

optimal experience. It consists of eight components: clear goals, a high degree of 

concentration, a loss of the feeling of self-consciousness, distorted sense of time, 

direct and immediate feedback, balance between ability level and challenge, sense of 

personal control and intrinsic reward. Flow could be viewed as the extreme end on a 

sliding scale from boredom through engagement, engrossment and total immersion 

to flow. Since flow is described as the optimal possible experience it is debatable 

whether true flow can ever really be achieved. 

 

Jennett et al. (2008) developed a questionnaire in order to measure immersion. They 

determined that immersion has the following features: lack of awareness of time, loss 

of awareness of the real world and involvement and a sense of being in the task 

environment. They developed their immersion evaluation questionnaire (IEQ) based 

on these three concepts and tested it by comparing levels of immersion caused by a 

game and a control task. The questionnaire was then given to a large number of 
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gamers and a factor analysis of the results found five components of immersion: 

cognitive involvement, real world dissociation, emotional involvement, challenge 

and control.  

 

In a follow-up study, Jennett et al. (2009) studied the factor of real world dissociation 

(RWD) in detail. They studied how aware participants were of auditory distractors 

while playing either a boring game or a more interesting one. The distractors used 

were either personally relevant to the participant, relevant to the game or irrelevant. 

Distractors were played during the game and participants were later asked to identify 

the distractors they had heard in three questionnaires. They found that, as expected, 

those in the high immersion condition recognized fewer distractors overall than those 

in the low immersion condition. They also found that participants in the high 

immersion game recognized more of the game relevant distractors than the irrelevant 

distractors, which indicates that there was a degree of high-level filtering of the 

distractors. Those in the low immersion condition, however, showed no significant 

differences between the recognition of game, personal and irrelevant distractors.  

 

Very little research has been conducted applying the concept of immersion to 

software systems that are used on the move, such as mobile AR. The experience of 

immersive systems in an outdoor environment can be expected to be very different 

since, unlike simulated environments such as computer games and virtual reality, 

unpredictable elements such as other people, noise and weather could be 

encountered. Reid, Geelhoed, Hull, Cater, & Clayton (2005) conducted a study that 

analysed the experience of immersion for a location-based audio drama. Participants 

spent time walking around an experimental area wearing GPS location equipment 
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and headphones. Stepping into specific areas triggered the playing of an audio clip 

representing part of a story. Interviews were then conducted to study the levels of 

immersion participants experienced. They found that immersion was a positive 

determinant for enjoyment: participants experienced empathy with the historical 

characters in the audio play and generally spent long periods of time exploring the 

content. However, they found that immersion could be a transient state with people 

often moving in and out of immersion. This could be caused by unplanned events, 

such as a loud noise in the real world, or system failures. This indicates that users in 

this environment can easily be brought out of an immersive state. They also found 

that the act of walking and looking where they were going prevented some users 

from becoming as immersed as they wished, which implies that users can possibly be 

prevented from becoming highly immersed by awareness of their environment. 

 

Immersion, and in particular the factor of RWD, has particular relevance when 

considering the safety implications of using an immersive system in a busy urban 

environment. It represents a measure of how cognitively separated an individual feels 

from their environment. If an immersive systems induces RWD in a user to such an 

extent that they are unaware of hazards, such as static obstacles or traffic in their 

vicinity, it could have serious consequences.  

 

The next section examines the current literature concerning safety while using 

mobile technology and introduces the concept of situational awareness. 
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2.3 Technology and Safety 

Although there has been very little research covering the safety implications of the 

use of AR systems, there have been numerous studies investigating the impact of the 

use of other technologies on safety, in particular the use of mobile phones. 

 

Research on safety and mobile phones has primarily focused on their use while 

driving, and there is a considerable body of research suggesting that mobile phone 

use has a significant negative impact on driving performance. Strayer & Johnston 

(2001) studied the impact of a mobile phone conversation on a driver’s ability to spot 

red ‘stop signals’ while driving a simulator. They found that those talking on a phone 

missed twice as many red signals as those in the control condition of listening to the 

radio. This research implies that engaging in cognitive activities such as phone use 

can severely disrupt performance in driving. Similarly, Redelmeier & Tibshirani 

(1997) studied how phone use was related to driving accidents and found that a 

traffic collision was four times more likely to occur with a user speaking on a phone 

than when not doing so.  

 

More recent research has attempted to determine whether these findings also apply to 

the use of a phone while walking. Pedestrians in an urban environment often have 

numerous obstacles to avoid, and areas such as road crossings can be extremely 

hazardous if individuals are potentially distracted by technology. However, it has 

been suggested that, since walking is a more natural human activity than driving, the 

use of a mobile phone may affect walking less than it affects driving (Nasar, Hecht, 

& Wener, 2008).  
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One such study was that conducted by Nasar et al. (2008). They investigated 

pedestrian distraction whilst using mobile phones by measuring how it affected 

participant’s situational awareness. A simple definition of situation awareness is: 

“knowing what is going on around you” (Endsley & Garland, 2000). This concept is 

most commonly used in the field of aeronautics, though it can be applied to a variety 

of situations and is particularly relevant when in a busy urban area. 

 

In the first experiment of Nasar et al. (2008) participants were asked to walk along a 

prescribed route, around which were placed five out-of-place objects. One group 

conducted a short phone conversation while walking, and the control group were 

asked merely to hold a phone as if waiting for a call. Once they had completed the 

prescribed route, each participant was asked to identify the out-of-place objects: they 

were presented with groups of four pictures, one of which was of an object that was 

on the route and the other three were distractor objects. Those who were conducting 

a phone conversation identified significantly fewer of the out-of-place objects than 

the control group. This supported Nasar et al. (2008)’s hypothesis that conducting a 

phone conversation would reduce a user’s situational awareness.  

 

In the second study they observed pedestrians crossing roads, aiming to connect 

reduced situational awareness with unsafe behaviour. Pedestrians were observed at 

four crossroads and a number of attributes were noted, including: what type of 

technology use was involved (i.e. phone conversation, listening to music, none), 

whether the pedestrian bumped into anything, what action they took at the crossing 

and the perceived safety of that action, and whether others were forced to evade 

them. It was found that pedestrians using technology exhibited more unsafe 
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behaviour than those not doing so, with those having a phone conversation exhibiting 

more unsafe behaviour than any other group. Indeed, mobile phone users tended to 

exhibit the opposite of expected behaviour, such as crossing when a car was 

approaching and stopping and waiting when there were no cars. This behaviour has 

clear implications for pedestrian safety and supports the findings of studies 

concerning driving such as Strayer & Johnston (2001). 

 

Zohar (1978) studied obstacle avoidance in experiments using a rod placed at 

different heights projecting into the participant’s walking path. The findings 

supported the hypothesis that the likelihood of bumping into an object was positively 

related to the distance from the participant’s visual focal point. The absence of 

expectation was also found to be a crucial factor in whether a person bumps into an 

object: “the walker is much less likely to be actively engaged in a visual search for 

obstacles, and the likelihood of colliding with them should increase proportionately 

to their distance from the axis of their effective visual field” (Zohar, 1978). 

 

Following the methodology of Zohar (1978), Tractinsky & Shinar (2008) looked at 

obstacle avoidance when using a mobile phone. A protruding rod at different heights 

was introduced at the entrance to a university cafeteria. They hypothesized that 

talking on a phone would reduce the user’s field of view and increase their likelihood 

of bumping into objects. However, it was found that using a phone did not increase 

the number of bumping instances, and therefore no evidence that a slow-paced task, 

such as walking, was degraded by talking on a phone. 
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The explanation for this could be the fact that when walking the visual field changes 

so slowly that people are easily able to anticipate obstacles. Counter-intuitively, it 

was found that those using a phone were slightly less likely to bump into the rod. 

Tractinsky & Shinar (2008) suggest that when using a mobile phone people are 

possibly aware that their visual field could be reduced, so are consequently more 

careful when walking.  

