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Abstract

With the advancement of multimedia technology, visitors can now explore cultural
heritage sites remotely with the support of various technologies. Virtual Reality (VR), in
particular, stands out by offering the ability to virtually visit and reconstruct historical sites
that are no longer physically present. This breakthrough allows individuals to overcome
geographical constraints, enabling broader access to museum experiences. Previously, we
harnessed digitized data from the Dunhuang Research Academy to recreate the internal
ambiance of the Dunhuang Caves. Through head-mounted displays, users have the option
of navigating these virtual spaces either via structured tours or through self-directed ex-
ploration. Each approach, however, presents challenges. Structured tours can sometimes
lead to a more passive engagement, potentially reducing the user’s involvement and the
depth of learning. Conversely, the absence of guided tours may leave users feeling lost,

potentially missing out on crucial educational content and insights.

This paper introduces an approach to virtual touring that merges the benefits of guided
and exploratory experiences by integrating a virtual agent. This method aims to balance
the provision of structured information with preserving user autonomy. The proposed
assistive guiding system is developed using advanced technologies. Firstly, we utilize
Microsoft Azure in conjunction with ChatGPT to create an Al-driven conversational vir-
tual agent. This agent offers users clear guidance and access to extensive knowledge.
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Secondly, the system features embodied virtual agents and corresponding animations to
provide visual cues and guidance within the virtual environment, enhancing the overall

user guiding experience.

The user study was conducted based on the Dunhuang Cave VR experience using the
virtual agent guiding system. The experiment aimed to understand the impact of differ-
ent virtual agent appearances—full-body, head-only, and spirit-like—on user experience
during Dunhuang Cave 61 VR tours. We sought to further understand the influence of
facial expressions and body movements on users’ interactions with the virtual agent. The
results show that full-body agents with both facial expressions and body gestures provide
the highest realism and presence, and are preferred by most participants. The head-only
appearance is the least preferred due to its incomplete human form, although it has a higher

presence than the spirit-like agent.

Keywords: Virtual Reality, Virtual Agent, Museum Guiding, Conversational Interac-

tion, Large Language Model
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Chapter 1 Introduction

1.1 Virtual Agents (VAs)

Virtual Agents (VAs), as defined by Vilhjalmsson [35], are characters capable of ex-
hibiting human-like behavior and communicating with users using natural human modal-
ities such as speech and gesture. A classic example of a virtual agent is a personal digital
assistant. For example, Amazon’s Alexa, Apple’s Siri, Google’s Assistant, Microsoft’s
Cortana, and OpenAI’s ChatGPT. From the Human-Computer Interaction (HCI) aspect,

VAs are crucial in mediating user-system interactions and enhancing the user experience.

In [20], the authors analyzed the development trend of intelligent virtual agents from
2001 to 2015, including 276 user studies in 247 papers. Most of the study focused on
discussing the verbal and non-verbal behavior of agents, followed by applications, and at
last, physical appearance and identities. They further broadly categorized the applications
of virtual agents based on their designed purposes into four, including virtual assistants,

training and educational agents, social companions, and virtual guides.

Virtual assistants help people finish daily tasks and answer their questions through
text or speech, such as voice assistants we mentioned earlier. In marketing scenarios,

virtual agents replace real customer service and provide customers with more efficient

1 doi:10.6342/NTU202402825



and consistent replies.

Virtual agents are also widely used to support training and educational purposes.
They play simulation or pedagogical roles in these scenarios. For instance, Milcent et
al. [19] created virtual patients in the VR simulator for the healthcare professionals’ train-
ing. Balan et al. [1] introduced a prototype named eTher for acrophobia therapy in VR,
where the virtual agents assume the role of a therapist and continuously encourage the
patient throughout the treatment. Petersen et al. [21] conducted an educational VR during

the COVID-19 pandemic to introduce viruses through pedagogical agents.

Virtual agents with rich emotional cognition and expression can act as social com-
panions. For example, Vardoulakis et al. [34] designed a companion agent to provide
long-term and continuous social support to elders. Wanner et al. [38] worked on design-
ing conversational companion agents with linguistic and emotional competence. In recent
research, Chaturvedi et al. [8] presented a comprehensive literature review on social com-
panionship in conversational agents and pointed out a few potential research avenues in

the future.

Last but not least, virtual agents as virtual guides may guide users in the virtual en-
vironment through the experience to avoid users for example getting lost. Take a museum
guide as an example, virtual guides may enhance users’ interest in the artifact through
expressive behavior or interactions with users [7] [17]. In addition, in [5], the authors
explored user preferences between a virtual guide and free exploration with an embodied
conversational agent (ECA) in a virtual museum, concluding that a combination of both

approaches may enhance user acceptance.

