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Abstract

Background Learning is a core part of how we grow as
humans. Over the last few years it has been shown increas-
ingly that learning in groups tends to be more effective than
learning individually. This research aims to show a link be-
tween an individual’s Situational awareness and the degree of
collaboration.

Method An experiment was conducted where groups of
participants navigated a maze. The maze was designed to
require collaboration to reach the end. Data was gathered
about both the situational awareness of the participants and
their levels of Social Modes of Co-Construction.

Conclusion The current data suggests no strong correlation
between Situational Awareness and Levels of Social Modes
of Co-Construction. However, more data will need to be gath-
ered to increase the reliability of this conclusion.

1 Introduction

Learning is a core part of how we grow as humans. Over
the last few years it has been shown increasingly that learning
in groups tends to be more effective than learning individually
[3]. However, the factors that make this type of learning more
or less efficient are largely unknown.

To shed light on these factors, this research aims to answer
the question: Does an individual’s situational awareness have
an effect on their levels of Social Modes of Co-Construction
when collaborating with others inside Virtual Reality?

Virtual Reality (VR) is a technology where a user is placed
in a virtual environment through the use of a headset that has
screens covering the field of view of the user [10]. For this
research the complete virtual environment allows for the con-
trol of variables such as the surroundings of the participants
and their access to certain tools that would not be possible in
a non-virtual environment.

The tools given to the participants will be designed to af-
fect their Situational Awareness (SA). SA describes to what
degree a subject understands their current situation and how
much control they feel they have over it. [2]

The levels of Social modes of Co-Construction (SMoCC)
expresses how much participants refer to each other’s contri-
butions. This is a passable proxy to determine how well the
group is collaborating, and thus how well they learn collabo-
ratively. [9]

2 Method

2.1 Participants

Participants were collected from the social circles of the re-
searchers. Several limitations on the eligibility of participants
were enforced:

1. The participant should not be colourblind.

2. The participant needs to be able to communicate in En-
glish.

3. The participant should not be prone to motion sickness.

4. The participant should not be friends with any other par-
ticipants in their group.

Ethical and Privacy Considerations

To ensure privacy, the participants were assigned an ID
upon arrival at their first session. In all files they were only
referred to with this ID. If the participants referred to each
other by name during the experiment the name was replaced
by their ID in the transcript.

One common issue with VR is motion sickness. Spending
time in VR can make certain individuals very nauseous. To
mitigate this, participants do not move continuously. Instead,
the participants take distinct small steps in the direction they
are looking when they press a button. While no structured
study was found on its efficacy, this system was designed to
allow for a large degree of freedom while minimising motion
sickness [6]. As this still does not completely prevent motion
sickness in all subjects, the participants were asked if they
are prone to motion sickness. Participants prone to motion
sickness were excluded. Participants were also informed at
the start of the experiment that if they felt unwell during the
experiment, they should inform the person conducting the ex-
periment. The experiment would then be put on hold until the
participant felt better.

One final danger with experimenting in VR, especially in
groups, is that the participants are not be able to see their sur-
roundings. So it is possible for them to run into walls or even
each other. To mitigate this, there were always two people
present during an experiment who kept an eye on the partic-
ipants and moved them away from walls or each other when
needed. To do this the experimenters needed to touch the
participants on the shoulders and physically move them. Per-
mission for this was obtained from all participants before the
start of the experiment.

2.2 Materials

VR headsets

During the experiment the participants will be placed in a VR
environment using first generation HTC Vive headsets and a
single controller.

VR environment

In the experiment participants will have to navigate a maze
that has been designed in such a way that cooperation is re-
quired to reach the goals [4]. This maze will come in two
versions. One version gives the participants no extra tools for
communication apart from their avatars and verbal commu-
nication. This version is referred to as the Control version.
The other version, referred to as the experimental version,
gives the participants access to both laser pointers and vision
cones.

Vision cones are cones of color that will shade the area
that a participant is looking in their color. This should allow
the other participants to more easily understand what their
teammate is looking at.

Laser pointers are visible lines that originate at the partici-
pants hand and should show what they are pointing at. Each
participant can turn on the pointer originating in their hand
by holding a button on their controller. Figure 1 shows both
these tools.