 

2.4 Inattentional Blindness 

A concept that is closely related to a lack of situational awareness is inattentional 

blindness. Inattentional blindness (IB) is an effect where an unexpected but salient 

stimulus in an environment fails to attract attention and is subsequently not 

remembered (Simons, 2000). The lack of situational awareness displayed by 

participants in the first experiment of Nasar et al. (2008) could be described as an 

instance of IB. 

 

A number of studies have explored this concept; perhaps most famously Simons & 

Chabris (1999) in their experiment that used a person in a gorilla suit to illustrate the 

extent of the inattentional blindness phenomenon. They created a video in which two 

teams of players, one team wearing black, the other wearing white, passed a 

basketball between the players on their team. The observers were asked to count the 

number of passes made by one of the teams. About two thirds of the way through the 

video, a person in a gorilla suit walked slowly through the middle of the playing 

area. The gorilla was visible for five seconds and walked through the area of the 

observer’s point of focus. Despite this, over 50% of observers failed to report the 

presence of the person in the gorilla suit when asked. This experiment demonstrates 
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that observers involved in another task often fail to perceive a highly unusual and 

unexpected stimulus even when it occurs at their fixation point. 

 

Explanations for this phenomenon are often split between early and late selection 

theories. The early selection theory advocates that unattended stimuli are discarded at 

the early stages of processing; whereas the late selection theory argues that stimuli 

are processed to the semantic level and “what determines conscious awareness is the 

relevance of the stimulus to the subject” (Newby & Rock, 1998). An alternative 

explanation for the observation of IB, known as ‘inattentional amnesia’, was 

suggested by Horowitz & Wolfe (1998). They propose that the failure to report an 

unexpected stimulus does not represent a failure to perceive it, merely that the 

stimulus was perceived, deemed irrelevant and so immediately forgotten.  

 

A number of factors have been found to affect inattentional blindness. Mack & Rock 

(1998) contend that the more relevant a stimulus is to an observer, then the more 

likely they are to attend to it. They found that observers invariably perceive their 

own name when it is presented as an unexpected stimulus, but show high levels of IB 

when presented with familiar words such as ‘Time’, someone else’s name or even a 

stimulus identical to their name but with the first vowel changed. This suggests that 

the stimulus undergoes a high level of analysis even though it is not consciously 

perceived and provides support for late-selection theories of IB. 

 

There is, however, evidence that factors other than relevance have an effect on 

attention capture. Newby & Rock (1998) studied the effect of distance from the 

centre of attention on perception on an unexpected stimulus. They found that the 
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closer a stimulus was to the attentional centre, the more likely it was to be detected. 

This finding supports early-selection theories of IB. Fougnie & Marois (2007) found 

that higher working memory load significantly increases the likelihood of IB. This 

implies that the use of cognitively demanding technologies such as mobile phones or 

AR systems is likely to increase IB. 

 

Hyman, Boss, Wise, McKenzie, & Caggiano (2010) conducted two experiments 

looking at the effect of mobile technology on inattentional blindness. In their first 

experiment they observed people walking across a square. These were categorised 

into non-technology users, those listening to music, those talking on a phone and 

those walking in pairs. They measured how long it took them to cross the square, as 

well as factors such the number of direction changes the individual made, whether 

they weaved, tripped or stumbled, whether they were involved in a near collision and 

whether they acknowledged other people. They found that those talking on a phone 

and those in pairs took longer to cross the square but found no other significant 

differences between groups. 

 

Their second experiment was designed to reduce the number of observed factors, so 

a situation was constructed that would allow them to explicitly determine whether 

inattentional blindness took place. Using the same square and the same categories as 

before, they placed a unicycling clown close to the walking path though the square. 

Observers then interviewed people after they had crossed the square. They asked 

them first whether they had noticed anything unusual as they crossed the square and 

then, if they did not mention the clown, asked them specifically if they had seen it. 

They found strong evidence of inattentional blindness among phone users: 75% had 
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not seen the clown compared to fewer than half the other participants who failed to 

spot the clown. Those in pairs were most likely to have seen it, which was equivalent 

to the combined performance of two individuals. They concluded that individuals on 

the phone were either less likely to look around them or, in accordance with the 

theory of inattentional blindness, they did look at the unexpected feature but did not 

remember it. This has similar safety implications to the findings of Nasar et al. 

(2008) in that pedestrians are less likely to notice salient objects in their vicinity 

when they are involved in using technology. 

  

 2.5 Conclusion 

The consideration of immersion is vital while examining technologies, such as AR, 

that engage the user through the use of high-quality graphics and arresting content. 

Given that users of mobile AR may be operating in a busy urban environment, the 

implications to safety arising from the induction of an immersive state must be a 

priority in the development of any such technology. By testing aspects such as 

situational awareness via occurrences of inattentional blindness and obstacle 

avoidance, it should be possible to gain a degree of insight into these issues. A 

medium is required through which to provide an engaging scenario that can be 

situated in an outdoor public space, and the field of cultural heritage is ideal for this 

purpose.  

 

The next chapter provides a detailed account of the methodology and system used to 

explore these issues. 
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CHAPTER 3. METHODOLOGY 

 

3.1 Introduction 

This study aimed to investigate whether the use of augmented reality can lead to a 

state of immersion, and how this affects a user’s awareness of their environment. 

This was achieved by studying users’ levels of immersion and situational awareness 

while operating a mobile AR system in a busy outdoor area. The specific context of 

use was that of a guide to facilitate the exploration of an archaeological site. Results 

were obtained through the comparison of an AR system with a non-AR control 

system. The experiment planned to build upon the work of a previous study (Kuo, 

2010), which found that the use of an AR system severely impacted on the users’ 

ability to identify obstacles in their surroundings and resulted in participants 

colliding with objects in the area of the experiment. 

 

Immersion was tested using the Immersive Experience Questionnaire (IEQ) 

developed by Jennett et al. (2008). Although this questionnaire was originally 

developed for the field of computer games, there are sufficient similarities between 

video games and AR systems to justify its application in this case: both present 

engaging graphical content to users and can present information in narrative form 

that can lead to users becoming highly involved in the content.  The IEQ provides a 

subjective measure of how immersed the participants felt themselves to be, and as 

such it relies on participant self-evaluation. The other variables that were tested were 

objective indicators of the effects of immersion. 
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In order to investigate participants’ awareness of their environment, a method based 

on that used by Nasar et al. (2008) was devised. This consisted of placing salient 

objects and signs around the experimental area and testing participants’ recall of the 

objects after they completed a task scenario. This method was designed to test 

participants’ visual awareness of their surroundings. It has similarities with the 

method used by Jennett et al. (2009) who used recall of audio distractors to test 

participant situational awareness. However, since this study aimed to test AR use in a 

public outdoor environment, the use of audio distractors was not considered 

practical.  

 

As a further test of participants’ awareness of their environment, various obstacles 

were placed around the experimental area and participant reactions were observed. 

This aimed to test whether the results of the previous study (Kuo, 2010) could be 

replicated in terms of obstacle collisions. 

 

Ethical approval for this research was granted by the UCL Research Ethics 

Committee and throughout the study all efforts were made to comply with UCL 

guidelines for ethical conduct. 

 

3.2 Hypotheses 

The AR system is expected to provide a more immersive experience than the control 

condition so the first hypothesis was: 

H1: Immersion will be higher in the AR condition than in the control condition. 
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One of the major characteristics of immersion identified by Jennett et al. (2008) is 

lack of an awareness of time, so those who are more highly immersed would be 

expected to take longer over tasks; because of this the second hypothesis was: 

H2: Participants will take longer to complete the task scenario in the AR 

condition than in the control condition. 

 

Dissociation from the real world is one of the component factors of immersion so in 

an immersive state, situational awareness would be expected to decrease. In addition, 

the AR system was expected to be more cognitively involving, therefore inattentional 

blindness would be expected to increase (Fougnie & Marois, 2007). This was tested 

by an observation of the number of objects participants collided with and with a 

salient object recall test, thus the relevant hypotheses were: 

H3: Participants in the AR condition will collide with a higher number of 

obstacles than those in the control condition. 

H4: Fewer salient objects will be recalled in the AR condition than in the 

control condition. 

