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Abstract

With the increasing popularity of using Augmented Reality (AR) as
a new medium in museums, this thesis presented an empirical study
to examine the visitors’ sense of presence in two types of AR experi-
ences in museums, "informative" and "narrative". We developed two
prototypes, both of which focused on delivering complementary infor-
mation about a famous head statue at Medelhavsmuseet (the Mediter-
ranean Museum of Stockholm). The "narrative" prototype brought the
statue to life with a reconstructive appearance and a voice and allowed
it to tell visitors its stories from a first-person perspective. On the other
hand, the "informative" prototype presented objective facts by points
from a third-person perspective.

A series of user studies with 12 participants were conducted at
Medelhavsmuseet where the participants reported their sense of pres-
ence in two respective conditions through a post-experiment question-
naire together with a semi-structured interview. The results suggested
that participants barely experienced presence in the "informative" con-
dition, while they experienced presence to a "moderately sufficient"
degree in the "narrative" condition. This document reports the im-
pacts of "narrative" on specific aspects of presence. Overall, narrative
increased the participants’ sense of presence and the heightened pres-
ence had positive impacts on their attitudes towards the experience.
However, this study also presented the negative effects (e.g., prefer-
ence, learning effectiveness) that might be caused by a high sense of
presence. This report discusses the observed relationships of other fac-
tors with the presence (e.g., age). Finally, directions for future studies
were pointed out with respect to the improvements and extensions of
the current work.
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Sammanfattning

Med den ökande populariteten av att använda Augmented Reality
(AR) som ett nytt medium på museum presenterar denna masterupp-
sats en empirisk studie som undersöker besökarens upplevelse av när-
varo genom två typer av AR-upplevelser; en informativ och en berät-
tande. Två prototyper utvecklades som båda fokuserade på att levere-
ra kompletterande information om en känd staty på Medelhavsmuseet
i Stockholm. Den berättande prototypen gav statyn liv genom ett re-
konstruerat utseende samt en röst, vilket möjliggjorde att den kunde
berätta statyns historier för besökaren ur ett jag-perspektiv. Den infor-
mativa prototypen presenterade objektiva fakta ur ett tredjepersons-
perspektiv.

En serie användartester utfördes med 12 deltagare på Medelhavs-
museet. Deltagarna rapporterade om deras upplevelse av närvaro i
de två distinkta fallen genom ett formulär och en semistrukturerad
intervju. Resultaten tydde på att deltagarna knappt upplevde någon
närvaro i det informativa fallet, medan de upplevde en tillräcklig nivå
av närvaro i det berättande fallet. Studien undersökte även berättan-
dets påverkan på specifika aspekter av närvaro. Sammantaget ökade
berättelsen deltagarens upplevelse av närvaro och den förhöjda upp-
levelsen av närvaro hade en positiv inverkan på deras attityd gente-
mot helhetsupplevelsen. Studien presenterade dock även negativa ef-
fekter (t.ex. inställning och lärningseffektivitet) som kan ha orsakats
av den förhöjda upplevelsen av närvaro. Rapporten diskuterar även
observerade förhållanden mellan olika faktorer kring närvaro (t.ex. ål-
der). Slutligen föreslås riktningar för framtida studier för förbättringar
och breddningar inom det aktuella projektet.
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Chapter 1

Introduction

1.1 Motivation

Augmented Reality(AR) is an emerging technology which enables to
register digital information on the physical environment in real time
[1]. An increasing number of museums have been leveraging AR as
a new medium to assist museum exhibitions and reinforce visitors’
experiences [2–13]. Researchers have shown that compared to other
traditional tools (e.g., audio guide), the affordances of AR make it a
valuable tool to generate positive impacts on visitors’ experiences in
several aspects, such as learning effectiveness [2–4], engagement [3],
and motivation [5].

Presence, which refers to an individual’s subjective sensation of
"being there" in an environment depicted by a medium [14], has been
used as a vital experiential quality metric to evaluate, develop and op-
timize mediated experiences. The level of presence depends on the
type of media used. Immersive technology such as AR, which offers
a more embodied interface, was widely considered to generate pres-
ence to a greater extent and lead to reinforced engagement [15]. In
fact, the sense of presence in a mediated experience is determined by
not only media factors (form and content), but also user factors [16].
We noticed the need to further examine how to utilize AR to develop
satisfying museum experiences from the perspective of presence.

Specifically, in the context of assisting content delivery in muse-
ums, a few AR applications were designed to simply present addi-
tional commentaries about exhibits contextually upon users’ physi-
cal environment [2–5, 13]. The content usually described informative

1



2 CHAPTER 1. INTRODUCTION

facts about the objects and it was common to operate the program on
handheld devices, e.g., a smartphone or a tablet. Compared to a head-
mounted display device, a smartphone immerses a user’s perceptual
system to a lesser degree, but it is a promising platform due to its na-
ture of being portable and ubiquitous as well as the fact that nowadays
smartphones are extremely powerful and widespread. It remains un-
known to what degree visitors experience a sense of presence in such
AR applications.

On the other hand, a current trend of design regarding a change of
the content structure in such AR experiences was noticed. To be spe-
cific, several AR applications introduced characters into the scene and
turned the process of information presentation into a storytelling ex-
perience [6–9]. Dunleavy et. al [17] asserted that the story or narrative
provided structure and rationale for the AR experience and it had a
profound impact on the quality of the experience. Lessiter et. al [16]
suggested that the overall narrative depicted via a display system was
one of the determinants of presence. Although AR researchers have
put enormous effort into overcoming technical barriers and reducing
negative effects of technological factors on presence [1, 15, 18], sparse
studies could be found with respect to the specific impacts of content
factors, e.g., narrative, on the visitors’ sense of presence in an AR ex-
perience.

