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Abstract

Situation awareness (SA) describes how well a person perceives and understands
their environment and the situation that they are in. When working in groups,
shared SA describes how similarly the team members view and interpret the
situation in a given environment. Immersive technology comprises technology
that integrates virtual objects into the user’s reality of a physical world. It holds
great potential for the application in educational contexts and collaborative set-
tings like group projects. Immersive technology can increase engagement, make
complex concepts more tangible, and increase media fluency. When immersive
technology is introduced into a real-world setting, it creates a mixed reality
with virtual and physical elements. In mixed reality collaborations, the com-
plexity of elements in the environment can negatively affect the shared SA of the
group members. The research problem of this thesis is that the intersection be-
tween shared SA and student group work that involves immersive technology is
under-researched to this date. The research question is ” How is shared situation
awareness in student group work formed when using immersive technology?”. A
case study of a student group containing a participatory observation of several
of their work sessions was carried out, and the obtained material was analyzed
using sequential analysis. It was found that the students do not prioritize shared
SA but work individually, dividing smaller subtasks among themselves and fo-
cusing on their own tasks first and foremost. Communication is used sparsely to
stay updated about the other students’ work status, which helps to build shared
SA. Communication also plays a crucial role in building shared SA when using
immersive technology. It was also observed that the students prefer to use im-
mersive technology in a way that allows more than one person to see the same
virtual environment, as it is the case when two virtual reality (VR) headsets are
connected to the same application.

Keywords: shared situation awareness, situation awareness, immersive tech-
nology, mixed reality, virtual reality



Synopsis

Background

Situation awareness (SA) is a concept that describes how well a person perceives
and understands their surrounding environment and the current situation that
they are in. SA depends on individual factors, such as a person’s prior experience
and information processing abilities, and system factors, such as the complexity
of the environment. When working in groups, shared SA describes how simi-
larly the team members view and interpret the situation and the environment.
Immersive technology is highly sought after for its application in educational
contexts. It holds the potential to increase learner engagement, make complex
concepts more tangible and, therefore, easier to understand, and increase media
fluency. When immersive technology is introduced into a real-world setting, it
creates a mixed reality (MR) with virtual and physical elements. In MR collabo-
rations, the complexity of elements in the environment can negatively affect the
shared SA of the group members. This study belongs to the human-computer
interaction area within computer and systems science.

Problem

The intersection between shared SA and student group work that involves im-
mersive technology is under-researched to this date. Researching the formation
of shared SA in this context can make student group work with immersive tech-
nology more effective.

Research Question

The research question that this thesis contributes to answering is ” How is shared
situation awareness in student group work formed when using immersive tech-
nology?”. This study intends to find methods of how a student group forms
shared SA, which are interesting findings that help to understand and improve
how social interactions and technological devices can facilitate the formation of
shared SA in group work. It relates to the research problem by contributing to
filling the discovered knowledge gap.



Method

The research strategy of a case study is applied. One particular instance of
student group work is investigated in great detail. The data collection method
used is observation. One student group working on a group project for the
course ”Design for Complex and Dynamic Contexts” is observed over several
of their work sessions. For analysis purposes, the sessions are recorded using a
smartphone camera. The video is used to perform the data analysis which is a
sequential analysis of the groups’ interactions using a behavior coding scheme
that is developed for this study. As a result, behavioral patterns are discovered
that serve as the basis for analysis.

Result

The data analysis revealed that communication plays a crucial role in building
shared SA. The students inform themselves about the work status of another
student by openly and directly asking the other student. When using immersive
technology, the students would speak about what they are seeing in the virtual
environment, communicate their goals, and ask for and give advice to each other.
It was also observed that the students seek to use the immersive technology in
a way that allows more than one person to see the same virtual environment.
They implement this by handing over the VR headset or working in a mode
where they can use two headsets and connect them to the same lobby so that
they can enter the same virtual space and see the same elements at the same
time. However, shared SA is not prioritized by the students. Instead, they work
in an individual way where they divide smaller subtasks among themselves and
focus on their own tasks.

Discussion

Due to the exploratory nature of the thesis, this study gives an overview of
the most eminent aspects of the shared SA of a student group that is working
with immersive technology. The discovered behavioral patterns introduce novel
and original findings about the formation of shared SA in student group work
with immersive technology. A limitation of the study is the potential bias that
is introduced by the coding of the observation protocol which was done by
the researcher alone without a second person to confirm the consistency and
correctness. For future research, it would be interesting to broaden the study
subjects to groups other than university students, such as pupils or employees.
By applying research methods that allow to obtain objective measures of SA,
the hypotheses from this study could be tested, and the effect of different designs
of immersive technology on SA could be quantitatively assessed.
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Chapter 1

Introduction

Thanks to its many affordances, group work is recognized as a highly useful
working mode for projects in university contexts (Fearon et al., 2012). The com-
bined knowledge and resources of the group members, the resulting heightened
problem-solving abilities, and the chance for all group members to improve their
interpersonal skills are all advantages of group work that make it such a popular
element of learning practice (Burke, 2011). At the same time, the emergence
and continuous improvement of immersive technology such as VR, augmented
reality (AR), and tangible technology cause it to be employed in many different
domains such as marketing, entertainment, production, healthcare, and educa-
tion (Suh & Prophet, 2018). Immersive technology is also being introduced to
collaborative settings to leverage its visualization, interaction, and control mech-
anisms (de Belen et al., 2019; Nguyen et al., 2016; Salimian, 2015). With this
addition, group work takes place in a mixed-reality where elements of the phys-
ical world as well as the virtual elements introduced by immersive technology
are present (Salimian, 2015). While the concept of immersion, which expresses
that the user feels physically and psychologically invested in the created virtual
space (Berkman & Akan, 2019), is usually deemed a desirable characteristic for
the individual use of immersive technology (Suh & Prophet, 2018), it raises the
question of how well this immersion can be combined with the setting of group
work. A high degree of immersion is achieved by addressing many of the user’s
senses through various stimuli (Berkman & Akan, 2019). However, performing
a collaborative task in a group requires communication and attention toward
the collaborators and the surroundings as well. This aspect is covered by the
concept of shared SA. SA describes to what extent a person can perceive el-
ements in their environment, comprehend them, and is able to predict their
status in the future (Endsley, 1995). Shared SA extends the concept to describe
how similarly members of a group view and understand a given situation and in
group work constellations, the shared SA is, among other factors, a determining
factor for the group’s performance (Bolstad et al., 2005).

Looking at previous literature, it becomes apparent that much research has been
conducted in the field of immersive technology in education already. However,



it is often focused on the transfer of knowledge and affective experiences from
a designated teacher to their students. Little attention has been paid to peer-
to-peer interaction (Suh & Prophet, 2018) such as student group work. The
topic of SA research is historically interwoven with the use of technology since
it originated in the aviation industry (Endsley, 2012) where displays and con-
trols are omnipresent and research in this field prevails to this date (Yiu et al.,
2022). There is also literature on shared SA in technology-rich environments like
human-robot collaboration (Sonawani & Amor, 2022; Tabrez et al., 2022) and
autonomous driving (Narri et al., 2021). The influence of immersive technology
on shared SA has been addressed in research (Salimian, 2015), and the topic
of SA in collaborative environments is reflected in studies as well (Kulyk et al.,
2008). In conclusion, it can be seen that prior research extensively explored the
topics of shared SA in collaborative settings as well as shared SA paired with im-
mersive technology applications. Immersive technology in education and group
work has also been examined before. Nevertheless, the intersection between the
three research fields, SA, student group work, and immersive technology, has
not received much attention to this date. This study aims to contribute to the
knowledge base by conducting an observation of a student group that is working
with immersive technology.