Data collection methods

Two variables were tracked for this research. The first is Sit-
uational Awareness, which tracks aware a person is of their
environment. Intuitively it follows that with additional tools
for communication this will increase. In other words, it is hy-
pothesized that during the experimental session the SA of the
participants will be higher than during their control session.
The second variable is the Levels of Social Modes of Co-
Construction. It is expected that an increase in SA will cause
an increase in Levels of Social Modes of Co-Construction.

To measure SA two measurement systems were used. The
first is SART [1]. A questionnaire for this (Appendix A) was
provided to the participants during a break in the experiment.
The second is SALIANT [5]. SALIANT requires some cal-
ibration to the scenario in which it is used. This calibration
was done by Nesse van der Meer. The final Rubric used can
be found in Appendix B.

To measure the levels of Social modes of Co-Construction
the SMoCC framework was used [9]. The final Rubric for
this can be found in Appendix C.

2.3 Procedure

Two groups of three participants were gathered with the lim-
itations discussed above. Both of these groups were sched-
uled for two sessions of the experiment. The sessions of a
group were scheduled to be a little over a week apart. The
first group navigated the control version of the maze in their
first session and the experimental version in their second. The
second group navigated the experimental version first and the
control second. Each session consisted of 30 minutes of the
participants solving the maze and a break about 10-20 min-
utes into the experiment. When the time window for a break
was reached, the experimenters would interrupt the experi-
ment at the next logical point. During the break the partici-
pants were asked to fill in the SART questionnaire. During
the experiment OBS was used to record the screens and mi-
crophones of the participants [8].

After the experiment a video editing software was used to
synchronise the audio and video of each session. The footage
before the start and after the end of the experiment was also
removed. Finally, the footage of the break was removed. This
was then exported into 4 files: one video file per participant
and an audio file with all microphone feeds combined and
synchronised.

The audio file was then fed into an Al that produces tran-
scripts [7]. The transcripts that came out of this were then
checked by a researcher and any inaccuracies were fixed.
This resulted in the final transcripts used for the data extrac-
tion.

For the SALIANT system the transcripts were divided into
sections such that in each section the participants were dis-
cussing a different topic. Each section was then assigned one
of five possible scenarios.

¢ Discussing markings on the floor.
¢ Deciding which way to go.

» Deciphering a passcode or at a gate.

e
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Figure 1: Reds vision on the others vision cones of blue and yellow.
Yellow has turned on their laser pointer

* Lost or backtracking.
* Does not apply

All sections in the final scenario were disregarded as they
contained discussions that had no bearing on the experiment.
Next, each section in scenario 1 through 4 were graded ac-
cording to the rubric in Appendix B. For each participant the
achieved percentage of the total attainable points was then
calculated.

For the SMoCC system each utterance of a participant was
graded separately. The average score was then calculated over
all utterances of that participant in that session. For this av-
erage O scores were disregarded as these utterances had no
bearing on the experiment.

3 Results
3.1 SALIANT

ID | Control score | Experimental score
1 0.095 0.085

2 0.085 0.083

3 0.069 0.065

4 0.074 0.211

5 0.102 0.263

6 0.094 0.223

Table 1: SALIANT results

The scores for the SALIANT system can be found in table
1. These scores are obtained by calculating the average points
per section, and then taking the average of those numbers.
Participants 1, 2 and 3 were in the first group and participants
4, 5 and 6 in the second. One notable trend is that for group 1
the SALIANT scores experience a slight decrease from con-
trol to Experimental sessions. Group 2 however shows a large
increase.

3.2 SART

The scores the participants got from the SART questionnaires
can be found in table 2. The IDs refer to the same participants
as with the SALIANT data. So participants 1, 2 and 3 were
in the first group and 4, 5 and 6 in the second. Notable here
is that for participants 1 and 2, the SART follows the trend of



ID | Control score | Experimental score
1 4 3
2 12 9
3 -14 4
4 5 2
5 3 1
6 23 -5

Table 2: SART results

the SALIANT results. However, particpants 4 and 5 seem to
directly contradict their SALIANT scores. The SART scores
of participants 3 and 6 are extremely different from the others.

3.3 SMoCC
ID | Control score | Experimental score
1 2.35 2.29
2 2.33 2.47
3 2.17 2.16
4 2.15 2.52
5 2.50 2.79
6 2.38 2.68

Table 3: SMoCC results

Shown in table 3 are the average SMoCC scores for each
participant and in table 4 are the standard deviations. No-
table here is first that no consistent trend can be identified for
group 1. One member increases from control to experimen-
tal, another decreases and the last one stays approximately
the same. However group 2 has a clear trend. The SMoCC
of group 2 increases from their control to their experimental
session.