This thesis aims to fill the gap by conducting an empirical study to
investigate how the narrative influences the visitors’ presence during
the AR experience which focuses on delivering information about mu-
seum objects. This study first reviewed the relevant literature with a
purpose of acquiring a deeper understanding of the concept of pres-
ence. Then, two prototypes were developed, of which one employed
a narrative content and the other one used a straightforward informa-
tive content. A series of user studies were conducted to collect data
regarding participants’ sense of presence in the two respective condi-
tions. Results were reported and discussed accordingly, accompanied
by insights given for developing pleasant AR experiences in similar
contexts. Last but not the least, a few improvements and extensions of
the current study were suggested for future work.

This thesis was part of the project Mixed Reality Stockholm [19]
and we collaborated particularly with Medelhavsmuseet (Museum of
Mediterranean and Near Eastern Antiquities) in Stockholm, aiming
to enrich visitors’ experiences in the Cyprus exhibition inside Medel-
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havsmuseet through context-aware AR on mobile devices.

1.2 Research Question

The central research question of this study was defined as below and
it was subdivided into three questions.

RQ: In terms of using AR as a medium to deliver information about
an object in an archaeological museum, how does a "narrative" design
of the content structure influence visitors’ sense of presence during the
experience, compared to an "informative" design?

• Q1. To what degree do users experience a sense of presence in an
"informative" AR experience?

• Q2. To what degree do users experience a sense of presence in a
"narrative" AR experience?

• Q3. How does the narrative influence presence?



Chapter 2

Related Work

2.1 Definitions of presence

Presence is a multidimensional construct being widely discussed in
the media research community [20]. The general definition of presence
is an individual’s subjective sensation of "being there" in an environ-
ment depicted by a medium [14], or "the perceptual illusion of non-
mediation" [18]. As applied to virtual reality, which attempts to im-
merse users’ all senses with information generated only by and within
a computer, presence refers to an individual’s psychological state of
being in the computer-generated world other than the real world the
one is physically located in. However, augmented reality, which over-
lays computer-generated information on an actual scene, is based on
reality rather than completely isolating users from the reality. It aims
to create a user’s subjective perception of being in an augmented

world where "the virtual objects are part of the real environment"

[21], which seems to be what presence means in the context of AR.
Furthermore, the perception of "being" in an environment means

not only being spatially immersed in the space, but also being socially

involved in the environment. Lombard and Ditton [18] described the
spatial component of presence as a close concept of "transportation".
They believe that when presence occurs a user perceives an illusion of
non-mediation as if the border between "this side" and "that side" of
the medium disappears. Users may feel that they have shifted to the
other side ("You are there."), or that the objects from the other side have
been brought to them ("It is here."), or that they and other users are
sharing a real or virtual space ("We are together."). Especially, VR elic-

4
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its a sense of presence as "You are there", while AR evokes a different
sense of presence as "It is here" [21]. In terms of the social component
of presence, Lombard and Ditton [18] mentioned that presence occurs
when an individual responds to social cues provided by social actors
within the medium or by the medium itself in a way that someone
would do the same in the real environment. Additionally, Mantovani
and Riva [22] argued that experiencing presence requires more than a
reproduction of objective physical features, but needs to construct "a
sociocultural web" that makes people, objects, and their interactions
in the environment meaningful. Therefore, objects and entities in the
mediated environment need to appear perceptually and socially real
in order to make presence happen [18].

Moreover, the sense of presence closely relates with the feeling of
involvement [18, 23]. Users report a sense of presence when they di-
rect more attention towards the mediated environment than the phys-
ical world they are located in, and the extent to which they perceive
presence is partially dependent on how strongly they focus their at-
tention on the mediated environment.

2.2 Narrative and other determinants of pres-

ence

The determinants of presence consist of media characteristic factors
and user characteristic factors [16, 18]. Media variables are subdivided
into form variables and content variables. Form variables referring to
the physical features of a medium influence the richness and vividness
of the sensory information individuals perceive. While form variables
play a vital role in generating presence, content variables, which refer
to objects, beings, narratives, tasks/activities, etc., delivered within the
form significantly contribute to increase or decrease presence. Content
variables are particularly related to the construction of aforementioned
"sociocultural web" in a mediated experience. Clearly, these variables
are not independent but interrelated. Furthermore, debates exist in
regard to the confusion whether some psychological factors are deter-
minants or correlates of presence, such as interest and engagement

[16]. Interestingly, although it was generally suggested that users who
reported higher presence in the mediated experience reported greater
enjoyment [18], a study concerning an interactive drama [15] showed
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that increased presence did not necessarily lead to more engagement.
Lombard and Ditton pointed out that due to the nature of tasks or

activities presence might occur to a varying extent [18]. For instance,
the type, difficulty, or degree of control in the task may make it easier
or harder to generate presence. Particularly, for media that allow the
social richness, "personal tasks", which involve offering social cues
and personal information, are believed more likely to generate pres-
ence than "simple information-transfer tasks". AR is a "high-presence
medium" that allows the occurrence of a sense of social presence, so
it may be more appropriate for "personal tasks". In the context of this
study, a narrative design of the content structure, which creates charac-
ters and offers social cues for users interacting with the environment,
is expected to turn the informative experience into a personal experi-
ence and evoke a stronger sense of presence.

