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Summary
Archaeologists obtain and work with a large amount of data captured from archaeological
sites. We assume a collaborative XR environment, where heterogeneous information about the
excavation site is visualized, could improve the decision-making process when planning the next
visit to the excavation site. Field research with archaeologists showed that interruptions during
collaborative tasks are common, which is likely similar to most office environments. Current
research related to collaborative XR environments does not address such issues. We believe
that if collaborative XR is meant to become part of the future workplace, it has to address the
problems arising from short-term absence.
This Master thesis explores how short-term absence influences collaboration in synchronous
distributed XR environments. We introduce the concept, purpose, and implementation of
an absence agent to deal with short-term absence during collaborative tasks. We develop a
collaborative XR environment to conduct a user study. The user study compares different
designs of the absence agent. So far, due to an insufficient number of participants, we could not
reliably determine a significance related to task performance or perception of presence.

Keywords
Extended Reality, Collaboration, Short-Term Absence, Agent, Archaeology, Augmented Reality,
Virtual Reality,
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Introduction
With advances in Augmented Reality (AR) and Virtual Reality (VR) technology, collaborative
Extended Reality (XR) applications are becoming more mainstream. Microsoft Mesh1 , and
Spatial2 , are just two examples that allow consumers to collaborate in XR. With the technology
maturing, research can focus to a greater extent on supporting and enhancing collaboration [7].
This work is part of the design and development of an XR environment for remote collaboration
in the context of archaeology. In it, archaeologists can explore the heterogeneous data3 of
excavation sites through AR and VR devices. A field study at an archaeology laboratory
serves as the foundation of this project. The study’s goal was to understand the workflow of
archaeologists and discover opportunities for XR applications in it.
The field study comprises several observations, nine interviews with archaeologists from different
fields, and a small workshop. The user research showed that archaeologists are highly specialized.
Examples for specialization areas focus on buildings, like aqueducts, or details like coins, pots,
or mosaics. Because archaeologists are so specialized, they work alone and only meet in
multidisciplinary teams to plan and conduct excavations. Therefore, we identified excavation
planning as a potentially compelling use case for a collaborative virtual environment. It is the
time where the team comes together to make decisions and share knowledge.
Because archaeologists are highly specialized and work independently, they are familiar with remote collaboration through emails, phone-, or video calls. The user research also shows that they
are prone to interruptions – colleagues entering their office, receiving important mail that needs
their attention immediately, or phone calls were examples of these interruptions. Interruptions
are inevitable in collaboration in general, but especially so during remote collaboration.
Making yourself a tea, a phone call coming in, a colleague knocking on the office door will
interrupt the collaboration. Platforms for traditional remote collaboration have features like
muting your microphone or turning off your camera in a video call to minimize distraction. The
equivalent or alternatives to these methods in collaborative virtual environments have not been
researched yet.
In 1991 Hollan and Stornetta published a paper called “beyond being there”[11]. The authors
claim that computer-mediated interaction will not arrive at the complex, nuanced, highly
multi-modal environment that humans have in face-to-face collaboration for an unforeseeable
long time. The implication being that trying to replicate “being there” will always fall short of
what it wants to replicate4 .
1

https://www.microsoft.com/en-us/mesh
https://spatial.io/
3
Heterogeneous data describes data varying data types and formats. For documentation, archaeologists work
with pictures, notes, drawings, sensor data, 3D reconstructions, different forms of maps, and more, to gain a
comprehensive understanding of the site.
4
Roussel, and Gueddana elaborate on the ambiguity of the term beyond in “beyond being there”. They
note that beyond can be interpreted as ‘greater-than’ or ‘other-than’ and conclude that ‘other-than’ is the more
sustainable understanding, as approaches to be ‘greater-than’ implies pursuing to imitate the physical proximity
[27]
2

1

CHAPTER 1. INTRODUCTION

2

We assume that this belief still holds for extended reality today – Making the environment more
realistic is a Sisyphean task, a task that seems like it can never be accomplished. It also narrows
the scope to solutions and ideas which are considered realistic. Exploring ways to assist, or
solve problems for, collaboration in “unrealistic” ways might be more achievable, valuable and
offers a new source of innovative solutions.
This thesis explores a new concept for dealing with problems that arise due to short-term
absence (between 1-10 minutes of absence) in the context of a collaborative XR application for
archaeologists. The absence agents substitute the absentee as a collaborative partner for those
that stay behind – Allowing presence and interaction in absence. First, we introduce relevant
previous research in the context of collaborative XR environments. The next chapter introduces
the concept of the absence agent. Afterwards, we present the design and implementation of an
absence agent in a collaborative XR environment. Finally, a user study assesses the design and
implementation of the absence agent.

Chapter
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Related Work
This thesis focuses on the problems that arise through short-term absence during collaborative
work in XR. It introduces the absence agent as a novel solution to tackle these problems
and enhance collaboration. The related work chapter introduces relevant and related areas of
research.
The first section introduces different types of collaboration and application areas for collaborative
XR and highlights the significance of this thesis. The second section introduces presence, an
established concept for evaluating collaborative XR experiences, which we will use in the user
study. Next, we introduce the representation of users in the virtual environment and discuss
current research about enhancing collaboration through them. To the best of our knowledge,
there is no research about short-term absence in synchronous XR collaboration. Because
absence technically results in asynchronous collaboration, the last section explores research on
asynchronous collaboration.

2.1

Collaborative Extended Reality

In 1994, Milgram and Kishino introduced the reality-virtuality continuum [16]. With Augmented
and Virtual Reality becoming consumer technologies, the terminology and definitions of different
parts of the continuum have become ambiguous [28]. For clarification, this paper uses the term
Extended Reality (XR) as the combination of Augmented Reality (AR) and Virtual Reality
(VR).
Collaborative XR involves multiple people working towards
the same goal with XR devices. Researchers differentiate
between different types of collaborative environments. Ellis
et al. define four types of collaboration, based on space and
time [6]. Space is separated in collaborators sharing the same
space or being in different places. Collaboration during the
same time is called synchronous interaction. Collaboration,
where collaborators work during different times, is called
asynchronous interaction. When collaborators are in different
spaces, the interaction is called distributed.
A systematic review of collaborative XR from 2019 conducted
by Belen et al. gives an overview of the current research
focus and application areas of collaborative XR [4]. The
authors categorize the main application areas of collaborative Figure 2.1: Different types of colXR. It is used, for example, to support the decision-making laboration, as presented by Ellis
in complex, interdisciplinary teams of experts. Another et al. [6]
application area is education and training, where the focus
of research lies on positive effects on the level of engagement
and learning outcome. Another application area is maintenance and repair, where collaborative

3
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Presence as ...
Transportation
Realism
Immersion
Social richness
A social actor within a medium
A medium as social actor
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Focuses on...
Objects, people, or things have been transported to the medium
Representation of objects and persons in the medium are accurate
Senses are extended and mediated in the medium naturally
Medium is sociable, warm, personal, intimate when interacting with others
Behaviour and perception towards others in the medium
Behaviour and perception of the media as a social actor

Table 2.1: Six dimensions of presence based on Lombard et al. [14]
extended reality aims to assist in tasks by providing in-context information or allowing a remote
expert to assist during the task.
As mentioned before, collaborative XR environments are becoming consumer technology. The
authors of the website roadtovr have aggregated 34 environments in an article from 20201 .
Notably, all of these focus heavily on synchronous distributed interaction (different space, same
time). Collaborative XR environments are primarily seen as the next technology to facilitate
remote meetings.
This thesis, as well, focuses on synchronous distributed collaboration. The significance of this
research is the acknowledgment that some degree of asynchrony is inevitable, especially in remote
meetings. The separation of asynchronous and synchronous collaboration makes sense from a
system architecture perspective. In the real world, however, collaborative work is rarely fully
one or the other. It moves seemingly between different amounts of synchronicity and asynchrony.
As seen with the archeologists, even when people collaborate simultaneously, distractions and
interruptions create short-term absence, or in other words, short asynchrony.