 

Finally, a test was administered to determine how much archaeological knowledge 

was accumulated while using the system. Since the AR system is expected to be 

more engaging and immersive, participants are expected to absorb more information 

in the AR condition. Therefore the final hypothesis was: 

H5: Participants in the AR condition will recall more archaeological knowledge 

than in the control condition. 
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3.3 Participants 

Twenty participants took part in the study (six female), ten in each condition. The 

average age was 33 years and ages ranged from 22 to 53. Participants were recruited 

from among the postgraduate population of UCL, all were studying Human 

Computer Interaction. Archaeology students were excluded since they may have 

known too much about the information provided in the scenario to have an interest in 

the system and would have made it difficult to measure the amount of knowledge 

gained from using it. Participants were all highly computer literate, though none 

reported a high level of experience with or knowledge of augmented reality. 

 

3.4 Task Scenario 

The task scenario was based around archaeological findings on the UCL Campus. In 

March 2010 builders uncovered several bodies buried in the South-West corner of 

UCL Main Quad. Police were initially called in, but since the bodies were thought to 

be over 70 years old, the site was passed over to the UCL Archaeology Department 

to excavate. The task scenario introduces some of their findings and explains the 

processes used to identify information about the bodies. The system acts as a guide 

to archaeological practices, aimed at first-year archaeology or forensic science 

students and individuals with a general interest in archaeology. 

 

3.5 Materials 

3.5.1 Software 

The augmented reality software used in this experiment was based on a system that 

was initially developed for the study last year (Kuo, 2010). Augmented reality 
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software commonly consists of three major components: a video input that relays 

information about the current surroundings; a tracking and mapping component 

which allows the system to locate itself within the environment; and an augmented 

reality layer of virtual graphics that are superimposed onto the user’s view of the 

environment. In addition to this there are often graphical user interface controls that 

allow the user to interact with the system. 

 

The tracking component of this system was based on the parallel tracking and 

mapping algorithm developed by Klein & Murray (2007). This was used to create a 

map of the area by locating corners within each video frame and storing them as 

points, which were then used to build up a complete map of the experimental area. 

Once this map is created, the tracking software can be used to identify all the known 

points in each camera frame and, from this, calculate the location and orientation of 

the camera. This tracking component is the most vital part of the AR system, for 

without it the system has no knowledge of where in the field of view to place any 

virtual objects. Unfortunately a number of conditions can cause the tracking software 

to fail: pointing the camera at an area where there are fewer reference points than the 

rest of the map can cause it to lose its position; unexpected objects or obstacles such 

as people passing close to the camera can confuse the system; and bright sunlight can 

cause the tracking to fail due to sharp contrast. In the first two cases, pointing the 

camera towards an area where the map is stronger, with a higher number of points, 

will enable the tracker to relocate itself. A failure in tracking will often cause any 

virtual objects displayed to change position, judder or float above the ground. This 

can be severely detrimental to the user experience so reliable tracking is of vital 

importance for any mobile AR system. 
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In mobile AR there are currently two main types of display. The first is optical see-

through, where the user views the environment directly through a transparent head 

mounted display (HMD), similar to a pair of glasses, and the AR layer is 

superimposed on top of their view using technology such as mirror beam-splitters 

(Azuma, 1997). The second is video see-through, where the user views the 

environment indirectly as a video stream on a non-transparent display with overlaid 

computer-generated graphics (Höllerer & Feiner, 2004).  

 

Optical see-through display has the advantage that it allows the user to rely on their 

natural vision, giving them a direct view of the world. Höllerer & Feiner (2004) 

argue that augmented reality should be used to enhance the user’s vision rather than 

reducing their view of the environment to the resolution, field of view and frame-rate 

of a camera, as is the case with video see-through display. However, video see-

through display allows for greater flexibility in the display of virtual objects and 

avoids problems such as virtual object failing to obscure real world objects (Azuma, 

1997). It also allows for the use of hand held displays such as tablet PCs and smart 

phones rather than HMDs. The system used in this study was based around a video 

see-though display on a tablet computer. This provided a similar experience to 

commercially available mobile AR software and, as such, was felt to be a closer 

approximation to systems that are likely to be available in the real world, providing a 

greater ecological validity. It also allowed the user to view their environment directly 

by looking away from the display, thus giving them more freedom to view their 

surroundings.  
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The AR layer is superimposed on the video display. For this study, it consisted of a 

mixture of 2D images and 3D models. The models included traffic cones to indicate 

participants’ route around the site, 3D representations of the archaeological findings 

and 2D images to add context. See Figure 1 for an example of a 3D model. In 

addition, text containing archaeological information was overlaid on top of both the 

video and AR layers. 

 

Figure 1: An example 3D model, similar to those shown in the AR 

system. 

The user interface controls were designed to minimise user interaction with the 

system and present a simple, intuitive interface. The controls consisted of two large 

buttons with arrows that moved the user forward and back between stages of the 

system. They were large enough to be operated by the thumb or fingers on a touch 

screen. 
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The system used in the control condition consisted of static images and text. Both 

systems consisted of eleven stages. The same text was used in both systems and the 

same 2D images were present in both. The control system also used the same simple 

user interface controls and was designed to be run on the same computer as the AR 

system. See Figures 2 and 3 below for pictures of the AR and control systems. 

  

Figure 2: A screenshot from the AR system showing a 3D model of a 

grave. 

 

Figure 3: A screenshot from the control system showing a picture of a 

grave. 
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F igure 3.4: Concept of the scenario 

More precisely, to help participants to understand the site, a 3D virtual burial was 

created in the MR system with a human skeleton, following which the features of 

the skeleton were presented on the screen, such as gender, ancestry and dietary 

pattern, as can be seen in Figure 3.5. 

 

Figure 3.5: 3D virtual burial in the MR system. All MR images in this study were 

captured via live tracked see-through video display.  



 33 

3.5.2 Computing Equipment 

Initially this study intended to run augmented reality software directly on a tablet 

computer, specifically an iPad 2. The previous study (Kuo, 2010) had used a very 

heavy tablet computer. This prompted many complaints from participants about the 

weight and caused participants to hold the device in a low position, against the body, 

to balance out some of the weight. This clearly had a negative effect on the user 

experience of the system and, due to the position in which it was held, potentially 

affected participants’ ability to view their surroundings. Consequently, for this study 

a much lighter tablet computer was used. 

 

Unfortunately, it was not possible to adapt the software to run directly on an iPad so 

an alternative solution was devised to simulate an AR application on an iPad. The 

software for both conditions was run on a Macbook Air laptop, using a Logitech 

webcam. The display of the laptop was then mirrored on the iPad screen using the 

‘DisplayPad’ iPad app. The webcam was attached to the back of the iPad so that the 

iPad and webcam could be moved as one, and the laptop was placed in a rucksack 

that the participant was asked to wear. Figure 4 shows the iPad with the camera 

attached and Figure 5 shows the AR system displayed on the iPad. 
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Figure 4: Picture showing the back of the iPad with camera attached. 

 

Figure 5. The AR system displayed on the iPad. 
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3.5.3 Other Materials 

Participants were video recorded using an iPhone 3GS while using the software. The 

five salient objects used to test situational awareness were as follows: a sign with a 

circle design on it placed at eye-level, a sign with a single letter ‘K’ on it placed on 

top of one of the boxes, a bright blue sign placed at eye-level, a chalk ‘phi’ symbol 

on the ground and a fizzy drink bottle placed on a window-sill at eye-level. See 

Figures 6, 7 and 8 for pictures of the salient objects. Additional materials included 

three boxes that were used as obstacles, pictures of the salient objects and distractor 

pictures to test participants’ recall and paper instructions and questionnaires. The 

questionnaires consisted of the IEQ (see Appendix III) developed by Jennett et al. 

(2008) to test immersion and a questionnaire on the archaeological information (see 

Appendix IV) delivered by the system. 

 

 
Figure 6: Chalk ‘Phi’ symbol with three distractor pictures. 
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Figure 7: Circle-based sign and blue sign. 