2 doi:10.6342/NTU202402825



1.2 Guides for Museums and Cultural Sites

Guidance traditionally involves a trained guide leading visitors through exhibits, of-
fering insights into the history and context of displayed artifacts to enrich visitors’ com-
prehension of cultural heritage. Tours can be broad, encompassing various exhibits, or
specialized, focusing on specific themes, periods, or artifact types. With technological
advancements, physical guides are no longer the sole means of navigation. Many contem-
porary guides offer online guidebooks or audio tours to enhance the visitor experience.

However, these audio tours typically feature fixed content and lack interaction.

To address these limitations, researchers are exploring ways to deliver a more immer-
sive and interactive tour experience, such as using virtual agents to guide visitors through
museums and cultural sites. In the museum context, these guiding agents are defined as a
cyberdocent [22] or digital docent [12], which is the virtual agent that guide users through

museums or cultural sites and provide information about the exhibits.

Using multimedia for guiding is a common method, while different displays may be
chosen based on different needs—for example, large TV displays [17] [2] [10], immersive
projections [26], mobile [12] [28], and head-mounted displays [12] [31][36]. TV displays
and immersive projections usually interact with users through images but lack direct inter-
action with the physical exhibits. On the other hand, mobiles and head-mounted displays
allow users to freely move in a specific space and provide users with corresponding infor-

mation related to the space.

In addition to different displays, the tour can be categorized into on-site and remote

touring. For on-site touring, virtual information is added into the real environment [36]. It
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provides users with different aspects of assistance, including augmented information [29],
space navigation [11], and entertainment. Remote touring allows visitors to visit the mu-
seum or cultural heritage sites remotely, which is essential for the disabled and sites no
longer visited. These kinds of guides are popular during the pandemic period due to their
virtual visiting feature. In our system, users can remotely enter Dunhuang Cave 61 through
a VR headset and freely explore the interior. We aim to address users’ disorientation upon

entering the virtual space by providing guidance and assistance from a virtual agent.
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Chapter 2 Related Work

2.1 Virtual Agents (VAs)

According to the survey on the use of virtual humans in museums and cultural her-
itage sites [30], there has been a notable shift in research focus from users’ avatars to
virtual agents over the last five years due to the development of Al This shift aims to en-
hance user experiences by fostering social interactions with virtual agents. In support of
this, Petersen et al. [21] highlighted that, according to social agency theory, integrating so-
cial cues into multimedia lessons can boost learners’ social presence, improving cognitive

processing and learning outcomes.

The research on the application of virtual agents in guiding is expanding, delving into
various aspects such as the agents’ visualized appearance [39][24] [21][31], the realism of
interaction [17] [5], and natural verbal communication [32][10]. These studies collected
subjective and objective measures to understand users’ preferences and learning effective-
ness. In the following sections, we reviewed the research related to the appearance and

interactivity of virtual agents.
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2.1.1 The Appearance of Virtual Agents

The visualization of agents has been an important topic, especially in the field of
AR and VR [39]. Many studies have discussed this topic from different perspectives,
including the degree of visibility [16](whether the users can see the agent or part of the
agent), the rendering styles of appearance [41][40] (e.g. abstract, cartoon, or realistic),
types of characters [26] (general narrators or story characters), etc. Researchers conducted
comparisons from different aspects of virtual agents’ appearance. For instance, Petersen
etal. [21] conducted a 2 x 2 + 1 between-subject study in the wild and discussed the effect
of agents’ appearance and behavior realism on learning. Rzayev et al. [23] compared a
real word guide with audio-only, audio with a robot-like agent, and audio with a human-
like agent in virtual. Sylaiou et al. [31] conducted a study comparing the effect on the
users’ emotions of the character of storytellers in a virtual museum, including a curator, a

guard, or a visitor.

In[26] and [25], Schmidt et al. stated that agent embodiment and thematically related
characters induce a higher sense of presence and better user experience in VR exhibition
space, which has been verified in their experiments. However, the impact on learning is
inconclusive. Some researchers considered positive, some negative, and some suggested
that it is related to the type of information, being conceptual or factual [39]. Based on
these studies, we believe that virtual agents capable of providing users with a higher sense
of presence or social presence can generally enhance users’ learning of the tour content.
Therefore, in our user study, we will explore how varying degrees of humanoid appearance
in virtual agents impact users’ sense of presence and social presence in museum-guiding

scenarios, particularly under conditions of spatial guidance and conversational interaction.
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This type of scenario has been uncommon in previous research, highlighting the impor-
tance of our investigation in understanding how virtual agents can improve user experience

in such contexts.