Moreover, narrative seems to encourage the sense of presence in
AR by adding a dimension of "narrative presence". Busselle et al.
[24] indicated that narrative presence occurs when an individual com-
pletely focuses attention on the activity of comprehension, in which
case the person perceives no difficulties in processing the story and it
may result in a loss of awareness of time’s passage. The viewer sees
through the medium directly at the content. Hence, the medium be-
comes fully transparent. The user does not focus on rendering, reg-
istration, or other technical details and is fully present in the content
experience. Uniquely, the process of narrative comprehension requires
individuals to construct a mental model of the story world and locate
themselves within that world [24]. Hence, it can be anticipated that
when the story world overlaps with the augmented world in the AR
experience, the perception of being in the augmented world may be
enhanced due to the narrative comprehension process. In addition,
the comprehension process encourages individuals to understand the
story from a character’s perspective, which can lead individuals to em-
pathize and sympathize with the characters in the story. Lombard and
Ditton [18] suggested that emotions developed during the tasks or ac-
tivities, such as empathy, may also influence presence.
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Method

3.1 Prototype Design and Implementation

3.1.1 Context

The purpose of the prototype was to serve the explanation of stories
around a head statue (See figure 3.1) at Medelhavsmuseet, which is
one of the most famous finds in the Cyprus exhibition in the museum
according to the curator (Fredrik Helander, March 9th, 2017). Origi-
nally, the statue was simply displayed inside a glass cabinet in a way
that did not suggest any differences in its significance from other adja-
cent exhibits. A physical information label was put on the cabinet and
it provided a few words describing the features of each object in the
cabinet. However, Medelhavsmuseet has abundant historical materi-
als in the archive that are relevant to this statue, e.g., old photographs
and books, that kept a vivid diary of how archaeologists found it with
surprise during the excavation. The study in this work focused on in-
tegrating these materials (images and texts) into the exhibition through
AR on smartphones.

3.1.2 Design process

The design process followed user-centered design methods. I started
with reviewing existing AR applications in other museums [2–13] and
design guidelines [17, 25, 26] for AR applications proposed by researchers.
Particularly, MacIntyre et al. [27] argued that to develop intuitive AR
media experience, one needs to remediate from other earlier media.

7
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Figure 3.1: The head statue

For instance, for developing an AR historical tour in a museum, they
created an experience centered around a concept of ghostly figures
who inhabited the space and interacted with the user. The concept
of the ghostly figures was built upon people’s cultural familiarity with
ghosts from books, plays, and films, as well as the characteristic and
limitation of the available technology.

Based on those, I came up with the basic concept of the narrative
prototype - when visitors pointed their smartphone’s lens to the statue,
they could see through the lens that the statue came to life with a re-
constructive appearance and a voice, and it guided them to explore its
stories. A few interviews with visitors were followed to investigate
their opinions towards the concept and what type of information they
were specifically interested in. The results showed that the concept
was embraced by visitors to a large extent. They believed it would
make the experience "funny" and "more alive". However, older visi-
tors seemed to accept the character within AR as a social actor to a less
extent and appreciated the concept less. The results suggested that
the concept would be attractive for particularly young visitors, while
older visitors focused more on learning actual knowledge from their
museum visits. According to one staff at Medelhavsmuseet, the av-
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erage age of their regular visitors (except for e.g., school group visits)
is above 20. To control possible side effects from the factor of user’s
age in this study, I decided to focus on visitors aged under 40. The
interviewed visitors who were in their 20s indicated that if I avoided
a "too cartoonish" design, they appreciated the concept and did not
think it appeared childish or silly for them. The feedback regarding
the types of information visitors were interested about the statue can
be concluded in following four aspects: 1) When, where, and why it
was made; 2) When and how it was found; 3) Why it was more famous
than other finds; 4) Who it represented.

Based on the collected data, Fredrik Helander, the curator from
Medelhavsmuseet, and I created a story based on historical materi-
als, in which the statue came to life as a witness of history telling the
audience her stories around people at different times. The story in-
cluded four parts - Birth, Discovery, Exhibition, and Mystery, which
corresponded to the aforementioned four aspects of information vis-
itors indicated interest in. Audio recordings of the story were made
with the help of my friend, Anna Robbins. After sketching out the ba-
sic interfaces on paper, I made an interactive mockup using Invision
so that the concept was clearly demonstrated with graphics. However,
Invision was not an ideal prototyping tool for AR since it did not sup-
port inserting live camera stream or audios. I conducted a few user
studies with the mockup. According to the participants’ feedback, I
refined mostly on the design of the navigation menu by making it ap-
pealing and easily understood.

3.1.3 Functional prototypes

Based on the design, two prototypes were developed with the pro-
gram Vuforia SDK in Unity. The prototypes ran on an iOS platform.
Due to the scope of this study, the prototypes only used plain 2D
graphics, albeit an employment of 3D models, videos, or animations
was believed to be able to evoke the sense of presence to a larger
extent. Moreover, for the tracking technology, image-based markers
were used, but the recognition became problematic when the light-
ing turned dim in the museum. Ideally, using the statue directly as
the recognition target would make the tracking process more stable
and the experience more natural, but it was not feasible to take out
the statue and scan it during the time when this study took place.
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(a) (b)

(c)

Figure 3.2: Interfaces of the narrative prototype. (a) presents a “resur-
rected” statue. (b) offers four parts of the story. (c) shows an image of
the excavation site where the head statue was found in the Discovery
part.

The experience was triggered by pointing the smartphone’s lens to the
marker.

In the narrative prototype, the experience started with a charac-
ter of the statue popping out and introducing herself (See figure 3.2a).
Then, visitors were led to the next step and were presented with a nav-
igation menu consisting of four items - Birth, Discovery, Exhibition,
and Mystery (See figure 3.2b). Visitors chose to see any part in any
order based on their own interests. In each part, they were provided
with audio narrations and related images (See figure 3.2c). The dura-
tion of the audio in every part was kept less than one minute. Users
were also free to browse the presented images.

The informative prototype shared most of the designs of the narra-
tive prototype, but it discarded all "narrative" elements. First, it used
another form of narration, in which the information was told by points
in an objective manner, but it covered the same facts and events which
were included in the narrative prototype. Second, there were no visual
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(a) (b)

Figure 3.3: Interfaces of the informative prototype. (a) offers four parts
of the guide. (b) shows an image of the excavation site where the head
statue was found in the Discovery part.

representations of characters and the experience started directly with
a presentation of the navigation menu (See figure 3.3a), accompanied
by a voice saying "Click to learn more about the statue". Third, the
image of the button on the top-right was changed to a homepage icon
accordingly (See figure 3.3b).