 

Figure 8: Pictures of the drinks bottle and letter ‘K’ sign in situ. 
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3.6 Environment 

The main task scenario took place in by the Chadwick building, in the South-West 

corner of the UCL Main Quad. See Figure 9 for a picture of the area. Around the 

area of the front of the building were a number of obstacles: three pillars, three small 

iron posts and a small gap on the floor, in addition to the three plastic boxes. The 

positions of the obstacles and salient objects are shown in Figure 10. Participants 

were guided around a pre-determined route by the system, as shown in Figure 11. 

This required the participants to negotiate all the obstacles in the area. The salient 

objects were placed around the area as described above in such a way that they could 

be viewed from multiple points on the route. 

 

Figure 9: The front of the Chadwick building where the experiment took place. 
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Figure 10: Diagram of experiment area showing the positions of the obstacles and 

salient objects. Grey boxes represent pillars, small black boxes denote metal posts, 

purple boxes represent plastic boxes and orange circles show the positions of the salient 

objects. The black line shows the position of the gap in the pavement. 

 

Figure 11: Diagram of the experiment area showing the intended route. Participants 

started at position one. The other numbered positions denote places where participants 

were asked to pause to study AR graphics positioned nearby. 



 39 

3.7 Design 

Two types of system were tested, constituting the independent variable: an AR 

system and a non-AR control system as described above. 

 

The dependent variables tested were immersion, total task completion time, number 

of obstacle collisions, situational awareness and the amount of knowledge gained. To 

measure situational awareness, following the method used by Nasar et al. (2008), 

recall of the five objects placed around the course was tested after completion of the 

task. Immersion was also tested post task completion using the IEQ.  

 

In order to analyse obstacle collisions and to gain some insight into how participants 

interacted with their environment, video recordings were taken of all participants 

during the task. In addition, the total time taken to complete the task was recorded 

and the amount of knowledge gained was assessed using the knowledge 

questionnaire. 

 

Since the recall test relied on participants not having prior knowledge of the specifics 

of the environment, a ‘between subjects’ design was used and participants were 

randomly assigned to each condition. 

 

A potential confounding variable was the weather: AR systems do not work well in 

bright sunlight as this can severely impair the tracking. To reduce the impact of this, 

the experiment was conducted during the afternoon, when the South-West corner of 

the Quad was in shade, or when the sky was overcast. Another potential problem 

with working outside in a public environment was that of other people walking 
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through the experimental area, as it was not possible to cordon it off. However, since 

the purpose of this study was to investigate the use of AR systems in an outdoor 

urban environment, the presence of other people was deemed to be a natural aspect 

of that environment. Therefore, participant reactions to other people in the vicinity 

were studied as part of the video analysis. 

 

3.8 Pilot Study 

Six participants were recruited for a pilot study. The aim of this study was primarily 

to determine what salient objects would be most appropriate for the recall test as well 

as evaluating the suitability of the other experimental procedures and materials. 

Following the method of Nasar et al. (2008), the first set of objects were designed to 

be unusual and highly salient. They consisted of out-of-place objects such as a pack 

of playing cards and a pepper mill and brightly coloured signs related to cartoons. 

These were found to be altogether too noticeable as participants in each condition 

managed to recall all five objects. This was possibly due to the fact that this 

experiment was conducted over a relatively small area compared to that used by 

Nasar et al. (2008), so highly salient objects were more easily noticed. This lead to 

the development of a less salient set of objects, which were used in the main 

experiment.  

 

The pilot study also found that participants in the control condition were confused 

about the route they were required to take around the area. This led to refinement of 

the instructions provided by the system to ensure that participants moved to the 

correct positions. 
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3.9 Procedure 

Participants were first randomly assigned to one of the two conditions. After reading 

an information sheet giving a brief outline of the study and signing a consent form, 

participants were given a briefing session. 

 

Participants were briefed on the task scenario and the equipment they would be using 

at a position well away from the experimental area. They were first told that the 

system represented an archaeological guide and were informed that there would be a 

questionnaire on the archaeological content of the system after completing the task. 

This was to encourage participants to pay attention to the system and to give them a 

sense of purpose when using it. They were informed that the system would guide 

them around a small area and that they should inform the experimenter when they 

had completed the task. 

 

They were asked to wear the rucksack, were given the iPad to hold with the webcam 

attached and were told to keep it in a landscape orientation at all times. In addition 

they were requested to follow the instructions on the screen and told how to navigate 

through the system using the forward and back buttons. Those assigned to the AR 

condition were instructed in what to do if the AR tracking appeared to fail: they were 

asked to turn to face the back wall of the Quad, making sure they were a few feet 

away from it and to raise the camera up slightly. This would allow the tracking to 

recover if it went awry. 
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They were then taken to the starting position and asked to proceed with the task 

scenario. During the task, participants were video recorded from a short distance 

away so as not to be too intrusive. 

 

After completing the task, participants were moved back to the area where they had 

been briefed. They were first asked to complete the knowledge questionnaire on the 

archaeological content of the system. Next they were tested on their recall of the 

objects placed around the area. A picture of each object was presented, together with 

pictures of three similar objects. The participants were asked to identify which object 

they had seen. If they stated that they could not remember seeing the object they 

were not asked to guess, this was recorded as a recall failure. Finally, they were 

asked to complete the IEQ before being asked if they had any other comments to 

make about their experience. Finally, participants were debriefed. This involved 

informing them about the aims of the study and what the experiment hoped to 

achieve. 

 

To summarise, the experiment was a randomised trial to measure the effect of using 

AR in an urban environment, employing questionnaires and observation. Five 

hypotheses have been developed, which will be examined in the results section that 

follows. 
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CHAPTER 4. RESULTS 

 

4.1 Data Analysis  

Statistical analysis of data was conducted using SPSS 11.0. The main dependent 

variables studied were: the total immersion, calculated from the immersion 

questionnaire, together with the five factors of immersion identified by Jennett et al. 

(2008), challenge, control, real world dissociation, emotional involvement and 

cognitive involvement; total time taken to complete the task; the level of situational 

awareness represented by the number of objects identified in the recall test; and the 

amount of knowledge gained, identified by the archaeological knowledge 

questionnaire. Numerical data from the IEQ, total task completion time, recall test 

and archaeological knowledge questionnaire were first checked for normality via the 

Shapiro-Wilk test before being subjected to the Student’s T test for independent 

samples.  

 

4.2 Immersion 

The data from the IEQ provided evidence that the control condition was less 

immersive than the AR condition. A one-tailed independent samples T–test was 

conducted on this data, since the relevant hypothesis, H1, clearly stated the expected 

direction of the effect. The data for overall immersion were higher in the AR 

condition (Mean: 109.3, SD: 6.7) than in the control condition (Mean: 100.7, SD: 

10.5) with a significance of t = 2.225, p = 0.0200. The difference was not quite as 

high as was expected. The range of the results in the control condition in particular 

was quite large (83 – 117), as shown in Figure 12, implying that there was a large 
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variety of experience between participants in the control condition. Possible reasons 

for this will be discussed in the next chapter. 

 

Figure 12: Box plot showing Total IEQ for AR and Control conditions. 
 

The results for each factor of the questionnaire were also analysed. As can be seen in 

Figure 13, the average scores for the AR condition were higher for each factor; 

however, this difference was only significant in the challenge and emotional 

involvement factors. Surprisingly, real world dissociation was not found to be 

significantly higher in the AR condition. This implies that, despite the fact that the 

AR system was found to produce higher immersion than the control condition, 

participants did not feel any greater disconnection from the real world.  
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Figure 13: Mean scores for overall IEQ and each factor of immersion for AR and 
control conditions (* indicates significant difference between conditions). 

 
This data does provide support for rejecting the null hypothesis for H1 as the AR 

system was found to be significantly more immersive. 

 

4.3 Time 

Total task completion time was measured in seconds from the moment the 

participants started the task until they informed the experimenter that they had 

finished. As hypothesized in H2, participants in the AR condition took longer to 

complete the task (Mean: 351.4, SD: 74.7) than participants in the control condition 

(Mean: 160.1, SD: 23.8) with a significance of t = 7.321, p = 0.000. This provides 

strong evidence for rejecting the null hypothesis for H2. See Figure 14 for a box plot 

of the task completion time data. 
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Figure 14: Box plot of Total Task Completion Time (sec) for AR and Control 

conditions. 

