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The effects of social density, spatial
density, noise, and office views on
perceived personal space in the
virtual workplace
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Here we sought to understand how perceived personal space is influenced by
a number of variables that could influence Indoor Environmental Quality (IEQ);
specifically, we tested how different levels of social density, spatial density, noise
presence, and type of view impact the appreciation of personal space in a shared
office environment. We employed virtual reality (VR) to simulate shared and single
occupancy offices and devised a novel measure of personal space estimation. We also
used a traditional personal space satisfaction score. Participants experienced greater
perceived personal space when (1) in a sparsely populated rather than a dense office,
(2) in a private office rather than an open plan office, and (3) having any view outside
of the office. We did not find an effect of the presence of noise or increased social
density (with spatial density held constant) on the perception of personal space.
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Introduction

Workplace design has seen a substantial transition in the recent years across both private and
state sectors, from the provision of individual offices, to shared or open-plan work environments
(Chapman et al., 2015; Richardson et al., 2017). Several advantages of open-plan offices have been
used as justification for their implementation. The most notable are the flexibility of the space
and the facilitation of collaboration in a work market which increasingly demands teamwork
(Zahn, 1991; Vischer, 1999; Pinder et al., 2009; van Duinkerken and MacDonald, 2013). Still, a
considerable body of research has shown disadvantages to shared offices such as increased noise
and distraction (Hedge, 1982) and employees are seldom consulted about their implementation
(Nikolaeva and Russo, 2017).

A recent systematic review of 19 studies investigating the effects of shared office space
revealed that such a layout in the workplace could have detrimental effects on employees’ health
(Richardson et al., 2017). Interestingly, team-member relations and friendship were lower within
shared compared to individual offices in most cases (Richardson et al., 2017). Earlier reviews
agree with these findings (Croon et al, 2005; Oommen et al., 2008; Al Horr et al, 2016),
thus suggesting that perhaps some characteristics inherent to shared offices are detrimental to
workers” wellbeing and productivity. Here we employ a factorial design whereby we examine
combinations of factors that characterize shared offices in separate experiments, and provide
suggestions for future research on personal space in the workplace (cf. Hong et al., 2017).
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Personal space

Traditional negative issues that can arise due to insufficient
personal space include loss of privacy, loss of identity, lack of security,
and crowdedness (Croon et al., 2005; Oommen et al., 2008; Kok et al.,
2015; Al Horr et al., 2016). In fact, a recent study found that occupants
report that, regardless of office layout, perceived amount of personal
space is the strongest determinant of workplace satisfaction (Kim
and de Dear, 2013). Understanding the nature of spatial knowledge
is a classical issue in psychology, and the core practical problem
to address with effective architecture in built environments (Proulx
etal., 2016).

Shared space

Despite these issues, and in situations where working from
home is not possible or allowed, a return to individual offices
is improbable in a property market with prices on the rise and
where most companies cluster in large urban centers where space
is scarce. However, not all individuals prefer individual offices or
dislike shared offices. Research so far has not examined different
characteristics of shared offices and how they modulate occupants’
perception of personal space (Duval et al., 2002), and the implications
for the mental and physical health of workers (Graham et al,
2011).

Workplace satisfaction

Extensive research on office space has focused primarily on the
topic of Indoor Environmental Quality (IEQ) and its impact on
the mental and physical health of employees and their productivity
(Fisk, 2000; Wargocki et al., 2000; Humphreys et al., 2007). However,
spatial attributes of an office are problematic to control within
an experimental design, which has led to subjective surveys of
workers (Humphreys et al, 2007), which means that within-
group comparisons are impossible. Another aspect which has been
researched insufficiently is the interaction between personal space
and noise levels or existence or type of view in the work environment
(Kim and de Dear, 2013).

Space configuration: Spatial and social
density

Spatial density refers to the amount of space that is provided per
person within the workspace. A higher spatial density means that
each person has less personal space, and this measure is independent
of the total number or people working in that space. High levels of
spatial density have been shown to lead to a sense of crowding, low
satisfaction, low task performance, social withdrawal and increased
turnover intentions (Dean et al., 1975; Oldham and Rotchford, 1983;
Oldham and Fried, 1987; Stokols and Altman, 1987; Oldham, 1988;
Evans, 1994; Charles and Veitch, 2002; Hua et al., 2011). Social
density refers to the number of people working in the same office,
mostly studied with post-occupancy questionnaires (Duval et al.,
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2002). Social density thus increases as more people are working in
the same office. Social and spatial density can increase together in
cases where more people are added to the same amount of space (e.g.,
more workers start using the same office). Sundstrom et al. (1982)
investigated a large variety of jobs and shared office types within a
university. An indirect link between social density and satisfaction
was found, such that as social density decreases, privacy increases and
that in turn increases satisfaction with the workplace.