3.2 Experiment design

To answer my research questions, a series of user studies were con-
ducted at Medelhavsmuseet with twelve participants. The indepen-
dent variable in the experiment was the type of content structure used
in the prototypes and it had two conditions, "informative" or "narra-
tive". The dependent variable was the users’ sense of presence during
the experiences. The study used a within-subject design in which the
same participant took part in both conditions.

Since user variables are influential factors on presence [16, 18], a
few considerations were taken into account when I chose which type
of experimental design to use. Within-subject design can reduce the
effect of individual differences in the experiment. Since this study in-
tends to evaluate the differences of the participants’ presence in two
conditions, it makes more sense to let each participant use both proto-
types and report their sense of presence in each experience compared
to the other. Side effects due to the order were controlled by counter-
balancing. Participants were divided into two groups, group A and
group B. Group A used the informative prototype first and then the
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narrative prototype, while group B used the narrative prototype first
and then the informative prototype. Therefore order effects were coun-
terbalanced since they occurred equally in both groups, even though
they might occur for the individual participant.

3.2.1 Pilot study

Two pilot studies were conducted at Medelhavsmuseet before the user
studies. The following feedback was received from the pilot studies
and was improved in the user studies.

• The background and the objective of the experiment should be
clarified for the participants.

• A sufficient how-to demonstration about the prototypes should
be shown to the participants, in order to reduce the effects of
usability issues on the report of presence in the experiment.

• A ten-minute break in between two prototype testing sessions
was adequate for participants to fresh up their mind.

3.2.2 Procedure

A user study took approximately 45 minutes and consisted of three
phases.

Phase 1. Introduction

After a participant arrived at Medelhavsmuseet, I guided him or
her to the area where the head statue was located. A consent form and
an instruction which introduced the background, objective and proce-
dure of the experiment were given to the participant. After the partici-
pant had read the papers and signed the consent form, the participant
was asked to fill in the pre-experiment survey. A how-to demonstra-
tion about the prototype was followed with the aid of pictures show-
ing the interfaces where the interactions took place. The pictures did
not reveal any content information used in the prototype and it only
served to familiarize participants with the operation of the system.

Phase 2. Prototype Test

After the demonstration, the participant was told to start exploring
the first prototype freely in front of the cabinet inside where the head
statue of interest was situated (See figure 3.4a). The corresponding
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(a) (b)

Figure 3.4: Participants testing prototypes at Medelhavsmuseet. (a)
when the lighting condition was adequate in the museum. (b) when
the lighting condition was inadequate in the museum.

marker was stuck to the surface of the cabinet in advance. The par-
ticipant used a smartphone in which both prototypes were installed
and wore headphones which were plugged into the phone. The par-
ticipant was asked to inform me whenever he/she decided to finish
the experience. After the participant finished exploring the first proto-
type, he/she was asked to fill in the post-experiment questionnaire on
a laptop to report his/her sense of presence during the first experience.
The participant took a ten-minute break after the completion of the
questionnaire. After the break, he/she started to explore the second
prototype. Once accomplishing the second experience, the participant
filled in the post-experiment questionnaire again to report the sense
of presence during the second experience. It was worth mentioning
that when the lighting became so dim in the museum that the marker
recognition did not work smoothly, I used a cell phone flashlight to
light up the marker (See figure 3.4b).

Phase 3. Interview

Once the above procedures ended, I conducted a semi-structured
interview with the participant in order to capture additional informa-
tion about the different feelings he/she experienced during the two
prototype testing sessions. At the end of the interview, the partici-
pant was invited to give comments or suggestions about the overall
experiment. Sweets were given to the participant as a compensation
for participating in my study.
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3.3 Data collection and analysis

3.3.1 Pre-experiment survey

The survey was developed in Google Forms and it was used to col-
lect participants’ background information regarding age, gender, the
knowledge of AR, and the interest of visiting archaeological museums.
Mean values and frequencies were calculated using Google Sheets.

3.3.2 Post-experiment questionnaire

According to Sheridan [28], the essential measuring method of the
sense of presence is self-report since the sense of presence is a "men-
tal manifestation". In this study, the questionnaire had to measure the
degree to which individuals experience a sense of presence in AR and
the impacts of narrative on the experienced presence. I built my own
presence questionnaire upon four relevant questionnaires according
to my objectives and the relevant literature discussed in Chapter 2.
The items related to spatial presence mainly referred to the MEC Spa-
tial Presence Questionnaire [29] and a questionnaire measuring the
experienced presence of virtual objects in the real environment [21].
The social presence part included items from Bailenson et al. social
presence questionnaire [30] and Hartung et al. narrative immersion
questionnaire [31]. Items that measure the participants’ attention and
engagement were also adopted from aforementioned questionnaires
since they were found to be highly related to the narrative and the
presence.

The developed questionnaire (See Appendix A) had seventeen items
in total. The first sixteen items were 7-point Likert-type questions and
they formed a Likert scale with "presence" being the construct. Each
item was a statement which allowed participants to express how much
they agreed or disagreed, with a score of 1 indicating "Strongly Dis-
agree", a score of 7 indicating "Strongly Agree", and a score of 4 "Neu-
tral". The Likert items included Self Location, Participation, Involve-
ment, Virtual Objects’ Realness, Virtual Objects’ Location, Co-location,
Interaction Naturalness, Social Entity, Social Interaction, Emotional
Connection, Attention Allocation, Understanding, Motivation, Absorp-
tion, Enjoyment, and Fun. The last item was an open-ended question
that allowed participants to write a few words to describe their expe-
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riences.
The quantitative analyses were conducted with SPSS, including

Cronbach’s alpha analysis for testing the reliability of the question-
naire, calculations of the mean value and the standard deviation value
of items, paired-samples t-tests for examining statistical significances
in the score differences. Grounded theory approach [32] was used for
analyzing the qualitative responses. To answer Q1 and Q2, the over-
all sense of presence was determined by both quantitative results from
the Likert scale data and qualitative results from the open-ended ques-
tion.