As shown in the Figure 2.1, we can separate the agent’s appearance into non-embodied
and embodied. Agents without an embodied appearance typically interact with users only
through voice or text, such as chatbots or personal voice assistants. On the other hand,
agents with an embodied appearance can be further classified based on whether they have
a humanoid appearance. For example, as discussed by Wang et al. in [37] in the context of
AR, a ”smart home” device is an agent without a human-like appearance, and a full-body
agent has a human-like appearance and further enhances user experience by simulating

human behavior, providing an interaction that closely resembles real human interaction.
Non-Embodied Appearance Embodied Appearance

Only Voice / Text Non Humanoid Humanoid

Zo
o: O

Figure 2.1: Virtual Agent Appearance Classification

[Wang, 1. 2019] [Wang, I. 2019]

2.1.2 The Interactivity of Virtual Agents

In general, virtual guides are one-way interactive, with the docent introducing the
tour and the visitor listening. To enhance the overall experience, the interaction between
the virtual agent and the visitors is crucial, for instance, providing personal explanations

or reactions based on users’ responses and behavior [5] [17] or making virtual agents with
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the ability to talk naturally to users and reply to their questions [33][10][7]. In summary,
as shown in Figure 2.2, interactions between users and virtual agents can be broadly cat-
egorized into two types: one-way and two-way interactions. One-way interactions are
typically used in pre-recorded guides, for example, [31] and [26] where the virtual agent
provides information to users. In contrast, two-way interactions are more interactive, al-
lowing users to ask questions or interact with virtual agent through body gesture, as seen

in [10]and [17].

One-way Interaction Two-way Interaction
Fixed Narrative Conversational Experience
® e — 0
P ,
- - L -
User Agent User Agent

[Sylaiou 2020] [Schmit 2019] [Ko 2021] [Dugulean 2020]

Figure 2.2: Virtual Agent Interactivity

2.1.3 Using Virtual Agents in Guiding Experience

According to the overview of virtual agent studies by Norouzi et. al. in [20], virtual
agents have been used in many areas and perform numerous functions, such as accompa-
nying, teaching, guiding, assisting, and so on. As illustrated in Figure 2.3, various types of
virtual agents are used for guiding, depending on their appearance and interaction meth-
ods. Pre-recorded audio guides typically fall into the bottom-left group, while text-based
chatbots or voice assistants, which offer more user interaction, are in the bottom-right

group. Virtual agents with embodied forms are often utilized in VR experiences for spa-
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tial and plot guidance in the virtual environment, positioning them in the top-left space.
For enhanced user interaction, many embodied virtual agents in the top-right group are

equipped with verbal or non-verbal interaction capabilities.

In the past, Dunhuang Cave 61 was a fixed narrative VR experience with voice-over,
which can be considered a non-embodied agent. In our study, we aim to transform Dun-
huang Cave 61 into a conversational VR experience with an embodied agent appearance
through the establishment of a virtual agent guiding system, falling into the upper right

quadrant of Figure 2.3.

T
% Embodied Agent Embodied Agent
-g with Fixed Narrative with Conversational Experience
w
T
2
T
8 Non-Embodied Agent Non-Embodied Agent
& with Fixed Narrative with Conversational Experience
5
=
Fixed Narrative Conversational Experience

Figure 2.3: Virtual Agents in Guiding Experience

2.2 Using Large Language Model in VR

Artificial Intelligence (AI) has seen extensive use in Extended Reality (XR) in re-
cent years for various purposes [15]. For example, creating XR worlds, understanding
users, and supporting interaction in XR. Following last year’s breakthrough in generative
Al, large language models (LLMs) are now being applied across numerous fields, includ-
ing VR and AR. For instance, [9] demonstrates the use of LLM to implement a virtual

assistant capable of verbal communication, aiding participants in responding to anatomy
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questions of varying cognitive complexity. In addition, many VR or AR applications (e.g.,
games and teaching platforms) use LLM to drive virtual characters to communicate with
users. In our study, we apply LLM technology to virtual tour scenarios, aiming to address
the common bottlenecks in VR experiences by enabling conversational interactions with

embodied virtual agents.

10 doi:10.6342/NTU202402825



Chapter 3 System Design

3.1 System Overview

* Upgrade project into URP

! Agents’ Appearance : :

Hotspots

Animation & Interaction QA System

i 1
Locomotion & Locomotion : 1

Dunhuang Cave 61

Unity Game Engine

Figure 3.1: System overview

As depicted in Figure 3.1, the whole VR experience is developed in the Unity game
engine. The original Dunhuang Cave 61 in VR includes numerous hotspots, such as watch-
able animation and interactive murals. For better performance and cross-platform compat-
ibility, we upgraded the original project to the Universal Render Pipeline (URP) version.
We developed a virtual agent guiding system to guide the user in cave 61, as the blocks
in Figure 3.1 are enclosed in dotted lines. According to its function, it can be divided
into three parts: the QA system, the visualization and locomotion of the agent, and the UI

menu interface.
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3.2 QA System