1.1 Problem

The problem that this thesis addresses is that the intersection between shared
SA and student group work that involves immersive technology is under-researched
to this date. Thus, this thesis intends to contribute to filling the research gap
existing about shared SA in student group work when integrating immersive
technology.

1.2 Research Question

The research question that this thesis will strive to answer is ”How is shared
situation awareness in student group work formed when using immersive tech-
nology?”

1.3 Thesis Structure

This thesis will discuss relevant background knowledge from literature in chapter
2 and introduce and argue for the chosen research strategy and method in
chapter 3. Results from the data collection will be presented in chapter 4 before
they are discussed in chapter 5. Finally, conclusions can be found in chapter 6.



Chapter 2

Background

2.1 Situation Awareness

Situation awareness (SA) is a concept that originated in the field of aviation,
and it is understood as ”an internalized mental model of the current state of the
operator’s environment” (Endsley, 2012, p.553). Endsley (1995) describes three
levels of SA: The first level is perceiving the elements in one’s surroundings,
which also involves their state, relevant characteristics, and relation to other
elements. On the second level, the situation needs to be understood. The per-
ceived elements have to be put into context, and their significance has to be
assessed to form a holistic picture of the ongoing situation. On the third level,
the operator can project the situation’s status in the future, which is critical
for decision-making according to the operator’s goals. SA can only be built and
sustained when a person’s attention is sufficiently available and directed towards
important elements (Endsley, 2012). The degree of SA that an operator has is
influenced by system factors, such as the complexity of an environment, inter-
face design, and stress, and individual factors, such as experience, abilities they
possess, and information processing capabilities (Endsley, 2012). Kulyk et al.
(2008) identified the risk of lowering the SA when a person is exposed to too
much visual information in the form of technological displays. This is highly rel-
evant for the motivation of the research question that this study poses, namely,
how shared SA can be formed in a student group work scenario when immersive
technology, and therefore another technological device, is introduced into the
work setting. As SA can only be built and sustained when sufficient attention
is allocated to the processes and data of interest (Endsley, 1995), exposing a
person to a technological environment with a large amount of information may
exceed their capacity for perceiving and interpreting the situation. At the same
time, the study by Biehl et al. (2007) suggests that technology can help reduce
the complexity of an environment by consolidating information coming from
multiple sources into one medium such as a display to decrease the attentional
demands. Technology can therefore serve as both, an amplifier or attenuator
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Figure 2.1: Model of SA Formation adapted from Bolstad et al. (2005)

for regulating the complexity of the environment.

There are several proposed ways of measuring SA in literature. One can either
have subjective assessments that the research subjects give about themselves or
objective measures obtained by asking task-related questions and scoring the
SA on the basis of the number of correct answers (Salmon et al., 2009). As
measuring SA is not the focus of this thesis, the measurement methods will not
be presented in more detail.

Bolstad et al. (2005) continued to extend the definition for individual SA from
Endsley (1995) to groups when defining shared SA as ”a reflection of how sim-
ilarly team members view a given situation” (Bolstad et al., 2005, p.1). The
factors determining SA in group work are presented in the model from Bolstad
et al. (2005) (see figure 2.1). This study builds upon the model as the basis for
understanding how the formation of shared SA takes place, which makes the
article of Bolstad et al. (2005) one of the most important foundations of this
work. In the model, the individual factors and the environmental factors remain
similar to the ones that Endsley (1995) describes for SA. Experience and train-
ing as well as personnel selection and assignment to tasks can have an influence
on the individual factors of the team (Bolstad et al., 2005). In addition to this,
team factors such as communication and shared mental models are introduced
(Bolstad et al., 2005). They have an effect on the shared SA which is made up
of each team member’s individual SA and the extent to which they overlap to
form a common understanding of the situation (Schei & Giske, 2020).

Shared SA is researched in diverse contexts. Shared SA is investigated in pro-



fessional team sports due to the correlation between shared SA and team per-
formance (Schei & Giske, 2020). Especially the importance of shared mental
models is highlighted in this research field (Schei & Giske, 2020). The shared
mental model is represented by a coach master plan in team sports and it is im-
portant for the players to have shared knowledge in order to understand a given
situation in a game in the same way, and interpret the coach’s cues in a similar
matter (Schei & Giske, 2020). Bolstad et al. (2005) used data from military
training to build a model for the formation of shared SA as already discussed.
The authors highlight the importance of shared SA devices which include shared
technology like displays as well as communication and a common environment
where details need not be communicated but can be physically seen by all mem-
bers at the same time. The field of shared SA in aviation, where the concept of
SA originated, is still researched to this date as the work of Yiu et al. (2022) on
cooperation between flight crews under bad weather conditions proves. Another
example of shared SA in a critical application field is the application in disaster
management where multiple organisations have to work together to respond to
an environmental disaster (Laurila-Pant et al., 2023). Laurila-Pant et al. (2023)
propose a framework that specifically includes shared SA for decision-making
processes in disaster response. Accumulating and sharing data via informa-
tion systems and communication among individuals and organisations result
in the formation of shared mental models and therefore the increase of shared
SA which enables the involved parties to coordinate their efforts (Laurila-Pant
et al., 2023). Similar to this, a study about shared SA across cyber security
centres acknowledges the importance of sharing insights and analytics to form
a shared understanding of the situation and appropriate responses (Fysarakis
et al., 2022). Bunker (2020) points towards the risks of digital destruction,
namely fake news and the infodemic, on the shared SA of society. This creates
dissonant mental models through the differing information basis that each indi-
vidual is provided, which in turn hinders the formation of shared SA (Bunker,
2020). Shared SA is of interest in human-robot collaboration as well (Sonawani
& Amor, 2022; Tabrez et al., 2022). Tabrez et al. (2022) aim to improve com-
munication between the robot and the human through showing visual guidance
cues from the robot that are displayed on an augmented reality (AR) interface.
The robot can develop comprehensive probability models that may help the
human in their decision making process, but to reap this advantage, both par-
ties need to have access to the relevant information which is facilitated through
making the robot’s models visible through the visual guidance cues (Tabrez et
al., 2022). Sonawani and Amor (2022) work towards enabling communication
between a robot and a human through visual cues as well. The authors propose
a framework for intention projection which visualizes the upcoming actions of
the robot through a mixed reality (MR) interface to share this information with
the human (Sonawani & Amor, 2022). This further underpins the importance
communication and information sharing for all involved parties to have a shared
understanding of the situation at hand. The concept of shared SA is even ap-
plied to the collaboration between technological entities as well, as it can be seen
in the study done by Narri et al. (2021) on shared SA in automated vehicles.



It is crucial for safe autonomous driving that the vehicles perceive and under-
stand their environment well (Narri et al., 2021). Instead of the vehicle being
constraint to only perceiving a situation through sensors in the vehicle itself,
the approach that this study applies incorporates data from various sensors in
the environment of a vehicle to increase the SA of the individual vehicle and by
sharing this information with other vehicles, it in turn increases the shared SA
across all automated vehicles in proximity (Narri et al., 2021).

All of the above mentioned literature relates to this study in the way that it
already puts forward discovered methods of shared SA building in different con-
texts. As elaborated above, the topic of shared SA has been researched in many
application fields like aviation, professional team sports, disaster management,
human-robot collaboration, and autonomous driving with a focus on the meth-
ods that facilitate the formation of shared SA. However, there is no previous
research on the formation of shared SA in the application field of collaboration
in education with the use of immersive technology, which is the focus of this
study.