4 Discussion

Several ways can be imagined to increase the reliability of
this experiment for future research. The primary way is to in-
crease to amount of data. Until that is done it is difficult to say
whether or not the results are significant or coincidental. Sec-
ondary to that is the issue of inter-rater reliability. Very few
steps were taken in this research to ensure uniform coding of
data between coders. This could account for the great dif-
ference between most SALIANT results and the SALIANT
results from the experimental session of group 2. Thirdly,
the data would probably be more reliable if each group only
traversed the maze once. While some details were different

ID | Control SD | Experimental SD

1 1.01 0.95

2 0.91 0.91

3 0.99 0.92

4 1.24 1.02

5 1.24 0.92

6 1.25 0.94

Table 4: Standard deviations SMoCC

between sessions, the general layout and core mechanics re-
mained the same.

Another point in which the reliability can be improved is
the SALTANT rubric. During the coding of the data it was
found that scenarios one and two have a large amount of over-
lap in this use case. Many situations would not happen in a
scenario 2 section because the information had already been
discussed in a preceding scenario 1 section. This has likely
led to an artificial lowering of scores.

5 Conclusion

Due to the extremely limited sample size very few true con-
clusions can be drawn from the available data. Some interest-
ing deviations from what was expected can still be identified.
For example, the SART results are, with one exception, lower
during the experimental session. In the SALIANT data we
also see that group 1 had a slightly lower scores during the
experimental session, while group 2 had significantly higher
scores during their experimental session compared to their
controlled session.

One possible cause for this high variability in the data is
that group 2 did their experimental session before their con-
trol session, while group 1 did their control session first. This
could mean that group 2 used the visualisation tools exten-
sively during their first session, which left them feeling un-
able to communicate effectively when those tools were not
available during their second session. In contrast, group 1
learned to communicate effectively without the tools avail-
able during the experimental session. So when they received
these tools in their second session, they had limited addi-
tional benefit from them. A different explanation is that the
tools given worked too well, in that communication that hap-
pened verbally during the control session was done using the
laser pointers in the experimental session. The lack of mea-
surement of non-verbal communication would cause both the
SALIANT and the SMoCC data to not represent all relevant
communication.

As for the primary research question: “Does an individ-
ual’s situational awareness have an effect on their level of so-
cial modes of co-construction when collaborating with others
inside Virtual Reality?”. The data to answer this is contra-
dictory. While the SALIANT results for group 2 do seem to
connect to an increase in SMoCC, the SART results for the
same group contradict this. Group 1 seems to show no corre-
lation for either SA metric. So if a correlation exists, it is a
fairly weak correlation.

Future work should focus primarily on executing this ex-
periment with a significantly larger sample. Another piece
that should be examined is the SALIANT rubric. If a way
can be found to combine scenarios one and two, that would
likely lead to more accurate data.
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Appendices
A SART survey

Virtual Reality Experiment

Participant ID: I:I Session number: I:I

Please answer each of the below questions on a scale of 1 to 7 where 1 = LOW and 7 = HIGH.

1. How changeable is the situation? Is the situation highly unstable and likely to change suddenly (high), or is it
very stable and straightforward (low)?

O: 0. Os O Os Os O~

2. How complicated is the situation? Is it complex with many interrelated components (high) or is it simple and
straightforward (low)?

0O: (o) O3 O Os Os (o}

3. How many variables are changing in the situation? Are there large numbers of factors varying (high) or are there
very few variables changing (low)?

O: (o) Os O Os Os O~

4. How aroused are you in the situation? Are you alert and ready for activity (high) or do you have a low degree of
alertness (low)?

O: 0. Os O Os Os O~

5. How much are you concentrating on the situation? Are you concentrating on many aspects of the situation
(high) or focused on only one (low)?

O: (o) O3 (o Os Os O~

6. How much is your attention divided in this situation? Are you concentrating on many aspects of the situation
(high) or focused on only one (low)?

O: O Os O Os Os O~

7. How much mental capacity do you have to spare in the situation? Do you have sufficient to attend to many
variables (high) or nothing to spare at all (low)?

0: 0: O3 (o Os Os (oY)

8. How much information have you gained about the situation? Have you received and understood a great deal of
knowledge (high) or very little (low)?