Speech-to-text
Microsoft Azure oot
14N -
Questions Exhibition
Data
Real Human

(User) m [ Chatbot (ChatGPT 40) ]

Answers N ”
A\ Text-to-speech X f
\
L BEN
N
\ > ~ /
\ NS

(Microsoft Azure) |

Embodied @) - ’
Virtual Agent m
J

Environment ) -
Visual Hint

e
s’
7
z’
’
/
1
1
1
1 1
1
\
\
\
N
N
~
~
\

Figure 3.2: Interaction loop of conversational Al in VR environment

To enable the virtual agent to interact with users, we integrated generative artificial
intelligence (Al), text-to-speech (TTS), and speech-to-text (STT) technologies. As illus-
trated in Figure 3.2, users can ask questions via a microphone. These spoken queries are
converted into text by Microsoft Azure Speech Service. The resulting text is then pro-
cessed by the large language model (LLM), OpenAl ChatGPT 4o. Finally, the generated
responses are converted back into speech by Microsoft Azure and delivered to the user.

The whole conversation was in Mandarin.

We used single-shot recognition during the voice recognition process to ensure clear
and fluent user interaction, meaning the system recognizes one utterance at a time. Recog-
nition starts when the user triggers the ask button and stops when a silence is detected or
a maximum duration of 15 seconds is reached. By default, the system allows an initial
silence of 5 seconds before determining the recognition result as ”no match.” Addition-

ally, the default value for segmentation silence, used to determine the input as ”done,” is
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0.5 seconds. This means that if the user pauses for more than 0.5 seconds, the system will

terminate the current voice recognition session.

To improve the quality and accuracy of the responses, we used the prompt engineer-
ing technique for LLM. We provided the model with existing text context about Dunhuang
and Cave 61. This context includes the history of the caves, details about their murals, and
information on all hotspots featured in the existing VR experiences of the cave. Addition-
ally, we defined the virtual guide’s personality and response style in the prompts, hoping

to give the user a professional and friendly image.

3.3 Embodied Virtual Agents

3.3.1 The Appearance and Behavior of Virtual Agents

Figure 3.3: Different kinds of virtual agent’s appearance, from left to right: Spirit-like,
Head-only, and Full-body.

Based on the style of Dunhuang caves and the application of virtual agents, we de-
signed three different appearances, namely, spirit-like, head-only, and full-body (See Fig-
ure 3.3). The head-only and full-body appearance is built by Read Player Me, and their

appearance is chosen to be a female human wearing a blouse and trousers to express friend-
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liness and professionalism. To minimize the unnatural look of the head-only appearance,

the head-only model is put in a transparent bubble.

All three kinds of appearances support text-to-speech functions, which is a part of
the QA system. In addition, all three kinds of appearances have particle effects when
guiding users to specific hotspots. However, only head-only and full-body appearance
support facial expressions, such as lip-sync and eye blinking. Additionally, only full-
body appearance includes human body gestures and animations, the other two only contain

animation of floating bubbles.

3.3.2 The Position and Orientation of Virtual Agents

g»' """" Sog : ® User Representation

K N dd» VA Representation

Il \\

I 1
1

O ® O User’s Field of View (106°)

\ 1

\ U PN

\ ! ’ \

' /; i ! User’s Personal Space

‘\-O“x O VA’s Target Slots

Figure 3.4: Target positions of the virtual agent in relation to the user

The location of the virtual agent follows two rules. First, when the user requests
the virtual agent to introduce a specific hotspot, the virtual agent will first teleport to
the best viewing point of the hotspot and invite the user to come over. Otherwise, the

virtual agent will always accompany the user. Once the users need assistance, the virtual
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agent appears near them, giving them chances to ask questions. To provide users with a
comfortable and natural social interaction experience, interpersonal distance, defined as
personal space (PS), is considered. In [13], Hall divides the interpersonal distance into
four categories, ranging from intimate(0-0.45 m), personal(0.45-1.2 m), social(1.2-3.6 m)
to public( > 3.6 m). Therefore, we define the virtual agent’s target slots to be distributed
1.5 meters away from the user’s position (see Figure 3.4), which is slightly larger than
the minimum social distance to reduce the feeling of oppression. Five target slots are
respectively on the left front, right front, left-hand side, right-hand side, and back of the
user. In addition, to ensure that the user can directly see the virtual agent, but the virtual
agent does not block the user’s main line of sight, the left-front and right-front target slots
are located near the peripheral edges of the user’ s field of view (FOV) when wearing
the head-mounted display. When the user teleports in the virtual environment, the system
decides the position in the above order. The next position will be considered when the

previous option is invalid, such as being out of space.