Both the AR system and the static control system produced logs with timestamps 

indicating when the participant clicked a button to move to a different stage. 

Unfortunately, due to unforeseen circumstances, eight of these logs were lost so there 

was not sufficient data to do a full statistical analysis. However, based on the twelve 

logs remaining (6 for each condition), participants in the control condition spent on 

average 15.66 seconds on each stage compared to an average of 30.00 seconds in the 

AR condition. On average, participants in the AR condition spent the most amount of 

time in the first four of eleven stages: 60 % of the total time. In contrast, participants 

in the low immersion condition spent 46% of the total time in the first four stages. 

This could be explained by speculating that the novelty of the AR condition meant 

that participants spent more time getting accustomed to the system than those in the 

control condition. 
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4.4 Video Data Analysis 

A thorough analysis was conducted of the video data from the study. A number of 

factors were recorded for each participant: the height at which they held the system 

and the angle at which they held it was estimated, together with any significant 

changes in these factors, were noted; observations connected to the way in which 

participants walked and how they interacted with the system as they did so; any 

interaction with or reactions to other people in the environment; and any other 

behaviour that indicated their level of awareness of the environment or interaction 

with their surroundings. 

 

4.4.1 Hold 

There was a significant difference between the way that the iPad was held in the AR 

condition and in the control condition. In the AR condition, the camera was angled 

so that for it to remain directly pointing forward, the iPad had to be placed at about 

30 degrees to the horizontal. This placed a certain amount of restriction on how the 

iPad could be held, since to change the camera angle, the iPad itself had to be angled. 

In the control condition, however, there was no such restriction on how the iPad 

could be held.  

 

In the control condition, the iPad was overwhelmingly held low down, in the low 

chest or stomach area, close to the body and at a low angle of, on average, 20 degrees 

to the horizontal. This angle meant that those in the control condition were looking 

down when using the system, rather than looking up at their surroundings. 
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In contrast, in the AR condition, participants tended to hold the iPad higher, around 

mid-chest height, away from the body and at angles ranging from 80 degrees to 30 

degrees to the horizontal. This marked difference is most likely due to the use of the 

camera, as they would have been using the camera to view both the virtual objects 

provided by the AR system and the environment around them. 

4.4.2 Walking Behaviour 

Participants also showed some interesting behaviour while walking. In the control 

condition, as participants tended to hold the iPad in a low position and the majority 

of participants continued to look at the screen while moving, this meant that they did 

not look up at their surrounding even while moving. Three participants did look up 

about half the time that they were moving and some participants looked up when 

other people were in their vicinity. 

 

The participants in the AR condition also mainly looked at the screen while walking. 

However, since they were using the camera attached to the back of the iPad, they 

could be said to be looking through the screen. Therefore, this cannot be expected to 

have restricted their vision as much as the behaviour in the control condition. Since 

these participants held the iPad at a much higher angle to the horizontal, they would 

have been able to view more of their surroundings at eye level than those in the 

control condition, though of course without using eye-tracking equipment it is 

impossible to determine participants’ gaze exactly. 

 

Six participants displayed clear signs of checking their surroundings before moving, 

but the majority of participants appeared to move without first checking for obstacles 
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which either implies they were confident enough about their surroundings not to feel 

the need to check or that they did not think to do so. There was no difference 

between conditions regarding this behaviour. 

4.4.3 Reactions to Other People 

As noted above, some participants looked up when other people were in their 

vicinity: four participants in the control condition were observed to do this compared 

to only two in the AR condition. This appeared to be the primary reason for 

participants to look up from the screen. However, since those in the AR condition 

were looking through the screen it is reasonable to suppose that they would have 

been able to see the other people without looking up from the screen. A number of 

participants in the AR condition complained that the tracking on the system was 

affected when other people passed close to the camera, as was evidenced by one 

participant scowling fiercely at a passerby when they walked across the camera’s 

field of view. Therefore, other people could be viewed as potentially disruptive 

elements that could have had an impact on the experience of the AR system. 

 

4.5 Obstacles 

Contrary to expectations, there were no incidences of participants bumping into any 

of the obstacles around the area. This result is particularly surprising considering the 

position at which participants in the control condition held the iPad and the fact that 

they rarely looked up from the screen. The only incidents with any kind of safety 

implication were when two participants were observed stumbling slightly when 

stepping off the concrete area onto the grass, both in the control condition. Therefore 
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there is no reason to reject the null hypothesis for H3: the number of obstacles 

collided with in both conditions was zero. 

 

This shows a marked difference between these findings and those from the study 

conducted last year (Kuo, 2010), despite the same number of obstacles, of the same 

types being present in both studies. In the previous study, 90% of participants in the 

AR condition collided with an obstacle, as did 50% of those in the control condition. 

	  

4.6 Situational Awareness 

Perhaps surprisingly, there was no significant difference between the number of 

objects recalled in the AR condition (Mean: 1.4, SD: 0.9) and the control condition 

(Mean: 1.3, SD: 1.0). As can be seen in Figure 15 the number of objects recalled 

ranged from zero to three in both conditions. This is in direct contrast to the findings 

of Nasar et al. (2008) who found a significant decrease in the number of objects 

recalled for those talking on a mobile phone compared to those just holding a phone. 

The frequencies of recall for each object can be viewed in Table 1 As a result there is 

no evidence to reject the null hypothesis for H4 as the level of situational awareness 

was not found to differ significantly between conditions. 
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Figure 15: Box plot of Number of Objects Seen for AR and control conditions. 

 

	  Condition	   Circle	  Sign	   Bottle	  
Chalk	  
Symbol	   Letter	   Blue	  Sign	  

AR	   3	   0	   6	   2	   3	  

Control	   4	   0	   5	   3	   0	  
 

Table 1. Table of Recall Frequency for Salient Objects in AR and Control conditions. 

 

4.7 Knowledge Questionnaire 

No significant difference was found between the results of the knowledge 

questionnaire in the AR condition (Mean: 53.75%, SD: 13.75) and the control 

condition (Mean: 60%, SD: 23.58). As shown in Figure 16, the range for the AR 

condition was between 25% and 75% and the range for the control condition was 
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between 25% and 100%. Therefore, the null hypothesis for H5 cannot be rejected as 

no significant difference was found. 

 

Figure 16: Box plot of Knowledge Questionnaire Percentage Score for AR and Control 

conditions. 
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Dependent	  Variable	   Condition	   Mean	   SD	   t(18)	  

Immersion	   AR	   109.3	   5.90	   2.225*	  

	  
Control	   100.7	   9.98	  

	  
Time	   AR	   351.4	   74.71	   7.321*	  

	  
Control	   160.1	   23.76	  

	  Situational	  
Awareness	   AR	   1.4	   0.92	   0.823	  

	  
Control	   1.3	   1.00	  

	  
Knowledge	   AR	   53.75	   13.75	   0.503	  

	  
Control	   60	   23.58	  

	   

Table 2: Summary of Data for Immersion, Task Completion Time, Situational 

Awareness and Knowledge. (* denotes a significant difference). 

 

The next chapter will discuss how these findings relate to the literature presented in 

Chapter 2, the implications of these results and recommendations for future work.  
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CHAPTER 5. GENERAL DISCUSSION 

 

5.1 Summary of Results 

This study aimed to investigate whether use of a mobile augmented reality system 

can lead to immersion, and if so, what the safety implications of such immersion 

might be in terms of situational awareness and inattention blindness. This was 

examined within the context of a mobile archaeological guide. 

 

Five dependent variables were tested for both an AR system and a non-AR control 

system. These consisted of: immersion level as defined by the Immersive Experience 

Questionnaire devised by Jennett et al. (2008); total task completion time; number of 

obstacles participants collided with; number of salient objects recalled in a post task 

recall test; and percentage score in a post task knowledge questionnaire. 

 

This research tested five hypotheses:  

 

H1: Immersion will be higher in the AR condition than in the control condition. 

