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Abstract

Since the coronavirus pandemic, working from home has become
increasingly prevalent, leading to challenges such as reduced social
interactions, diminished sense of belonging, reduced collaboration, and
'Zoom fatigue' among remote workers. Conducting some of the group
activities in virtual reality could potentially address these issues. This study
contributes to the very limited body of literature, investigating the effects of
meetings in virtual reality (VR) on 1) group dynamics, 2) group performance
and 3) levels of tiredness caused by the technology. The study involved a lab,
between-subjects, randomised control experiment with 54 LSE students and
took place at the LSE Behavioural Lab. Participants completed the Desert
survival task, a classic exercise in the study of group performance and
dynamics, both individually and in small groups (of up to 3), and answered
questionnaires before and after the task. Participants were split across two
conditions based on the technology medium used for the group interactions -
virtual reality and videoconferencing.

Due to its small sample size, this study provides inconclusive results
regarding the effect of VR meetings on group dynamics and users’ levels of
tiredness. However, in contrast to the existing literature, it finds that groups
interacting in VR perform worse than those using videoconferencing. The
consistency of these results was confirmed through robustness checks. The
inferior performance of groups in the VR condition could be attributed to
participants' unfamiliarity with the novel technology and the technical issues
faced by groups, likely disrupting their discussions. These findings highlight
the importance of training if VR technology is to be widely implemented
across organisations. Still further research on the topic is required and this
study outlines the exciting research path ahead.

Keywords: virtual reality, videoconferencing, remote work, remote meetings,
group dynamics, group performance, tiredness
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1. Introduction

In recent years, following the coronavirus pandemic, remote work has become more

common (Gould et al., 2023), with some organisations now operating fully remote workforces

(Jasgur, 2023), while others are pursuing hybrid options, combining remote work with time in the

office (Alexander et al., 2020). According to Statista (2024), as of last year, 28% of employees

worldwide work from home all or most of the time, and that number is increasing. While remote

and hybrid work has benefited employees by reducing commute costs and times, and providing

flexible working hours (Park et al., 2023), it has also had some adverse effects such as decreased

social interactions, sense of belonging, collaboration, work ethics and knowledge sharing (Kirchner

et al., 2021; Yang et al., 2022). Moreover, many remote and hybrid workers have been reporting

feelings of exhaustion and impaired well-being attributed to the prolonged use of videoconferencing

(the so-called ‘Zoom fatigue’) (Elbogen et al., 2022; Nesher Shoshan & Wehrt, 2022).

Could there be a way to combine the benefits of remote working and the collaborative atmosphere

of physical office environments, while also reducing exhaustion?

Advances in immersive technologies, like virtual reality (VR), may hold the answer. Those

are immersive virtual environments that users can interact with using specialised headsets (Yenduri

et al., 2024). While there has been extensive research on the applications of VR to education and

medical training for more than a decade, (Kyaw et al., 2019; Merchant et al., 2014; Yu, 2023),

studies targeting knowledge workers, and particularly those working remotely, have been limited.

This is not surprising, given that remote work has only recently become prevalent (Gould et al.,

2023) and that VR headsets have only recently achieved the quality needed for truly immersive

experiences (Yenduri et al., 2024). As such, the application of VR and the Metaverse - a virtual

environment in which users can interact through digital avatars (Lee et al., 2021) - to remote

working represents a promising and developing area of research.

Through a lab experiment, this paper aims to examine the effect of meetings conducted in

VR on the performance and dynamics of small groups, as well as the effect on individuals' levels of

tiredness following those interactions.

The rest of this paper is structured as follows: Section 2 provides a review of the existing

literature and forms the basis of research hypotheses. Section 3 outlines the methodology

undertaken, including the study design, the procedure, and the framework used for the statistical

analysis. Section 4 presents the results of the statistical analysis. Section 5 discusses the findings,
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their limitations, and areas of future work. Section 6 summarises the contributions of this study and

concludes the paper.

2. Literature Review

Despite the novelty of using VR as a meeting medium in the context of remote working,

some trends have emerged in the available literature on its benefits and challenges.

Most studies find that groups using VR technologies as a meeting medium feel a better

sense of ‘togetherness’ (social presence) and immersion compared to peers using videoconferencing

(VC) (Campbell et al., 2020; Abramczuk et al., 2023; Aliman et al., 2023; Macchi & De Pisapia,

2024). This could be explained by the accurate body language tracking (Kurzweg et al., 2021), the

spatial sound (Kobayashi et al., 2015), and the customizable avatars (Panda et al., 2022), all

contributing to patterns of behaviour, such as gaze, longer dialogue overlap, and non-verbal

communication, closer mimicking face-to-face interactions (Abdullah et al., 2021). Despite the

enhanced social presence offered by VR technologies, there has been no established connection to

improved team spirit, bonding, or connectedness (Abramczuk et al., 2023). Some studies have,

however, found that groups interacting in VR tend to have more fun and look forward to future

meetings (Aliman et al., 2023), as well as experience a more collaborative and peaceful

environment (Macchi & De Pisapia, 2024). The effects of VR as a meeting medium on group

dynamics, such as team belonging, trust, cooperation, shared goals, conflict resolution and team

relationships, is therefore ambiguous and requires further research.

There is strong evidence, however, that the meeting environment does not significantly

affect team performance, given the meeting medium is appropriate for the task (i.e. has the required

materials or functionalities available). Studies across different contexts have found similar group

performance levels, in terms of quality of group outputs, across interaction environments such as

face-to-face, virtual reality and videoconferencing. Furumo & Pearson (2006) found no significant

difference between students’ graded outputs after interacting only over videoconferencing or

face-to-face for two weeks. Abdullah et al. (2021) did not observe any performance differences

between VR and videoconferencing on four consecutive tasks of different types on the McGrath’s

circumplex (McGrath, 1984). Macchi & De Pisapia (2024) did not discover significant differences

in team performance and decision making efficacy in idea generation and prioritisation tasks across

three conditions - face-to-face, VR and videoconferencing.

The case for remote teams moving some interactions to VR is, however, impeded by an

established finding in the literature that VR headsets are uncomfortable to wear and can cause
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fatigue and sickness symptoms for many users (Chang et al., 2020; Saredakis et al., 2020). Even

though the ‘Zoom fatigue’ phenomenon is also well-established (Li & Yee, 2023; Nesher Shoshan

& Wehrt, 2022), most studies do find higher levels of exhaustion for individuals using VR headsets

compared to those interacting over VC (Abramczuk et al., 2023; Aliman et al., 2023;

Hennig-Thurau et al., 2023), with some more severe negative effects, such as nausea, headache,

disorientation and anxiety, appearing for a small number of participants (Weech et al., 2019; Biener

et al., 2022; Abramczuk et al., 2023). Continued use though has the potential to ease those adverse

effects (Biener et al., 2022; Hennig-Thurau et al., 2023; Macchi & De Pisapia, 2024). Kourtesis et

al. (2019) also found that deeper immersion, better quality of graphics and sound, and shorter

interactions (of maximum duration ~1h) reduce VR induced symptoms and effects. Still, wider

adoption within teams should be carefully considered as the technology has the potential to be

exclusionary for team members who are not comfortable with the VR headsets or experience severe

symptoms (Abramczuk et al., 2023).

2.1. Gaps in literature

Not only is the literature on the effects of VR as a meeting environment limited, but the

studies investigating the interactions of small groups are even more sparse. This is an important gap

in the literature as small groups are usually the decision-making units in organisational settings

(Arrow et al., 2000) and their interactions might differ from those of dyads or larger groups

(Cooney et al., 2020; McGrath, 1984).

Moreover, most available studies of small group interactions in VR come from the field

(Abramczuk et al., 2023; Hennig-Thurau et al., 2023; Macchi & De Pisapia, 2024), which offers

higher ecological validity, but provides less control over confounding factors, such as pre-existing

relationships among participants and team dynamics (Wilson et al., 2010). Most studies on the topic

also follow a within-subject design (Abramczuk et al., 2023; Macchi & De Pisapia, 2024), which

offers control over individual differences, but may lead to biases due to carry-over, order and

demand effects (Charness et al., 2012).

Lab experiments with between-subject design provide a controlled and simple setup, in

which the effects of VR as a meeting medium can be isolated and studied (List et al., 2011). Further

research of this kind is required as the only such study (Abdullah et al., 2021) is focused on the

difference in communication patterns rather than group performance or dynamics per se.

A question the wider social sciences literature does not clearly answer is how group

processes and performance should be measured (De Jong et al., 2016; Feitosa et al., 2020;

Grossman et al., 2022), however this is outside the scope of this paper.
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2.2. Research question and hypotheses

Based on the existing literature, the following research question still remains open:

RQ: Could virtual reality be a better alternative to videoconferencing, by fostering more positive

group dynamics, maintaining equivalent group performance, and avoiding increased levels of

fatigue for individuals?

The research question will be addressed in this paper by testing the following three hypotheses:

H1: Individuals interacting over virtual reality (VR) medium will experience more positive group

dynamics, relative to individuals interacting over videoconferencing (VC) medium.

H2: Individuals interacting over virtual reality (VR) medium will achieve better group

performance than individuals interacting over videoconferencing (VC) medium.

H3: Individuals interacting over virtual reality (VR) medium will feel less tired at the end of the

group interactions than individuals interacting over videoconferencing (VC) medium.

This study expects to find evidence for H1 and evidence against H2 and H3.

3. Methodology

3.1. Experimental Design

To test the above hypotheses, a randomised controlled experiment at the LSE Behavioural

Lab was conducted, after receiving ethical approval in line with the research ethics policy of the

London School of Economics and Political Science (Grove, 2023). Using a between-subjects

design, participants were randomly assigned to one of two conditions based on the technology

media used - virtual reality (VR, treatment) or videoconferencing (VC, control). Both conditions

included the same pre-task survey, individual task and post-task survey, and only differed by the

hardware and meeting software used to complete the same task as a group (see Figure 1 for the

experimental flow).