3.3.3 Semi-structured interview

The interview allowed participants to further explain the different feel-
ings they experienced during the two prototype testing sessions, such
as their preference and reasons, experienced significant differences,
etc. The audio was recorded with a laptop and I also took notes during
the interview. Instead of analyzing all data, the analysis was focused
on the impacts of the narrative on presence. Audios were selectively
transcribed and grounded theory approach [32] was used to code and
group responses. The qualitative results from the interviews, together
with the quantitative results from the statistical significance tests of the
questionnaire data, answered Q3.



Chapter 4

Results

4.1 Background information

We recruited 12 participants, 6 female, aged 22 to 36, mean of 27. Fig-
ure 4.1 shows how the participants rated themselves on their knowl-
edge of AR. Most rated themselves somewhat knowledgeable (50%)
or moderately knowledgeable (33.3%) about AR, with one participant
being very knowledgeable and one participant being slightly knowl-
edgeable. As seen in figure 4.2, 25% of the participants indicated that
they did not enjoy visiting archaeological museums, while 41.6% re-
ported positive attitude towards archaeological museums visits. The
rest (33.3%) remained neutral.

Figure 4.1: Participants’ knowledge of AR

16
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Figure 4.2: Participants’ interest of visiting archaeological museums

4.2 Data reliability

Based on the data collected in the informative condition and in the nar-
rative condition individually, the calculated Cronbach’s alpha value
of the post-experiment questionnaire was 0.735 and 0.822 respectively.
According to a rule of thumb for interpreting Cronbach’s alpha, which
suggested that the internal consistency of the questionnaire could be
considered as "acceptable" if "↵ � 0.7" or even as "good" if "↵ � 0.8",
the reliability of the post-experiment questionnaire was at an adequate
level.

4.3 Degree of experienced presence

To answer my Q1 and Q2, the data collected in the post-experiment
questionnaire were analyzed and reported in this section. Figure 4.3
exemplified participants’ responses to one item in the questionnaire
regarding "Self Location". Figure 4.4 revealed an overview of the cal-
culated mean score of each questionnaire item for the two conditions.
Moreover, the Pearson’s correlation tests did not find any correlations
between the order in which participants used the prototypes and their
experienced presence in each condition (Informative: r=0.058, n=12,
p=0.858>0.05; Narrative: r=-0.057, n=12, p=0.860>0.05).
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Figure 4.3: Number of responses to the item regarding “Self Location”

4.3.1 The degree of experienced presence in the in-

formative condition

In terms of the Likert data, the overall results suggested that the par-
ticipants experienced presence to a very limited degree in the informa-
tive condition. (Presence: Mean=4.15, SD=0.56). Specific results from
different aspects were reported as below. (See the data visualization in
Appendix B Figure B.1)

First of all, it was found that the participants did not feel they were
inside the augmented world, but rather staying outside and looking
in (Self Location: Mean=3.33, SD=1.16) and their attitudes towards
whether the virtual objects (VOs) felt like part of the real world or
not were vague (VOs’ Realness: Mean=4.00, SD=1.41). This was con-
sistent with the nearly neutral response to whether they felt being a
part of the environment in the presentation (Involvement: Mean=4.08,
SD=1.08).

In detail, the confusion about VOs’ realness was further accentu-
ated by the fact that on the one hand, the participants felt the VOs were
located in the space rather than being visualized on the screen (VOs’
Location: Mean=4.58, SD=1.24) but on the other hand, they did not feel
the VOs were in the same space with them (Co-location: Mean=3.67,
SD=1.44). Moreover, the fact that the participants did not feel they
were actively participating but rather merely observing (Participation:
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Figure 4.4: Mean scores of test items

Mean=3.00, SD=1.04) might result in the loss of immersion. How-
ever, it was interesting that the participants also noted that they felt
the interactions with VOs took place naturally in a meaningful con-
text (Interaction Naturalness: Mean=4.33, SD=1.30). This might be ex-
plained by the similarity between the informative prototype and the
commonly used guiding systems in museums which made the inter-
actions appear conventional and natural to the participants.

As for the social aspect, the participants noted they did not feel
being in the presence of another person (Social Entity: Mean=3.25,
SD=1.49) and subsequently, they did not feel that the person was in-
teracting with them (Social Interaction: Mean=2.5, SD=1.38). This was
not surprising since the informative prototype did not specifically present
entities providing explicit social cues. Moreover, the participants also
indicated that they did not share the emotions revealed in the pre-
sentation (Emotional Connection: Mean=3.00, SD=1.04) even though
they had no difficulties in processing the information (Understanding:
Mean=5.75, SD=0.87).

In terms of attention, the participants indicated that they devoted
their whole attention to the experience (Attention Allocation: Mean=5.42,
SD=1.00) but they did not feel so absorbed that they had lost track
of time (Absorption: Mean=3.92, SD=1.38), which further suggested
a limited sense of presence. However, the participants still thought
the experience was interesting (Fun: Mean=5.17, SD=1.34) and they
felt motivated to find out more (Motivation: Mean=4.92, SD=1.62) and
they enjoyed the experience (Enjoyment: Mean=5.42, SD=1.08).

With regard to the words to describe the experience, the partici-
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pants described the informative experience as a useful learning ex-

perience (3 responses) in which the information was "concise" so that
the participant could "concentrate more on the facts than the overall
feeling of the statue", and it was similar to the traditional media ex-

periences in museums (3 responses) such as "an audio guide". They
also mentioned that they experienced the freedom of control (2 re-
sponses) as in being able to "go with my own rhythm". However, a
sense of constrained involvement (5 responses) during the experience
was the most frequent comment, as "the immersive experience was
limited to the size of the phone screen", "did not feel that engaging",
"I felt a distance between the app and me", "pretty separated from the
real world", and "less engaging". Subsequently, physical fatigue (3 re-
sponses) from holding the phone for a long time was also reported as
a negative effect.