Total immersion was found to be significantly higher in the AR condition than the 

control condition, providing support for rejecting the null hypothesis for H1. Out of 

the component factors of immersion, only challenge and emotional involvement 

were found to be significantly higher in the AR condition. For the factors of real 

world dissociation, control and cognitive involvement, no significant difference was 

found.  
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H2: Participants will take longer to complete the task scenario in the AR 

condition than in the control condition. 

Total task completion time was found to be significantly higher for the AR condition, 

allowing the null hypothesis for H2 to also be rejected. 

 

H3: Participants in the AR condition will collide with a higher number of 

obstacles than those in the control condition.  

No participant in either condition collided with any of the obstacles in the area so the 

null hypothesis for H3 cannot be rejected.  

 

H4: Fewer salient objects will be recalled in the AR condition than in the 

control condition.  

There was no significant difference in the number of these objects recalled between 

conditions so the null hypothesis for H4 cannot be rejected. 

 

H5: Participants in the AR condition will recall more archaeological knowledge 

than in the control condition. 

The percentage score for the knowledge questionnaire showed no significant 

difference either, so the null hypothesis for H5 cannot be rejected.  

 

 

5.2 Immersion 

As predicted in H1, the AR system was shown to be more immersive than the control 

system. This supports the findings of Jennett et al. (2009) that a more visually 

engaging system with more highly developed, interactive graphics is more 
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immersive than a system that is less visually interesting. It also indicates that it is 

possible to apply the concept of immersion to AR. The finding that participants in 

the AR condition were significantly more emotionally involved than those in the 

control condition also supports the results of Reid et al. (2005), who found that 

participants became emotionally involved when using an immersive system in an 

urban environment. There are a number of aspects of the system that could 

potentially have influenced this result.  

 

Augmented reality is a relatively new technology and no participants reported having 

had much experience with AR. Therefore, the novelty of the experience could have 

caused them to become more engaged with the system, and consequently more 

immersed. This could be an explanation for the higher levels of emotional 

involvement experienced in the AR condition. The novelty of the system could also 

have had the side effect of requiring participants to think more carefully about how 

to use the system, causing them to become more immersed because they were more 

cognitively involved. However, since cognitive involvement was not found to be 

significantly higher in the AR condition, this explanation seems unlikely. 

 

One surprising result was that the component, real world dissociation, was not found 

to have a significant difference between the two conditions. This factor is highly 

relevant to safety implications of the use of AR systems and so this result is 

intriguing. The findings could possibly be explained by the fact that participants in 

the AR condition were able to view their environment through a camera at all times. 

This may have allowed them to maintain a connection to the real world while also 

viewing the computer generated components of the system. In contrast, in the control 
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condition, participants restricted their view of the world by holding the iPad in a low 

position and rarely looking up from the device. This may have caused them to have 

some experience of real world dissociation caused by the control system itself. 

Perhaps an improvement to the control condition would use the camera to display the 

real environment, as in the AR condition, together with the text. This might cause 

those in the control condition to hold the device in a higher position and allowed 

them to maintain a connection with the real world. 

 

Another possible explanation for the lack of real world dissociation in the AR 

condition is the issue of tracking. Several participants in the AR condition reported 

problems with tracking, which they found to be highly disruptive to their overall 

experience. Despite the provision of instructions on how to reset the tracking, many 

participants were observed to have trouble with this aspect. Common problems were 

participants standing too close to the wall so that the tracker could not identify 

enough points to allow it to locate itself, and pointing the camera at open areas of the 

quad that had not been included in the map. The experimenter was obliged to step in 

on two occasions to help participants when they could not get the tracking to recover. 

This issue is likely to have had an effect on participants’ overall experience of the 

system and is a possible contributing factor to the low levels of real world 

dissociation seen in the data. 

 

This leads to another potentially important influence on participants’ ability to 

separate themselves from the real world, namely the presence of other people around 

the area. The most common reason for people to look away from the device was 

other people appearing in their vicinity. There were several incidences of people 
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walking through the area, at times quite close to the participants. This may have 

prevented participants in the AR condition from gaining a sense of disconnection 

from the real world, especially since moving objects passing close to the camera 

would often disrupt the tracking and cause the virtual graphics to ‘jump’ on the 

screen or even to disappear.  

 

This explanation is supported by the findings of Reid et al. (2005) who found that 

participants could move in and out of an immersive state; and that moving out of 

immersion was often precipitated by an event in the real world such as other people 

walking past the participant. They also found that system failures could cause a 

sudden reduction in immersion. If participants frequently moved in and out of an 

immersive state this could account for a reduction in a feeling of separation from the 

real world, but would still allow for a high overall immersion since participants 

would have the opportunity to become very highly immersed in the periods between 

interruptions. 

 

5.3 Time 

Total task completion time was found to be significantly longer in the AR condition 

than in the control condition. This was predicted in H2 since one of the main 

characteristics of AR identified by Jennett et al. (2008) is lack of awareness of time. 

The fact that participants spent longer on the AR condition indicates that they may 

have been less aware of time passing due to higher levels of immersion.  

 

There were, however, a number of other factors that could have influenced this 

result. As discussed above, the novelty of the system to many of the users may have 
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caused them to spend a longer time getting accustomed to the system than was 

required in the control condition. This theory is supported by the fact that log timings 

indicated that participants in the AR condition spent a higher proportion of their time 

on the initial stages than those in the control condition.  

 

Another aspect that could have caused participants to spend longer in the task was 

the aforementioned issue with tracking. It is not possible to verify what proportion of 

time was taken up by seeking to correct the tracking but it is highly probable that this 

is responsible for a part of the time difference between conditions. 

 

5.4 Obstacles 

The absence of obstacle collisions was perhaps the most surprising result of this 

study. In the experiment undertaken last year (Kuo, 2010) there was a high rate of 

collisions and one of the main aims of this research was to further investigate the 

reasons behind this by closely observing how the device was held, participants’ 

manner of walking and their reactions to the obstacles in the environment.  

 

One possible explanation for this result could involve the fact that the tablet 

computer used in the previous study was very heavy, so participants were required to 

hold the system low down, close to their bodies, so that they would not have to take 

too much weight on their arms. Since the camera for the AR condition was facing 

forwards, attached to the front of the tablet computer, rather than attached to the 

back, participants in both conditions would have been unable to see their feet, so 

obstacles placed low to the ground may not have been seen. 
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In the current study, a much lighter device was used which meant that participants 

had fewer restrictions on how they held the device and the configuration of the 

camera allowed participants in the AR condition to ‘look through the screen’. So it 

could be that this freedom of movement allowed participants to view the obstacles 

more easily. However, this explanation does not apply to the participants in the 

control condition. They predominately held the iPad in a similar position to 

participants in the previous study and generally continued to look at the screen 

throughout the task, even whilst walking.  

 

For an explanation of the ability of participants in the control condition to avoid 

obstacles, the findings of Zohar (1978) should be considered. He found that obstacles 

nearer the focus of vision of a participant were more likely to be perceived. 

Therefore since the participants in the control condition were predominantly looking 

down, they were more likely to notice those obstacles close to the ground. The 

obstacles that were higher off the ground were larger, so also quite likely to be seen, 

as studies in inattentional blindness have shown that larger objects are more likely to 

be perceived (Mack & Rock, 1998). 

 

These results are similar to those of Tractinsky & Shinar (2008), who found no 

difference in obstacle collisions between those using a mobile phone and those not. 

They concluded that those using a phone were aware that their ability to avoid 

obstacles was potentially impaired by the use of technology and so compensated 

accordingly. Since both groups of participants in the current study were using a 

technological system, they could have been equally aware of the potential to collide 
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with obstacles and so put effort into using their peripheral vision to observe their 

environment. 

 

To some extent, participants could be said to have been interacting with their 

environment, since their location and orientation within the area determined the AR 

content they viewed. In that case these findings support those of Reid et al. (2005) 

who found that, since participants were interacting with their environment, they were 

aware of obstacles in their vicinity. 