2.2

Presence

Presence is concerned with the user’s perception of virtual environments. It describes an ideal
state in which the user feels like they exist in the virtual environment – Often explained as the
effect of “being there“ [10]. The research on presence comprises a body of different phenomena.
The perception of the presence of others in the same environment is called social presence,
whereas the interaction, collaboration, and mutual awareness of each other are defined as
copresence [17].
Building on previous research, Lombard et al. describe presence as a multidimensional concept
with six dimension (See Table 2.1) [15]. The dimensions attempt to unify the previous work
which, in the author’s words: “The work that has been done is fragmentary and unsystematic, in
part because the people interested in presence come from many different academic fields “ [15].
The dimensions focus on different aspects, like self-perception, perception of others, objects,
and the medium itself. Additionally, they look at the relationship to each perception inside the
medium. The authors use the term medium to highlight how presence is not only a phenomenon
in virtual environments but can also be measured when reading a book, or newspaper, watching
the news, or any other kind of medium.
1

https://www.roadtovr.com/vr-apps-work-from-home-remote-office-design-review-training-e
ducation-cad-telepresence-wfh/, accessed: 13.08.2021
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Researchers use many different methods to measure presence. A categorization from Brent Insko [23] divides the methods into behavioral, psychological, and subjective measures. Behavioral
and psychological methods look at the response of the participant as an indicator of presence.
The more it matches the response in the real world, the better. Psychological methods focus on
psychological responses, like heart rate, while behavioral methods look at observable behavior
like body movement. Subjective methods rely on the self-reporting of participants. The most
common method for subjective measurements is questionnaires. Brent Insko points out that the
behavioral and psychological measures are more objective, making them less prone to subject
bias. On the other hand, these methods are more challenging to validate and more expensive to
conduct than the subjective measures.
As pointed out by Lombard et al. in 2009, subjective measures, essentially questionnaires, are
the primary method for measuring presence [14]. While many of these questionnaires are tested
and valid, the authors note that they usually only look at one or two specific aspects of presence
and apply to one medium. Like VR or telecommunication2 . To solve this issue, they created
the Temple Presence Inventory, which we will use in our user study [14].

2.3

Avatars, Agents, and Hybrids

One of the significant factors influencing social presence and copresence is avatars. Avatars
are the representation of users in the virtual environment, through which users interact with
the world. Avatars can differ enormously in the form of representation. They can be a simple
shape, resemble animals, be a floating head with hands, or be a realistic version of a human
body, including all limbs.
As explained by Fox et al., what makes an avatar an avatar, is that a human is in control of it [9].
On the other side of this spectrum are agents. Agents are computer-controlled representations
that the user can interact with. In between, there is the concept of avatar-agent hybrids.
Hybrids describe the situation where both the human and the computer are in control of the
representation of users [25]. Figure 2.2, visualizes the relationship nuances that hybrids can
have. We introduce the examples we show in the Figure in the next paragraphs.
While most research focuses on making the avatar more realistic, including facial expression
or full-body tracking3 , several researchers are concerned with going beyond what is physically
possible.
Piumsomboon et al. worked on an adaptive avatar called Mini-Me [20]. They project a small
version of a VR user’s avatar into the field of view of an AR user when the VR avatar is out
of sight. This way, the AR user can still see where the VR user is looking and pointing. The
authors found significant improvement in social presence and overall experience in the XR
remote collaboration. In previous projects, Piumsomboon et al. already worked on enhancing
collaboration through virtual body scaling [19, 21].
2

For more information on the different presence questionnaires used in research, Lombard et al. produced a
comparison between the different presence questionnaires in their Appendix [14, p.15]
3
One recent example is the Light Stage of Paul Debevec, which allows full body- and facial tracking https:
//www.fxguide.com/fxfeatured/exclusive-paul-debevec-and-the-light-stage-research-at-google/
(accessed: 29.01.2021)
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Figure 2.2: Avatar – Embodied-Agent Continuum for collaborative XR environments. On the
left, an example of the computer augmenting eye contact of humans [24]. In the middle, the
computer is controlling the posture, the human is controlling the rest [26]. On the right, the
computer is in full control of appearance and output and mediates every input of the human
[25].
In 2003, Farooq et al. introduce avatar proxies, a way to leave a representation of their avatar
in multiple locations at the same time [8]. Like having multiple windows open, the user can
switch between the proxies to see what the proxies are seeing.
The previous examples of enhanced avatars discussed scaling and transforming avatars. Other
researchers explored modifying the avatar’s behavior itself, turning them into hybrids.
Roth et al. investigated 2018 how altering the appearance, more specifically the posture, of an
avatar affects the social interaction [26]. In a negotiation task, both participants would see their
posture replicated in the others person’s avatar – The hypothesis is that imitating another’s
behavior positively influences social interaction.
While the authors state that they are the first to attempt such an alternation of appearance,
the concept has been around longer. In 2004, Bailenson et al. predicted that ” [. . . ] as CVEs
become widespread, decoupling rendered behavior from actual behavior is inevitable” [1, p.429].
The authors call this Transformed Social Interaction and discuss the topic by comparing a
phone conference to a CVE conference. During phone calls, people can cook, do their nails, or
read without seeming not to be paying attention. The author’s idea is that CVEs would benefit
from strategically faking attention, specifically by gaze. Roth et al. expands this thought and
envisions a social environment where the computer can mediate every user behavior [25]. This
system could adjust posture, mimicry, and tone of voice to bridge cultural differences.
Given how much the computer controls users ’ representation, the previously discussed avataragent hybrids might sound a little dystopian. There is also research on less intrusive avatar-agent
hybrids. In 2018 Roth et al. investigated augmenting non-verbal interactions between users to
enhance presence [24]. Shared attention and eye contact were visualized by sparkles between the
avatars or the object in focus. Furthermore, avatars close to each other became the same color.

CHAPTER 2. RELATED WORK
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Asynchronous Collaboration in Extended Reality

As pointed out by literature reviews by Barrett et al. in 2018 and Belen et al. in 2019, there
is a lack of research about asynchronous collaboration in the context of collaborative XR
environments [7]. The authors find that 95% of research focuses on synchronous collaboration.
In their review of 110 papers, only one is purely asynchronous. We take the following examples
from the literature review of Barrett et al..
Nuernberger et al. introduce a partially asynchronous XR application for annotations that
focuses on interpreting 2D drawings from tablets for 3D space [18]. Akman et al. present a
system for crime scene investigation, in which a 3D scene is scanned in real-time for remote users
to assist in the investigation [22]. Notable asynchronous collaboration methods the authors
mention are annotations and video recordings.
Wang et al. look at asynchronous collaboration in the context of VR [3]. In the scenario of an
interior design team, a team member can record their voice and avatar to document changes
they make. Other team members can replay and observe these changes. During the replay, the
observer sees the environment as it was when the audio was recorded and can walk around
freely in it.
Irlitti et al. introduce an annotation system in AR for maintenance, and assembly [12]. Factory
workers collaborate asynchronously, and the system records and visualizes actions, annotations,
and navigation hints. Irlitti et al. explore similar methods for asynchronous collaboration and
present a concept for tangible markers [13]. The authors hypothesize that tangible markers are
easier to spot than solely digital ones.
The previously presented systems created by Nuernberger et al. and Akman et al. seem to
focus more on enabling work in parallel, independent from each other than on absence. The
other asynchronous systems presented consider absence. However, the length of the absence
considered is one or multiple days – Far from short.