The study was conducted in a lab setting (rather than a field one) as such setting offers

greater control over confounding factors (i.e. familiarity with other participants, tasks performed

and their duration, meeting environment and distractions) and has higher internal validity (provides

causal evidence) (Wilson et al., 2010).

Between-subject (opposed to within-subject) design was pursued as it avoids carry-over and

order effects (interactions between treatments and effects resulting from the order of exposure) and
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demand effects (participants changing their behaviour to act in accordance with their perception of

the experimenter’s expectations) (Charness et al., 2012).

Given that most of the limited, due to its novelty, prior research on the topic involves field

studies with within-subject designs, this study offers clearer insights into the exact role of meeting

technology media in group decision-making and dynamics.

Figure 1. Experimental flow diagram

3.2. Sample requirements

Due to the logistical challenges of requiring ideally 3 (and a minimum of 2) participants

attending each experimental session in person at the LSE Behavioural Lab, and the budget

constraints of no external funding, only LSE students and staff were targeted for the study and no

additional restrictions were applied to the participant pool.

A priori power analysis was conducted in G*Power 3.1.9.7 (Faul et al., 2007) to determine

the minimum sample size of participants required for the study. The conventional values of

significance level of 95% and a power requirement of 0.8 were used in the analysis (Perugini et al.,

2018). Due to the novelty of the topic researched, there are limited comparable studies and data on

effect size benchmarks. Data from a recent paper (Macchi & De Pisapia, 2024) points towards large

effect sizes (0.9-1.0, Appendix A. Table A1), however due to the lack of an established benchmark

a more conservative assumption of a medium effect size of 0.5 (Cohen, 1988) was used.

The results of the power analysis showed that with such a setup a total sample size of 128

participants was required with 64 individuals in each condition (Appendix A. Figure A1). The

experiment design required groups of triads, so the sample size pursued was at least 132 participants

(66 individuals across 22 groups for each condition), which was very optimistic given the study was

not funded.

10

https://www.zotero.org/google-docs/?broken=WMBuxH
https://www.zotero.org/google-docs/?broken=WMBuxH


3.3. Recruitment

Recruitment for the study took place from the 20th of May to the 31st of May (which was the

last day of the experiment). Due to budget constraints, participation was unpaid and recruitment was

limited to LSE staff and students. It was conducted through various media:

● LSE WhatsApps Groups

● PBS Department Communications emails and Instagram posts

● Posters on LSE campus

Participants could sign up for the study via Calendly (a meeting scheduling website) and

select a 30-minute time slot between the 23rd of May and the 31st of May (10am-4pm). In total, there

were 20 time slots available and each had a maximum limit of three bookings. To avoid potential

selection bias, conditions were assigned to time slots randomly before the study was advertised and

participants recruited (Stigler, 1969).

The specific objective of the study was deliberately concealed during participant recruitment

to reduce demand effects. The marketing of the study focused on the general topic of “group

decision-making in technology mediated meetings” without mentioning any specific technologies

(i.e. virtual reality). It was clarified that the experiment was conducted as part of a Masters

dissertation and is taking place at the LSE Behavioural Lab, as affiliation with academic institutions

provides credibility and helps recruitment efforts (Joseph et al., 2016). For transparency, the

marketing materials emphasised that the experiment is not paid, but snacks will be provided to

participants.

Given the group nature of the study, participants’ punctuality and reliability was important

for the successful running of each session. To avoid late-arrivals, last-minute cancellations and

no-shows, an automated calendar invite was sent upon sign-up and reminders were shared with each

participant 24 hours and 2 hours in advance of their time slot, asking them to arrive 5 minutes early

for a prompt start (Mclean et al., 2014).

3.4. Experimental procedure

The study took place at the LSE Behavioural Lab between the 23rd and the 31st of May.

Upon arrival of all expected participants, a session would begin with a short introduction from the

researcher (myself) covering the format of the study, the equipment provided and brief instructions

on how to proceed if any technical issues arise. Then, each participant was taken to a separate room

which included a desk, two chairs and a laptop. For the VR Treatment condition, there would also

be a Meta Quest 2 VR headset and two controllers in the room (Figure 2).
11



Figure 2. Treatment condition (VR) room setup

Each experimental session had three parts (Figure 1):

1. Providing information about the study, obtaining informed consent from participants, in

accordance with the research ethics policy of the LSE (Grove, 2023), and collecting

information on demographics, baseline measures of trust and tiredness, and use of

prescription glasses;

2. Completion of Desert survival task (Lafferty & Pond, 1974) individually, and as a group in

technology mediated meeting (Control - in Google Meet, Treatment - in MeetinVR);

3. Completion of post-task questionnaire, including information on perception of group

dynamics, distribution of time across group task activities, prior experience with VR and a

measure of tiredness; participants were also debriefed about the aims of the study.

Three attention checks were included throughout the experiment to ensure the quality of collected

data (Abbey & Meloy, 2017).
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3.5. Materials and Measures

3.5.1. Pre-task survey

Upon providing informed consent, participants were automatically directed to a short

survey, collecting demographic information and other baseline data (Appendix B). The

demographic questions referred to age, gender, ethnicity and level of education and were included

to confirm sample balance across conditions. Additionally, age was used as a covariate in analysis

as different age groups may have varying levels of comfort and familiarity with VR technology

(Macchi & De Pisapia, 2024; Staddon, 2020). Other baseline information collected was:

● Use of prescription glasses

Participants wearing prescription glasses might experience discomfort or blurrier vision

when wearing a VR headset (Güzel et al., 2023).

● Level of tiredness

Tiredness was measured on a 5-point Likert response format from 0 (Not tired at all) to 4

(Extremely tired). The measure was included as it might impact performance and engagement with

the group task, and the experiment as a whole (Hockey, 2013).

● Baseline measures of Trust

To capture individual differences among participants related to their propensity to trust,

three statements based on modified items from the Trust scale (Costa & Anderson, 2011) and the

German Socio-Economic Panel Study (Naef & Schupp, 2009) were included. The statements were

purposefully vague to capture baseline trust attitudes toward strangers (Naef & Schupp, 2009),

which might impact participants’ behaviour in the group task (Dirks & Ferrin, 2001). Answers were

measured on a 5-point Likert response format from -2 (Completely disagree) to 2 (Completely

agree) for more intuitive interpretation of results, with answers of 0 indicating neutrality (Neither

agree nor disagree). Only three statements were included to strike a balance between collecting

baseline data and minimising the risk of revealing the study's aims and inducing demand effects,

and survey fatigue (Stantcheva, 2023). The statements captured participants' self-assessments about

‘relying on others’, ‘trusting others’, and ‘believing that others have good intentions’.

One attention check was included in the pre-task survey to confirm participant’s focus and to

prompt them to pay attention as further checks might be included later in the study.

13



3.5.2. Desert survival task

Upon completion of the pre-task survey, participants were automatically directed to

individually complete a modified version of the Desert Survival Problem (Lafferty & Pond, 1974),

and then complete the same task as a group. The task was carefully selected as it had to be

meaningfully executable individually and at the same time simulate an activity often performed by

small groups in a work context. The Desert survival task is an intellective task (Type 3 on

McGrath’s circumplex (McGrath, 1984)) such that an objectively correct solution exists but is

difficult to verify - a scenario very common in business and personal life (Littlepage et al., 1995)

which made it an appropriate choice for this experimental study.

The task itself places participants in a desert plane crash scenario, where they have to decide

on a course of action that will maximise their chances of survival, and accordingly rank 15 items

(e.g. a mirror, a box of matches, a compass, etc.). The task has an optimal answer, ranking

performed by survival experts (Appendix C), but individual expertise, though important, is not

enough for the group to arrive (close) to that answer - group processes and dynamics are also key

(Littlepage et al., 1995).

Based on the participants’ individual rankings, an expertise score was calculated, measuring

individual task performance. The score reflected the similarity of the individual rankings with those

provided by survival experts (Lafferty & Pond, 1974):

(1) ,𝑒𝑥𝑝𝑒𝑟𝑡𝑖𝑠𝑒 𝑠𝑐𝑜𝑟𝑒 =  112 −  (
𝑖=1

15

∑  𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑟𝑎𝑛𝑘𝑖𝑛𝑔
𝑖
 −  𝑒𝑥𝑝𝑒𝑟𝑡 𝑟𝑎𝑛𝑘𝑖𝑛𝑔

𝑖| |)
where i indexes the items.

Given that the difference between individual and expert rankings represent errors (how

distant is an answer from the optimal), the sum of the discrepancies was subtracted from the

constant of 112 (the maximum discrepancy possible if all individual answers are furthest away from

the expert answers), so higher scores reflect higher expertise (Littlepage et al., 1995).

Similarly, a group performance score (dependent variable) was calculated, measuring the

output of group-decision making by capturing the difference between group and expert rankings:

(2) , 𝑔𝑟𝑜𝑢𝑝 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒 =  112 −  (
𝑖=1

15

∑  𝑔𝑟𝑜𝑢𝑝 𝑟𝑎𝑛𝑘𝑖𝑛𝑔
𝑖
 −  𝑒𝑥𝑝𝑒𝑟𝑡 𝑟𝑎𝑛𝑘𝑖𝑛𝑔

𝑖| |)
where i indexes the items.
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Based on the expertise score, two additional variables were calculated - average individual

score in group and best individual score in group, to provide a baseline for group resources,

existing knowledge within each group (Innami, 1994).

● Videoconferencing (VC) - Control condition

In the control condition, participants were asked to navigate to another open tab and

complete the same Desert survival task, but as a group over Google Meet (Zoom-like video

conferencing cloud-based software). They were instructed to keep their cameras and microphones

on for the full duration of the meeting, and to spend up to 15 minutes to complete the task (see

Figure 3 for screenshot of the setup).