3.3.3 Virtual Agent State Diagram

(1) The user clicks the button to trigger VA to listen (2) The user asks VA a question by speech

/y Listening \

Idle Thinking

\ 4/ (3) Wait for the Al to reply
Talking

(4) VA replies to user’s question

Start

Figure 3.5: Virtual Agent State Diagram
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The virtual agent operates in four distinct states: idle, listening, thinking, and talking,
as depicted in Figure 3.5. The transition between these states occurs based on the user’s

action and the virtual agent behaves differently depending on its state.

As illustrated in steps 1 to 4 of Figure 3.5, when the user triggers the virtual agent,
the user can ask questions via voice. Then, the user’s speech will be converted into text
and sent to the language model for processing, which is the thinking state. Finally, in the
talking state, the textual responses from the language model are transformed back into
speech and delivered to the user. If the user keeps asking questions, the virtual agent will
be in the above loop. We use character model animations sponsored by Reallusion Inc.
to ensure that the full-body agent has corresponding different body animations in four

different states.

3.4 Ul Menu and User Manipulation

Figure 3.6: Full-body Virtual Agent with Menu in Dunhuang Cave 61
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3.4.1 Ul Menu

The user can press the A button on the right-hand controller to trigger the Ul Menu
to appear or hide. As shown in Figure 3.6 Users can not only ask the virtual agent for
the location of a hotspot, such as "Where is the Wutai Mountain map?”, but also directly
select the desired hotspot from the Ul menu on the right side of agent. After that, the
virtual agent will teleport to the best viewing point of the attraction and then invite the
user to join her. Both methods trigger particle effects from the user’s handheld controller

to the target hotspot, serving as a visual guide for the user.

3.4.2 User locomotion

The physical size of Dunhuang Cave 61 is quite large, and the murals are all over the
cave. Constrained by physical space limitations and to avoid users’ VR motion sickness,
non-continuous teleportation-based movement is chosen [4]. In this VR experience, users
can instantaneously teleport to a chosen position with a specific orientation by the joystick

on their right-hand controller.
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Chapter 4 User Study

To better understand how the visualized appearance of embodied virtual agents af-
fects users’ experience, we conduct a with-in-subject experiment with three conditions:

virtual agents with spirit-like, head-only, and full-body appearance (Figure 3.3).

4.1 Participants

This study was conducted with 18 participants (10 males and 8 females) ranging
from 21 to 29 years old (mean = 24.83, SD = 2.04). Seventeen participants had prior
experience with VR, and nine of them had experience in developing VR applications. Two
participants had no experience in using voice assistants; the other sixteen participants did,

and five of them used them regularly.

4.2 Experimental Scene

Figure 4.1 is a top view of Dunhuang Cave 61, which serves as the experimental
scene for this study. The locations numbered 1 to 9 in Figure 4.1 represent nine hotspots

within the cave, each featuring some animations or interactions.
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Figure 4.1: The top view of Dunhuang Cave 61

4.3 Measures

The user subjective evaluation of this experiment consisted of three parts: overall
user experience, interaction with the virtual agent, and system usability. For overall user
experience, we used the igroup presence questionnaire (IPQ) [27] to measure the user’s
sense of presence. Regarding interaction with virtual agents, six questions are derived
from the study by Harms et al. [14] to measure three of the dimensions of social presence,
including co-presence, attentional allocation, and perceived message understanding. In
addition, the study by Wang et al. [37] to evaluate other aspects of virtual agents are also

included, including helpfulness, presence, relatability, trust, distraction, and realism. For
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the overall system evaluation, we utilized the System Usability Scale (SUS) [6] for system
usability evaluation. Participants were also asked to rank the three appearances of virtual

agents in order of preference.

4.4 Procedure

l 3 times ‘

4. Post-experiment

0. Introduction —= 1. Practicing® —> 2. Testing & 3. Questionnaire —> ; .
interview
Introduce the How user teleport and Appearance* " . . .
experiment procedure. talk to the virtual agent. (Spirit-like, Head-only, or Full-body) Questionnaire Questionnalre & Feedback
Round 1 Round 2 Round 3
1.288ER 2RGWE | 3EZEER
4 FEHEE 6.7 1Em 5.MUPHE
=i i 8.KEMW 9. REm
[
(Say hello to the virlual agent and ask (Participants were asked to find out a series
for an explanation of the experiment) of hotspots in each round of test.)

Figure 4.2: Procedure of the study about appearance.