 

5.5 Situational Awareness 

Another surprising result was that there was no significant difference between the 

number of salient objects recalled between the conditions. Higher levels of 

immersion in the AR condition were expected to reduce participants’ situational 

awareness and cause them to recall fewer objects. This is contrary to the findings of 

Nasar et al. (2008), who found that those speaking on a phone recalled fewer of the 

salient objects in their environment than those not. It also differs from the findings of 

Hyman et al. (2010), who found that talking on a phone increases incidents of 

inattentional blindness. 

 

A possible explanation for this lack of variation between conditions is the way that 

participants in the control condition held the device. Since by doing this they 

restricted their view of the environment, they would probably have seen fewer 

objects than those in the AR condition who were able to see through the screen. This 

may have balanced out any effects of higher immersion in the AR condition, 

resulting in there being little difference between the groups.  
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A further explanation is that participants in the AR condition did not experience 

greater RWD than those in the control condition. If participants in the AR condition 

did not experience a feeling of greater separation from reality, it is unlikely that they 

would experience reduced situational awareness. As discussed earlier in this chapter, 

there were a number of possible influencing factors for the levels of RWD observed. 

 

For other explanations of this result, it is important to consider the salient objects 

themselves. Looking at the frequencies of recall for each object (see Table 1), it is 

clear that one object, the drinks bottle, was not recalled by any participant. This is 

potentially due to the nature of the object itself: it could have been regarded as 

rubbish and therefore not recalled. This carries the implication that this object was 

semantically processed on quite a high level in order to categorise it as rubbish 

before forgetting it. This could be seen as support for late-selection views of 

inattentional blindness that argue that everything in the field of view is processed to 

the semantic level before irrelevant stimuli are discarded (Newby & Rock, 1998). 

This could also be explained by the inattentional amnesia theory of Horowitz & 

Wolfe (1998). 

 

The other object that few participants recalled was the blue sign. It was placed 

slightly further from the other objects at eye level; it was large and brightly coloured 

so was expected to be quite salient. However, it was only perceived by participants in 

the AR condition. This could be due to the fact that participants in the control 

condition did not look up from the screen so probably had a restricted view of 

objects at eye height. The other sign at eye height, the circle-based sign, was directly 
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opposite the starting position of the route so it is possible that participants saw the 

sign before starting the task. This would explain the near equal numbers of 

participants noticing it in each condition. The other two signs were both placed near 

ground level so participants in the control condition looking down towards the 

ground would have been just as likely to see them as the participants in the AR 

condition. 

 

This suggests room for improvement in the experimental methodology. This method 

was originally used by Nasar et al. (2008) to study the situational awareness of those 

using mobile phones. The design was also influenced by the unicycling clown study 

of Hyman et al. (2010). Both of these studies involved testing participants engaged in 

mobile phone conversations, which are auditory rather than visual, and therefore 

participants were free to look around their surroundings rather than at the 

technological device they were using.  

 

This study, however, solely involved vision and therefore using a testing measure of 

the same modality is possibly an aspect that could be changed in subsequent 

research. It may be better to follow Jennett et al. (2009) in using auditory distractors 

for the recall test, however there are significant practical difficulties with 

implementing such a methodology in a busy, public outdoor environment. In 

addition, this study was undertaken to explore the safety implementations of using an 

AR system as an archaeological guide. Since an individual’s visual awareness of 

their environment is extremely important to safety considerations, the method used in 

this experiment still has some value when used to study technologies relying on 

vision. 
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5.6 Knowledge Questionnaire 

Finally there was no significant difference between conditions in the percentage 

scores of the knowledge questionnaire. There was high variation between scores in 

both conditions, which implies that individual differences between participants may 

have influenced this result. It is possible that, had more participants been involved 

this test would have produced a conclusive result. However, it is equally possible 

that participants in the AR condition were distracted by the graphics and the novelty 

of the system, and this may have balanced out any effect of higher immersion on 

their ability to absorb information from the system. 

 

5.7 Implications 

This section will look at the implications of the findings of this study in relation to 

the original research questions. The first question was whether the use of an 

augmented reality system in an outdoor environment could lead to high levels of 

immersion in users. The second was concerned with the safety implications of the 

use of an AR system in a busy public environment and in particular, the effect of a 

higher immersive state on situational awareness. 

 

The results of this study have shown that those using an AR system in a busy urban 

area do show higher levels of immersion than those using a system with static 

images. Participants showed higher levels of emotional involvement, which is a key 

factor in approaching the higher levels of immersion such as engrossment. This 

indicates that AR does have the capability of inducing a high immersive state in 
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users. However, the fact that real world dissociation was not found to be higher for 

those in the AR condition possibly has the implication that AR does not produce the 

levels of RWD seen in studies involving video games such as Jennett et al. (2008, 

2009). This is in line with the findings of Reid et al. (2005) who found that 

participants using an interactive system in an outdoor environment were able to 

become highly immersed while still remaining aware of their environment. They 

concluded that participants were able to move in and out of the immersive state when 

necessary and that incidents such as loud noises in their vicinity or other people 

passing close to them were able to suddenly reduce their levels of immersion. 

 

If this theory holds, it would help to explain why this study found no evidence for 

any barriers to safety in using an AR system. This is a positive indication that the use 

of such systems for archaeological guide systems, other cultural heritage projects and 

indeed a wide range of other applications, could prove to be a viable option.  

 

5.8 Future Work 

As mentioned earlier in this chapter, future work should explore different types of 

control system, involving a video see-through display or possibly an audio system. 

Another area to investigate more fully could be concerned with tracking issues: it 

would be interesting to study how participants react when tracking fails and how 

much impact it has on the experience. Perhaps a more highly developed AR system, 

providing a richer experience, could be used to attempt to induce higher levels of 

immersion, providing the opportunity to evaluate the safety implications at a higher 

level. It would also be interesting to explore the effect of the novelty of AR on users 
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by asking participants to return after a number of weeks and use the system again in 

order to see if the same levels of immersion can be attained. 

 

Another interesting avenue of research could explore the theory of Reid et al. (2005), 

that users are capable of moving in and out of an immersive state when necessary. 

This could attempt to determine what can precipitate movement in or out of 

immersion and what impact these sudden changes have on the overall feeling of 

immersion. 

 

It would also be useful to look at the use of this system over a larger area. One of the 

issues of using the recall test technique in this experiment was that the objects could 

not be made particularly salient since, in such a small area, they would be too 

noticeable. Running the study over a larger area would give a wider scope for the 

design of these objects and would even provide an opportunity for stimuli such as the 

unicycling clown (Hyman et al., 2010). It would also provide a higher ecological 

validity in the context of an archaeological guide as archaeological sites often cover 

quite wide areas. 

 

Another application of this technology would be in the field of navigation. Many 

smart phone applications already exist with rudimentary AR technology designed to 

locate points of interest in the user’s surroundings. Future work could look at how 

best to guide users to points of interest and study how these applications compare to 

traditional methods of navigation such as maps, as well as looking at the safety 

implications of these systems. 
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The next chapter will summarise the findings of this study and the conclusions that 

may be drawn from them. 
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CHAPTER 6. CONCLUSION 

 

This study aimed to investigate whether the use of an augmented reality system in a 

busy, outdoor environment could induce a state of immersion, and if so, what safety 

implications this immersive state would raise in terms of a lack of situational 

awareness. These issues were investigated through the use of an AR system 

representing an archaeological guide, using questionnaires and observation along 

with a recall test to establish levels of immersion and situational awareness in 

comparison with a non-AR control condition consisting of static images and text. 

 

The results of the study suggested that, compared to the control condition, the AR 

system does indeed induce high levels of immersion. This has shown that it is 

possible for users to become immersed in an interactive system while walking in an 

outdoor setting, in agreement with the findings of Reid et al. (2005). However, there 

was no significant difference between conditions in the component of immersion that 

seemed to have the most bearing on safety considerations, real world dissociation. 

This is particularly interesting in the light of the other findings in this study. No 

significant difference was found for the measure of situational awareness between 

conditions, and at no point in the study did any participant display behaviour that 

could have impacted their safety; this was in stark contrast with a study conducted 

last year (Kuo, 2010) that found that 50% of participants operating a similar AR 

system collided with obstacles while using it. This may have been due to the position 

at which participants in this previous study held the equipment. Participants in the 

AR condition of the current study held the device at a much higher angle than those 

in the previous study so may have been able to see more of their surroundings. 
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Participants were clearly sufficiently aware of their environment to safely navigate 

around the area, despite reporting high levels of immersion in the AR condition. 