● Virtual reality (VR) - Treatment condition

In the treatment condition, participants were first asked to watch tutorials to familiarise

themselves with how to use the VR headset and controllers, and on how key MeetinVR (the VR

meeting software used) functionalities work. Then, they were asked to adjust the VR headset to fit

comfortably and read the further instructions provided on screens in the VR meeting environment

(see Figure 4 for screenshot of the setup).

A hidden timer was included on the Qualtrics group task instruction page for both

conditions to serve as an approximation of how long participants took to complete the task. An

average from all individuals in a group was taken to derive the group task duration for each group.

The group task instruction page also advised participants to return to it after completing the task to

proceed with the next part of the study.

Technical issues observed during each session, such as participants needing help with a VR

headset or software, were recorded and documented in a tech issues variable, as disruptions might

impact task performance (Sell et al., 2013).

Due to limitations in the MeetinVR software, it was not feasible for participants to

customise their avatars. Instead, the researcher (myself), created those while participants were

completing Part I of the study, aiming to approximately match their looks.
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Figure 3. VC Group task setup (Control)

Figure 4. VR Group task setup (Treatment)



3.5.3. Post-task survey

Once participants had completed the group task and had navigated back to the Qualtrics

open tab, they were asked to complete a post-task survey (Appendix B). The survey collected

information on:

● Familiarity with other participants in the same group

Group dynamics can vary between strangers and individuals who already know each other,

as well as among mixed groups (Moreland & Levine, 2002). Therefore, data was collected on

whether participants knew anyone else in their group and, if so, how many acquaintances they had.

● Level of tiredness

The same question on tiredness from the pre-task survey was included to determine the

levels of participants’ tiredness at the end of the study and to be able to calculate the change in

tiredness (dependent variable). Since most VR studies find that participants in VR conditions tend

to experience higher levels of fatigue (Abramczuk et al., 2023; Aliman et al., 2023; Hennig-Thurau

et al., 2023; Macchi & De Pisapia, 2024), it is important to validate the finding and factor it in the

analysis.

● Finding group discussion enjoyable

How enjoyable participants found the group discussion was measured on a 5-point Likert

response format scale from 0 (Not at all enjoyable) to 4 (Extremely enjoyable). The question was

included as having a positive experience of the group discussion might impact engagement and

performance (Geue, 2018)..

● Feeling present during group discussion

How present participants felt during the group discussion was measured on a 5-point Likert

response format from 0 (Not at all present) to 4 (Extremely present). The question was included as

feeling present might impact engagement and performance (Witmer & Singer, 1998).

● Time allocation during group discussion

Participants were asked to report what percentage of the group discussion they spent on

various activities (i.e. figuring out how the technology works, productive/unproductive

conversation, etc., see full list in Table 1). The individual estimated percentage breakdowns were

then averaged across each group, and a variable for time spent on each activity (in minutes) was

calculated based on the total group task duration (in minutes) for that group.
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Most previous studies on group dynamics in technology mediated environments have used

observational methods to gather such insights (Abdullah et al., 2021; Macchi & De Pisapia, 2024).

However, due to time limitations, budget constraints and additional ethical considerations related to

obtaining session recordings, a time allocation self-report method (Gross, 1984) was pursued

instead in this study. Nevertheless, this method offered insights into participants’ perceptions of

how the group discussions went, and the collected data was used to identify patterns and differences

across the two conditions.

Table 1. List of suggested group discussion activities

# Activity

1. Trying to figure out how to make the tech work

2. Introductions/Getting to know group members

3. Productive conversation contributing towards the task completion

4. Unproductive conversation (i.e. interrupting, arguing, repeating the same points, etc.)

5. Other (Please specify)

● Prior VR experience

A question was included to record familiarity with VR technology, as it might impact

confidence using the technology and performance (Sagnier et al., 2020).

● Measurement of group dynamics

To gain insights into the interactions during the group task and participants' perceptions of

the group dynamics, 12 statements covering aspects such as team belonging, trust, cooperation,

shared goals, conflict resolution and team relationships were included (see Table 2 for full list of

statements). Those statements included versions of the trust measures from the pre-task survey and

additional items from the Trust scale (Costa & Anderson, 2011), the German Group Development

Questionnaire (Leuteritz et al., 2022) and the Global Satisfaction Scale (Hamlyn-Harris et al.,

2006). Answers were measured on a 5-point Likert response format from -2 (Completely disagree)

to 2 (Completely agree) for more intuitive interpretation of results, with answers of 0 indicating

neutrality (Neither agree nor disagree). Only 12 statements were included due to time constraints

related to the unpaid nature of this study, and to minimise the risk of survey fatigue (Stantcheva,

2023). Moreover, two attention checks were incorporated to ensure the quality of collected data, as

participants may experience fatigue and reduced focus following the group task (Abbey & Meloy,

2017).
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A group dynamics scale was created to measure participants’ perceptions of how positive

(or negative) interactions in their group were. The group dynamics score (dependent variable) was

calculated as an average score from all 12 statements, where scores close to 2 indicate extremely

positive group interactions, -2 - extremely negative, around 0 - neutral.

(3) ,𝑔𝑟𝑜𝑢𝑝 𝑑𝑦𝑛𝑎𝑚𝑖𝑐𝑠 𝑠𝑐𝑜𝑟𝑒 = 𝑖=1

12

∑  𝑠𝑡𝑎𝑡𝑒𝑚𝑒𝑛𝑡
𝑖
 𝑠𝑐𝑜𝑟𝑒

12

where i indexes the statements.

Table 2. Statements on group dynamics included in the post-task survey

# Statement Source Modified? In baseline?

1. I can rely on other group members (Costa & Anderson, 2011) ✅ ✅

2. I trust other group members
(Naef & Schupp, 2009)

✅ ✅

3.
I believe other group members have good
intentions ✅ ✅

4.
While making a decision we take each
other’s opinion into consideration

(Costa & Anderson, 2011)

❌ ❌

5.
In this group we work in a climate of
cooperation ❌ ❌

6.
In this group we discuss and deal with
issues or problems openly ❌ ❌

7. I feel I am an important part of this group

(Leuteritz et al., 2022)
✅ ❌

8.
Members are committed to the
achievement of the group objectives ✅ ❌

9. I feel good about our group activity

(Hamlyn-Harris et al., 2006)

❌ ❌

10. My group develops good and useful ideas ❌ ❌

11. I feel comfortable in my group ❌ ❌

12. As a group, we like one another ❌ ❌

3.5.4. Pilot study

A pilot study was conducted on the 22nd of May with 6 participants (3 in each condition)

who completed all parts of the study and provided detailed feedback on the clarity of the questions

and instructions. While the feedback was mostly positive, the individuals in the treatment (VR)

condition felt that more instructions on how to use the VR headset, controllers and the MeetinVR

software were needed. As a result, new tutorial videos were created and placed before the group

task instruction page, and extra ‘How-to’ screens were added within the VR environment. Pilot

participants also validated the clarity and selection of the Group dynamics scale statements, and

suggested minor changes which were reflected in the final version of the materials.
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3.6. Hardware and Software

For the treatment (VR) condition, three identical Meta Quest 2 headsets were utilised.

Although more advanced models like the Meta Quest 3 or Apple Vision Pro have been released

since the Meta Quest 2’s launch in 2020 (Yenduri et al., 2024), the Meta Quest 2 provides a good

balance between functionality and affordability. Consequently, it has been widely used in similar

recent studies (Abramczuk et al., 2023; Hennig-Thurau et al., 2023).

The software used for the group task in the control (VC) condition was Google Meet with a

Miro add-on. This setup was selected as it allowed participants to collaborate on the same browser

tab where the video call was taking place. All that was required from participants was to input the

agreed rankings on that screen (Figure 3).

The software used for the group task in the treatment (VR) condition was MeetinVR. It was

selected as it is the only virtual reality meeting environment which offers a free trial version with

the required functionalities - customisable avatars and meeting rooms that can be setup in advance,

high image resolution, and collaboration capabilities. In order to complete the group task,

participants had to move the agreed ranking numbers on a screen (Figure 4). How-to instructions

were provided before the start of the task and on screens in the virtual environment.

Identical HP ZBook laptops were available in all experiment rooms and all data collection

(i.e. consent, surveys, individual task) was conducted via Qualtrics.

3.7. Analytic Strategy

Microsoft Excel was used to clean the raw survey data, and to prepare a clean dataset

including all variables required for the analysis. Then, all quantitative analyses were conducted in R

version 4.3.3 (Appendix D).

All responses from questions/statements with a Likert response format were assumed to be

interval-scaled. Some academics criticise the appropriateness of such assumptions as response

options are ordered and the intervals between values cannot be assumed to be equal (Jamieson,

2004). However, others support it if a 5 to 7-point Likert response format is used, especially when a

meaningful scale with at least 8 items is being analysed (Carifio & Perla, 2007).

3.7.1. Group dynamics scale validation

Given the breadth of aspects covered by the group dynamics scale (i.e. trust, cooperation,

communication, etc.), Exploratory Factor Analysis (EFA) was conducted to examine the underlying

structure of the 12 scale items. First, tests were completed to determine if the data is appropriate for
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factor analysis - the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was 0.84 and

Bartlett’s test of sphericity was significant (p < 0.001), suggesting that it is (Tabachnick et al.,

2019). Both Cattell’s scree test (Cattell, 1978) and parallel analysis (Horn, 1965) indicated an

optimal solution of only one factor though, so analysis was done at the 12-item scale. To assess the

scale reliability, Cronbach’s alpha was calculated and showed high internal consistency (α = 0 .92).

3.7.2. Main Analysis

Each of the three hypotheses regarding the effect of VR technology as a meeting media

(independent variable) on group dynamics (H1), group performance (H2), and tiredness (H3)

(dependent variables) was evaluated using separate simple linear regression analyses. To assess the

robustness of the findings, multiple regression analyses were conducted, incorporating selected

covariates relevant to each hypothesis being tested (see Appendix E1). To further refine the models,

highly non-significant predictors (p > 0.5) were excluded. Simple linear regression models were

used instead of t-tests for ease of results comparison. All models and their coefficients were

evaluated for two-sided significance at the 95% confidence level (p < 0.05), and assumption checks

were conducted for each model.