Combined with all the aforementioned aspects, the results revealed
that the participants barely experienced the sense of presence in the
"informative" AR experience.

4.3.2 The degree of experienced presence in the nar-

rative condition

In terms of the Likert data, the overall results suggested that the par-
ticipants experienced presence to a somewhat sufficient degree (Pres-
ence: Mean=5.19, SD=0.57). Detailed results from different aspects
were reported as below. (See the data visualization in Appendix B
Figure B.2)

First, the participants indicated that they felt being inside the aug-
mented world (Self Location: Mean=4.67, SD=1.16) but the VOs did
not feel like part of the real world (VOs’ Realness: Mean=3.83, SD=1.11).
However, they felt that they were a part of the environment in the pre-
sentation (Involvement: Mean=5.00, SD=1.21) and that they were in
the same space with the VOs (Co-location: Mean=4.42, SD=1.31). The
participants also noted that the VOs were located in the space (VOs’
Location: Mean=4.67, SD=0.98). Furthermore, the participants felt that
they were actively participating (Participation: Mean=5.08, SD=1.24)
and that the interactions with VOs took place naturally in a meaning-
ful context (Interaction Naturalness: Mean=5.25, SD=1.36)

With respect to the social presence, the participants indicated that
they felt being in the presence of another person (Social Entity: Mean=5.42,
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SD=1.08) and that the person was interacting with them (Social In-
teraction: Mean=4.5, SD=1.68). The verbal and nonverbal social cues
offered by the character in the story contributed to the occurrence of
the social presence. As a result, the participants felt they shared the
emotions revealed in the story (Emotional Connection: Mean=4.92,
SD=1.08) and they also had no difficulties in processing the story (Un-
derstanding: Mean=6.00, SD=0.60).

In regard to attention, the participants reported that they devoted
their whole attention to the experience (Attention Allocation: Mean=6.25,
SD=0.62) and they felt so absorbed that they lost track of time (Absorp-
tion: Mean=5.33, SD=0.98). Moreover, they thought the experience
was interesting (Fun: Mean=6.17, SD=0.72) and they felt motivated to
find out more (Motivation: Mean=5.33, SD=1.07) and they enjoyed the
experience (Enjoyment: Mean=6.17, SD=0.72).

Regarding the words to describe the experiences, the participants
described the narrative experience as an interesting (4 responses) sto-

rytelling (7 responses) experience in which the statue was "alive" (8
responses) and "telling me its story like a testimony". The participants
also reported a strong involvement (3 responses) during the experi-
ence, as "totally involved", "a stronger connection to the exhibit and
even empathize with it", and "more immersive". Interestingly, one
participant noted that, "I felt a bit overwhelmed by the statue being
alive" and "I was more aware of the interaction than listening to the
history, maybe since it was a new experience". Another participant
pointed out his doubts regarding the information credibility in such
a storytelling context, as noted "The emotions that the author wants
to express must be backed by officially established facts. Since when
dealing with history, things are largely ambiguous, it is important to
mention this as not to mislead the listener towards a particular view-
point". In addition, one participant reported her dilemma whether to
look at the virtual statue or the real statue as "The virtual one held my
attention more, which I did not like as the real one was just in front of
my eyes". However, as a matter of fact, these negative effects further
proved the occurrence of the social presence.

Combined with all the aforementioned aspects, the results sug-
gested that participants experienced the sense of presence to a mod-

erately sufficient degree in the "narrative" AR experience.
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4.4 Influences of the narrative on presence

As seen in figure 4.4 and the aforementioned analyses, it could be pre-
liminarily asserted that the narrative had a positive effect on the partic-
ipants’ sense of presence in AR experiences. In this section, the impacts
of the narrative were further examined by several statistical paired-
samples t-tests, together with a complementary qualitative analysis of
the interview data.

Overall, there was a significant difference in the scores of presence
for the informative (Mean=4.15, SD=0.56) and the narrative (Mean=5.19,
SD=0.57) conditions (t(11)=4.17, p = 0.002<0.05), and it suggested that
"narrative" indeed had an effect on the visitors’ sense of presence. Specif-
ically, my results suggested that the narrative increased the sense of
presence.

In detail, Figure 4.5 showed that a significant difference was proved
by the paired-samples t-tests in several aspects of presence for the two
conditions, while Figure 4.6 revealed that in other aspects a significant
difference was not validated.

Figure 4.5: Aspects of presence with a significant difference for the two
conditions

According to the interviews, 9 out of 12 participants preferred the
narrative experience. The participants thought the narrative experi-
ence was more interesting (4 responses) and not usual (2 responses).
The most frequently-mentioned reason was related to involvement/emotional

connection (9 responses), as the first-perspective made them feel "per-
sonal", "more involved", "closer to the story", "feel her emotions", "more
connected", etc. For instance, Participant 4 (P4) remarked, “The narra-
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Figure 4.6: Aspects of presence without a significant difference for the
two conditions

tive prototype brought me to the story that happened thousands years
ago. I felt close to the statue. I could feel her emotions, like a per-
son. The informative one was like an introduction of another person’s
life. I didn’t think about any emotions. I couldn’t feel the pain or hap-
piness the person was feeling.” P8 also commented, “When she was
talking to me, I could picture the whole story in my mind. I felt as a
first person, not an outsider. I was really experiencing that she was
telling me her feelings.” P9 mentioned that “I had personal emotions
and felt like I was connecting to the figure in the narrative prototype.
It left me impressions and I can actually remember the figure. While
in the informative prototype, I didn’t have that strong feelings about
the figure. I didn’t think it was different from the other figures.” Sim-
ilarly, P6 indicated, “The narrative prototype built an emotional con-
nection to the statue, which I like. You won’t forget it. Not just another
fact.” The involvement led the participants to pay more attention (6 re-
sponses). In the narrative experience, since the statue was "talking to"
/ "addressing" / "taking care of" them, the participants felt "obliged to
answer" to avoid being "disrespectful", and "keep track on what was
going on in the story". On the contrary, in the informative experience,
the participants described it, "like random people speaking and I don’t
really care who", or "like attending a lecture, I just listen to what I’m
interested in and just let the guy speak", or "the speaker doesn’t care
about the listener". However, it was also revealed in the interviews
that higher presence might result in a few negative effects in terms of
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e.g., learning effectiveness, information credibility. The negative ef-
fects will be reported later in the discussion section.