Chapter

3

Absence Agents
The related work chapter shows a dearth of research on short-term absence in synchronous
collaboration. Even the research on XR applications for asynchronous collaboration is scarce
and they either do not consider absence or only consider long-term absence. The focus on
short-term absence derives from research at the archaeology office, where collaboration was
regularly interrupted. However, short interruptions in every workplace are expected, especially
with remote work. If collaborative XR is meant to become part of the future workplace, it
should address the problems arising from short-term absence. In this chapter, we propose an
absence agent as one method to address this problem.
First, this chapter establishes the rationale for using absence agents. The rationale introduces the
problems that are caused by the short-term absence in current collaborative XR environments.
The subsequent section discusses the concept of the absence agent and its capabilities to solve
problems with short-term absence in collaborative XR. Finally, the research focus for the user
study on absence agents is established.

3.1

Rationale

This section illustrates the problems that an absence agent would address. It introduces a Current
Scenario to show how archaeologists would work in current collaborative XR environments.
Multiple archaeologists meet in a virtual environment to plan the next visit to an excavation site
and encounter problems caused by interruptions. The steps for planning the next excavation
are based on real planning steps observed during a workshop with archaeologists.

Current Scenario
A team of archaeologists meets to plan the next visit to an excavation site. They are four in
total. Some are working from home, and some are in offices. Some wear head-mounted VR
devices. Others use see-through AR glasses.
In the virtual environment, they have access to the accumulated data about the site. They
see a 3D model of the excavation site and can access data related to it. The data,—Images,
written notes, pictures, and more—are connected to each other through metadata. The system
can filter data based on location, date, or references in other data. The archaeologists can, for
example, filter for all data referencing a specific artifact or a range of coordinates. This data is
then embedded into the 3D model of the excavation site for everyone to see.
Some of the team members are still missing, so the present ones engage in small talk. Once
everyone has arrived, they review their agenda. The team wants to figure out the organization
of arrival, which tools are required for the excavation, and how to secure the area during and
after excavation. They start with organizational things: Figure out When and how to get to
the excavation site, work out a schedule, and consider where to get electricity and food, and
water supplies.

8
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Person A, wearing VR glasses and working from home, is interrupted by their doorbell ringing.
Person A excuses themselves to answer the door. They need to take off the VR headset and
controllers to see their real environment, so they place them on the desk at their home office.
Others see Person A’s avatar wobbling around during this process until it stops in an unnatural
position. The team continues without Person A but must delay decisions about the arrival time
until their return, as it needs unanimous agreement. After a few minutes, they hear a door,
footsteps and see the avatar shift back into a humanoid position. A short brief on what has
happened later, Person A agrees to the date, and the team continues working. They finish the
scheduling.
Person B is wearing see-through AR glasses and works from the office. A colleague comes in
and has a question. They have to check something on Person B’s computer to answer the
colleague’s question. Person B does not need to take off their headset to interact with their
real environment. The others in the virtual scene see Person B talking, moving, and gesturing
to someone they can not see. The conversation between Person B and their colleague is too
distracting, so the team suspends their work and takes a break until it is finished. Additionally,
ignoring the virtual space, Person B wanders through and blocks the view of the data their
team members are looking at.
No more interruptions occur. The team finishes the points on their agenda and ends the meeting.

Problems
In the previous section, archaeologists collaborated in synchronous XR. During that time, they
encountered problems that occur because of short-term absence. These problems are summarized
in Table 3.1, and explored in more detail below.
P1 Continuous Tracking
In the Current Scenario, we saw the continuous tracking problem when
the VR user (Person A) has to take off their headset to interact with
their natural environment. The system still tracks the head-mounted
display (HMD) and controllers when the user takes it off. This leads
to an unnatural displacement of the avatar until the user returns. The
avatar frozen in this position can be perceived as goofy and might
distract users (See Figure 3.1). It is clear that this is not appropriate
for a professional environment. Imagine a serious negotiation in an
XR environment, where one of the negotiator’s avatar is displaced
like this. It disturbs formality and etiquette. Political or judiciary
contexts are other examples where this movement of avatars would
be inappropriate.
The AR user (Person B) can have an identical problem if they take off
their headset. However, unique in the situation of see-through HMDs
is that they can still perceive the real world. So they can decide to
keep the headset on during an interruption. This creates a more active
distraction for others in the virtual environment, as the AR user’s
movement and conversation are unrelated to the collaborative task.

Figure 3.1: Example of
an avatar, when headset
and controller are resting
on a table

CHAPTER 3. ABSENCE AGENTS
Problems
P1 Continuous Tracking

Consequences for absentee
Little privacy during absence
Displacement of avatar

P2 Missing Knowledge & Consent Can not share advice or objections
P3 Catching Up

Can not jump into collaboration immediately
Take in a bulk of information
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Consequences for those that stay behind
Distracted through audio and movement
Miss expertise of absentee
Wait for absentee to return for critical issues
Interrupts collaboration

Table 3.1: Problems occurring because of short-term absence in synchronous remote collaboration
As pointed out in the Current Scenario, being distracted also means that the AR users might
walk into virtual objects – Obstructing interaction with the objects for others.
Continuous movement tracking, in both AR and VR, is indisputably a problem for everyday
remote collaboration. On the one hand, it is also a privacy issue. The movement and voice of
the absentee are still tracked. They might discuss private or personal information which is not
supposed to be heard by others. A solution for stopping movement and audio tracking during
someone’s absence in a virtual environment is necessary.
P2 Missing Knowledge & Consent
In the Current Scenario, the team has to postpone a decision that requires unanimous agreement
because Person A is absent. If a decision requires the consent of the absentee because it has
to fit their calendar, or it has to be a unanimous decision, the team is obliged to wait for the
decision. This disrupts the structure of the meeting.
Concerning missing knowledge, the absentee might be an expert in the topic that the team
discusses in their absence. Additionally, they might have access to data that the others need to
understand the topic thoroughly. The team can either wait for the absentee to come back or
decide without hearing the absentee’s expertise. Both options can lead to flawed decisions or,
like in P1, disturb the structure and flow of the meeting.
P3 Catching Up
The final problem occurs after the absentee returns, and they have to catch up. The absentee
needs to understand how the collaboration progressed and what the current state is. Either the
absentee’s team members stop the collaboration to get them up to speed again, or the absentee
needs to figure it out themselves. The first version stops the whole team from continuing
collaboration for a while. However, in the latter version, the absentee will need more time to
become a productive part of the team again.

3.2

Concept

This section introduces the concept of an absence agent, what they are and what they are not.
A Future Scenario illustrates how absence agents can help collaboration in XR. The appearance
and interaction methods of the agent are purposefully vague, as decisions in this area require
further considerations and research.
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Introduction to the Absence Agent
A realistic and straightforward method of dealing with short-term absence in XR is to remove
the avatar from the virtual environment and disable all forms of tracking. However, this only
solves one of the issues caused by short-term absence. P2 Missing Knowledge & Consent, and
P3 Catching Up, are unaddressed in this solution.
One way to also address P2 and P3 is by replacing the avatar of the absent user with an absence
agent. The function of this absence agent is to enable interaction with the absentee and assists
them to catch up when they return. This concept is in line with the ”beyond being there”
approach [11] because interacting with an absent person is not possible in face-to-face meetings.
For the users that stay behind, the absence agent acts as an interface to the actual user. The
agent has access to personal information and knowledge of the absentee. It can provide this
information to other users. Simultaneously, the absence agent receives information on the
absentee’s behalf and makes sure it is reasonably delivered to them. It is also imaginable that
the absence agent could interact with the virtual space on behalf of the user or analyze, compile,
and communicate changes in the virtual space to the absentee.
A helpful analogy of the absence agent is that they act as a personal assistant or secretary. Just
like a personal assistant, the absence agent acts on behalf of the absentee. They can provide
others with correspondence, make appointments, or carry out administrative tasks. The agent
is available for other users while the absentee is not and will assist to the degree it is allowed to.
An ideal future version of the absence agent would use natural language processing and semantic
understanding. It could answer questions on the users’ behalf or book and check appointments –
Similar to intelligent assistants on our smartphones.
The personal assistant is an excellent analogy to emphasize what the absence agent is not:
An actor imitating the absentee. We do not see a value in deceiving other users by making
them believe the absentee is still present. On the contrary, we believe it should be apparent
when a person is absent. Anything else could be misused, create distrust and confusion
between collaborators. Additionally, not having to appear human creates more flexibility in the
appearance of the agent and the interaction with it.