3.7.3. Additional analysis

To determine if there were differences in group discussion flows between the two

conditions, t-tests were conducted on the duration (in minutes) of each activity (Table 1) and the

overall task duration. To mitigate the risk of multiple comparisons problem (Chen et al., 2017), the

significance levels were adjusted using the Holm-Bonferroni method (Holland & Copenhaver,

1988).

4. Results

In total, 56 participants took part in the study, of which 2 were excluded from the analysis as

they failed more than one (out of three) attention checks, resulting in a final sample size of 54. Of

these, 27 were assigned to each of the two conditions (VC and VR).

Based on the a-priori G*Power analysis, the study had fewer participants than required to be

sufficiently powered. Post-hoc analysis, based on average effect sizes from this study, revealed that

the achieved power was only 0.24 (Appendix A). This indicates a very high likelihood of a Type II

error—failing to reject the null hypothesis when it is actually false (Schroeder et al., 2017).
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4.1. Sample characteristics

All participants in the study were LSE students aged between 19 and 38 (with a mean age of

24), most of which (94%) pursuing a postgraduate degree (MSc or PhD). Less than half of

individuals (33%) knew someone in their group and most (69%) had never used a VR headset

before. The sample was balanced across conditions with respect to all demographic characteristics

(age, gender, level of education, ethnicity), and other relevant ones, including whether participants

wore prescription glasses, their baseline levels of trust, prior experience with VR technology, and

whether they were acquainted with any other group members before the study (Table E2.1 in

Appendix E2).

4.2. Main results

4.2.1. H1: Effect of virtual reality (VR) medium on group dynamics

A simple linear regression analysis (R1) was performed to determine whether participation

in the VR treatment significantly affected group dynamics and to evaluate the direction and

magnitude of the predicted relationship. The data met all key assumptions, apart from normality,

which was not required for the validity of the regression (Osborne & Waters, 2002). No influential

outliers were identified (see Appendix E4.1).

The R1 results were non-significant, F(52) = 0.441, p = 0.510, Adj. R2= -0.0107, indicating

that VR Treatment does not explain a significant proportion of the variation in Group dynamics, and

therefore providing no initial support for H1 (Table 3).

Table 3. R1: Regression analysis results of VR Treatment impact on Group dynamics

Variables β SE 95% CI t p

(Intercept) 1.366 0.1 [1.165, 1.567] 13.632 <0.001 ***

VR Treatment 0.094 0.142 [-0.19, 0.378] 0.664 0.510

Notes: Results: F(52) = 0.441, p = 0.510, Adj. R2= -0.0107
* p < 0.05, ** p < 0.01, *** p < 0.001

To check the robustness of the above finding, a multiple linear regression (R2) was

conducted, controlling for all relevant covariates (see Appendix E1 for inclusion reasoning). The

data met all key assumptions, and no influential outliers were identified (see Appendix E4.2).

The R2 results were non-significant, F(38) = 1.606, p = 0.118, R2= 0.3881, Adj. R2= 0.1465,

and VR Treatment continued to remain a non-significant predictor, β = -0.091, p = 0.717 (see

Appendix E3, Table E3.1). As a further robustness check, highly non-significant predictors (p>0.50)
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were dropped for a better fitting model. The resulting model (R3) was significant overall, F(44) =

2.861, p = 0.010, R2= 0.3692, Adj. R2= 0.2401, but confirmed that VR treatment does not have a

significant effect on Group dynamics, β = -0.09, p = 0.652. However, feeling tired at the end of the

task had a significant negative impact on Group dynamics, β = -0.16, p =0.020 (see Appendix E3,

Table E3.2). Given that R3 tests multiple (9) hypotheses, an adjusted significance level using the

Holm-Bonferroni method should be used ( ) (Holland & Copenhaver, 1988). With theα∗ =  0. 006

adjustment, feeling tired at the end of the task is no longer a significant predictor.

Given that VR Treatment did not have a significant effect on Group dynamics within any

regression model (R1-R3), there is not enough evidence to accept H1: positive effect of VR

treatment on Group dynamics and the null hypothesis cannot be rejected (Table 4). Given the low

power of this study, this finding is inconclusive.

Table 4. VR Treatment coefficients, p-values, and sensitivity analyses for
all regressions of Group dynamics scale

Regression model β for VR
Treatment

p for VR
Treatment

Tested
predictors Model p Adj. R2

R1: Simple linear regression 0.094 0.510 1 0.510 -0.011

R2: Multiple linear regression,
with selected covariates 1 -0.091 0.717 15 0.118 0.1465

R3: Multiple linear regression,
highly non-significant
predictors (p>0.5) removed

-0.090 0.652 9 0.010 0.2401

Notes: * p < 0.05, ** p < 0.01, *** p < 0.001
1 Reasoning for covariates selection available in Appendix E1

4.2.2. H2: Effect of virtual reality (VR) medium on group performance

A simple linear regression analysis (R4) was performed to determine whether participation

in the VR treatment significantly affected group performance and to evaluate the direction and

magnitude of the predicted relationship. The data met the assumption of linearity and no influential

outliers were identified, but did not meet the other key assumptions of independence, normality and

homoscedasticity, and results should be interpreted with caution (Osborne & Waters, 2002) (see

Appendix E4.4).

The R4 results were significant, F(52) = 4.138, p = 0.047, Adj. R2= 0.0559, indicating that

approximately 6% of the variation in Group performance could be attributed to the VR Treatment.

The VR Treatment significantly predicted the Group performance score, β = -5.41, p = 0.047,

decreasing it by an average of 5.41 units, and thus providing initial evidence against H2 (Table 5).
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Table 5. R4: Regression analysis results of VR Treatment impact on Group performance

Variables β SE 95% CI t p

(Intercept) 44.815 1.880 [41.043, 48.587] 23.842 <0.001 ***

VR Treatment -5.407 2.658 [-10.742, -0.073] -2.034 0.047 *

Notes: Results: F(52) = 4.138, p = 0.047, Adj. R2= 0.0559
* p < 0.05, ** p < 0.01, *** p < 0.001

To check the robustness of the above findings, a multiple linear regression (R5) was

conducted, including all relevant covariates (see Appendix E1 for inclusion reasoning). The data

met all key assumptions except for independence, which is fulfilled by the design of the study

regardless (Osborne & Waters, 2002). No influential outliers were identified (see Appendix E4.5).

The R5 results were significant, F(37) = 6.303, p <0.001, R2= 0.7255, Adj. R2= 0.6069,

indicating that approximately 61% of the variation in Group performance could be attributed to the

VR Treatment and the selected predictors (better model fit than R4). The Treatment continued to

predict a significant decrease in the Group performance score, β = -11.47, p <0.001, and therefore

providing further evidence against H2. Additionally, believing in good intentions also predicted a

significant decrease in Group performance score, β = -3.11, p =0.025, while a number of covariates

predicted a significant increase - wearing prescription glasses, β = 4.75, p = 0.030; average

individual score in group, β = 1.10, p = 0.001; feeling present during group discussion, β = 3.37, p =

0.042; and duration of group task, β = 0.58, p =0.040 (see Appendix E3, Table E3.3).

The difference between R2 and the Adjusted R2 for R5 indicated that there may be variables

in the model that do not contribute to its explanatory power (Schroeder et al., 2017). To improve the

model fit, highly non-significant predictors (p>0.50) were removed. The resulting model (R6)

confirmed the significant impact of VR treatment on the Group performance score, β = -11.57, p

<0.001, and further highlighted the significant predictive power of believing in good intentions, β =

-3.07, p = 0.014; wearing prescription glasses, β = 4.48, p = 0.028; average individual score in

group, β = 1.06, p <0.001; feeling present during group discussion, β = 3.41, p = 0.030; and

duration of group task, β = 0.57, p =0.028 (see Appendix E3, Table E3.4). Given that R6 tests

multiple (12) hypotheses, adjusted significance levels using the Holm-Bonferroni method should be

used (Holland & Copenhaver, 1988). With the adjustments, only average individual score in group

remains a significant predictor.

Across all regression models (R4-R6) VR Treatment reliably predicted a significant

decrease in Group performance score of between 5.4 to 11.6 points, therefore the hypothesis being

tested, H2: positive effect of VR treatment on group performance, can be rejected (Table 6).
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Table 6. VR Treatment coefficients, p-values, and sensitivity analyses for
all regressions of Group performance score

Regression model β for VR
Treatment

p for VR
Treatment

Tested
predictors Model p Adj. R2

R4: Simple linear regression -5.407 0.047 * 1 0.047 0.0559

R5: Multiple linear regression,
with selected covariates 1 -11.471 <0.001 *** 16 <0.001 *** 0.6069

R6: Multiple linear regression,
highly non-significant
predictors (p>0.5) removed

-11.572 <0.001 *** 12 <0.001 *** 0.6390

Notes: * p < 0.05, ** p < 0.01, *** p < 0.001
1 Reasoning for covariates selection available in Appendix E1

4.2.3. H3: Effect of virtual reality (VR) medium on tiredness

A simple linear regression analysis (R7) was performed to determine whether participation

in the VR treatment significantly affected change in tiredness and to evaluate the direction and

magnitude of the predicted relationship. The data met all key assumptions, apart from normality and

homoscedasticity, so results should be interpreted with caution (Osborne & Waters, 2002). No

influential outliers were identified (see Appendix E4.5).

The R7 results were non-significant, F(52) = 0.948, p = 0.256, Adj. R2= 0.0060, indicating

that VR Treatment does not explain a significant proportion of the variation in change in tiredness,

and therefore providing no initial support for H3 (Table 7).