O: (o) O3 (o Os Os O~

9. How good is the information you have gained about the situation? Is the knowledge communicated very useful
(high) or is it insufficient (low)?

0: 0: O3 (o Os Os (oY)

10. How familiar are you with the situation? Do you have a great deal of relevant experience (high) or is it a new
situation (low)?

O: 0. O3 (o Os Os O~



B SALIANT rubric



Scenario #01 Scenario #02 Scenario #03 Scenario #04
Markings (symbols/text) on Deciding which path to take Deciphering / discussing the |Participant / group is lost (and
floor (guide participants) when faced with multiple passcode for / at gates backtracking)

Scenarior are Scenarior needto Scenarior ave
ook the floor d need decipher a passcode together which they then  |vocalized that they are unsure of thei location
used to guide them to the exit one(s) to take [have to use to unlock a gate [and/or the location of components.

1: Demonstrated Awareness of Surrounding
Environment

h

1.1: Monitored environment for changes, [WESTH1
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ated a Need for Action

Acceptable
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category: Participant (e, I n orcer oe chosen remains mute
2n action) needs to happen responses [0 i s
- " P ind ooy
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and decisions [=ponses
oased on the markings ecioh find thei bearings
categor P
tegor Incorrect
o [——
that moment
3.3: Informed others of actions taken gl o ot i e e o oaths passcode ot the gate akes the lead i fnding their bearings
ihe martings'susgestions passcode / gate s
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category: Incorrect taking 2 derent oath communicatingths action irving o i thei bearings
Ihas performed a certain action responses
roup

trends, abnormal conditions elements z 3 “common
t fings,themselves,landmarks) t fings,themselves,landmarks)
Explantion of category: Participant identifies a change, trat or ) the see
point o nterest regarding the environment that he/she deers IRIUANAN tion fox. ilocu s P L
2bnormal or worth discussing P exchp per category,
1.2: Demonstrated awareness of where  [RESTIR, o, i her surroundings recuired for 2 rat located somewhere else ocing lost !
he / she was responses U r ; he
new secton of the maze o,
category: of
Ihis/her location in relation to something else (e.g.  prior responecs Bt st endocts pasmods
position, other participants, the overall maze) General description
he ] 0 Novel Tasks (SAUANT) was developed to measure
2: Recognized Problems team SA. The SALIANT methodology requires five phases:
(1) dentifyteam 54 benaviors
. Acceptable [ e o (3) cefine acceptable rasponzes
2.1: Reported problems . [Baslidmn
s ateorl i ©
Explanation of category: Paricipant communicates an efement
that obstructs completion of the task at hand (1., an issue LAl having difcuties with mariings ake passcode lone does not know where they are. Strengths and limitations
responses
preventing them from progressing) I .
" i =09, core and
2.2: Located potential sources of Acceptable  markines' frequency (r = +0.74), (1= +0.63). There were no
frs—" LIANT score and the teams’shared mantal mode! (- -0.0¢].Additional
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ced ire siation (199%)
o anl 150 women), ink snd Mijor (2000) compared SART and SALIENT relsted to s helicopter fight simltion
(Explanation of category: Participant identifies the origin of the [EHENY ackirackioe o game (Werewolf v Comanchel, hadthe
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= Tech Austalian (©570)
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Explanation of category: Participant monitors the action(s) of

pecific path.

eroup ie.
watching the group member)

4.1: Demonstrated knowledge of tasks

about ther locations

o show a correct path

for progression

Explanation of category:
the objective(s),ie. vocalizes what the tasks) involve and
which components it contains

4.2: Exhibit skill time sharing attention
among tasks

Explanation of category: In case of multiple tasks, the
o i

the ability to i
switches attention between these tasks

Particr ‘members.

partof the

members

4.3: Monitored workload

Explanation of category: Participant communicates and/or
Vocalizes the tasks he/she is currently set to o, showing
awareness of their workioad

deciohering / unlocking a gate

backtracking

ecioher the passcode

their tasks)

for backtracking  finding their bearings

b

4.4: Shared workload within station

| Explanation of category: Participant shows ability to share
workioad with group members, ltting members help them in
 their individual tasks / objectives

P
unat they see in the markings

il choose.

ed

sscode.

hen stuck

th o tak

4.5: Answered questions promptly

Explanation of category: When asked by fellow group.
members, the participant promptly answers (1., without first
stating something else and doing so after)