In conclusion, it could be said that the narrative had a positive
effect on the participants’ sense of presence. Specifically, combining
my results with the literature discussed in Section 2.2, the narrative
added a layer of social presence by providing social cues through the
character in the story. It made the experience more personal and es-
tablished an emotional connection between the participants and the
character. In addition, the narrative comprehension process might
have reinforced the spatial presence, the feeling of being enveloped

inside the augmented world, by constructing a mental model of the
story world where the virtual objects, the character and the individual
were co-located. The enhancement of both social and spatial presence
was consistent with the greater focused attention during the narrative
experience and it resulted in an increased enjoyment from the partici-
pants in the narrative experience.

However, it is also worth mentioning that the narrative did not
enhance the perceptions of the participants on VOs’ realness or VOs’
location but it did on Co-location. Regenbrecht et. al. [21] suggested
that whether the VOs seemed real was different from whether the VOs
seemed to be located in the physical space and my results were consis-
tent with it (See the different scores of VOs’ realness and VOs’ location
in both conditions). In addition, the reason why the paired t-test failed
to prove the significant difference on Interaction Naturalness might
be related to the fact that both prototypes used the same simple and
conventional click interactions. If the interactions in the narrative con-
dition were designed in a way that was closer to the human-human
interactions, the result might differ. With regard to the Understanding
aspect, it was not surprising to find an insignificant difference since
the content used in the prototype was relatively simple. Lastly, it was
interesting that the participants considered both experiences motivat-
ing and fun with no significant difference, of which one reason might
be related to the novelty of AR.
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Discussion

As suggested by Lombard and Ditton [18], a "personal task”" was more
likely to evoke the participants’ presence than a "simple information-
transfer task". In this study, the nature of the informative experience
was close to a "simple information-transfer" experience, and my re-
sults indicated that presence barely occurred for the participants in
such experience. The participants neither felt spatially immersed in
the augmented world, nor socially involved in the environment. On
the contrary, the narrative experience, in which a character was intro-
duced to interact with the audience in a simple manner, was instead
perceived as a "personal" experience and the participants reported a
sense of presence to a moderately sufficient degree. They felt involved
in the augmented world, both spatially and socially, and an emotional
connection was established with the character.

Generally speaking, my results suggested that the heightened pres-
ence in the narrative condition resulted in an increased engagement in
and a preference of the narrative experience over the informative ex-
perience. Nonetheless, an increased presence did not always lead to
greater engagement or preference. Dow et. al. [15] pointed out in
their research on presence and engagement in an interactive drama
that some players actually preferred the desktop system which gen-
erated lower presence over the AR system. Because it enabled them
to "take on different personas" more easily and to have "a safe dis-
tance from the emotionally charged drama". Similarly, in my study,
one participant preferred the informative experience because he felt "a
bit overwhelmed by the statue being alive".

Moreover, Lombard and Ditton [18] argued that high presence might
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decrease the memory of the information, especially stored informa-
tion. In my study, participants indeed considered the informative ses-
sion as a "useful learning experience" and the narrative session as an
"interesting storytelling experience". Although two participants re-
ported that they might "get more information" and "remember more"
in the narrative experience because they paid more attention to it, two
participants argued that they might "retain the information, like date
and time, better and quicker" and "remember the information more
easily" in the informative experience since the informative content con-
tained "no distraction" and only "facts". In addition, it was surprising
that three participants raised questions about the credibility of the in-

formation in the narrative experience, as "reflecting if it’s true or not",
"wondering if you’ve made up stuff just to make it more interesting",
and "easy to get carried away by the storytelling but history is ambigu-
ous". However, two of the participants who expressed their doubts
about the information credibility still preferred the narrative experi-
ence because they reckoned that it was the emotions, the feelings, and
the sense of that story mattered to them, not the details. Hence, it
could be seen that the objective and the expectation of the participants
influenced their attitudes towards a high-presence experience.

In fact, as mentioned before, user characteristics was one of the de-
terminants for presence, e.g., willingness to suspend disbelief, knowl-
edge of and prior experience with AR, age, gender, and other person-
ality characteristics [18]. Since the impact of this factor was not at
the center of interest in this study, I deliberately recruited participants
with similar backgrounds (See Section 5.1), especially with an age un-
der 40. Interestingly, I conducted several Pearson’s correlation tests to
assess the relationship between the collected participants’ background
information and their experienced presence in informative or narra-
tive condition, and the results showed that there was only a negative
correlation between the participants’ age and the experienced presence
in the narrative condition (r=-0.626, n=12, p=0.029<0.05). It indicated
that older participants reported lower presence in the narrative expe-
rience.

In addition, the features of the character in the story might also
have impacts on the participants’ sense of presence. Generally speak-
ing, it was suggested that the more socially realistically the elements
in the environment were, the less likely they were to interfere the
presence [18]. In this study, the design of the character in the narra-
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tive prototype adopted a concept of "resurrection" and the participants
found it interesting and involving to be able to hear stories from the
statue’s perspective. But on the other hand, this "unrealistic" concept
was likely to remind the users that they were in a created artificial ex-
perience. Whether a "realistic" identity setting of the character, e.g., as
an archaeologist, would result in a higher presence or not remained
unknown. Moreover, in this study, an animated aesthetic style was
adopted, but a photorealistic style might contribute to evoking higher
presence. In addition, Lombard and Ditton [18] suggested that the
"use of media convention" might remind the users the true nature of
their experiences and reduce presence. In this study, the character in
the narrative experience played a role which was similar to an artificial
software agent and my results indicated that the participants experi-
enced a sense of social presence with it. However, in the informative
experience, a software agent was also present in a way that it guided
the participants through the whole experience with a human voice,
but the participants did not report any senses of social presence with
it. Compared to the agent in the narrative prototype, the one in the
informative prototype did not have any visual representations and it
talked in a "computer-ese" language. Subsequently, some participants
did not view it as a social actor at all. This showed that in the age of
technology, if the traits of the character were similar to certain com-
puter manners, the user might not consider it as a social entity but a
pure computer instead.