Table 7. R7: Regression analysis results of VR Treatment impact
on Change in tiredness

Variables β SE 95% CI t p

(Intercept) -0.111 0.182 [-0.477, 0.255] -0.609 0.545

VR Treatment 0.296 0.258 [-0.221, 0.814] 1.148 0.256

Notes: Results: F(52) = 0.948, p = 0.256, Adj. R2= 0.0060
* p < 0.05, ** p < 0.01, *** p < 0.001

To check the robustness of the above finding, a multiple linear regression (R8) was

conducted, controlling for all relevant covariates (see Appendix E1 for inclusion reasoning).

The R8 results were significant, F(41) = 2.27, p = 0.0256, R2= 0.3992, Adj. R2= 0.2233, but

the model did not meet the homoscedasticity and linearity assumptions (see Appendix E4.8). VR

Treatment continued to remain a non-significant predictor, β = 0.441, p = 0.249, however

significant decreases in the change in tiredness (feeling less tired) were predicted by levels of
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tiredness at the start of the task, β = -0.455, p = 0.007, and group dynamics, β = -0.589, p = 0.029

(see Appendix E3, Table E3.5).

As a further robustness check, highly non-significant predictors (p>0.50) were dropped for a

better fitting model. The resulting model (R9) was significant overall, F(44) = 3.156, p = 0.005,

R2= 0.3923, Adj. R2= 0.2680, but did not meet the homoscedasticity and linearity assumptions (see

Appendix E4.9). The model confirmed that VR treatment does not have a significant effect on

change in tiredness, β = 0.277, p = 0.272, and that tiredness at the start of the task, β = -0.472, p =

0.004, and group dynamics, β = -0.619, p = 0.016, have a negative effect. Wearing prescription

glasses also significantly predicted a decrease in the change in tiredness, β = -0.489, p = 0.04 (see

Appendix E3, Table E3.6). Given that R9 tests multiple (9) hypotheses, adjusted significance levels

using the Holm-Bonferroni method should be used (Holland & Copenhaver, 1988). With the

adjustments, only feeling tired at the start of the task remains a significant predictor, however as R9

did not meet the homoscedasticity assumption, which increases the possibility of a Type I error

(Osborne & Waters, 2002), the result should be interpreted with caution.

Given that VR Treatment did not have a significant effect on change in tiredness within any

regression model (R7-R9), there is no evidence in support of H3: negative effect of VR treatment on

tiredness, and the null hypothesis cannot be rejected (Table 8). This finding is inconclusive due to

the low power of this study.

Table 8. VR Treatment coefficients, p-values, and sensitivity analyses for
all regressions of Change in tiredness

Regression model β for VR
Treatment

p for VR
Treatment

Tested
predictors Model p Adj. R2

R7: Simple linear regression 0.296 0.256 1 0.256 0.0060

R8: Multiple linear regression,
with selected covariates 1 0.441 0.249 12 0.026 * 0.2233

R9: Multiple linear regression,
highly non-significant
predictors (p>0.5) removed

0.277 0.272 9 0.005 ** 2680

Notes: * p < 0.05, ** p < 0.01, *** p < 0.001
1 Reasoning for covariates selection available in Appendix E1

4.3. Additional Analysis

The flow of the conversation during the group task was different across the two conditions,

with a higher percentage of time spent on figuring out how to work with the technology in the VR

condition, at the expense of having a productive conversation (Figure 5).
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Figure 5. Breakdown of time spent on different activities during group task

To determine if there were significant differences across conditions in how much time (in

minutes) groups spent on each activity, and in total, t-tests were conducted (Table 9). Results

showed that participants in the VR condition spent significantly more time on the group task in

total, MD = 8.8 mins, p <0.001, on figuring out the technology, MD = 3.3 mins, p <0.001, and on

unproductive activities (i.e. interrupting each other, arguing), MD = 1.5 mins, p = 0.011. Significant

findings are illustrated in Figure 6.

Table 9. Differences between VR and VC condition on duration of time spent on
different activities during group task, and in total

VR Treatment
(N = 27)

VC Treatment
(N = 27)

Time spent on… M SD M SD df t p Adj. α*

Group task 24.522 3.223 15.689 4.379 ~48 -8.440 <0.001 0.008

Figuring out the tech 4.619 3.093 1.337 1.234 ~34 -5.121 <0.001 0.010

Unproductive activities 2.585 2.489 1.126 1.392 ~41 -2.659 0.011 0.013

Introductions 2.215 4.435 0.622 0.878 ~28 -1.831 0.078 0.017

Productive activities 14.448 5.151 12.244 4.306 ~50 -1.706 0.094 0.025

Other activities 0.656 1.456 0.363 1.387 ~52 -0.756 0.453 0.050

Notes: Adjusted significance level αi*=α/(k-i+1), where significance level α=0.05, number of hypotheses k=6, and i is the
order of p-values from smallest to largest, i∈ [1, k] (Holland & Copenhaver, 1988).
All reported time is measured in minutes. Significant results are in bold.
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It is important to note that the VR meeting room lacked a clock, providing no objective

means for participants to track time. As a result, nearly all sessions had to be interrupted by the

researcher (myself) approximately 15 minutes after they began, informing participants that time was

up and requesting them to conclude their discussion and finalise their answers. This, coupled with

the additional time spent learning to use the technology and engaging in unproductive

conversations, likely explains the longer average duration of the group task in the VR condition.

Figure 6. Significant differences between conditions in duration of activities (in minutes)

5. Discussion

5.1. Overview of findings

Since this study did not achieve the required number of participants to be sufficiently

powered, its results provide inconclusive evidence on the tested hypotheses and should be

interpreted with caution.

One of the main hypothesised benefits of conducting meetings over VR is that the

environment could foster better group dynamics. This study, however, finds no significant

differences among conditions, which could be due to the low power of the study, thus providing no

conclusive evidence on the topic. This is in line with the available literature (Abramczuk et al.,

2023; Aliman et al., 2023; Macchi & De Pisapia, 2024).

Another important pillar of VR’s case as an alternative to videoconferencing is that it leads

to similar group performance. Contrary to the available literature (Abdullah et al., 2021; Macchi &

De Pisapia, 2024), this study found significant evidence against that - on average groups meeting in

VR achieved between 5.6 and 11.6 points lower scores (out of maximum score of 112), compared to
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those interacting over videoconferencing. This could be explained by the differences in the

discussion patterns between the two conditions. Groups interacting in VR spent on average 3.3

minutes longer on trying to figure out how to use the technology and 1.5 minutes longer in

unproductive conversation such as arguing or interrupting each other. Even though they also spent

8.8 mins longer in total to complete the group task, there was no significant difference in the time

spent on productive conversation, indicating that the reduced performance could have been caused

by the disruptions associated with the unfamiliarity with the VR technology. Unsurprisingly, the

study also found that the average expertise in a group was a strong predictor of group performance.

In order for VR meetings to be effective alternatives to videoconferencing, they should not

lead to higher levels of tiredness, contrary to the findings in the literature (Abramczuk et al., 2023;

Aliman et al., 2023; Hennig-Thurau et al., 2023). The findings of this study are inconclusive as

there were no significant differences between conditions, which could have been due to the low

power of the study and higher chance of a false negative, or due to the short durations of the

interactions in VR (between 19.5 and 29.7 minutes, with an average of 24.5).

5.2. Limitations and future work

This study had many limitations, mostly arising from the budget constraints associated with

an unfunded experimental study and the time constraints associated with the tight deadlines of an

MSc dissertation. Those limitations should be considered to ensure responsible interpretation of the

results and to guide future research.

Firstly, significantly less than the required number of participants were recruited, which

meant that the study did not achieve the required statistical power to lead to conclusive results.

Moreover, all recruited participants were LSE students, between the ages of 19 and 38. This is not a

representative sample of the knowledge worker population who may have different experiences

with and attitudes to VR technologies (Aburbeian et al., 2022) which decreases the external validity

of this study. However, it can be argued that although the behaviour of current students may not be

generalizable to the wider population, it is still in itself interesting as they will soon be entering the

workforce.

Secondly, given the unpaid nature of the study, the planned duration of the experimental

sessions had to be capped at 30 minutes to make recruitment feasible. Thus, a short enough scale

that holistically measures all aspects of group dynamics was required. Such a scale could not be

found in the literature, and a new scale was created, which had high internal consistency

(Cronbach’s α = 0 .92), but was not validated prior to the study due to budget constraints. An

interesting avenue of future research though would be to test and measure group dynamics
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empirically, rather than rely on self-reports. Some ideas for more robust and holistic findings could

include measuring relevant hormonal changes (i.e. oxytocin, cortisol), neuroimaging (Alós-Ferrer &

Farolfi, 2019) or performing sentiment analysis on recorded conversations (Menon et al., 2022).

Thirdly, due to the limited duration of the experimental sessions, comprehensive training on

how to use the VR technology was not provided before the start of the study. This might have

impacted the performance of those groups as 69% of participants were using such technology for

the first time, 40% of groups encountered some form of a technical issue (i.e. having to restart a

headset), and based on self-reports, participants in the VR condition spent on average 3.3 minutes

longer trying to figure out how to use the technology. In future studies, researchers should

incorporate a training session and make sure participants can comfortably use the technology before

the start of the study.

Similarly, the short duration of the experimental sessions and group discussions —

averaging 15.7 minutes for the control and 24.5 minutes for the treatment group — may not have

been sufficient for differences in group dynamics to manifest, given that group formation is a

complex process (Arrow et al., 2000). Future studies could address this by incorporating multiple

longer group tasks with breaks in between (Abdullah et al., 2021). It will be of particular interest to

also observe if the group dynamics change for different types of tasks or with each following task.

Last but not least, budget constraints necessitated the use of a free version of VR software

and older model VR headsets, which provided lower quality audio and video (Yenduri et al., 2024)

and limited functionalities (e.g. users could not customise their avatars). This may have affected the

participants' experience in the VR treatment, and therefore, future studies should aim to use the

latest hardware and software to offer current insights for businesses managing remote workforces.