Future Scenario
Similar to the Current Scenario, the future scenario describes four archaeologists that discuss
the planning of the next visit to an excavation site. Some are working from home; some are in
offices; all are wearing AR or VR devices. The archaeologists see the same accumulated data
about the excavation site as explained in the Current Scenario: A 3D model of the site and
additional data integrated into it. Once everyone has arrived in the virtual environment, they
start to figure out the organization of arrival time, which tools they require for excavating, and
how to secure the area during and after excavation.
Person A, wearing VR glasses and working from home, is interrupted by their doorbell ringing.
Person A excuses themselves to answer the door. Before they take off the VR headset, they
activate their absence agent. This way, the audio streaming and motion tracking is interrupted.
Person A can take off their headset in private, and the team members that continue collaboration
see the absence agent instead of an avatar in a displaced position.
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During the absence of Person A, the team continues discussing possibilities for arrival at the
excavation site. The present team members settle on a date and time. They ask Person A’s
absence agent about Person A’s availability. The agent informs them that the date is occupied
in Person A’s calendar and suggests alternatives. The team works out a date that works for all
and moves on to the next point. Once Person A is present again, their absence agent informs
them that a calendar event for arrival to the excavation site was established.
Person B is wearing see-through AR glasses and working from the office. A colleague comes
in and has a question. Person B has to check something on their computer to answer the
colleague’s question. They turn on the absence agent but leave on their headset. Now Person
B can move around in the room and talk without disturbing their colleagues in the virtual
environment. Unfortunately, Person B’s absence agent is in the way when the team is looking
at a specific place on the map of the excavation site. They move it out of the way and continue.
A question for Person B arises when examining data related to the place the team is looking at.
They provide Person B’s absence agent with the related document and their question. Once
Person B is back, their absence agent informs them about the question that has been asked to
Person B in their absence. They see the open question alongside the related data. This allows
Person B to answer the open question without needing to be briefed about it.
No more interruptions occur. The team finishes the points on their agenda and ends the meeting.

Addressing Problems
The previous section presented how an absence agent could potentially solve problems that are
introduced in Section 3.1. How and how well the problems are addressed is discussed in this
section.
P1 Continuous Tracking
In the Current Scenario, continuous tracking leads to privacy concerns for the absentee and
distractions for the users that stay behind. Now tracking is suspended until the return of the
absentee.
The absence agent ensures that the representation of the absentee is tolerable and suitable for a
professional environment. The representation of the absence agent can still technically obstruct
the view or hinder interaction with virtual objects. This is solved by enabling remaining users
to move the agent around and out of the way.
P2 Missing Knowledge & Consent
In the Current Scenario, users that stay behind need to wait for the absentees to come back to
get their agreement on a decision. Additionally, they had to either neglect the expertise of the
absentee for a discussion or wait for their return to ask them about it.
Now with the absence agent, the absentee can make personal relevant information accessible,
like their availability in their calendar, for example. The absentee can even allow the agent to
make decisions on their behalf.
While the agent cannot answer the domain-specific question in the Future Scenario, users can
make the absence agent deliver questions and relevant data to the absentee when they are back.
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An advantage of this is that users can ask questions instantly in the ongoing discussions. The
team does not need to remember the question until the absentee is back. With an advanced
intelligence of the agent, it is imaginable that the agent could answer emerging questions based
on the data it is provided with.
P3 Catching Up
The absence agent can collect and present changes and decisions made during their absence
upon the absentee’s return. This addresses the consequences for the users that stay behind.
They do not, or at least not to a full extend, have to stop their collaboration to bring the
absentee back to speed. The absentee can catch up on their own with the help of the agent.
This will, however, not solve the consequences for the absentee. Catching up still takes time for
the absentee, and it can require taking in much information simultaneously. Depending on how
information about changes and progress is presented, the absentee might take longer to return
to the group. In the Future Scenario, Person B is forwarded a question from their absence
agent. If the absentee is listening to that question through a voice message, for example, their
absence is prolonged for at least the duration of the recording. Visualizing the question via text
or personalized annotations in space may be faster but will still prolong the absence.

3.3

Research Focus

This research aims to create the first version of an absence agent and test it in the archaeological
context. It is apparent that the type of interaction with the agent and its appearance will be
different depending on the type of collaboration. The archaeological context helps create a
context, a use-case, to which the absence agent can be tailored.
The archaeological context is an example of remote synchronous collaboration, where more
than two people work from home or in separate offices. We consider short-term absences to
last between 1-10 minutes, which we assume is how long it would generally take users to take a
phone call, go to the front door and receive a package, or deal with similar distractions.
There are many novel considerations for the design of an absence agent. One of these considerations is the Appearance of the absence agent. How does the agent of a user look to others? How
does it look to the absentee? Is the personal absence agent persistent and accessible even during
presence, or only when returning from absence? Another consideration is the Capabilities of
the absence agent, which, as previously mentioned, are likely to be highly dependent on the
kind of collaboration. Can the absence agent make decisions for the absentee? What kind of
decisions or responsibilities are users comfortable leaving to an agent? What kind of personal
information can the agent use? A last consideration is the Interaction Methods. How do present
users interact with the agent? Do they use voice commands or more menus? How does the
agent respond? How does the agent interact with the absentee when they return?
The following user study focuses on the Appearance of absence agents, precisely the appearance
from the perspective of the present users. We hypothesize that different appearances significantly
affect the perception, understanding, and acceptance of absence agents. Furthermore, we assume
that understanding exactly how different levels of representation affect the perception of an
absence agent will support the future development of the concept.
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Design & Implementation
The previous chapters introduced the context of this research project, as well as relevant related
work. The context is a collaborative XR application for archaeologists. This chapter introduces
how we implement the collaborative XR system for the archaeological context. It is the first
version of the application, and its primary purpose is to facilitate the user study for the absence
agent. Therefore, we could not fulfill some of the requirements for the archaeology context yet.
The first section introduces the environment and its architecture. The subsequent section
presents the interaction methods used in the XR system. Finally, the design and implementation
of absence agents is presented. The user study in the next chapter will compare and weigh
design decisions about the absence agents.

4.1

Environment

Planning the next excavation is a discourse in which different views are considered and weighted
for a final decision. Verbal communication is vital. Additionally, archaeologists should be able to
access the accumulated data of last excavations in the virtual environment to assist arguments
and interpretations.
The virtual workspace in the environment is supposed to revolve around a 3D model of the
excavation site1 . A workshop identified the most important types of data archaeologists base
their decision on – Including topological maps, pictures, literature, sensor data, drawings
(Documentation of the Workshop can be found in the Appendix C.1). All of this information is
supposed to be integrated into the 3D model of the excavation site.
How users should be embodied in the environment is not entirely determined at this stage. So far,
they should have a humanoid avatar, showing their head and hand movement. The environment
is supposed to be accessible with the HTC Vive Pro and the Hololens2. Spatial audio is supposed
to help the archaeologists localize each other in the scene and make communication more natural.