Lastly, Goldiez et. al. [33] suggested that presence requires an ap-
propriate forum (e.g., task) and technological platform to be triggered
and an increase in one factor could allow for a decrease in the other.
This study showed that with two prototypes using the same basic tech-
nologies, a change of the content structure from informative to narra-
tive in the experience led to a significantly heightened sense of pres-
ence. This could be a valuable insight for AR experience designers,
especially in the current early phase of AR development. Technologi-
cal immaturity might limit the needed transparency required from the
equipment for presence, but this study shed a light on how content fac-
tors could improve the situation and increase presence from another
perspective. However, it is worth mentioning that this study did not
intend to suggest that we should use the narrative design in all AR
experiences in museums. In fact, if every object in the museum was
brought to life and started talking, the charm and the emotional con-
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nection would possibly disappear. Ideally, we should combine these
two types of experiences. For instance, the informative design could
be applied to the majority of the objects, but for the special ones the
narrative design could make them stand out.
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Conclusion

The emerging immersive technology, Augmented Reality, has been
utilized as a new medium by many curators to enhance visitors’ mu-
seum experiences. This study investigated that, in a smartphone-based
AR experience which delivered information about a statue in a mu-
seum, the impacts of a "narrative" design of the content structure on
the visitors’ sense of presence during the experience, compared to an
"informative" design. Two prototypes were developed with the two
design strategies. In the narrative prototype, the statue was brought to
life with a reconstructive look and a voice, and it told the audience its
own stories around people at different times across the history. In the
informative prototype, no characters existed and the information was
told by points in an objective manner. A within-subject experiment
with 12 participants was conducted at Medelhavsmuseet, in which
each participant used both prototypes and reported their sense of pres-
ence through a presence questionnaire in the respective condition, to-
gether with a semi-structured interview at the end of the experiment.

Both quantitative and qualitative methods were utilized to analyze
the collected data. According to participants’ different responses to
the questionnaire in both conditions, the results showed that partici-
pants barely experienced presence in the informative experience, but
they experienced presence to a moderately sufficient degree in the nar-
rative experience. Overall, the narrative had a positive effect on the
participants’ sense of presence. In detail, the narrative contributed
to the occurrence of a social presence, which turned the informative
experience into a personal experience and established an emotional
connection between the participants and the character. Additionally,
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the narrative reinforced the participants’ spatial presence of being in-
cluded in the augmented world and co-locating with the virtual ob-
jects. This could be explained by the characteristics of the narrative
comprehension process, that it required the participants to construct
a mental model of the story world and locate themselves within that
world. However, my results did not suggest that the narrative had any
impact on the participants’ perception of whether the virtual objects
seemed real or whether the virtual objects seemed to be located in the
real space. Moreover, in the narrative condition, the participants also
reported greater focused attention and higher enjoyment. In the end,
most participants indicated a preference of the narrative experience
over the informative experience. However, it is worth mentioning that
higher presence did not necessarily lead to increased engagement or
preference. Especially in narrative scenarios, some individuals might
need a sense of mediation to be able to interact and engage comfort-
ably in the experience. The results of this study also suggested that the
enhanced sense of presence might decrease the participants’ memory
of information and cause doubts about the credibility of the informa-
tion.

As future work for the study, the prototype could be improved by
adding 3D objects, animations, and interactions connected tightly to
the object. With the increased complexity of the prototype, the pres-
ence questionnaire could be refined by adding questions and classify-
ing items into divergent subscales.The reliability of the questionnaire
would need to be tested with a larger number of users, to ensure that
the internal consistency of each subscale reaches an adequate level be-
fore the questionnaire being employed for the study. Meanwhile, more
visitors with different backgrounds (e.g., age, willingness to suspend
disbelief) could be recruited to participate in the experiment and the
influences of the user factors on their sense of presence could be inves-
tigated in a comprehensive manner. Furthermore, additional methods
could be utilized to measure participants’ learning outcomes under
different conditions and to examine the critical relationship between
their sense of presence and the learning effectiveness. Finally, future
studies could investigate the impacts of other content factors regard-
ing the character’s features (e.g., identity setting, aesthetic style) on the
visitors’ sense of presence.
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Appendix A

Post-Experiment Questionnaire

Please rate each statement (1-16) on a scale of 1-7, with a score of 1 in-
dicating "Strongly Disagree", a score of 7 indicating "Strongly Agree",
and a score of 4 "Neutral".

1. I felt I was inside the same world being augmented rather than
staying outside and looking in.

2. I felt like I was a part of the environment in the presentation.

3. I had the feeling that I was actively participating rather than
merely observing.

4. The virtual objects felt like a part of the real world.

5. I had the impression that the virtual objects were located in space
rather than being visualised on the screen.

6. I felt the virtual objects and me were in the same space.

7. I felt the interactions with virtual objects took place naturally in
a meaningful context.

8. I felt I was in the presence of another person with me.

9. I felt that the person was interacting with me and was aware of
my presence.

10. I shared the emotions revealed in the interpretation.

11. I could easily follow the interpretation.
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12. I devoted my whole attention to the experience.

13. I was involved in the experience that I lost track of time.

14. I felt motivated to find out more during the experience.

15. The experience was interesting.

16. I enjoyed my experience.

Please write a few words to describe your experience.



Appendix B

Likert Data Visualization

Figure B.1: Results in the informative condition
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Figure B.2: Results in the narrative condition