2.2 Immersive Technology

| Mixed Reality (M F-I]-—I

<

Real Augmented Augmented Virtual
Ernvircnment  Reality(AR) Virtuality(AV) Reality (VR)

Virtuality Continuum (VC)

Figure 2.2: Virtuality Continuum adapted from Milgram and Kishino (1994)

Immersive technology has been defined in different ways over the last few years.
Soliman et al. (2017) describe it as technology that achieves to make the virtual
world seem real through immersion. Milgram and Kishino (1994) found that
there are different degrees of virtuality and introduced the concept of the virtu-
ality continuum. It spans between a purely real environment with only physical
objects and a purely virtual environment. Everything that lays between those
two extremes is called MR (de Belen et al., 2019; Milgram & Kishino, 1994). A
graphical representation of this can be seen in figure 2.2.

Examples of immersive technology can be found in VR applications, AR appli-
cations, and augmented virtuality (AV) applications (de Belen et al., 2019). VR
enables the user of the technology to move and interact within a purely virtual
world (Suh & Prophet, 2018). In AR, virtual objects are inserted into the real



world for the user to interact with using a mediating technology (H. Y. Chang
et al., 2016). AV places physical objects in an otherwise virtual environment
(de Belen et al., 2019).

Two important concepts in immersive technology are the concept of presence
and immersion (Berkman & Akan, 2019). Presence expresses the user’s sub-
jective feeling of being actually ”there” in a non-real environment whereas im-
mersion describes the extent to which the user feels engaged in a virtual envi-
ronment, and it is firmly tied to the sensory stimuli that are experienced when
using immersive technology (Berkman & Akan, 2019).

The most common domains where immersive technology is used are education,
healthcare, and entertainment (Suh & Prophet, 2018). Especially in the gaming
sector, the effects of employing more immersive elements are studied intensively
because the affordances are very promising. Brondi et al. (2015) clearly outline
that a high degree of immersion in games can enhance player engagement and
the flow experience, but it also negatively affects the player’s performance in
their experiment. They accounted for the decline in performance to the un-
familiarity of the participants with the immersive technology (Brondi et al.,
2015). In the healthcare sector, immersive technology can be applied in various
psychological and physiological therapy approaches because it holds the poten-
tial to alleviate stress, anxiety, and physical pain in patients (Suh & Prophet,
2018). For educational purposes, it has been found that especially AR can help
to enhance learning experiences by engaging students with objects that are not
accessible under normal circumstances but can be perceived in a matter that
feels real to students through technology (H. Y. Chang et al., 2016). Immer-
sive technology can heighten engagement of learners, has a positive influence on
learning outcomes, and affords a sense of connectedness to learners when they
approach a task together (H. Y. Chang et al., 2016). This also helps to have the
learner associate positive feelings with the learning contents and activity (Suh
& Prophet, 2018).

As shown above, previous research on immersive technology can be found in
application fields like gaming, healthcare, and education and focuses mostly on
the effect of using immersive technology on the individual. As this study is
placed in an educational context as well, the existing literature on this topic is
of interest. However, previous research in this field is more centered around the
individual use of immersive technology by pupils or student whereas this study
focuses on the effect of immersive technology use on the dynamics of group
work done by students. Therefore, the findings of previous research are impor-
tant to understand why immersive technology with its affordances is applied in
education but have little overlap with what this study analyses.

2.3 Mixed Reality Collaboration in Education

When immersive technology is introduced into a collaborative work setting, it
adds virtual elements to the real world and thus places the work in MR (Suh
& Prophet, 2018). Distinctions that are being made when talking about MR



collaboration are between the temporal and the spatial dimensions. When users
are in the same location, the collaboration is collocated; when they are in differ-
ent places, it is remote; and a mix of both is called a variable setup (de Belen et
al., 2019). Regarding the temporal mode of interacting, there are synchronous
collaborations, where users work at the same time, and asynchronous collabo-
rations, where users work at different times (de Belen et al., 2019).

A systematic review that de Belen et al. (2019) carried out for papers on MR
collaboration published between 2013 and 2018 revealed that nearly 30% of all
studies were conducted in the application area of education and training and
almost all of them were done in collocated setups. Through MR collaboration,
students can learn together, and elements like gamification enhance the stu-
dents’ engagement (de Belen et al., 2019). Group work in higher education is
particularly used for granting students a social learning experience with which
they are able to develop the knowledge and high-order cognitive skills needed
for the practice in the working world (Fearon et al., 2012). These skills include
the ability to negotiate with fellow students, network in terms of building social
relationships, and navigate conflicts and inspire motivation within the group
(Fearon et al., 2012). The collective problem-solving process also helps students
to feel a higher degree of ownership of the solution and their learning outcomes
(Fearon et al., 2012).

Kulyk et al. (2008) identified different features that should be available when
introducing technology to a collaborative setting. To ensure a positive effect
of the applied collaboration technology towards the interaction in group work
the technology should have a highlighting function for the speaker to direct the
focus of the group to a certain visual in a shared artifact (Kulyk et al., 2008).
Moreover, an activity history for commonly used artifacts can be stored and vi-
sualized to facilitate the work with multiple people on one object (Kulyk et al.,
2008).

As elaborated above, previous research on MR collaboration has been done
with a focus on learning and engagement, which does not match the focus of
this study of how the use of immersive technology affects the formation of shared
SA in group work. The study of Kulyk et al. (2008), however, serves as one of
the most important scientific articles that this thesis builds upon since their
research aim of providing technological support for the formation of SA in a
collaborative environment is very close to the topic of this thesis. Their findings
are therefore compared and discussed in relation to the findings of this study
and the same research method has been applied to this study as well.



Chapter 3

Methodology

3.1 Research Strategy

To answer the research question of ”How is shared SA in student group work
formed when using immersive technology?”, a qualitative research approach is
chosen. The applied research strategy must allow the researcher to investigate
the topic of shared SA in student group work on a holistic level, as there is
no previous research that points towards a specific factor that should be in-
vestigated. The strategy of a case study fits this requirement very well and is
chosen for this study. A case study focuses on one distinct instance of what
should be investigated (Denscombe, 2010) - in this case a student group work.
This instance occurs naturally, which means that it already exists and is not
artificially created, as it is the case in an experiment. A case study intends to
discover knowledge from deeply researching one particular case to draw impli-
cations for the general (Denscombe, 2010). By focusing on one case only, more
time and attention to detail can be spent on that instance which can uncover
more unique and subtle insights (Denscombe, 2010). A case study is, therefore,
well fit to be used in social research as the complex relationships and processes
can be treated with the proper attentiveness (Denscombe, 2010).

An alternative research strategy that could have been used for this research is to
conduct an experiment. Several studies use this approach to assess shared SA in
collaborative settings with the support of technology (Biehl et al., 2007; Chen
& Hwang, 2017; Kulyk et al., 2008; Yiu et al., 2022). The advantage with this
research approach is that by creating a controlled setting, as it is the case with
experiments (Denscombe, 2010), it is possible to obtain measures of the shared
SA in collaborated settings. The studies from Biehl et al. (2007) and Kulyk et
al. (2008) put a focus on evaluating the efficacy of their proposed technological
solutions in regard to shared SA. The study of Yiu et al. (2022) compares the
efficacy of different communication protocols in regard to the shared SA. For
these specific purposes, it is a fitting approach to choose an experimental setup
that allows for taking measurements of the shared SA. The reason that the



experiment as a research strategy was rejected for this study is that measuring
the degree of shared SA is not the focus of this study. Instead, observing the
realistic dynamic of student group work in a naturalistic setting of a case study
fits the exploratory approach better.