Implementation
The environment uses a client-server architecture. The server is running a centralized scene.
Clients can connect to the server, receive the current scene and make a request for changes. For
example, when they want to move a virtual object.
The general architecture is visualized in Figure 4.1. We implemented networking and communication between server and clients in C# inside of Unity. Both client and server run Unity
2019.4.21f. To build for different XR devices, MRTK version 2.6.12 is used, an open-source
1
3D models of excavation sites are already used by the archaeologist and usually received through point
cloud scans or photogrammetry
2
https://docs.microsoft.com/en-us/windows/mixed-reality/develop/unity/mrtk-getting-star
ted, accessed: 16.08.2021
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Figure 4.1: Overview of implemented architecture for collaborative XR environment
toolkit provided by Microsoft for cross-platform XR development. It provides building blocks
for spatial interactions and UI.
The first time a user connects to the server, the server sends the client all the relevant objects in
the centralized server scene. At this stage, relevant objects can be 3D models of an excavation
site, documents, and images. The client downloads these objects and creates the local AR or VR
scene from them. When the user interacts with or manipulates objects, the server communicates
these changes to all other clients.
We encountered problems when implementing the audio streaming. The MRTK solution for
audio worked unreliably3 , and accessing the microphone stream through the Unity API created
too much delay for real-time communication. As a workaround PureData4 is used. PureData
is a visual programming language focused on audio manipulation. The PureData application
streams and receives audio from the microphone and other clients and receives data from Unity
to spatialize the incoming audio.
Users are represented through ‘Space Robot Kyle5 ‘, a free asset in the Unity Store. The
avatar is controlled through incoming position and orientation data from the user’s head and
hands. Additionally, we used inverse kinematics to make the other joints move naturally. The
environment and avatar are shown in Figure4.2. Both the AR and VR users see other users as
avatars but do not have one themselves. The AR user still sees their own body, and the VR
user sees the Vive controllers
3

https://github.com/microsoft/MixedRealityToolkit-Unity/issues/9717, accessed: 16.08.2021
https://puredata.info/, accessed: 16.08.2021
5
https://assetstore.unity.com/packages/3d/characters/robots/space- robot- kyle- 4696,
accessed: 16.08.2021
4
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Figure 4.2: Screenshots of the XR client environment. On the left, the environment as seen by
VR users, on the right the environment as seen by AR users.

4.2

Interaction

Desired interaction includes a synchronized virtual scene in which the archaeologist can explore
and share information together. Users are supposed to be able to search, filter, open and close
documents, move virtual objects around, and move and scale the 3D map of the excavation site.
Other features, like annotations, exporting and importing data, personal and shared views, are
discussed but need further research or are not feasible in the limited time of this thesis, as the
primary purpose of the environment is to facilitate and assist discourse about the planning.

Implementation
MRTK facilitates multiple interaction models6 for XR environments: Interaction through hands
and motion controllers, through voice, and through gaze and commit. Interaction through hands
and controller is implemented because voice commands would conflict with the communication
between the user, and gaze and commit make more complex interaction like dragging and scaling
difficult.
AR users on the Hololens 2 utilizes the hand-tracking of the Hololens. They use the Airtap to
select and manipulate objects. Airtap is one of the predefined gestures7 , that Microsoft provides.
The equivalent for VR users on the HTC Vive Pro is pressing or holding the trigger button on
the Vive Wand. Both interaction methods are shown in Figure 4.3.
Users can select and manipulate virtual objects from a distance. A ray points out from the
hand of the AR user or controller of the VR user. If the ray intersects with an object, they can
select or manipulate it. During pretests, the far interaction confused participants, as the rays
indicating what is selected were not show in the environment. Only the local user could see
them. Therefore, a ray between the interacting users and the object they are manipulating is
added. Additionally, the object that is being manipulated is highlighted through a border.
6

https://docs.microsoft.com/en-us/windows/mixed-reality/design/interaction-fundamentals,
accessed: 16.08.2021
7
https://docs.microsoft.com/en-us/dynamics365/mixed-reality/guides/operator-gestures-hl2,
accessed: 16.08.2021
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Figure 4.3: Interaction with objects in the environment. On the left, interaction from the
perspective of AR users. In the middle, observing another user interacting with an object. On
the right, interaction from the perspective of a VR user
During the implementation, archaeological data for the environment was scarce. It comprised
a point cloud scan of an excavation site on the Failaka Island in the Persian Gulf. Mock 3D
objects and pictures were added to the scene to test interaction, but searching and filtering data
was postponed due to a lack of resources.

4.3

Absence Agent

TThe research focus for the absence agent lies on its appearance from the perspective of the
users that stay behind. In our team, we discussed several visual representation options for the
absence agent. A question that captured our attention is whether it would be helpful if the agent
looks similar to the avatar or if the agent should divert from the regular avatar representation.
While an agent that looks similar to the avatar might be easier to identify as a substitute for
the absent person and might help the feeling of social presence in absence, a less human-like
representation might be less obstructing and more inviting to interact with. An agent that does
not look like the avatar could be smaller, so less obtrusive. Additionally, we questioned if the
similarity to an avatar might hinder people from interacting with it, as direct interactions might
be understood as an intrusion into the personal space of the absentee.
The future scenario from Section 3.2 introduced advanced interactions that require integration
of other services, like calendars or personal file systems. In the scope of this thesis, interactions
like that are not possible. For this thesis, the absence agent should be movable, in case it is in
the way, and incorporate one interaction to enable collaboration in absence. The examples from
the related work about asynchronous collaboration in XR (Section 2.4) comprised annotations
and recordings. As the focus of our XR environment lies in verbal communication, we picked
recording as the primary interaction with absent agents. Users should be able to record audio
and video to inform about changes made to the environment or ask questions to the absent user.
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Implementation
We implemented four different absence agents along two dimensions to test our assumptions about
the effect of different appearances and interactions. The first dimension is appearance-related
and describes the Similarity to Avatars. The other dimension is concerned with Interactivity.
The different absence agents are shown in Figure 4.4. All absence agents have a tooltip indicating
that the user is absent. High Similarity to Avatars absence avatars looks similar to the avatars
embodying the users. The only difference between avatars and these agents’ appearance is the
colour. Absence agents with a High Similarity to Avatars are greyed out and do not have the red
highlights the avatars have. Absence avatars with a Low Similarity to Avatars are represented
with a 2D image that resembles a profile picture. To make sure the 2D images is always visible,
it is always oriented towards the user.
High Interactivity means the other user can move the absence agent around and record audio
and video for the absence agent. To record, the user is provided with a microphone they can
grab. A video camera faces and follows the user once the microphone is grabbed to indicate that
video is recorded as well . Figure 4.5 shows how that looks in the environment. The microphone
is highlighted with a red outline when the user focuses on the absence agent to highlight it. Both
High Interactivity absence agents also have a tooltip on how to record a message for the absent
user. Additionally, when recording, a counter shows the duration of the ongoing recording, and
a pop-up after the recording shows the total number of messages recorded. Low interactivity
absence agents do not allow recording messages. The user can only move the absence agent
around.
The audio and video recording is not actually implemented from the perspective of the absentee
and is only supposed to appear as if it works. The user study is concerned with the perception
and use of the absence agent from the perspective of the person that stays behind. The absentee
will be an actor, so this part of the implementation is a Wizard of Oz prototype.
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Figure 4.5: Process of the recording with a High Similarity to Avatars High Interactivity absence
agent: A) Idle state, B) Microphone is grabbed, the agent faces microphone, C) Recording
button pressed, agent lifts camera, recording indicator show, E-F) Recording stopped, agent
lowers the camera, a tooltip indicates that the recording was saved