Figure 4.2 presents an overview of the study procedure. The order of the conditions
during the testing session and the appearance of the virtual agent used in the practicing
session are counterbalanced (The conditions marked with * were counterbalanced). The
study begins with the experimenter introducing participants to the whole experimental
procedure. This is followed by a practicing session in which participants learn to teleport
and interact with a virtual agent in VR with right-hand controller. During the main testing
session, participants will experience three different conditions and then fill out separate
questionnaires. This was repeated three times, and each time participants were assigned
a different task, such as using the virtual agent guiding system to find specific hotspots.
Before the study ended, a post-experiment questionnaire and an interview were conducted

to collect feedback and suggestions from participants.
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4.5 Result

4.5.1 System Usability

To evaluate the performance of the guiding system, SUS was conducted. The results
of each question in the SUS questionnaire are shown in Figure 4.3. The even-numbered
questions have been reversed. Except for Q4, all the questions get over 5 points on average
on a 7-point rating scale. We speculate that the average score for Q4 is lower because not
all participants are very familiar with the control of VR controllers. The final SUS score
(0 -100) on average is 78.8 (SD =9.14).

System Usability Scale (SUS)

1 2 3 4 5 6 7
Q1. | think that | would like to use this system frequently. —
Q2. | found the system is not unnecessarily complex. e m—]
Q3. | thought the system was easy to use. P————|
Q4. | think that | wouldn't need the support of a technical person to be able to use this system.
Q5. | found the various functions in this system were well integrated. —_————
Q6. | thought there was no inconsistency in this system. L —— ]
Q7. | would imagine that most people would learn to use this system very quickly. —
Q8. | found the system was not very cumbersome to use. _
Q9. | felt very confident using the system. —
Q10. I don't needed to learn a lot of things before | could get going with this system. B ———

Figure 4.3: The results of system usability scale

4.5.2 Sense of Presence

In [18] conclude the concept of presence in VR as a subjective perception of ’being”
in the virtual environment, which is also a main measure of uccess both in applied and
academic work on VR. The results of users’ sense of presence are shown in Figure 4.4.
The results showed consistent effects and no significant differences between the three
looks on all four dimensions of presence (including sense of being there, spatial presence,

involvement, and experienced realism).
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igroup presence questionnaire (IPQ)

B8

(o)

‘E M spirit Like
.. % M Head Only

M Full Body

Sense of being there Spatial Presence Involvement Experienced Realism
Mean 6.28 6.28 6,17 5.61 5.56 5.42 4.11 4,49 4,49 3.75 3.79 3.82
SD 0.75 0.75 0.92 0.83 0.87 0.90 0.86 1.01 0.86 0.61 0.84 0.76

Figure 4.4: The results of IPQ

4.5.3 User Perception of Agent

We ran ANOVA on six scales individually to find differences between three agent
appearances. Graphs comparing agents for each dimension are depicted in Figure 4.5. We
found that agents’ appearances have a significant effect on the presence, trust, distraction,
and realism ratings. For the presence and realism rating, the full-body agent had a signif-
icantly higher score than both spirit-like and head-only agents. For trust and distraction

ratings, full-body agents had significantly higher scores than spirit-like agents.

Social presence, defined as the ”sense of being together with another” [3], indicates
the users’ perception of agents’ presence in the virtual environment. To further analyze
agents’ presence, we extract six questions in three dimensions from the [14]. The results
are shown in Figure 4.6. We found only a significant difference on the second question:
The virtual agent’s presence was obvious to me.”, where the full-body agent had a signif-

icantly higher score than the spirit-like and head-only agent.
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Figure 4.5: The results of users’ perception on agent in six dimensions

| noticed the virtual agent.

The virtual agent's presence was obvious to me.

| was easily distracted from the virtual agent when other things were going on.

| remained focused on the virtual agent throughout our interaction.

My thoughts were clear to the virtual agent.

It was easy to understand the virtual agent.

m Spirit Like

mHead Only = Full Body

Figure 4.6: The results of users’ perception on agent in social presence

4.5.4 User Preference

To understand user preference for the three different agent appearances, we asked

users to sort three appearances according to their personal preferences. The result is shown

in Figure 4.1. The full-Body agent had the most first-place favorite, with a total of 10 votes.

Then the spirit-like agent received 5 votes and finally, the head-only received 3 votes.
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Spirit-Like Head-Only Full-Body

Favorite 5 3 10
Second Favorite 9 6 3
Third Favorite 4 9 5

Table 4.1: The results of participants’ preference ranking on appearance

4.5.5 User Reviews About Agent

To further understand why each participant prefers one appearance over another, we
look at the feedback of the opening question asking them about their sorting reason and
the post-experiment interview. We summarize their comment on each appearance into

positive and negative perspectives.

4.5.5.1 Spirit-Like Agent

Participants used “sense of technology” (P7, P8) to describe their feelings toward this
agent, and one participant who favored the spirit-like agent the most stated, "'The spirit-like
agent makes me more relaxed during the guiding process due to its inorganic appearance”
(P16). Additionally, its appearance is consistent with the virtual environment, as another
participant noted, ”The appearance is quite natural and reasonable” (P15). However,
not every participant could quickly recognize this appearance as that of a guide: "/ didn t
realize the spirit-like agent was a guide when I first entered the guiding process because

it is too different from guides in the real world” (P18).
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4.5.5.2 Head-Only Agent

One participant who liked the head-only agent the most stated, “The head-only agent
reminds me of the interface with the circular user avatar that pops up when there’s a no-
tification” (P18). However, most participants disliked this appearance due to the discon-

tinuous human body. "It is horrible that only having a head floating in the air” (P11).