Auditory and visual contributions to spatial
perception

The presence of noise in the workplace is considered one of
the three main stressors for employees (see Jahncke et al., 2011),
together with privacy (Kim and de Dear, 2013), and crowding
(Croon et al,, 2005). A study by Pejtersen et al. (2011) found that
exposure to environmental noise contributes to sickness absence
due to elevated stress; this was replicated by other studies reporting
poor emotional and physiological health amongst employees working
in noisy offices (Evans, 2000; Danielsson et al., 2014). Less studied
is how the presence or type of noise is mediated by the amount
of personal space workers have, and thus the presence of noise
would not have as much of an effect on satisfaction. Higher levels
of noise in the workplace may reduce perceived spatial density, as
it could give the impression of increased proximity to others. At
the same time, louder offices may give the impression of increased
numbers of co-workers, which is equivalent to an increase in
social density.

There has been extensive research into aspects related to lighting
within the workspace, which generally concluded that natural lighting
has a beneficial effect on workers’ health and satisfaction (Fisk et al.,
1993; Kiiller and Wetterberg, 1996; Boubekri et al., 2016). However,
window glare is tolerated better if there is a pleasant view from
the window (Chauvel et al., 1982). Transparent barriers themselves
are not easily perceived, therefore a window view could afford an
expansion of the spatial parameters that one includes in personal
space (Marquardt et al., 2015). This means that the existence of
a view outside the office, for example toward a corridor should
increase perceived personal space as the boundaries of the workspace
are extended. It has been argued that a “good” view should be of
the foreground and the skyline (Littlefair, 2002), with a preference
for natural views over urban ones (e.g., Tennessen and Cimprich,
1995; Hartig et al., 2003; Chang and Chen, 2005) providing stress
relief (Ulrich et al., 1991; Stigsdotter and Grahn, 2004), recovery
from mental fatigue (Kaplan, 1995; Berman et al., 2008), or physical
injury (Ulrich, 1984). “Good” views are generally of natural scenes,
containing plants and trees (Aries et al., 2015). Arguably, if windows
provide a more seamless boundary of the workspace, an outdoor view
offering distant landmarks will yield more perceived personal space
compared to an indoor view over a building corridor, for example.
Still, the “quality” of the view may impact personal space in that
a nature scene could yield a higher personal space score compared
to an urban view. These hypotheses need to be tested, however as
to our knowledge no study to date has compared all three types of
view mentioned, while maintaining the workspace constant in type
and size.
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Current research

A robust experimental approach is needed to avoid the
limitations of field studies and provide variability in the spaces
tested, ideally using a factorial, repeated-measures design. Such
requirements are extremely hard to accomplish using physically
built environments and thus we turn to Virtual Reality (VR)
as a means to perceive natural and human-made environments
(Portman et al, 2015). VR has been used increasingly in the
field of design (Orland et al., 2001; Lange, 2011; Gill and Lange,
2015), and has reached a point in development whereby it can
now be used confidently in visualization of architectural designs to
facilitate an understanding of characteristics of the design (Heydarian
and Becerik-Gerber, 2017; Heydarian et al., 2017), which would
not arise easily from conventional 2D designs (Portman et al,
2015).

In the present paper, we utilize VR to simulate shared office
environments to have full control over spatial attributes of the
working spaces and collect both physical estimations and satisfaction
measures of personal space for the first time. To our knowledge, no
study to date has measured physical estimations of personal space in
VR, which in our case will represent actual estimations of personal
space size rather than just satisfaction alone (e.g., Sundstrom et al.,
1980, 1982; Block and Stokes, 1989; Hedge et al., 1989; Duval et al,,
2002).

In three experiments, we tested how different levels of spatial
density, social density, environmental noise presence, and type of
office view impact personal space estimation and satisfaction in
a shared office environment. Most importantly, we investigated
how these factors interact in determining the perception of
personal space. Satisfaction was also obtained through traditional
questionnaires, to enable direct comparison of our results with
past literature.

In Experiment 1 we investigated the effect of spatial density
and noise presence/absence of personal space perception. The two
hypotheses tested in Experiment 1 were:

H1: Participants would experience greater perceived personal
space: when in a sparsely populated, rather than dense office.
H2: Participants would experience greater perceived personal
space when there is an absence of noise, compared to when
environmental noise is present.

In Experiment 2 we tested the effects of social density on
perceived personal space, as well as the effect of an indoor view,
an outdoor view or no view available in the office. Hypotheses for
Experiment 2 were:

H3: Participants would have the impression of more space in a
single occupancy office compared to a shared office of any size,
and perceived personal space will decrease with the increase in
social density.

H4: Participants would feel they have more personal space in
offices with an outdoor view, followed by an indoor view, and
then no view.