Chapter
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User Study
We conducted a controlled experiment to compare the effect of different absence agents proposed
in Section 4.3 on task performance. Additionally, we want to explore the perception and
behaviour towards the absence agents by participants. In the experiment, a participant and an
actor solve a collaborative task together. The actor will stage an interruption and be absent for
a given time, in which the absence agent substitutes their avatar.
The experiment followed a between-subject design with the following factors:
• High Similarity to Avatars, High Interactivity Agent an absence agent looking similar to
the avatars that allow recording messages and is movable.
• High Similarity to Avatars, Low Interactivity Agent an absence agent looking similar to
the avatars and is movable.
• Low Similarity to Avatars, High Interactivity Agent an absence agent represented by a
billboard picture that allows recording messages and is movable
• Low Similarity to Avatars, Low Interactivity Agent an absence agent represented by a
movable billboard picture

5.1

Hypothesis

We predict participants grasp the purpose of the absence agent and utilize its recording feature
when the agent has high interactivity. Furthermore, we expect the high interactivity to affect
task performance. We expect a preference for the high visual representation of the absence
agent, as it matches the representation of the absent user more.
Our hypotheses are as follows:
H1 The participants will have a preference for the High Similarity to Avatars Agent
Because the participant will be familiar with the representation of the avatar, we
assume that they associate the agent with the absentee, which gives it some initial
level of trustworthiness.
H2 With High Interactivity Agents, the participants are less likely to interrupt the task by,
for example, taking of their headset.
We believe that having an absence agent that participants can interact with while
their absent partner keeps them involved in the task.
H3 With High Interactivity Agents, the performance of the collaborative task will be higher
We assume that because the participant can communicate with the absentee, they are
more involved and less likely to interrupt the task, so the task will be done quicker.
21
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H4 The High Similarity to Avatars Agent will inhibit the participant to interact (e.g. grab &
relocate)
We assume that interacting with something that looks like the representation of
another user will be strange for participants, as they might feel that they invade the
personal space of the absentee.

5.2

Participants

We recruited eight participants, with an equal amount of men and women. The participants are
aged between 21 and 42. Apart from one participant, who had a basic knowledge of VR, all
judged their experience with the technology between intermediate and expert. A more detailed
overview of the participants can be seen in the Appendix B.1.
We planned to have at least 16 participants so that we have four participants per absence agent.
We could not reach this goal for multiple reasons. First, the collaborative XR environment was
build from scratch. It required a substantial amount of time to make sure the networking and
audio work smoothly. Additionally, the Covid situation limited the accessible participants for a
study and a positive Covid case during testing interrupted the experiment phase.

5.3

Experiment Setup

We decided to experiment with VR devices only due to the problems accessing the microphone
stream of the HoloLens 2 and its performance issues.
We used two rooms for the experiment. Room A was for the actor in the experiment, and Room
B was for the participant. Both rooms contained a computer with an HTC Vive Pro headset
connected to it and had at least a 3x3 meter playspace. The computer in Room A ran both the
client and the server application.
The HTC Vive Pro displays the virtual scene at a resolution of 1440
x 1600 pixels per eye at a refresh rate of 90 Hz. Audio output was
realized through the integrated headphones of the headset. Three
external sensors tracked the position and orientation of the headset and
controllers, and audio was captured through the internal microphone
of the headset.

5.4

Experiment Task

An experiment from Billinghurst et al. to test face-to-face collaborative
AR inspired the experiment task [2]. The authors provided two
participants with a 3x3 grid and nine distinct models of buildings.
The participants had to place the buildings in the correct position,
which was described by relationship rules. Both participants had a Figure 5.1: One of the
different set of relationship rules. The participants were allowed to two set of rules for the
experiment task
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Figure 5.2: Procedure of the experiment
read the rules to each other but not show their ruleset. Only by combining the two rulesets,
they could find the right place for all buildings.
We adjusted the task for the archaeological context and increased the complexity to increase
the completion time to roughly 10 minutes. We tested the experiment with a paper prototype
beforehand to confirm the suitable complexity and ensure participants understood the task.
Four shapes combined with four different colours result in 16 objects that need to be placed on
a 4x4 grid. Apart from explicit rules, we added implicit ones to increase complexity (See Figure
5.1). The complete set of rules and possible solutions can be found in Appendix A.2.
The environment is the same as introduced in Section 4. Multiple UI elements were added to the
scene to facilitate the experiment task. The additional elements were two large panels on each
side of the workplace for the rules, a compass to help with the cardinal directions of the rules,
and a panel to display the instructions for the experiment in a combination of text, pictures,
and video. These additional UI elements were already visible in Figure 4.2 and Figure 4.3.

5.5

Procedure

The structure of the experiment procedure is visualised in Figure 5.2. Each participant is
welcomed, signs an informed consent form, a document to ensure contact tracing, and a pretest
questionnaire to collect demographic information.
After a brief introduction to the task and the VR headset, we ask the participant to put on the
headset and start the training phase. The actor in the other room is also present in the virtual
environment but stays passive during the training phase and only assists if the participant has
questions. In the training phase, the participant solves small tasks to get used to the controls
and the different shapes and colours of objects for the experiment task.
Once the participant is comfortable with the controls and objects, the experiment phase starts.
Both review the instructions for the task. After that, the timer is started, and the collaborative
task begins. Two minutes into the task in the experiment phase, the actor excuses themselves
with the phrase “Hey [participant name], I am sorry something came up, please continue with the
task, I’ll be back in a few minutes“. The actor activates the absence agent, and the participant
does not see or hear the actor anymore. The actor, however, can still see the virtual environment
to ensure they know what the participant records. After three minutes, the actor returns. If the
participants record a message in the actor’s absence, we add the recording duration to the total
duration of absence.
After solving the task, we ask the participant to remove the headset. They are asked to fill
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out a presence questionnaire, followed by a short interview about their experience. The whole
experiment lasts approximately one hour. The hygienic protocol of the laboratory was followed.
All devices and surfaces involved in the experiment were disinfected.

5.6

Data Collection

For each participant, we logged Task completion time in combination with the type of absence
agent as an objective measure. In terms of subjective measures, we used the Temple Presence
Inventory Questionnaire, introduced in Section 2.2 to measure presence the effect on the
dimensions of presence. Additionally, a Semi-structured interview provided insight into the
perception and behaviour of participants during the experiment. Task completion time is used as
an indicator of performance. The Temple Presence Inventory Questionnaire and Semi-structured
interview are used as an indicator for preferences for different versions of the absence agent.

5.7

Quantitative Results

Performance
We tested for data normality with QQ-plots and the Shapiro-Wilk test. Initially, the task
completion time (TCT) is not normally distributed. The first participant in the user study
misinterpreted the experiment task. Their TCT is an outlier and is seven minutes longer than
the second-longest TCT. Without the outlier, the TCT is normally distributed. A Two-Way
ANOVA, displayed in Appendix B.1, shows no significance between the independent variables
and the TCT. Appendix B.2 shows the visualized trends. There is no trend indicating that
performance rises with High Interactivity Agents (H3), in contrary Low Interactivity Agents
performed best.