4.5.5.3 Full-Body Agent

Participants who liked the full-body agent the most noted that “like a real guide, it’s
friendly” (P3) and “the full-body agent provides me a sense of realism,; however, it makes
me feel stressed” (P5). Other participants mentioned reasons for the realism, including its
humanoid appearance, body gestures, and facial expressions. However, the inconsistency
between the human-like agent’s appearance and behavior also caused some users to dislike
it. For instance, some participants felt that the agent wasn’t looking at them, or that the

agent’s lip and gestures weren’t synchronized with the audio.
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Chapter 5 Discussion

Based on the virtual Dunhuang Cave 61, we developed a guiding system with an
embodied conversational Al agent and further discussed aspects such as the presence,
sense of presence regarding the agent’s appearance. We also explored user preferences
for different agent appearances and the reasons behind their choices. In this chapter, we

will discuss the implications of our findings and provide suggestions for future research.

5.1 Presence and Social Presence

According to the results of the IPQ questionnaire in Figure 4.4, the agent’s appear-
ance did not cause significant differences in the user’s sense of presence in the virtual
environment. Combined with the positive feedback on system usability from the SUS
questionnaire, we can conclude that the overall design of the tour guide system success-
fully integrates with the cave environment, offering good usability and effective guidance.
However, we would like to discuss the differences in user interaction with different agent

appearances in other aspects within the virtual space.

As we anticipated, the user study showed that the presence score for the full-body
agent was significantly higher than for the other two appearances. Additionally, from

the Figure 4.6, we know that the full-body agent is more noticeable to users compared
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to the other two appearances. As some participants mentioned, "I found the full-body
agent easier to locate during the experience.” (P1) These results align with the distraction
scores, indicating that the full-body agent also caused more distraction for users than the
other two appearances. As participants mentioned, “7The full-body agent would block the

view of what I wanted to see.” (P14)

We found that users have different preferences for the agent’s appearance at various
stages of the tour. For instance, during spatial navigation, the full-body agent provides
a more apparent visual guide due to its size. Additionally, during interactions with the
agent, the humanoid virtual person and realistic body movements offer users a sense of
realism, thereby enhancing their focus. However, when users want to view the murals on
their own, the spirit-like or head-only appearances, which have a lower presence, provide

a better viewing experience due to their less intrusive appearance.

In summary, social presence—where users feel as though they are being together
with the agent—can indeed provide a good interactive experience. However, in a tour
guide context, we need to consider additional factors, such as whether the guide can cor-
rectly lead users to hotspots or if the guide might hinder users’ ability to explore the space

independently.

5.2 User Preference

In the experiment, we surveyed users about their preference ranking for the three ap-
pearances and the reasons behind their choices. As shown in the Figure 4.1, more than half
of the participants preferred the full-body agent the most. Through the survey, we found

that many users attributed their preference for the full-body agent to its body movements
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(P2, P7, P16), interactive (P10, P13), and the sense of immersion it created, making them
feel as if they were being guided by a real guider in the museum (P3, P11). However, why
the head-only agent, which also has a human face, did not receive the same positive feed-
back and was even less favored than the spirit-like agent is a question we want to discuss

further.

We found that even when placing the head avatar inside a bubble to reduce its abrupt-
ness, users’ preference for the floating head avatar remained low. Although the head-only
agent has a higher presence compared to the spirit-like agent, its discontinuous body form
cause users to feel uncomfortable and find it hard to accept. During interviews, users de-
scribed the head-only agent as "creepy, ” (P11, P14) “eerie, ”(P15) and "'unnatural.” (PS5,
P16) Two participants mentioned that they envisioned the agent as a “small fairy-like fig-
ure” (P14, P16), meaning a complete humanoid form but smaller and floating in front of
the user. We think this type of agent might combine the advantages of both the full-body
and head-only agents, maintaining the integrity of the human form while slightly reducing

the visual obstruction.

For the spirit-like agent, a few users felt that its appearance did not intuitively sug-
gest a guide (P9, P18). However, for most users, the appearance of the spirit-like agent
resembled the image of personal voice assistants they were familiar with from their ex-
periences, making it easy to understand. Furthermore, its technological and inorganic

appearance provides users with a novel and futuristic experience.
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Chapter 6 Conclusion

Building on previous experiential methods for exploring the Dunhuang Caves, our
main contribution is developing an interactive guide system to enhance user engagement.
This system provides spatial navigation through embodied virtual agents, menus, and par-
ticle effects. Additionally, it features a conversational component powered by large lan-
guage model technology, allowing users to ask the virtual agents questions actively and

fostering a deeper understanding of the caves.