3.2 Research method

As the objective is to investigate shared SA in a real-life group work situation,
the research method of observation is chosen. The study of Biehl et al. (2007)
on awareness in software development teams is thematically close to this study
and uses an observational approach as well. A scoping review done by Al-Moteri
et al. (2022) on research of shared SA in the hospital emergency context found
that seven out of eight studies applied an observational design as well. Despite
the context being different to this study, the affordances of observation as a
research method for studying shared SA, that will be outlined below, motivate
why observation is fitting well.

Denscombe (2010) outlines two types of observation in scientific research: the
systematic observation and the participant observation. Systematic observa-
tion tends to produce quantitative data that is useful for statistical analysis.
Observation is highly dependant on the researcher because people’s perception
rely on their past experiences, familiarities, and their current emotional and
physical constitution (Denscombe, 2010). Systematic observation attempts to
counter this by predefining what should be observed by creating an observation
schedule beforehand which eliminates variations in the results and produces
more robust results (Denscombe, 2010). In contrast to this, participant obser-
vation rather yields qualitative data (Denscombe, 2010). Here, the researcher
integrates themself into the situations to collect detailed information about the
research subjects (Denscombe, 2010). Participant observation is mainly used
in anthropology and sociology, and the researcher should try to not disrupt the
natural occurrence of events by making the subjects feel observed (Denscombe,
2010). The researcher takes an active role in this method by joining the subjects
in their activities and considerable time should be spent in a setting to obtain
a holistic picture of the research subject (Denscombe, 2010).

As this study intends to collect qualitative data, the observation approach of
participative observation is chosen. The researcher is present in the student
group work over several sessions and discloses their role to the research sub-
jects. Thus, the researcher’s influence on them cannot be excluded completely.
Mundane situations are observed, in this case, a collaboration between fellow
students. Particular attention is paid towards having as little intervention from
the researcher as possible to preserve as much naturalness as possible. For this
reason, the researcher never interferes in the group activity, holds themself in the
background of the room taking notes, and installs a smartphone for recording
the group work. This includes video and audio recordings. To ensure that the
observation is consistent and reliable, a framework is used which is implemented
by drawing up an observation protocol. Since there are video recordings of the
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sessions, only a preliminary observation protocol was set up beforehand to cap-
ture communication - and interaction aspects during observation. The material
was then rewatched under different viewpoints as many times as required to
redesign and complete the observation protocol.

This study has an exploratory approach as the research question calls for dis-
covering methods of forming shared SA in a, to this date, under-researched
area. As Denscombe (2010) states, observation as a research method offers the
opportunity to do fieldwork research and directly observe what is happening
rather than relying on the participants’ assessment of a situation. This is fitting
the research approach of this study as behavioral patterns should be discovered,
and those are only partly aware to the person exhibiting them.

An alternative research method for this study could have been to conduct in-
terviews with the students who participate in the group work. Interviews are
a method of collecting data directly from the research subjects by asking ques-
tions about the topics of interest (Denscombe, 2010). By giving the participants
the chance to speak for themselves, it is possible to collect insights into their
emotions, opinions, and experiences from a highly subjective perspective (Den-
scombe, 2010). This holds a clear advantage over methods such as observations
and documents research as the otherwise invisible (or only hardly observable)
aspects inside a person can be made explicit (Denscombe, 2010). Conducting
interviews in addition to using other data collection methods is common prac-
tice in case studies to reap the before mentioned advantages of subjective insight
into the research participants. Looking at the measurement techniques of shared
SA in previous research, it becomes apparent that letting the operators of an
experimental SA testing simulation rate aspects of their perceived SA or asking
them about environmental details is a major part of determining the level of
shared SA (Endsley, 2020; Salmon et al., 2009). The questions asked in order
to measure shared SA can be regarded as a very standardized, structured form
of interviewing the research subjects. The reason why this research method has
been rejected is that the research area of SA in student group work with the
use of immersive technology is largely untouched, and measuring the SA is not
the goal of this study but rather a matter for future research. This research,
with its exploratory approach, profits more from a holistic method that reveals
patterns in behavior that are visible from an objective observer perspective.

3.3 Participants

The participants that are being observed are students of the master’s program
”Design for Creative and Immersive Technology” at Stockholm University. The
course ”Design for Complex and Dynamic Contexts” includes a group project
in which the students need to develop a prototype of an immersive technology
application, and it, therefore, qualifies for observing group work with immersive
technology. The observed collaboration type can be described as a collocated,
synchronous collaboration.

Purposive sampling is utilized to specifically select a group of students that
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teamed up to perform the group work portion of the course and agree for their
meetings to be recorded. The advantage of this is that a group of people who are
most likely to provide the sought-after information can be selected, and it fits the
exploratory character of this research (Denscombe, 2010). Denscombe (2010)
establishes that small numbers of research samples are suitable for exploratory
studies because each person in the sample can be studied in considerable depth,
and the biggest asset of exploratory samples is the informative character rather
than the accuracy of the results. An alternative sampling method that could
have been used is theoretical sampling, where the researcher chooses the in-
stances for data collection in stages, meaning that the researcher starts working
on a theory with a first sample and then selects further samples that supply new
evidence for the theory (Denscombe, 2010). The advantage with this method is
that the researcher can purposefully select new people and events of interest to
research without having to continue with the first chosen sample (Denscombe,
2010). Due to the limited time available for the data collection, this sampling
method was rejected and instead considerable effort was spent on finding a suit-
able student group with purposive sampling. The selected group of students
is observed in different sessions over the course of one week. Each session is
filmed with a smartphone, which should feel relatively normal and unobtrusive
to the students as opposed to a more complex setup with multiple bigger video
cameras. Before each session, the students are informed about the purpose and
the procedure of the observation, and their consent is obtained (see appendix
for the informed consent form).

3.4 Data Analysis Method

The obtained data from the sessions are in the form of video recordings of the
group meetings. A sequential analysis with the intention of discovering behav-
ioral patterns is performed to generate knowledge pertaining to the research
question from the data. The same data analysis technique is used in the study
from K.-E. Chang et al. (2014) about the impact of AR on the learning of art
museum visitors, which, despite the different context, researches the effect of
immersive technology on humans behavior, similar to this study.