Furthermore, most existing research, including this study, focuses on replicating face-to-face

office settings in a virtual environment, without exploring the additional capabilities the technology

could provide. McVeigh-Schultz & Isbister (2022) argue that the critical question researchers

should be asking is not whether VR is a better alternative to videoconferencing, but rather what

unique benefits VR can offer that would entice even individuals in the same location to prefer it.

6. Conclusion

Since the coronavirus pandemic, working from home has become increasingly prevalent,

leading to challenges such as reduced social interactions, diminished sense of belonging, reduced

collaboration, and 'Zoom fatigue' among remote workers. Conducting some of the group activities

in virtual reality could potentially address these issues.
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This study contributes to the very limited body of literature, investigating the effects of

meetings in VR on 1) group dynamics, 2) group performance and 3) levels of tiredness caused by

the technology. As one of the few lab studies examining this topic, its robust experimental design

offers a solid foundation for future research to build upon. Due to its limited sample size, the study

provides inconclusive results regarding the effect of VR meetings on group dynamics and users’

levels of tiredness. However, in contrast to the existing literature, it finds that groups interacting in

VR perform worse than those using videoconferencing. This can be attributed to participants'

unfamiliarity with the novel technology and the technical issues faced by groups, likely disrupting

their discussions. These findings highlight the importance of training if VR technology is to be

widely implemented across organisations. Still further research on the topic is required and this

study outlines the exciting research path ahead.

Shall we meet in VR? Not yet.
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Appendices

A. Power analysis and effect size benchmark

Figure A1. A-priori power analysis in G*Power Figure A2. Post-hoc power analysis in G*Power

Table A1. Effect size benchmark calculations
based on data from Macchi & De Pisapia (2024)

Benchmark for Observed measure Effect size (d)

Productivity

Perceived outcome importance (VR vs VC) 0.73

Absorption by activity (VR vs VC) 0.55

Task area: attempted answers (VR vs VC) 1.35

Task area: questions (VR vs VC) 0.96

Average benchmark estimate for Productivity 0.90

Trust, Cooperation, Team
spirit and belonging Social emotional area: positive reactions 1.04

Notes: Based on the figures above, a conservative assumption of a medium effect size was made for the
purpose of Power analysis.
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B. Full experimental questionnaires
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C. Desert survival task and survival experts rankings

D. Data and R code

R code used for the quantitative analyses available here.

Data available upon request.
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E. Regression analyses

E1. Covariates and reasons for their inclusion

Table E1.1. R2, R5, R8: List of covariates and reasons for their inclusion/exclusion

Covariates
Included

Reasoning
R2 R5 R8

Age ✅ ✅ ✅ Different age groups may have varying levels of comfort and familiarity with technology (Macchi & De Pisapia, 2024; Staddon, 2020).

Gender ❌ ❌ ❌ There is no evidence for significant gender differences in information and communication technology use and skills (Qazi et al., 2022).

Ethnicity ❌ ❌ ❌ Despite the abundant literature on the role of socio-economic status on technology use (Ma, 2021), there is limited research on the role of ethnicity in the
context of higher education in the UK.

Level of Education ❌ ❌ ❌ All participants are LSE students (with the majority pursuing postgraduate studies). Including level of education would increase model complexity
without significant explanatory power.

Group size ✅ ✅ ✅ Group size might impact group dynamics as communication patterns differ in dyads, triads and larger groups (Cooney et al., 2020; McGrath, 1984).
Other participants known
before (#) ✅ ✅ ✅ Group dynamics might differ among strangers and previously known individuals, and their mix within a group (Moreland & Levine, 2002).

Prescription glasses ❌ ✅ ✅ Participants wearing prescription glasses might experience discomfort or blurrier vision when wearing a VR headset (Güzel et al., 2023).

Tiredness at the end of task ✅ ✅ ✅ Tiredness might impact performance and engagement with the group task, and the experiment as a whole (Hockey, 2013).

Change in Tiredness ❌ ❌ ❌ This measure is highly correlated with the measure above (0.71) and might cause multicollinearity if also included in regression analysis.
Baseline - Relies on others ✅ ✅ ❌

Baseline trust measures control for individual differences among participants which might impact their behaviour in the group task (Dirks & Ferrin,
2001). Not included in R8 as there is no reason to believe it affects propensity for getting tired.

Baseline - Trusts others ✅ ✅ ❌
Baseline - Believes in
good intentions ✅ ✅ ❌

Average individual
score in group ❌ ✅ ❌ The two variables provide a baseline for group resources, existing knowledge within each group, which prior studies have found impact the group

performance (Innami, 1994). Average score not included in R2, due to high correlation with group performance (0.66) and individual score (0.56). Not
included in R8 as there is no reason to believe it affects propensity for getting tired.Best individual

score in group ✅ ✅ ❌

Expertise score ✅ ❌ ❌ Individual expertise might impact an individuals’ behaviour in a group setting and affect group dynamics.

Group performance score ✅ ❌ ❌ Overall performance in a group might be an indicator of the dynamics within that group.

Finding group
discussion enjoyable ✅ ✅ ✅ Having a positive experience of the group discussion might impact engagement and performance (Geue, 2018).

Feeling present ✅ ✅ ✅ Feeling present during group discussion might impact engagement and performance (Witmer & Singer, 1998).

Group dynamics ❌ ❌ ✅ Group dynamics might impact how tired participants feel after the group interactions.

Prior VR experience ✅ ✅ ✅ Familiarity with VR technology might impact confidence using the technology and performance (Sagnier et al., 2020).
Technical issues ✅ ✅ ✅ Disruptions due to technical issues might impact task performance and engagement (Sell et al., 2013).

Group task duration ✅ ✅ ✅ The duration of the group task might control for unobservable group dynamics and characteristics (i.e. efficiency, depth of conversation, team bonding,
etc.), and impact how tired participants feel at the end.
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E2. Descriptive statistics and balance checks

Table E2.1. Sample characteristics and balance checks

Mean (SD)/ Obs. (%) Balance Checks
Demographic
characteristics

Full Sample
(N = 54)

Control (VC)
(N=27)

Treatment
(VR=27)

Results p-value

Age 24.78 (3.53) 25.52 (4.00) 24.04 (2.86) t(47) = 1.56 p = 0.12
Gender X2(1) = 0.67 p = 0.41

Female 26 (48.15%) 11 (40.74%) 15 (55.56%)
Male 28 (51.85%) 16 (59.26%) 12 (44.44%)

Education level X2(3) = 3.18 p = 0.37
High school 1 (1.85%) 1 (3.70%)
Post-secondary A
level / IB 2 (3.70%) 2 (7.41%)

Bachelors 36 (66.67%) 19 (70.37%) 17 (62.96%)
Masters 15 (27.78%) 8 (29.63%) 7 (25.93%)

Ethnicity X2(4) = 2.06 p = 0.72

Asian or Asian
American

16 (29.63%) 7 (25.93%) 9 (33.33%)

Hispanic or Latino 8 (14.81%) 5 (18.52%) 3 (11.11%)
Middle Eastern or
North African

1 (1.85%) 1 (3.70%)

White 20 (37.04%) 9 (33.33%) 11 (40.74%)
Other 9 (16.67%) 5 (18.52%) 4 (14.81%)

Other characteristics

Prescription glasses X2(1) = 0.08 p = 0.78
Yes 24 (44.44%) 11 (40.74%) 13 (48.15%)
No 30 (55.56%) 16 (59.26%) 14 (51.85%)

Trust 1

Relies on others 2 -0.22 (1.18) -0.19 (1.21) -0.26 (1.13) t(52) = 0.23 p = 0.82
Trusts others 3 0.72 (0.96) 0.70 (1.07) 0.74 (0.86) t(50) = -0.14 p = 0.89
Believes in good
intentions 4 0.78 (0.84) 0.81 (0.83) 0.74 (0.86) t(52) = 0.32 p = 0.75

Know other
participants in
same group

X2(1) = 0.75 p = 0.39

Yes 18 (33.33%) 7 (25.93%) 11 (40.74%)
No 36 (66.67%) 20 (74.07%) 16 (59.26%)

Prior VR experience
(# of uses) 1.07 (2.16) 1.11 (2.31) 1.04 (2.05) t(51) = 0.12 p = 0.90

Notes: 1 Measured on 5-point Likert scale (-2 - Strongly disagree; 2 - Strongly agree)
2Measured by the question: “'I see myself as someone who... - Relies on others”
3Measured by the question: “'I see myself as someone who... - Trusts others”
4Measured by the question: “'I see myself as someone who... - Believes that others have good intentions”
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E3. Results

Table E3.1. R2: Regression analysis results of VR Treatment impact
on Group dynamics, covariates included

Variables β SE 95% CI t p
(Intercept) 1.077 0.857 [-0.658, 2.812] 1.257 0.217
VR Treatment -0.091 0.249 [-0.596, 0.414] -0.366 0.717
Group size -0.072 0.24 [-0.558, 0.413] -0.302 0.764
Other participants
known before (#)

0.017 0.108 [-0.202, 0.236] 0.16 0.874

Tiredness at the end
of task

-0.15 0.072 [-0.296, -0.003] -2.068 0.045 *

Baseline - Relies on
others

0.096 0.06 [-0.026, 0.218] 1.59 0.120

Baseline - Trusts
others

-0.085 0.081 [-0.25, 0.079] -1.049 0.301

Baseline - Believes
in good intentions

0.005 0.101 [-0.198, 0.209] 0.052 0.959

Technical issues 0.201 0.22 [-0.244, 0.646] 0.913 0.367
Prior VR experience 0.02 0.034 [-0.049, 0.088] 0.579 0.566
Best individual score
in group