5.1: Communicated important
information
[Explanation of cotegory: Participant vocalizes information

related to/required for completion of task(s)to group
members

elements wi

arkings

5.2: Confirmed information when
possible
Explanation of category: Participant confirms specific

information when vocalized by group members or when
iscovering the information himself/herself

difh
[markings on floor while backtracking

5.3: Challenged information when
doubitful
[Expianation of category: Participant does not immediately

believe all information encountered, but questions it when
Ihe/she considers it doubtful

how the path, interpretati

ue of not]

P bers! input

member|

5.4: Re-checked old information

[Explanation of category: Participant verifies information
related to task either by asking other group members or even
the experiment researchers

uhat the passcode was /is

together while backtracking

o the paths

P
s o saw i the markings

the paths with other members

asscode

the group

markings

5.5: Provided information in advance

Explanation of cotegory: Participant provides information
before that information becomes relevant (e.g., before the
information s required for the task(s))

ember

the floor in the distance

sate

markings

regarding passcode when the gate i found.

elemens

5.6: Obtained information of what is
happening
Explanation of category: Participant queries about ongoing

events and/or succesfully acquires information to provide an
update about current situation

encountering new markings

on their end while deciphering

/st see each other while backracking.

the gates

5.7: Demonstrated understanding of
complex relationship

backtracking through the maze




[Explanation of category: Participant shows awareness of a
correct connection between one component and the other

Incorrect
responses

the

5.8: Briefed status frequently

Explanation gory: o

Acceptable

hen deciphering passcode

while backtracking.

status in relation to task (i.e., what is worked on, what is
finished, their destination etc.)

Incorrect
responses

pecific path




C SMoCC rubric

1: Externalization Social Modes of Co-Construction (SMoCC)

Learners externalize what they know (to explain their perspective) step: | - which are surface-
New contributions to discourse without any explicit or implicit references to previous contributions (e.g. a first message on a discussion board) or contributions that do not Step2: each of Fnone of otherwise, the
[comment on any other message are considered externalization. i -
Step 3: eoc
, restructuring ge into a lineair form

Discussions usually start with externalization, which is mainly motivated by social situations. Stepd: each group.
Using learning partners as a resource by asking questions, receiving information from them in the process — To properly divide this text into segments:

b
[Segments through which leamers aciively request informaton rom leaming partners are considered elctation. These include not just the asking of comprehension
questions, but aiso requesting for feedback and requesting specifc actons from learning partners (¢.g. *you need to change this part herel),

analyzed

Elicitation appears to only facilitate knowledge acquisition if learners receive help and apply this help in the situation themselves - =

a - of v diferentevelsof

= — Knowledse i the discourse: macro and micro

3: Quick consensus building

+ What cpistemic steps ar taken o s the problem?
Learners accepting the contributions of their learning partners, not because they are convinced, but in order to be able to continue discourse .
When leamers accept peer contribution without modification or indication that the peer perspective has been taken over by the leamer, this behavior is considered quick = Are these relations adequate?

building. Thi xpl (e.g "That's right!") or in the form of leamers rephrasing the original statement unmodified (ie. the original . For example:

reasoning remains the same despite rephrasing). [
4: Integration-orented consensus building .+ om it v

. snmberof
When (individual) learners operate on the basis of the reasoning of their learning partners, showing a willingness to revise or change their own views in & 0 3
response to their partner's (persuasive) arguments '
[When leamers take over the perspectives of their leaming partners, it is considered integration-oriented consensus building. Not only does a leamer accept a peer's 2 ’ udent|
contributon, bu the leamer then uses that contribution to continue the reasoning. Note that the Integrative move signifcantly difers rom a juxiaposition of perspectives, but % Michsel i shawingproblemtic ehavior
rather indicates a further development of the analysis from a leaming partner. + Onemacro
5: Conflict-oriented consensus building .
By facing critique, learners may be pushed to test multiple i to find more gl for their positions. and refer to contributions of their lcarning partnars.
When leamers do not accept ‘their leaming partr they are, this is d consensus building. Possible indicators are rejection,
exclusion or negative evaluation of peer contributions, as well as replacing, modifying or supplementing them (so not just explict and absolute rejections, but also slight
repairs of peer contributions).
|When building consensus in such a scenario, leamers need to pinpoint specific aspects of their peers' contributions and modify these or present alternatives (thus having to
[more closely pay attention to their peers' reasoning).
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