According to Bakeman and Gottman (1997), analyzing how events follow each
other can “[offer] the best chance for illuminating dynamic processes of social
interaction” (Bakeman & Gottman, 1997, p.1). The first step to performing a
sequential analysis is to familiarize oneself with the data and design a coding
scheme that reflects the different interactions in the observation material well
(Bakeman & Gottman, 1997). Although Bakeman and Gottman (1997) advises
against using a coding scheme from another scientist’s research, the literature
research revealed a very similar observation analysis that serves as a starting
point for creating the coding scheme of this work. This coding scheme comes
from Biehl et al. (2007), who created a coding scheme that categorizes group
behavior while using collaborative software and hardware products (see table
3.1). This scheme needs some adaptation to this specific use case of immersive
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Category Classification

Communication Advice/instructional

Agreement

Collaboration request
Disagreement
Information/bottleneck
Orientation/understand

Status

Other

Shared display use Load information

Connect device

Transfer control

Visual scan

Shared physical artifact use | Create

Modify /update

Deictic reference

Collaboration type Co-located with shared visual workplace
Co-located without shared visual workplace
Distributed

Collaboration configuration | Multiple personal devices

Single device, single control
Single device, shared control
Shared display only

Shared and personal devices used

Table 3.1: Behavior coding scheme for collaboration with immersive technology
as seen in Biehl et al. (2007)

technology in student group work, e.g. there is no distributed collaboration.
However, it serves as a good basis for capturing different social interactions as
well as the use of technology. The authors themselves claim that ”this coding
scheme [..] can be re-used in subsequent field studies that seek to learn more
about how co-located users collaborate within a technology-rich workspace”
(Biehl et al., 2007, p.1318). After carefully studying the recorded sessions, the
category ”Shared physical artifact use” was deleted since the physical artifacts
in the room, such as whiteboards and sticky notes, were not used during the
sessions. The ”Collaboration type” category was also rejected since the group
was constantly collocated and did not change. In the category ”Communica-
tion”, the classifications ” Disagreement” and ” Bottleneck” were deleted because
they did not occur in the observation. The category ”Shared display use” was
changed to ”"Headset use” to correctly document the technological conditions
under which the sessions took place. Furthermore, the use of immersive tech-
nology is the focus of this study and as such it should be included when coding
the behavior of the group work. Lastly, the classifications in the category ” Col-
laboration configuration” were adapted to reflect the student group work setup
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with the classifications ” Use multiple personal devices”, ” Use single device with
another person observing” , and ” Person takes over another one’s device”. The
resulting adapted coding scheme can be seen in table 3.2.

In the next step of the sequential analysis, the coding scheme is used to create

Category Classification

Communication Advice/Instruction

Agreement

Collaboration request

Information

Orientation/Understand

Status

Other

Collaboration Setting | Use multiple personal devices

Use single device with another person observing
Person takes over another one’s device
Headset Use Single use

Shared use in same lobby

Hand over

Table 3.2: Behavior Coding Scheme

a protocol for what was observed. All observations are classified and docu-
mented, ideally with additional information about the time dimension (Bake-
man & Gottman, 1997). This study focuses on the events that relate to social
interactions and the use of technology and provides timecodes for the start of
each event. After coding the recorded sessions, sequences of events can be mod-
eled to discover and visualize behavioral patterns (Bakeman & Gottman, 1997).
These should give insight into how shared SA can be formed in student group
work when using immersive technology.

An alternative data analysis method is the descriptive statistics approach within
the sequential analysis which presents data such as frequencies of occurring
events, percentages of the occurrence of specific events in relation to all events,
or mean event durations as a result of the observation (Bakeman & Gottman,
1997). It has the advantage of conveying straight-forward, quantitative data
about the observation to the reader (Bakeman & Gottman, 1997). However,
this data analysis method has been rejected in favor of the modeling approach
within sequential analysis that generates behavioral patterns because the de-
scriptive statistics as a quantitative analysis method does not fit the qualitative
nature of this study as well as the modeling approach.
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3.5 Ethical Aspect

When conducting a scientific study, ethical aspects must be considered. Den-
scombe (2010) presents four key principles in research ethics:

1. Protecting the interests of the participants

2. Ensuring participation to be voluntary with informed consent
3. Scientific integrity and avoidance of deception

4. Compliance with the law

To ensure that the interests of the participants are protected, the researcher
should prevent safety threats to the participants and treat the given informa-
tion as confidential. The participants’ anonymity should be kept unless their
consent for disclosure is explicitly given. (Denscombe, 2010) All participants in
this study are kept anonymous, and this is communicated to them beforehand
as well. As the study does not impose any experimental conditions on the par-
ticipants but instead observes them during their usual procedure of working in
groups, relevant threats to the participants’ personal safety have not been iden-
tified. Participation in a study should be voluntary, and the research subjects
should be sufficiently informed about the study (Denscombe, 2010). Informed
consent is obtained from all participants before observing them to fulfill this
criterium. A document in which information about the study and how the re-
trieved information would be managed is signed to put the consent on record.
In this document, the participants were also informed that they could withdraw
their consent at any time, without any following consequences. To ensure scien-
tific integrity, Denscombe (2010) states that the researchers should be open and
explicit about the study and the intentions for collecting data from the partic-
ipants. In the aforementioned consent form, the interviewees signed they were
informed that data would be collected through recordings in video and audio
and that it later would be transcribed, as well as who would have access to the
data collected. To ensure that the research complies with existing laws, aspects
of ownership of the data and how to keep the data private and secure must be
considered. This was ensured during the research process by storing the data
locally on a personal laptop, not sharing it with third parties, and deleting it
after the completion of the thesis. Moreover, no conflict with any prevailing
laws has been found.

15



Chapter 4

Results

4.1 Observation Protocol

During the data collection process, three separate sessions were recorded over
the course of one week. Each session lasted about two hours, which adds up to
six hours of observation material overall. An observation protocol was set up
before starting the observations. It includes a timestamp, a short description
of the observed interaction, and the corresponding category and classification
from the behavior coding scheme. The observation protocol was revisited and
completed by rewatching the recordings later to ensure it captures all interac-
tions and the categorization and classification are done in a consistent matter.

4.2 Work Setting

The student group constellation was made up of three participants in two ses-
sions, whereas one session consisted of four people working on the project. They
were sitting in close proximity to each other in a large room with other students
also present. The student group’s goal was to develop an application that runs
on a VR headset. They were designing a digital twin of a houseplant that cap-
tures the present status of the plant, including water levels, nutrition of the soil,
and light conditions. The digital twin can be used for diagnosing deficiencies
in the plant, like brown or yellow leaves, stretching, or irregular spots. The
virtual plant can be modified by pruning leaves or adding nutrients and water.
Another functionality is the prediction which makes it possible to see the plant
in three months time. This projection considers growth according to the nutri-
tional conditions and the pruning. As this application features a virtual object
that can be seen in real-world surroundings, it can be characterized as a MR
application, more specifically, an AR application. The technology used in this
student group work consisted of the personal laptops of the participants and two
headsets: the Oculus Quest 2 which is a VR headset that is able to display in-
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teractive 3D-videos and comes with touch control handheld and a hand-tracking
technology to use one’s hand hands for interacting with the virtual environment
(Meta, 2023a); and the Oculus Pro which is a MR headset that enables the user
to see their physical space via a stereoscopic pass-through functionality while
overlaying 3D virtual objects in the space that can be manipulated by hands
or the touch pro handheld controllers (Meta, 2023b). By the integration of a
pass-through functionality for a video of the physical surroundings, the Oculus
Quest 2 can offer a MR experience (Meta, 2023a). The development editor
Unity is used for the development of the virtual interactive scenario. Unity is a
platform for “creating and operating interactive, real-time 3D (RT3D) content”
(Unity, 2023).

Over the course of all three sessions, the team members S1, S2, S3, and S4 exhib-
ited a high degree of individual responsibility, which could be observed in them
each working in an autonomous fashion on different tasks on their own laptops.
S1 worked on producing a progress report in the form of a presentation that was
needed to successfully finish the course. S2, who was only present in the third
observation session, worked on producing a visualization of an object needed for
the simulation. The other two members, S3 and S4, were tasked with further
developing the code for the digital twin application and testing the program’s
current state with the headsets. Since they were working on the same tasks, the
two last-mentioned students had the most interactions with each other.
Another point worth mentioning is the open and friendly working atmosphere
that was prevalent throughout the student group work. It was clearly visible
that the group had an amicable and constructive way of communicating with
each other. When someone asked for help or clarification, the others were quick
to respond and share their views and knowledge. In many situations, students
from different working groups (S5, S6 and S7) were also involved, and advice
and guidance were both sought and given without any noticeable gatekeeping
of information. An example of how this interaction looks can be found below
(see table 4.1). Here, a student from another group (S5) explains the settings of
the Oculus headset to the student S4 and later confirms that the offered advice
was helpful.