Presence
The Temple Presence Inventory (TPI) questionnaire measures eight items of presence. However,
we conducted the data analysis with seven items, as one questionnaire got lost. The participant
with a missing questionnaire has the participant id 3002 and experimented with an absence
agent with Low Interactivity and High Similarity to Avatars.
We aggregated the data by calculating the mean for each set of questions. Afterwards, QQ-plots
and the Shapiro-Wilk Tests were used to analyze data normality. All items of presence are
normally distributed (Appendix B.3). Next, we conducted a two-way ANOVA to test if the
independent variables in the experiment affect the presence items. Appendix B.4 shows that
no correlation between the independent variables and the presence items could be confirmed.
As a consequence, we investigated trends between the independent variables. The graphics
are displayed in Appendix B.5. A noticeable trend is that High Similarity to Avatar, Low
Interactivity absence agents performed worse in the presence items Presence as social realism
and Presence as perceptual realism. We could not find a trend that would indicate a preference
for High Similarity to Avatars (H1).
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Discussion

Participants expressed enjoyment about the experiment task and the ease of use, reflecting
the presence questionnaire’s positive feedback. Except for one participant, all finished the task
in the estimated time. As explained in Section 5.2, only eight participants took part in the
experiment. Each version of the absence agent was used twice. Only three participants actively
inspected or interacted with the absence agent. This sample size is too small to have reliable
quantitative data and makes it hard to generalize qualitative data. The trends in the data are
highly unreliable. Additionally, a strong selection bias exists, as the participants are all working
in the same laboratory. A more extensive and more diverse study is required to investigate
correlations and effects of the absence agent properly.
A preference for High Similarity to Avatars (H1) could not be proven. On the contrary, absence
agents with High Similarity to Avatars were less acknowledged by participants. A performance
improvement that correlates to High Interactivity (H3) could not be proven, and trends show
no indication of it. Although some participants estimated the absence time to be eight minutes,
not a single participant interrupted the experiment by taking off their headset. Therefore, the
influence on High Interactivity has on it (H2) could not be investigated. The commitment to
the task might be explained through the Participant effect, that they wanted to perform well, or
maybe they thought they are not allowed to take off the headset. Due to the limited interaction
with absence agents, inhibitions towards agents with High Similarity to Avatars (H4) could
also not be investigated.

Study Design
We decided against telling participants about the concept of absence agents and how they work.
The reasoning for that was to avoid Participant Bias [5], where participants of experiments
respond more positively about a design, just because they believe the experimenter develops it.
This bias was confirmed, as many participants apologized for not noticing or using the absence
agent after the experiment.
The participants were presented with multiple other new concepts. The experiment task, the
collaborative environment, the interactions with objects, and the absence were all unfamiliar to
the participants. We believe this plays a role in some participants not noticing or not paying
attention to the absence agent. One participant explained that they were completely focused on
solving the puzzle, as they suspected the experiment was timed. We believe a different approach,
a within-study, for example, would be better suited for investigating the absence agent.

Perception of the Absence Agent
Most participants did not notice that we exchanged the avatar with an agent. This happened
especially in the first experiments, where the actor stood further away from the centre of the
workplace than the participant. Because of that, the participants faced away from the absence
agent. For later experiments, the actor moved into sight of the participant or made sure the
participant faces them before exchanging the avatar with the absence agent. However, even
when ensuring the absence agent is in sight of the participant, some participants could not recall
that the avatar was replaced.
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Interviews revealed that some participants perceived absence agents with High Similarity to
Avatars simply as a frozen avatar. Because of that, they paid little attention to the absence
agent. Participants that had absence agents with Low Similarity to Avatars were more likely
to understand the absence agent as something new, separate from the avatar, and paid more
attention to it. We hypothesize that a more obvious substitution, either visually through
appearance or animation or through sound, would help recognize that the absence agent is
different from the avatar.
One participant recorded a message with the absence agent. In the interview, they explained
that they understood the agent as a way of reaching out to the absentee in their absence and
compared it to being in an office and leaving an intercom. They also mentioned they appreciated
not having to remember what they changed in the scene until the actor was back. This validates
one of the problems caused by short-term absence.

Interaction with the Absence Agent
Two participants voiced uncertainty about the recording functionality of the absence agent. Both
participants were unsure about how the absentee will receive the recording. One participant
perceived the microphone as a tool for emergencies,—That the actor will hear what is said into
the microphone immediately—, so they decided against using it. Another participant mentioned
they did not know how the message will be received, so they preferred to tell the actor in person
what has changed in the scene. We relate these issues and misconceptions to inexperience with
the absence agent.
The participant that recorded a message pointed out an issue with the microphone. They held
the microphone close to their mouth like they would in real life. In this position, the button
to record a message is out of sight. Two participants assumed the recording would be only an
audio recording. The metaphor of the camera the absence agent has was not sufficient. We
conclude that the interaction method for recording requires more research.

Experiment Task
It became evident that the experiment task is not ideal for testing the concept of the absence
agent. Instead of continuing to work, participants commonly used the time of absence to catch
up. They focused on understanding what their rules mean and where the objects that their
rules refer to are. The participants that continued placing objects on the map quickly ran out of
things to place on the map. They depended too much on the knowledge of the actor. Another
problem was that during collaboration, participants focused on the map and their own rules.
This made them rarely face the actor’s avatar. One participant mentioned that the avatars
could have been left out, and it would have made no difference for them.
We believe an experiment task that emulates the Current Scenario from Section 3.1 is better
suited for testing the absence agents. Having a more flexible task and more than two users in
the environment at the same time would help remove the strong dependency on the absentee.
An experiment task that simulates the Current Scenario would also allow investigating the
problems of short-term absence to a greater extend. Additionally, we assume an experiment
in which users avatars play a more vital role is a better-suited task for absence agents, as the
absence agents are a direct substitute for the avatars.

Chapter

6

Conclusion
This internship started with a field study at an archaeology office and the broad goal to build a
collaborative XR environment for archaeologists. The focal point shifted with the realization
that short-term absence, while common in collaborative work and evident between archaeologists,
is not addressed in current research about collaborative XR environments. As a result, this
master thesis presents the concept, purpose, and implementation of an absence agent as a
solution to deal with short-term absence during collaborative tasks. It also includes the design
and implementation of a collaborative XR environment for the context of archaeology, which,
together with the results of the field study, will be utilized in a planned PhD project.
We conducted a user study to compare the effect of different absence agents on task performance
and perception of presence. The absence agents differed in appearance and in the interactions
they support. We did not have as many participants as we desired for multiple reasons. We
needed to develop a collaborative environment for the experiment from scratch and interrupt
the experiment phase due to a positive Covid case. The preliminary results of the user study
show no correlation between different versions of absence agents and performance or perception
of presence. The preliminary results of the user study indicate that a pivot to an in-between
study with an adjusted experiment task would be beneficial.
Given the results of the user study and the working prototype, several directions to advance
research in the area of short-term absence in collaborative XR can be considered:
• The user study can be continued to receive more reliable data. However, we believe the
user study would benefit from reassessing the study design. An in-between study would be
valuable to make users more familiar with the absence agent. Additionally, the experiment
task should likely be adjusted.
• We have limited information on short-term absence and how it affects collaboration in the
XR environment. A study focused on investigating the effects of short-term absence in
XR, and the real world could hold valuable insight for future iterations of the absence
agent.
• Lastly, the accumulated data from the field study with archaeologists1 could be built upon
to further develop the collaborative XR environment for them

1

Time constraints and the page limitation for the thesis prevented us from presenting the planning and
results of the field study to a greater extend.
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APPENDIX A. EXPERIMENT TASK

Figure A.1: Introduction for Experiment Task
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Figure A.2: Rules and Solutions for Experiment
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Experiment Data
B.1

Participants

Participant

Age

Gender

1001
1002
2001
2002
3001
3002
4001
4002

28
21
42
28
24
24
26
26

male
male
male
female
female
female
male
female

B.2

Are you left
or right
handed
right
right
right
right
right
right
right
right

Colorblind
no
no
no
no
no
no
no
no

Have you used a
Are you playing 3D video games? virtual reality system
before?
everyday
yes
everyday
yes
more than once a month
yes
one or two times a week
yes
almost never
yes
almost never
yes
one or two times a week
no
more than once a month
yes

Do you use 3D visualization
softwares?
one or two times a week
more than once a month
one or two times a week
everyday
almost never
almost never
almost never
one or two times a week

How would you rate
your knowledge of
virtual reality?
intermediate
intermediate
expert
intermediate
intermediate
intermediate
basic
intermediate

Performance Results

Participant
1001
1002
2001
2002
3001
4001
4002

Agent Interactivity Agent Similarity TCT (MM.SS)
H
H
20.18
H
H
13.02
L
L
11.57
L
H
12.00
L
H
10.30
H
L
12.29
H
L
12.50