Our user study examined three virtual agent appearances: full-body, head-only, and
spirit-like. We also investigated how facial expressions and body movements influenced
interactions. The study highlights that the variety of virtual agent appearances plays a
crucial role in the effectiveness of the guiding system, as different appearances can sig-
nificantly shape the user experience. Our findings reveal that while body language and
facial expressions enhance realism, presence, and trust, they can also be distracting. Inter-
estingly, the different appearances did not significantly impact users’ sense of presence.
The full-body agent was the most preferred due to its realistic animations and interactivity,

whereas the head-only appearance caused discomfort and was the least favored.
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Chapter 7 Limitation and Future
Work

In our experiment, we found that the full-body agent significantly enhanced the re-
alism and social presence experienced by users, making participants more focused on the
conversation. This improvement in engagement and attention suggests promising poten-
tial for the full-body agent in educational contexts. However, its effectiveness in facili-
tating learning about the Dunhuang caves requires further verification through additional

studies.

The preferred appearance of the agent varies at different stages of the tour, indicating
that a hybrid appearance or one that can be hidden might be optimal. For instance, when
the user is focused on viewing a mural, the agent could collapse or transform into a spirit
form. During the QA phase, it could appear in a humanoid form. Even without reduc-
ing the visual obstruction caused by the agent’s appearance to the user, we can optimize
the agent’s locomotion within the space, making the agent’s positioning more spatially

intelligent.

Currently, the QA system design only incorporates the user’s voice input, lacking

information about the user’s position in the cave or their viewing details. This limitation
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prevents the agent from answering questions like ”What is the mural in front of me?”
Therefore, providing ChatGPT with information about the user’s location and viewing
details is crucial for optimizing our QA system. Integrating spatial awareness will signif-

icantly improve the agent’s ability to interact contextually with users.

Lastly, the current guiding system only works in our Dunhuang Cave 61 VR envi-
ronment. To extend the system to other cultural heritage sites, we could develop a general

guiding system that can adapt to different VR applications or even XR.
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Appendix A — Questionnaire

A.1 System Usability Scale (SUS)

No Question
1 Ithink that I would like to use this system frequently.
2 I found the system unnecessarily complex.
3 Ithought the system was easy to use.
4 1 think that I would need the support of a technical person to be able to use this
system.
5 I found the various functions in this system were well integrated.
6 I thought there was too much inconsistency in this system.
7 I would imagine that most people would learn to use this system very quickly.
8 I found the system very cumbersome to use.
9 I felt very confident using the system.
10 Ineeded to learn a lot of things before I could get going with this system.

Table A.1: SUS Questionnaire (7-point Likert scale)

38 doi:10.6342/NTU202402825



A.2 Igroup Presence Questionnaire (IPQ)

No item name Question

1 Gl In the computer generated world I had a sense of ”being there”

2 SP1 Somehow I felt that the virtual world surrounded me.

3 SP2 I felt like I was just perceiving pictures.

4 SP3 I did not feel present in the virtual space.

5 SP4 I had a sense of acting in the virtual space, rather than operating

something from outside.

6 SP5 I felt present in the virtual space.

7 INV1 How aware were you of the real world surrounding while navigating
in the virtual world? (i.e. sounds, room temperature, other people,
etc.)?

8 INV2 I was not aware of my real environment.

9 INV3 I still paid attention to the real environment.

10 INV4 I was completely captivated by the virtual world.
11 REAL1  How real did the virtual world seem to you?

12 REAL2 How much did your experience in the virtual environment seem

consistent with your real world experience ?
13 REAL3  How real did the virtual world seem to you?

14 REAL4  The virtual world seemed more realistic than the real world.

Table A.2: IPQ Questionnaire (7-point Likert scale)
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A3

User Perception of Agent

No Question
1  How would you rate the helpfulness of the virtual agent?
2 How would you rate the presence of the virtual agent?
3 How would you rate the relatability of the virtual agent?
4  How would you rate the trust of the virtual agent?
5 How would you rate the distraction of the virtual agent?
6  How would you rate the realism of the virtual agent?
Table A.3: User Perception of Agent Questionnaire (7-point Likert scale)
A.4 Social Presence
No Question
1 Inoticed the virtual agent.
2 The virtual agent’s presence was obvious to me.
3 I was easily distracted from the virtual agent when other things were going on.
4  Iremained focused on the virtual agent throughout our interaction.
5 My thoughts were clear to the virtual agent.
6 It was easy to understand the virtual agent.

Table A.4: Social Presence Questionnaire (7-point Likert scale)
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