Timestamp | Description Category Classification

14:40 S4 to ask S5 for help on the cam- | Communication Collaboration request
era settings on the Oculus.

14:48 S5 explains the settings Communication Advice

18:48 S5 checks up on the solution Communication Status

Table 4.1: Observation Protocol Excerpt - S5 involvement

4.3 Data Analysis

The codes directly connected to the use of immersive technology can be found
under the category "Headset Use” as the different classifications ”Single use”,
”Shared use in same lobby”, and ”"Hand over”.
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In the single use interaction, one student puts on a headset and can see the
simulation. Two main reoccurring behavioral patterns were found whenever a
single user took up a headset. The first one of them was that shortly after
equipping the headset, the student wearing the headset made configurations on
the headset or on their laptop in Unity before taking it off again. This pattern is
visualized in figure 4.1, where the two identified and coded events are shown as
rectangles, and the arrows represent the sequential flow of events. The classifica-

Use multiple

Single Use

(Headset) personal

devices

Figure 4.1: Behavioral Pattern during Single use of Headset with no increased
Communication

tion ”Single Use (Headset)” signifies that one student picked up the headset and
started the MR application. The following event is classified as ”Use multiple
personal devices” and corresponds to the same student making configurations
on their laptop. The diagram is the result of the sequential analysis done on
the obtained data from the observation protocol (see table 4.2).

Timestamp | Description Category Classification

26:11 S4 puts on headset Headset Single use

26:30 Headset off, S4 makes configura- | Collaboration Configura- | Use multiple personal de-
tion on the computer tion vices

Table 4.2: Observation Protocol Excerpt - Headset Single Use with no increased
Communication

The second behavioral pattern is characterized by a sharp increase in commu-
nication between students S3 and S4, who are working on developing the AR
application directly after the headset is put on by one of them. An example of
such an observed pattern is shown in figure 4.2. In the diagram it can be seen,
that six events have been recorded in connection to the ”Single Use (Headset)”
classification. S3 wears the headset and S4 provides guidance within the virtual
space which is depicted by the ” Advice/ Instruction” classification. S3 contin-
ues to seek orientation in the MR application, represented by the ” Orientation/
Understand” classification. The ”Information” classification follows where S3
communicates what they are doing or seeing. Following in sequence is the ”Use
multiple personal devices” event which translates to the student S3 using their
laptop to work on the configuration in Unity. Another sequence of ”Single use
(Headset)” starts after this, is followed by an ”Information” event and ends
in ” Agreement” because S3 and S4 decide with the given information on what
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Figure 4.2: Behavioral Pattern during Single use of Headset with increased
Communication

Timestamp | Description Category Classification

1:27:46 S3 wears glasses Headset Single use

1:28:39 S4 guides S3 towards the red | Communication Instruction
room

1:28:44 S4 “What should we do here?” Communication Orientation

1:29:08 S3 “I am trying to see the object | Communication Information
here, but it is not working”

1:29:42 S3 headset off to configure some- | Collaboration Configura- | Use multiple personal de-
thing on his own screen in Unity | tion vices

1:30:15 S3 headset back on Headset Single use

1:30:25 S3 found some fix: go to develop- | Communication Information
ment dashboard, add test users

1:32:05 S3 and S4 agree that they need | Communication Agreement
to add test users

Table 4.3: Observation Protocol Excerpt - Headset Single use with increased
Communication

action should follow. The corresponding observation protocol excerpt of this
situation can be found in table 4.3.

The classification ”Shared use in same lobby” under the category ”Headset”
was first observed in the second observation session. Shared use in the same
lobby signifies that the two students working on the production of the MR
application enable an option to join the same virtual lobby in the Oculus App
via signing up with their accounts. Through this, they can enter the same view
of the application and share the MR space. A snapshot of the students using
the headsets with the shared use in the same lobby can be found in figure 4.3.
A behavioral pattern that represents an interaction between S3 and S4 where
they apply the shared use in the same lobby can be seen in figure 4.4, and
the corresponding observation protocol is seen in table 4.4. In the behavioral
pattern, the multitude of elements is perceivable at first glance. The situation
started with a ”Status” event, signifying that S3 asks about the status of the
”Shared use in the same lobby”- work mode of the headsets. The following
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Figure 4.3: Students Working in a Shared Lobby

Ty
Advice /
—7| Instruction
p vy
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Shared use in| ( N ._f
Collaboration the same o Orientation /
Status request lobby *  Status | Understand
(Headset) . S -

[

Information

Figure 4.4: Behavioral Pattern during Shared use in Same Lobby of Headset

event is classified as ” Collaboration request” because the student S4 invites S3
to try out the headset mode together. Then follows the ”Shared use in same
lobby” event where both students put on and use the headset. What follows
this is a series of ”Communication” events, namely the ”Status” event where
the students exchange what they are seeing in the virtual space and what they
are planning on doing next, the ”Information” event where one is providing
the other with bits of information, the ” Advice/ Instruction” event where one
student provides guidance to the other or directs them towards an action, and
the ”Orientation/ Understand” event in which the students seek orientation in
the situation.
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Timestamp | Description Category Classification
7:44 S3 to S4 “is it working with the | Communication Status
two headsets?”
7:46 S4 “yes, would you like to try?” | Communication Collaboration request
747 54 is trying out the headset, they | Headset Shared use in same lobby
connect to the same application
(with S3)
8:20 S4 “I’ll just exit the app and then | Communication Status
reconnect again”
9:10 S4 “you can see, right?” Communication Status
9:30 S3 “it’s very hard for me to read | Communication Information
the text”
9:19 they check which options to se- | Communication Orientation
lect
10:30 S4 “you need to create the an- | Communication Instruction
chor and place it at your eye
level”
10:34 S3 “you need to see the green one | Communication Information
as a 2D dimension”
11:00 (S4 creates a cube) “can you see | Communication Status
the cube?”
11:05 S3 “yes I can” Communication Information
11:06 S3 “how do I create a cube my- | Communication Collaboration request
self?”
11:10 S4 explains how to place a cube | Communication Advice
11:45 S4 “can you see the anchor I | Communication Status
placed?”
11:50 S3 “I put too many anchors, how | Communication Collaboration request
do T remove them? What are
they for”
11:55 S5 explains that anchors are | Communication Advice
for configuration and you should
only place one
12:20 they exit the program, now S4 | Communication Instruction
should do the calibration

Table 4.4: Observation Protocol Excerpt - Headset Shared use in same Lobby
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The third category of use within the headset classification is called ”Hand over”.
Only two instances of this interaction were observed over the course of all ses-
sions. Whenever a handover of the headset occurred, a student previously
wearing the headset passed the headset to another student with the words
“Would you like to try?” or “Here, now you can see it yourself”. One instance of
the handover can be found in table 4.5 and is converted to a behavioral pattern
(see figure 4.5). The behavioral pattern reflects a common pattern for single use

(" Usesingle | [ N
Single Use Status device with Advice /
(Headset) another person Instruction
. | obseln.rlng g | g