-0.006 0.015 [-0.035, 0.024] -0.386 0.701

Expertise score 0.006 0.008 [-0.01, 0.023] 0.795 0.431
Group performance
score

-0.002 0.01 [-0.022, 0.017] -0.253 0.802

Finding group
discussion enjoyable

0.094 0.102 [-0.113, 0.301] 0.918 0.364

Feeling present 0.094 0.114 [-0.138, 0.325] 0.821 0.417
Group task duration 0.019 0.021 [-0.025, 0.062] 0.865 0.392
Notes: Results: F(38) = 1.606, p = 0.118, R2= 0.3881, Adj. R2= 0.1465
* p < 0.05, ** p < 0.01, *** p < 0.001

Table E3.2. R3: Regression analysis results of VR Treatment Impact
on Group dynamics, covariates included, highly non-significant predictors (p>0.5) removed

Variables β SE 95% CI t p
(Intercept) 0.644 0.524 [-0.412, 1.700] 1.230 0.225
VR Treatment -0.090 0.197 [-0.488, 0.308] -0.454 0.652
Tiredness at the end
of task -0.160 0.067 [-0.295, -0.026] -2.408 0.020 *

Baseline - Relies on
others 0.091 0.055 [-0.020, 0.203] 1.653 0.105

Baseline - Trusts
others -0.077 0.070 [-0.218, 0.065] -1.094 0.280

Technical issues 0.210 0.180 [-0.153, 0.572] 1.167 0.250
Expertise score 0.003 0.007 [-0.010, 0.016] 0.474 0.638
Finding group
discussion enjoyable 0.106 0.091 [-0.077, 0.289] 1.171 0.248

Feeling present 0.099 0.104 [-0.111, 0.308] 0.947 0.349
Group task duration 0.017 0.019 [-0.021, 0.055] 0.905 0.370
Notes: Results: F(44) = 2.861, p = 0.010, R2= 0.3692, Adj. R2= 0.2401
* p < 0.05, ** p < 0.01, *** p < 0.001
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Table E3.3 R5: Regression analysis results of VR Treatment impact
on Group performance, covariates included

Variables β SE 95% CI t p
(Intercept) -22.259 13.373 [-49.355, 4.837] -1.664 0.104
VR Treatment -11.471 3.006 [-17.562, -5.38] -3.816 <0.001 ***
Age -0.299 0.278 [-0.861, 0.264] -1.077 0.289
Prescription glasses 4.749 2.105 [0.484, 9.014] 2.256 0.030 *
Group size 2.995 3.108 [-3.303, 9.293] 0.964 0.342
Other participants
known before (#) 2.38 1.418 [-0.493, 5.254] 1.678 0.102

Tiredness at the end
of task 1.528 1.011 [-0.519, 3.576] 1.512 0.139

Baseline - Relies on
others

0.48 0.809 [-1.16, 2.119] 0.593 0.557

Baseline - Trusts
others

0.282 1.073 [-1.892, 2.456] 0.263 0.794

Baseline - Believes
in good intentions

-3.113 1.332 [-5.813, -0.414] -2.337 0.025 *

Average individual
score in group

1.101 0.297 [0.499, 1.702] 3.707 0.001 ***

Best individual score
in group

-0.053 0.237 [-0.533, 0.428] -0.222 0.826

Technical issues -3.823 3.093 [-10.091, 2.444] -1.236 0.224
Prior VR experience 0.022 0.452 [-0.893, 0.937] 0.049 0.962
Finding group
discussion enjoyable

1.827 1.262 [-0.729, 4.383] 1.448 0.156

Feeling present 3.374 1.603 [0.126, 6.621] 2.105 0.042 *
Group task duration 0.578 0.272 [0.028, 1.129] 2.129 0.040 *
Notes: Results: F(37) = 6.303, p <0.001, R2= 0.7255, Adj. R2= 0.6069
* p < 0.05, ** p < 0.01, *** p < 0.001

Table E3.4. R6: Regression analysis results of VR Treatment impact
on Group performance, covariates included, highly non-significant predictors (p>0.5) removed

Variables β SE 95% CI t p
(Intercept) -21.263 12.562 [-46.633, 4.106] -1.693 0.098
VR Treatment -11.572 2.79 [-17.208, -5.937] -4.147 <0.001 ***
Age -0.342 0.257 [-0.862, 0.177] -1.33 0.191
Prescription glasses 4.483 1.968 [0.509, 8.458] 2.278 0.028 *
Group size 2.972 2.766 [-2.614, 8.558] 1.075 0.289
Other participants
known before (#) 2.195 1.285 [-0.4, 4.79] 1.709 0.095

Tiredness at the end
of task 1.465 0.953 [-0.459, 3.389] 1.538 0.132

Baseline - Believes
in good intentions -3.069 1.193 [-5.477, -0.66] -2.573 0.014 *

Average individual
score in group 1.056 0.203 [0.647, 1.465] 5.214 <0.001 ***

Technical issues -3.696 2.818 [-9.386, 1.994] -1.312 0.197
Finding group
discussion enjoyable 1.753 1.189 [-0.649, 4.155] 1.474 0.148

Feeling present 3.41 1.516 [0.349, 6.472] 2.249 0.030 *
Group task duration 0.572 0.251 [0.065, 1.079] 2.278 0.028 *
Notes: Results: F(41) = 8.818, p <0.001, R2= 0.7207, Adj. R2= 0.6390
* p < 0.05, ** p < 0.01, *** p < 0.001
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Table E3.5. R8: Regression analysis results of VR Treatment impact
on Change in tiredness, covariates included

Variables β SE 95% CI t p
(Intercept) 2.447 1.552 [-0.686, 5.581] 1.577 0.122
VR Treatment 0.441 0.377 [-0.32, 1.201] 1.17 0.249
Age 0.016 0.036 [-0.057, 0.089] 0.449 0.656
Group size -0.039 0.354 [-0.754, 0.677] -0.109 0.914
Other participants
known before (#)

0.16 0.178 [-0.2, 0.52] 0.896 0.376

Prescription glasses -0.463 0.245 [-0.958, 0.033] -1.887 0.066
Technical issues 0.343 0.342 [-0.348, 1.035] 1.002 0.322
Prior VR experience -0.053 0.058 [-0.171, 0.064] -0.912 0.367
Tiredness at the start
of task

-0.455 0.161 [-0.78, -0.129] -2.818 0.007 **

Group dynamics -0.589 0.261 [-1.116, -0.062] -2.258 0.029 *
Finding group
discussion enjoyable

-0.169 0.164 [-0.501, 0.163] -1.026 0.311

Feeling present -0.246 0.199 [-0.648, 0.157] -1.232 0.225
Group task duration -0.019 0.036 [-0.091, 0.053] -0.538 0.593
Notes: Results: F(41) = 2.27, p = 0.0256, R2= 0.3992, Adj. R2= 0.2233
* p < 0.05, ** p < 0.01, *** p < 0.001

Table E3.6. R9: Regression analysis results of VR Treatment impact on Change in tiredness,
covariates included, highly non-significant predictors (p>0.5) removed

Variables β SE 95% CI t p
(Intercept) 2.524 0.653 [1.209, 3.84] 3.868 <0.001 ***

VR Treatment 0.277 0.249 [-0.225, 0.78] 1.113 0.272

Other participants
known before (#)

0.153 0.164 [-0.178, 0.484] 0.93 0.358

Prescription glasses -0.489 0.231 [-0.955, -0.024] -2.117 0.04 *

Technical issues 0.277 0.312 [-0.351, 0.906] 0.889 0.379

Prior VR experience -0.052 0.055 [-0.163, 0.06] -0.935 0.355

Tiredness at the start
of task

-0.472 0.154 [-0.783, -0.161] -3.062 0.004 **

Finding group
discussion enjoyable

-0.2 0.151 [-0.504, 0.104] -1.323 0.193

Feeling present
during group
discussion

-0.218 0.187 [-0.595, 0.158] -1.168 0.249

Group dynamics -0.619 0.248 [-1.119, -0.119] -2.497 0.016 *

Notes: Results: F(44) = 3.156, p = 0.005, R2= 0.3923, Adj. R2= 0.2680
* p < 0.05, ** p < 0.01, *** p < 0.001
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E4. Assumptions checks

E4.1. R1: Group dynamics - Simple linear regression

● Linearity

Figure E4.1.1. Residuals vs Fitted plot

Notes: The fitted line is almost horizontal at 0, indicating the linearity assumption is met.

● Independence

Durbin-Watson Test

The data met the assumption of independent errors as the Durbin-Watson value was close to 2
(Durbin-Watson value = 2.02, p-value = 0.4673).

● Homoscedasticity

Breusch-Pagan test

The data met the assumption of homoscedasticity.
(Breusch-Pagan value = 0.199, p-value = 0.6613).

● Normality

Figure E4.1.2. Normal probability plot of residuals

Notes: The data did not meet the assumption of normality as the standardised residuals did not closely follow the
normality line.
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● Influential outliers

Figure E4.1.3. Cook's distances versus observation number plot

Notes: There are no influential outliers as all data points have lower Cook’s distance than 0.5.

E4.2. R2: Group dynamics - Multiple linear regression, with selected covariates

● Linearity

Figure E4.2.1. Residuals vs Fitted plot

Notes: The fitted line is almost horizontal at 0, indicating the linearity assumption is met.

● Independence

Durbin-Watson Test

The data met the assumption of independent errors as the Durbin-Watson value was close to 2
(Durbin-Watson value = 2.18, p-value = 0.4831).

● Homoscedasticity

Breusch-Pagan test

The data met the assumption of homoscedasticity.
(Breusch-Pagan value = 10.317, p-value = 0.7993).
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● Normality

Figure E4.2.2. Normal probability plot of residuals

Notes: The data meets the assumption of normality as the standardised residuals closely follow the normality line.

● Influential outliers

Figure E4.2.3. Cook's distances versus observation number plot

Notes: There are no influential outliers as all data points have lower Cook’s distance than 0.5.