 

These results lead to the consideration of whether, since users of an AR system 

maintain a view of the real world through the equipment, they can ever truly feel 

distanced from it. The theory of Reid et al. (2005), that users of immersive systems 

are able to quickly move out of an immersive state when environmental factors 

render it necessary, is likely to have relevance here. A user of an AR system in a 

busy urban environment would encounter many hazards that may require them to 

emerge from their immersive state. If this theory is correct, there are extremely 

positive implications for the safety of AR use in busy environments. Further research 

should be undertaken to investigate it more thoroughly, particularly the effect that 

moving in and out of an immersive state has on the overall feeling of immersion. 

 

Other aspects of the design that may be improved in further research include the 

nature of the control condition: a system that is identical to the AR system but 

without the AR layer may provide a better comparison of the effect of the graphical 

content on immersion and situational awareness. It may also be useful to consider the 

use of audio distractors to measure situational awareness since that would be unlikely 

to be affected by the position at which the equipment was being held. 

 

This research has shown that AR technology can induce an immersive state in users. 

However, this study also found no evidence for a corresponding lack of situational 

awareness, which brings into question whether users of an AR system are able attain 

a feeling of distance from their surroundings even while immersed. 
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APPENDIX I 
PARTICIPANT INFORMATION SHEET 

 

Information Sheet for Participants in Research Studies 
You will be given a copy of this information sheet. 

Title of 

Project:   

An investigation into the use of augmented reality 

systems. 

This study has been approved by the 

UCL Research Ethics Committee 

[Project ID Number]:  

Name, Address and Contact 

Details of Investigators:  

 

Simon Julier /Alex Lee-Corbin 

UCL Interaction Centre - MPEB 8th floor 

- University College London - Gower 

Street - London - WC1E 6BT - UK - 

Telephone:  +44 (0) 20 7679 4132 

Email:Alexandra.lee-corbin.10@ucl.ac.uk 

          S.julier@cs.ucl.ac.uk                                      

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, it is important for you to 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.  
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Details of Study 

  

This study is part of an MSc dissertation project. It aims to investigate 

people’s experience of augmented reality systems.  

 

During the experiment you will be asked to walk around a small area, 

following instructions on an iPad. Information will be presented to you about 

an archaeological investigation at UCL. During this time you will be 

recorded using video recording equipment Afterwards you will be asked to 

complete a questionnaire and will be given a brief interview about your 

experience. In total this will take about 20 minutes. 

 

IMPORTANT	  

When people operate augmented reality systems, some people will experience a 
degree of nausea. If at any time you wish to stop participating in the study due to 
this or any other reason, please alert the researcher. 
 
Some research suggests that people operating augmented reality system might 
experience some disturbances in vision afterwards. No long-term studies are known 
to us, but short term studies carried out suggest that even after about 30 minutes of 
leaving an AR system, some people experience aftermath effects. For this reason, 
we advise you not to drive or operate heavy machinery for at least three hours of 
completing the study. 
 

There have been various reported side effects of using augmented reality 

equipment, such as 'flashbacks'. Also with any type of video equipment there 

is a possibility that an epileptic episode may be generated. For instance, this 

has been reported in computer video games. Please contact a doctor if you 

have any concerns. 
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It is up to you to decide whether or not to take part. If you choose not to 

participate it will involve no penalty or loss of benefits to which you are 

otherwise entitled. If you decide to take part you will be given this 

information sheet to keep and be asked to sign a consent form. If you decide 

to take part you are still free to 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 II 
PARTICIPANT CONSENT FORM 

 

Informed Consent Form for Participants in Research Studies 
(This form is to be completed independently by the participant after reading the Information 
Sheet and/or having listened to an explanation about the research.) 

Title of Project:   An investigation into the use of 
augmented reality systems 

This study has been approved by the UCL 

Research Ethics Committee [Project ID Number]: 

MSC/1011/029  

 

 

 

 

 

 

 

 

 

Participant’s 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; 

§ I may be recorded using video recording equipment. 

§ 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: 
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Investigator’s 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: 

 

Researcher Notes, Optional Clauses: 

• I understand that my participation will be taped/video recorded and I am aware of 
and consent to, any use you intend to make of the recordings after the end of the 
project. 

• I agree to be contacted in the future by UCL researchers who would like to invite 
me to participate in follow-up studies. 

• I understand that the information I have submitted will be published as a report 
and I can request a copy.  Confidentiality and anonymity will be maintained and 
it will not be possible to identify me from any publications. 
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APPENDIX III 
IMMERSIVE EXPERIENCE QUESTIONNAIRE 

YOUR EXPERIENCE OF THIS SYSTEM 

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 task. 
 
Participant: 
 
I Questionnaire: 
1. To what extent did the system 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 system?  

Not at all 1     2     3     4     5  A lot 
 
3. How much effort did you put into interacting with the system? 

Very little 1 2 3 4 5 A lot 
 
4. Did you feel that you were trying you best to complete to task?  

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 interacting with the system?   
Not at all 1 2 3 4 5   Very much so 

 
7. To what extent did you forget about your 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 using the system 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 system?  

Not at all 1 2 3 4 5 Very much so 
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12. To what extent did you feel as though 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 that the system was something you were 

experiencing, rather than something you were just doing?                                                       
Not at all 1 2 3 4 5 Very much so 

 
14. To what extent was your sense of being in the system 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 as though you were moving through the 

system according to you own will? 
Not at all 1 2 3 4 5 Very much so 

 
17. To what extent did you find the system challenging? 

Not at all 1 2 3 4 5 Very difficult 
 
18. Were there any times during the task 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 using the system? 

Not at all 1 2 3 4 5 A lot 
 
20. To what extent did you find the system easy to use? 

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 task? 

Not at all 1 2 3 4 5 A lot 
 
22. How well do you think you performed in the system? 

Very Poor 1 2 3 4 5 Very well 
 
23. To what extent did you feel emotionally attached to the system? 

Not at all 1 2 3 4 5 Very much so 
 
24. To what extent were you interested in seeing how the system’s events 

would progress? 
Not at all 1 2 3 4 5 A lot 
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25. How much did you want to “finish” the task? 
Not at all 1 2 3 4 5 Very much so 

 
26. Were you in suspense about whether or not you would finish the task by 

using the system? 
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 system directly? 
Not at all  1 2 3 4 5 Very much so 

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

Not at all 1 2 3 4 5 A lot 
 
29. How much would you say you enjoyed interacting the system? 

Not at all 1 2 3 4 5 A lot 
 
30. When interrupted, were you disappointed that the task was over? 

Not at all 1 2 3 4 5 Very much so 
 
31. Would you like to use the system again? 

Definitely not 1 2 3 4 5 Definitely yes 
 
 

II ANY OTHER COMMENTS: 
 
 

  



 82 

APPENDIX IV 
ARCHAEOLOGICAL KNOWLEDGE QUESTIONNAIRE 

 

Participant Number:  

 

1. When	  were	  the	  bodies	  discovered?	  
 

 

 

 

 

 

2. What	  era	  was	  the	  body	  thought	  to	  be	  from?	  
 

 

 

 

 

 

3. What	  was	  unusual	  about	  the	  position	  of	  the	  body?	  
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4. Other	  than	  the	  position,	  of	  the	  body,	  what	  reason	  did	  the	  archaeologists	  
give	  for	  thinking	  that	  the	  person	  was	  murdered?	  

 

 

 

 

 

 

5. What	  body	  part	  did	  the	  archaeologists	  use	  to	  determine	  the	  gender?	  
 

 

 

 

 

 

6. What	  did	  the	  skull	  shape	  tell	  them	  about	  this	  body?	  
 

 

 

 

 

 

7. What	  was	  this	  person’s	  diet?	  
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8. How	  did	  the	  archaeologists	  determine	  this	  person’s	  profession?	  
 

 