1

! s A

Hand over Orientation /
(Headset) Understand

pt ) M A

Figure 4.5: Behavioral Pattern during Hand over of Headset

interaction with the headset before the handover happens: In the ”Single Use
(Headset)” event preceding the handover, S3 shares the status that the hand
behavior in the application seems to be faulty (”Status” event). S3 then tries
to fix the bug on his own personal device, with S4 watching the screen and
following the configuration steps that S3 is performing (” Use single device with
another person observing” event). Afterwards, the "Hand over (Headset)” from
S3 to S4 takes place so that S4 can test out whether the bug prevails or was
fixed. During wearing the headset, the ”Communication” categories ”Orienta-
tion” and ” Advice” occur, signifying that S4 is looking for help in understanding
the headset’s functionalities, and S3 tries to provide guidance. After taking off
the headset, the situation is assessed via exchanging another ”Status” between
S3 and S4 and then going into an ”Orientation/ Understand” phase in which
S4 wonders about what could be changed in the code to overcome the current
problems in the application.
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Timestamp | Description Category Classification
2:29:10 S3 tries on headset Headset Single use
2:29:32 S3 “Something does not work, | Communication Status
the hand should behave differ-
ently in the simulation”
2:30:15 S4 and S3 collaborate to change | Collaboration Con- | Use single device with an-
the hand behavior settings figuration other person observing
2:30:54 S3 Would you like to try?“ (with | Headset Hand over
the headset)
3:32:10 S4 wonders if it is possible to | Communication Orientation
place the anchor with just hand
tracking
3:32:16 S3 answers no, S4 picks up the | Communication Advice
hand controllers
3:33:40 S4 takes off headset it doesn’t | Communication Status
work ¢
3:33:50 S4 What can we change?“ Communication Orientation

Table 4.5: Observation Protocol Excerpt - Headset Hand over
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Chapter 5

Discussion

5.1 Priority of Shared Situation Awareness

This study found that in student group work with immersive technology, shared
SA is only sparsely prioritized. Over the course of all observed sessions, the
group exhibited a remarkably high level of individual work with only occasional
efforts to form shared SA. This can be deduced when looking at how long the
different group members work on their personal devices without looking at each
other, the other students’ devices, or communicating with each other. A snap-
shot of a typical group work situation with everyone working individually is seen
in figure 5.1. It is clearly visible that the task of developing an application for
immersive technology is approached by breaking up the total workload into in-
dividual subtasks and dividing those tasks among the group members according
to their knowledge and talents. Every student is therefore very involved with
their own work and only occasionally would inform themself about the others’
work status by directly enquiring about this information. In summary, it can
be said that the group valued division of labor with high individual SA over
close collaboration with high shared SA. This is very similar to what Kulyk
et al. (2008) conclude for the importance of group awareness in their researched
application field of scientific research. As both situations are not highly critical
in terms of time constraints and dangerous consequences, it is not necessary to
constantly maintain a very high level of shared situational awareness. In other
situations, such as aircraft operation, where the concept of SA emerged, main-
taining a high awareness is crucial to avoid harsh consequences that could be
even life-threatening (Endsley, 1995). The individualistic work approach can be
explained when looking at the complexity of the task of developing an appli-
cation for a virtual reality headset in an educational context: The application
needs to be developed and coded in an editor, digital objects need to be de-
signed for the visuals in the application, the headset must be tested for correct
function, a presentation needs to be prepared to fulfill a course requirement, and
many more small subtasks. All of the tasks require different toolsets, knowl-
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Figure 5.1: Students Working Individually

edge, and skills and it seems logical to divide them up according to the team
members’ prior experience. As Bolstad et al. (2005) state, personnel selection
and assignment to tasks affect what individual factors will contribute to the SA,
and thus the team performance and team outcomes.

5.2 Communication

Another result of the observations is that communication, and more specifically
what was coded as the ”status” interaction, is used to build shared SA. The
"status” classification, which signifies that a student asks another student about
their current objective and progress, serves as an interesting indication of two
things when looking at the importance of shared SA: Firstly, it shows that
the students lose touch with what the other person does at some point. The
shared SA can thus not be kept over a longer period of time or is not prioritized
when the students are not working collaboratively on a common task. Secondly,
the status interaction shows an active effort to increase the SA. By using the
"status” interaction, the student reconnects with the team members through
regular check-ups. The fact that this technique is used repeatedly shows that
understanding their group members’ work goals and status has high importance
for all although they do not follow every step of the execution of tasks closely.
The status interaction is used in multiple situations regardless of whether im-
mersive technology is used or not. It can therefore be called a general strategy
to form shared SA and is not limited only to the use of immersive technology.
The literature supports this finding as communication is named one of the main
team factors that contribute to forming shared SA in the study of Bolstad et
al. (2005). They highlighted the importance of supporting communication and
collaboration through techniques and tools to foster high group awareness in
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teams. Although it might seem simple, the frequent tuning in with each other
through the status interaction can be considered one of the communication tech-
niques that Bolstad et al. (2005) was referring to. Especially when the tasks are
not carried out by all team members together but rather divided across them,
communication becomes even more important as the flow of information about
the work progress does not come naturally because not everyone participates in
the same activity. The same conclusion is drawn by Laurila-Pant et al. (2023)
and Fysarakis et al. (2022) who highlight the importance of information sharing
across different organisations to form shared SA.

5.3 Use of Immersive Technology

There are several interesting findings regarding the topic of shared SA when
using immersive technology. The four different behavioral patterns that were
discovered during the different modes of use of the headset, namely the ”Single
use”, the ”Shared use in the same lobby”, and the "Hand over” show different
levels of shared SA. In the first pattern of the ”Single use” (see figure 4.1),
there is no communication between the team members, and it can therefore
be assessed that the group awareness is limited to what the other team mem-
bers can observe in the physical space. Occasionally, other students glance up
from their screens to look at the student wearing a headset which shows that
they perceive what is happening around them and what tasks the others are
working on. However, there is no way for the other students to know what
the person wearing the headset is seeing in the virtual space. That makes it
impossible to assess whether the headset and the AR application behave in a
desired way. The second behavioral pattern that occurs during the ”Single use”
of the headset, is characterized by a sharp increase in communication (see figure
4.2). The other student would shift their attention from their laptop screen to
the headset-wearing person. They communicate by using phrases like “tell me
when you see the block I placed in the room” followed by “I cannot see the
block”, or navigating the headset-wearing student by “go towards the blocks
on your right”, and asking for the current intention by asking “what are you
trying to do?”. The communication classifications ” Information”, ” Status”, and
"Instruction/Advice” are predominantly found in the interaction between the
two students when one of them wears the headset. It shows that by exchanging
information about what the headset-wearing person is seeing, all involved stu-
dents are working towards a common understanding of the situation, thus trying
to form a shared SA. Additionally, by giving advice and guidance for the use
of the application, the students can align their short- and long-term goals and
develop a similar strategy for achieving them. This heightens group awareness
as well. In the working mode ”Shared use in same lobby” with the headset,
it could be observed that S3 and S4 communicated throughout wearing the
headsets (see figure 4.4). A typical interaction that has been observed involves
asking if the other student can see something virtual in the MR environment
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(“Can you see the anchor I placed?”) and the other student responding by talk-
ing about what the person is seeing (“I cannot see you in the virtual space”).
This corresponds to the classifications ” Status” and ”Information” of the coding
scheme. Status is used whenever two or more people check up on each other
about their current views, state of work, or opinions. It shows that they try to
understand the current work environment of their peers and increase shared SA
by doing this. Furthermore, ” Collaboration Request” and ” Advice/Instruction”
are widely used. This signifies that someone asks for help or guidance with the
technology, and another person offers this advice which showcases a high level
of cooperation and working towards a common understanding. Moreover, it
can be seen that through giving instructions, one person takes over the leading
role while using the VR equipment which makes working towards a unified goal
much easier. As having a purpose to direct the activities is a significant part of
SA, this can be seen as another way of the group to increase their shared SA.
The student group had worked towards enabling the shared use in the same
lobby since the first observed session. They recognized the affordances of this
working mode early on, the possibility of seeing the same image through the
headset and being able to interact with objects in the same mixed-reality space
facilitates communication greatly. The last observed behavioral pattern can be
found in connection to the "Hand over” of the headset (see figure 4.5). Similar
to other instances of the use of immersive technology with increased commu-
nication, a high degree of exchange of information and guidance is exhibited,
which points towards a formation of shared SA. The act of handing over the
headset itself shows that a student wants another person to see the same image
in the mixed-reality environment that they were seeing before. Thus, the stu-
dent strives to create a common understanding of the prevalent situation and
get the other student on board with their problem-solving process.