● Multicollinearity

Table E4.2.1. R2: Variance Inflation Factors (VIFs) for Group dynamic predictors

Variable VIF
VR Treatment 3.67
Group size 1.71
Other participants known before (#) 1.4
Tiredness at the end of task 1.36
Baseline - Relies on others 1.17
Baseline - Trusts others 1.42
Baseline - Believes in good intentions 1.65
Technical issues 2.19
Prior VR experience 1.23
Best individual score in group 2.79
Expertise score 1.59
Group performance score 2.17
Finding group discussion enjoyable 1.89
Feeling present during group discussion 1.34
Group task duration (mins) 3.66
Notes: No multicollinearity assumption is met as all VIFs were below the threshold of 5 (Daoud, 2017).
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E4.3. R3: Group dynamics - Multiple linear regression, with selected covariates, highly
non-significant predictors (p>0.5) removed

● Linearity

Figure E4.3.1. Residuals vs Fitted plot

Notes: The fitted line is almost horizontal at 0, indicating the linearity assumption is met.

● Independence

Durbin-Watson Test

The data met the assumption of independent errors as the Durbin-Watson value was close to 2
(Durbin-Watson value = 2.11, p-value = 0.5515).

● Homoscedasticity

Breusch-Pagan test

The data met the assumption of homoscedasticity.
(Breusch-Pagan value = 8.5676, p-value = 0.4781).

● Normality

Figure E4.3.2. Normal probability plot of residuals

Notes: The data meets the assumption of normality as the standardised residuals closely follow the normality line.
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● Influential outliers

Figure E4.3.3. Cook's distances versus observation number plot

Notes: There are no influential outliers as all data points have lower Cook’s distance than 0.5.

● Multicollinearity

Table E4.3.1. R3: Variance Inflation Factors (VIFs) for Group dynamic predictors

Variable VIF
VR Treatment 2.58
Tiredness at the end of task 1.29
Baseline - Relies on others 1.1
Baseline - Trusts others 1.18
Technical issues 1.65
Expertise score 1.19
Finding group discussion enjoyable 1.68
Feeling present during group discussion 1.25
Group task duration (mins) 3.2
Notes: No multicollinearity assumption is met as all VIFs were below the threshold of 5 (Daoud, 2017).

E4.4. R4: Group performance - Simple linear regression

● Linearity

Figure E4.4.1. Residuals vs Fitted plot

Notes: The fitted line is almost horizontal at 0, indicating the linearity assumption is met.
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● Independence

Durbin-Watson Test

The data did not meet the assumption of independent errors as the Durbin-Watson value was not close to 2
(Durbin-Watson value = 1.03, p-value <0.001).

● Homoscedasticity

Breusch-Pagan test

The data did not meet the assumption of homoscedasticity
(Breusch-Pagan value = 10.29, p-value = 0.001).

● Normality

Figure E4.4.2. Normal probability plot of residuals

Notes: The data did not meet the assumption of normality as the standardised residuals did not closely follow the
normality line.

● Influential outliers

Figure E4.4.3. Cook's distances versus observation number plot

Notes: There are no influential outliers as all data points have lower Cook’s distance than 0.5.
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E4.5. R5: Group performance - Multiple linear regression, with selected covariates

● Linearity

Figure E4.5.1. Residuals vs Fitted plot

Notes: The fitted line is almost horizontal at 0, indicating the linearity assumption is met.

● Independence

Durbin-Watson Test

The data did not meet the assumption of independent errors as the Durbin-Watson value was not close to 2
(Durbin-Watson value = 1.37, p-value <0.001).

● Homoscedasticity

Breusch-Pagan test

The data met the assumption of homoscedasticity
(Breusch-Pagan value = 14.54, p-value = 0.5582).

● Normality

Figure E4.5.2. Normal probability plot of residuals

Notes: The data meets the assumption of normality as the standardised residuals closely follow the normality line.
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● Influential outliers

Figure E4.5.3. Cook's distances versus observation number plot

Notes: There are no influential outliers as all data points have lower Cook’s distance than 0.5.

● Multicollinearity

Table E4.5.1. R5: Variance Inflation Factors (VIFs) for Group performance predictors

Variable VIF
VR Treatment 3.07
Age 1.28
Prescription glasses 1.49
Group size 1.66
Other participants known before (#) 1.39
Tiredness at the end of task 1.53
Baseline - Relies on others 1.21
Baseline - Trusts others 1.42
Baseline - Believes in good intentions 1.67
Average individual score in group 3.88
Best individual score in group 4.16
Technical issues 2.50
Prior VR experience 1.27
Finding group discussion enjoyable 1.66
Feeling present during group discussion 1.52
Group task duration (mins) 3.39
Notes: No multicollinearity assumption is met as all VIFs were below the threshold of 5 (Daoud, 2017).
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E4.6. R6: Group performance - Multiple linear regression, with selected covariates, highly
non-significant predictors (p>0.5) removed

● Linearity

Figure E4.6.1. Residuals vs Fitted plot

Notes: The fitted line is almost horizontal at 0, indicating the linearity assumption is met.

● Independence

Durbin-Watson Test

The data did not meet the assumption of independent errors as the Durbin-Watson value was not close to 2
(Durbin-Watson value = 1.31, p-value <0.001).

● Homoscedasticity

Breusch-Pagan test

The data met the assumption of homoscedasticity.
(Breusch-Pagan value = 10.091, p-value = 0.608).

● Normality

Figure E4.6.2. Normal probability plot of residuals

Notes: The data meets the assumption of normality as the standardised residuals closely follow the normality line.
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● Influential outliers

Figure E4.6.3. Cook's distances versus observation number plot

Notes: There are no influential outliers as all data points have lower Cook’s distance than 0.5.

● Multicollinearity

Table E4.6.1. R6: Variance Inflation Factors (VIFs) for Group performance predictors

Variable VIF
VR Treatment 2.88
Age 1.2
Prescription glasses 1.42
Group size 1.43
Other participants known before (#) 1.24
Tiredness at the end of task 1.48
Baseline - Believes in good intentions 1.46
Average individual score in group 1.96
Technical issues 2.26
Finding group discussion enjoyable 1.61
Feeling present during group discussion 1.48
Group task duration (mins) 3.15
Notes: No multicollinearity assumption is met as all VIFs were below the threshold of 5 (Daoud, 2017).
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E4.7. R7: Change in tiredness - Simple linear regression

● Linearity

Figure E4.7.1. Residuals vs Fitted plot

Notes: The fitted line is almost horizontal at 0, indicating the linearity assumption is met.

● Independence

Durbin-Watson Test

The data met the assumption of independent errors as the Durbin-Watson value was close to 2
(Durbin-Watson value = 2.06, p-value = 0.527).

● Homoscedasticity

Breusch-Pagan test

The data did not meet the assumption of homoscedasticity
(Breusch-Pagan value = 5.391, p-value = 0.02).

● Normality

Figure E4.7.2. Normal probability plot of residuals

Notes: The data did not meet the assumption of normality as the standardised residuals did not closely follow the
normality line.
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● Influential outliers

Figure E4.7.3. Cook's distances versus observation number plot

Notes: There are no influential outliers as all data points have lower Cook’s distance than 0.5.

E4.8. R8: Change in tiredness - Multiple linear regression, with selected covariates

● Linearity

Figure E4.8.1. Residuals vs Fitted plot

Notes: The fitted line is not almost horizontal at 0, indicating the linearity assumption is not met.

● Independence

Durbin-Watson Test

The data met the assumption of independent errors as the Durbin-Watson value was close to 2
(Durbin-Watson value = 2.13, p-value = 0.4641).

● Homoscedasticity

Breusch-Pagan test

The data did not meet the assumption of homoscedasticity.
(Breusch-Pagan value = 22.11, p-value = 0.0364).
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● Normality

Figure E4.8.2. Normal probability plot of residuals

Notes: The data meets the assumption of normality as the standardised residuals closely follow the normality line.

● Influential outliers

Figure E4.8.3. Cook's distances versus observation number plot

Notes: There are no influential outliers as all data points have lower Cook’s distance than 0.5.

● Multicollinearity

Table E4.8.1. R8: Variance Inflation Factors (VIFs) for Change in tiredness predictors

Variable VIF
VR Treatment 2.72
Age 1.22
Group size 1.22
Number of other participants known before 1.24
Prescription glasses 1.14
Technical issues 1.73
Prior VR experience 1.2
Tiredness at the start of task 1.17
Group dynamics 1.38
Finding group discussion enjoyable 1.6
Feeling present during group discussion 1.33
Group task duration (mins) 3.3
Notes: No multicollinearity assumption is met as all VIFs were below the threshold of 5 (Daoud, 2017).
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E4.9. R9: Change in tiredness - Multiple linear regression, with selected covariates, highly
non-significant predictors (p>0.5) removed

● Linearity

Figure E4.9.1. Residuals vs Fitted plot

Notes: The fitted line is not almost horizontal at 0, indicating the linearity assumption is not met.

● Independence

Durbin-Watson Test

The data met the assumption of independent errors as the Durbin-Watson value was close to 2
(Durbin-Watson value = 2.09, p-value = 0.5169).

● Homoscedasticity

Breusch-Pagan test

The data did not meet the assumption of homoscedasticity
(Breusch-Pagan value = 20.997, p-value = 0.0126).

● Normality

Figure E4.9.2. Normal probability plot of residuals

Notes: The data meets the assumption of normality as the standardised residuals closely follow the normality line.
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● Influential outliers

Figure E4.9.3. Cook's distances versus observation number plot

Notes: There are no influential outliers as all data points have lower Cook’s distance than 0.5.

● Multicollinearity

Table E4.9.1. R9: Variance Inflation Factors (VIFs) for Change in tiredness predictors

Variable VIF
VR Treatment 1.27
Number of other participants known before 1.12
Prescription glasses 1.07
Technical issues 1.52
Prior VR experience 1.15
Tiredness at the start of task 1.14
Finding group discussion enjoyable 1.43
Feeling present during group discussion 1.24
Group dynamics 1.32
Notes: No multicollinearity assumption is met as all VIFs were below the threshold of 5 (Daoud, 2017).
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