Figure B.1: QQ-plots, Shapiro-Wilk test, and Two-Way ANOVA results for TCT
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Figure B.2: TCT trends
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B.3
Key
1A
1B
1C
1D
1E
1F
2A
2B

Presence Results

Question
How much did it seem as if the objects and people you saw/heard had come to the place you were?
How much did it seem as if you could reach out and touch the objects or people you saw/heard?
How often when an object seemed to be headed toward you did you want to move to get out of its way?
To what extent did you experience a sense of being there inside the environment you saw/heard?
To what extent did it seem that sounds came from specific different locations?
How often did you want to or try to touch something you saw/heard?
How often did you have the sensation that people you saw/heard could also see/hear you?
To what extent did you feel you could interact with the person or people you saw/heard?
How much did it seem as if you and the people you saw/heard both left the places where you were and
went to a new place?
How much did it seem as if you and the people you saw/heard were together in the same place?
How often did it feel as if someone you saw/heard in the environment was talking directly to you?
How often did you want to or did you make eye-contact with someone you saw/heard?
Seeing and hearing a person through a medium constitutes an interaction with him or her.
How much control over the interaction with the person or people you saw/heard did you feel you had?
During the media experience how well were you able to observe the body language of the people you saw/heard?
During the media experience how well were you able to observe the facial expressions of the people you saw/heard?
During the media experience how well were you able to observe the changes in tone of voice of the
people you saw/heard?
How often did you make a sound out loud (e.g. laugh or speak) in response to someone you saw/heard in
the media environment?
How often did you smile in response to someone you saw/heard in the media environment?
How often did you want to or did you speak to a person you saw/heard in the media environment?
To what extent did you feel mentally immersed in the experience?
How involving was the experience?
How completely were your senses engaged?
To what extent did you experience a sensation of reality?
How relaxing or exciting was the experience?
How engaging was the story?
Please circle the number that best describes your evaluation of the media experience
Please circle the number that best describes your evaluation of the media experience
Please circle the number that best describes your evaluation of the media experience
Please circle the number that best describes your evaluation of the media experience
Please circle the number that best describes your evaluation of the media experience
Please circle the number that best describes your evaluation of the media experience
Please circle the number that best describes your evaluation of the media experience
The events I saw/heard would occur in the real world
The events I saw/heard could occur in the real world
The way in which the events I saw/heard occurred is a lot like the way they occur in the real world
Overall, how much did the things and people in the environment you saw/heard sound like they would if you had
experienced them directly?
Overall, how much did the things and people in the environment you saw/heard look they would if you had
experience them directly
Overall, how much did the things and people in the environment you saw/heard smell like they would had
you experienced them directly?
Overall how much did touching the things and people in the environment you saw/heard feel like it would if you
had experienced them directly?
How much did the heat or coolness (temperature) of the environment you saw/heard feel like it would if you
had experienced it directly?
Have you ever seen the media presentation/experience you had today before?
How personally relevant was the content of the media experience to you?
How was the picture quality during the media experience?
How was the sound quality during the media experience?
How comfortable were you with your viewing position?
Overall, how satisfying or enjoyable was the media experience you just had?

2C
2D
2E
2F
2G
3A
3B
3C
4A
4B
4C
5A
5B
5C
5D
5E
5F
6A
6B
6C
6D
6E
6F
6G
7A
7B
7C
8A
8B
8C
8D
8E
9A
9B
9C
9D
9E
9F
Participant
1001
1002
2001
2002
3001
4001
4002
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Agent
Interactivity
H
H
L
L
L
H
H

B.4

Agent
Similarity
H
H
L
H
H
L
L

Low (1)
Not at all
Not at all
Never
Not at all
Not at all
Never
Never
None

High (7)
Very much
Very much
Always
Very much
Very much
Always
Always
Very much

Not at all

Very much

Not at all
Never
Never

Very much
Always
Always

None

Very much

Not well
Not well

Very well
Very well

Not well

Very well

Never

Always

Never
Never
Not at all
Not at all
Not at all
Not at all
Very relaxing
Not at all
Impersonal
Unsociable
Insensitive
Dead
Unresponsive
Unemotional
Remote
Strongly disagree
Strongly disagree
Strongly disagree

Always
Always
Very much
Very much
Very much
Very much
Very exciting
Very much
Personal
Sociable
Sensitive
Lively
Responsive
Emotional
Immediate
Strongly agree
Strongly agree
Strongly agree

Not at all

Very much

Not at all

Very much

Not at all

Very much

Not at all

Very much

Not at all

Very much

Yes
Not at all
Very poor
Very poor
Not at all
Not at all

No
Very
Very
Very
Very
Very

much
good
good
much
much

1A

1B

1C

1D

1E

1F

2A

2B

2C

2D 2E 2F

2G

3A

3B

3C 4A

4B

4C

5A

5B

5C

5D

5E

5F

6A

6B

6C

6D 6E

6F

6G

7A

7B

7C

8A

8B

8C

8D

8E

9A

9B

9C

9D

9E

9F

6
5
6
7
6
5
6

6
4
7
4
6
5
7

5
4
5
4
3
3
3

7
5
6
7
5
6
6

3
2
5
4
5
6
1

7
5
6
6
6
5
5

7
7
5
6
7
6
7

6
5
6
6
7
5
6

4
5
5
1
7
6
7

7
6
6
5
7
7
7

5
6
6
6
7
6
5

2
6
2
7
6
5
7

1
2
1
1
6
3
1

6
6
6
5
7
5
7

6
5
2
5
6
4
6

6
6
7
6
7
6
7

7
6
6
7
6
6
7

5
6
6
7
7
6
7

4
6
7
7
6
6
6

6
5
6
5
5
5
6

7
5
6
1
7
6
6

7
6
7
6
7
6
7

5
5
3
6
6
6
6

6
6
5
6
7
6
7

5
4
4
5
6
5
6

5
4
6
6
7
5
7

4
5
3
6
6
5
5

5
5
6
4
6
6
6

6
6
6
2
5
4
7

6
5
5
2
5
4
7

4
4
6
2
3
3
7

7
6
5
3
6
6
4

5
5
6
4
5
5
6

1
1
6
1
1
1
1

3
5
5
3
5
3
7

6
4
6
3
1
3
2

n
n
n
y
n
n
n

6
6
5
5
6
6
1

7
7
5
7
5
3
5

7
7
7
7
6
3
6

5
7
7
6
6
5
7

6
7
7
7
7
6
6

7
7
7
6
7
6
7

1
4
2
6
6
4
6

5
6
4
5
7
4
6

6
6
6
6
6
5
7

Post-Experiment Interview Questions

Introduction & Rapport
• What did you think of the experiment task?
• How did you feel about using the headset and controller?
• What did you think about working together in VR?
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Perception of Interruptions in Collaboration
• I left after a little bit. How long did the interruptions feel to you?
• What did you do while I was gone? Can you walk me through what you did?
• What were your thoughts when I was gone?
Perception of Absence-Agent
• When I left, my avatar was replaced with an agent. Can you describe to me how it looked?
• Thinking back, what were your first thoughts about the agent?
• Where there any other questions that you had about the agent?
Interaction with Absence-Agent
• Did you interact with the agent?
– Yes
∗
∗
∗
– No
∗

Can you walk me through what you did?
What was something that went well when interacting with the agent?
What was something that did not go well when interacting with the agent?
Why did you not?

Figure B.3: QQ-plots and Shapiro-Wilk test to analyse data normality in TPI questionnaire
results
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Figure B.4: Two-Way ANOVA to test how interactivity and representation factors of the absence
agent impact the presence dimensions. Representation = Similarity to avatar.
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Figure B.5
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Field-Study
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Figure C.1: Workshop on Planning Excavations
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Figure C.2: Project Journey Map for Archaeologists
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