In summary, the most important finding regarding the use of immersive technol-
ogy is that the students had a preferred mode of working with the VR headset,
which was the ”Shared use in the same lobby” mode. Much energy was put into
enabling the correct functioning of this mode of use, and group communication
increased greatly when using it. The ”shared use in the same lobby” mode on
the VR headset is a good example of what Bolstad et al. (2005) mean when
they propose technology that supports collaborative tasks via offering a shared
medium for all team members to be in the same environment. By seeing the
same virtual space through the headset, the students are able to communicate
about potential bugs or anomalies that they both see in the simulation. To
improve the work situation for the team members even more, two additional
functions for collaborative technology have been put forward by Kulyk et al.
(2008). The first one is a highlighting function which allows one team member
to direct the others’ attention towards one specific detail or object on a shared
device. This would be a helpful modification for the shared use in the same
lobby mode on the VR headset as it was often observed that the students were
having trouble understanding what object a team member was referring to. A
highlighting function could remedy this. The second feature proposed is storing
and visualizing the changes made by the group members to support their un-
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derstanding of the situation (Kulyk et al., 2008). In this use case, introducing
this kind of visualization is not deemed particularly useful since the students are
not changing elements in the virtual environment of the immersive technology
per se. Changes are being made in the programming editor, and the students
are recognizing them via communication or looking at the computer screen of
the person editing the code.

5.4 Ethical and societal consequences

As already discussed in the methods chapter (see section 3.5), all precautions
were taken to ensure that the study can be conducted in an ethical manner.
No harmful consequences are expected for the participants of the observation,
and the recorded data will stay confidential. As for the societal consequences
of this research, this research highlights the importance of designing immersive
technology in a way that encourages and supports collaboration. Immersive
technology holds great affordances for making teamwork more engaging, but
to reap the benefits, the technology must help increase shared SA rather than
obstruct it.
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Chapter 6

Conclusion

This study set out to research how shared SA is formed in student groups
that work with immersive technology. To this end, an observation of different
working sessions of a student group was carried out, and the obtained material
was analyzed using sequential analysis. It was found that the students do not
prioritize shared SA, but they instead work in a very individual way where they
divide smaller subtasks among themselves and focus on their own tasks first
and foremost. Whenever they want to inform themselves about the work status
of another student, they openly and directly ask the other person which helps
build shared SA. When using immersive technology, communication also plays
a crucial role in building shared SA. The students would speak about what
they are seeing in the virtual environment, communicate their goals, and ask
and give advice to each other. It was also observed that the students seek to
use the immersive technology in a way that allows more than one person to see
the same virtual environment. They implement this by handing over the VR
headset or working in a mode where they can use two headsets and connect
them to the same lobby so that they can enter the same virtual space and see
the same elements at the same time.

6.1 Limitations

As the study was carried out in the context of a master’s thesis, the time for
carrying out the actual observation was very limited. In spite of the researcher’s
assessment that the obtained data contains enough diverse interactions to pro-
vide a full picture of the shared SA, it is possible that the observation time of
six hours is, in fact, not enough to disclose all aspects. With longer observation
time, the interaction during the mode of use of ”shared use in the same lobby”
could have been studied in more detail as the student group figured out how to
use the virtual headset in this way rather late. Another limitation of the study is
that there is arguably a potential for bias that is introduced by the subjectivity
of the researcher. As the researcher worked alone on the observation and did

29



both - the development of the coding scheme and the recording of the events, an
observer agreement, as it is discussed in Bakeman and Gottman (1997), cannot
be guaranteed. This lowers the reliability of the method to a certain extent,
because if the data analysis were to be reiterated, there is a chance for different
outcomes due to a different coding of the observed events. The design of the
behavior coding scheme itself could also be revisited. In the process of trans-
forming the behavior code from Biehl et al. (2007) to fit this study’s condition,
the categories and classifications were altered. This lowers the validity of the
research method since the behavior coding scheme is not used in other literature
and it is therefore not guaranteed that it captures every aspect of what is in-
tended to be analyzed. However, this adaptation is deemed necessary to reflect
the observation correctly. The generalizability of this study should be assessed
carefully as well since a case study investigates one particular instance, in this
case a student group, in great detail and conclusions are drawn from the specific
observation. To a certain extent, the findings of the study can be considered
generalizable as they are documented in related research as well. However, not
all conclusions must be true for similar cases of group work, especially if the
conditions, like the education context, change.

6.2 Future research

This study has made the first steps in analyzing students’ SA in a collaborative
setting with the use of immersive technology. To contribute further to the
knowledge base around this topic, further research could extend the research
subjects to different groups of people. It could be interesting to study the
impact of immersive technology on collaboration between students from other
study backgrounds than technology, younger pupils, or working professionals
that use immersive technology in their job life. Furthermore, the method of
using observation could be exchanged for another method, like an experiment,
to obtain more objective results. By conducting an experiment, quantifiable
measures of shared SA can be collected. This should make it possible to assess
and compare the effect of immersive technology on the SA of a group. This
study endorses the development of the features proposed by Kulyk et al. (2008)
to foster effective collaboration via technology. A study to assess their impact
would help improve immersive technology in terms of group work support.
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Informed Consent Form
Situational Awareness in Student Group Work When Using Immersive
Technology

Dear study participant,

Thank you for agreeing to take part in my research study. The study aims to find out how the
usage of immersive technology influences the groups’ behavior in a collaborative task. In
order to investigate this, an observational approach has been chosen. A student group work
session will be recorded (including video and audio). The material will then be analyzed using
a behavior code scheme.

No specific preparation is needed from your part — the group work should be conducted with
no concern for the recording.

O Lo voluntarily agree to participate in this research study.

o | have had the purpose and nature of the study explained to me in writing and I have had the
opportunity to ask questions about the study.

o [ understand that participation involves being recorded in video and audio during my group work.
e [ agree to my group work being recorded.
o [ understand that all information I provide for this study will be treated confidentially.

o [ understand that I may be quoted while staying anonymous in the master thesis written in
Stockholm university.

o [ understand that in any report on the results of this research my identity will remain anonymous.
Due to the analysis of the recording (meaning the coding of the group behavior) that will be done

afterwards, no identity will be revealed.

o T understand that I am free to contact any of the people involved in the research to seek further
clarification and information.

o [ understand that even if I agree to participate now, I can withdraw at any time.

Tabea Broring, tabr4518@student.su.se
Signature of participant, Date Signature of researcher, Date

I believe the participant is giving informed consent
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