In Experiment 3 we investigated the effect of a nature view,

compared to an urban view, and no view. For Experiment 3 we
formulated one hypothesis.
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H5: Participants would perceive they have more personal space
in offices with a nature view compared to an urban view or
no view.

Experiment 1
Method

Participants

Twenty participants (seven males, 13 females) over the age of 18
(mean age = 27.3, range = 22-41) took part. Given the novelty of
the virtual measures of personal space estimations, the sample size
was chosen in accordance with experimental guidelines for virtual
reality studies (Grantcharov et al., 2004). We then used the effect
sizes from this first experiment for a power analysis to determine
the sufficient sample sizes for the following experiments. Participants
with normal hearing and normal or corrected vision were recruited
at the University of Bath. Participants provided signed, informed
consent before taking part in the study, approved by the University of
Bath Psychology Research Ethics Committee. All three experiments
were conducted within 3 months in 2018.

Design

Experiment 1 had a repeated-measures design with two
independent variables: spatial density (small, medium, and large)
and noise level (noise or no noise), generating six conditions. The
dependent variables were personal space estimation and satisfaction.
The research took place in the Virtual Reality Lab (see Figure 1).

Materials
Questionnaires

A pre-experiment questionnaire gathered information about
demographics. Every office environment was followed by a series of

» <«

19 items in six categories: “general satisfaction,” “subjective personal

» «

space satisfaction,

» «

work quality,” “social aspects,” “distractions,” and
“immersiveness.” This paper aims to strictly address results from
the second category, namely “subjective personal space satisfaction”,
which refers to the subjective appreciation of the amount of personal
space, as well as crowding. This section was covered by three items
in the questionnaire: “I am satisfied with the amount of space I have
for myself” “I would not require more personal space than I currently
have,” “I feel like my co-workers are not invading my personal space.”
The questionnaire was administered within the VR head mounted
device, to not break the sense of presence that participants could
have formed in the offices, and to maintain the same distance and
size estimations that are specific to VR space (Witmer and Kline,
1998; Kuliga et al., 2015). Participants used the Oculus Remote to
answer questions on a continuous sliding scale from strongly agree
to strongly disagree. For the measures of personal space satisfaction,
the values for the three questions were averaged to generate one value
for each increment in social density, which represents the satisfaction
with personal space, varying from 0 to 100.

Apparatus

An Oculus Rift head-mounted display was used for displaying
the VR environment. This headset has a maximum refresh rate of
90 Hz and uses OLED panels with a pixel density of 1,080 x 1,200 per

frontiersin.org


https://doi.org/10.3389/fcomp.2023.1066881
https://www.frontiersin.org/journals/computer-science
https://www.frontiersin.org

Jicol et al.

10.3389/fcomp.2023.1066881

FIGURE 1
Image of the Virtual Reality Lab where the research took place.

TABLE 1 The six offices used in Experiment 1.

Sound context

Spatial density (social density held constant at eight people)

Medium

Large

Sound 6 m? per person

8 m? per person 12 m? per person

No sound

6 m? per person

‘ 8 m? per person

‘ 12 m? per person

Spatial density was varied by changing the number of square meters per person. Half the offices had no sound distractions while the other half did. The medium spatial density is the amount of space

that is consistent with the BCO default industry standard.

eye. The headset ran on an Alienware Area 51 desktop computer, in
Windows 10 and with an Intel Core i7, 3.4 GHz, 16 gigabytes of RAM,
and a Nvidia 1,080 Ti with 11 gigabytes of GDDR5 memory graphics
card. Unity 2017 Version 1.3 was used to create the virtual office
environments, as well as the personal space measures, and coding was
performed in the C# programming language.

VR office design

We manipulated spatial density by changing office size while
maintaining the same number of occupants in the office (see Table 1;
Figures 2, 3). There were 16 occupants (15 avatars present plus the
participant), and desks were positioned symmetrically so that all
avatars would benefit from the same amount of space. The participant
was not assigned a virtual body as this would have introduced
new predictors in the design (see Jung and Hughes, 2016; Steed
et al,, 2016). In the Small office (see Figure 3A), each occupant
was allotted six square meters of space for themselves, while in the
Medium office they had eight (see Figure 3B) and in the Large office,
12 (see Figure 3C). Eight square meters per person is the British
Council of Offices (BCO) recommendation (BCO, 2013), and thus
it was chosen as the default. Thus, office sizes were 96 m? for the
Small office, 128 m? for the Medium office, and 192 m? for the

Frontiersin Computer Science

Large office. This manipulation of size provided a controlled test of
providing increasing square meters per person, yet maintaining a
realistic distribution such that the center of the office still allowed
for entry from the central doorway. The offices were kept simple
in design to avoid having any incidental effects of other variables
(e.g., additional furniture, plants, paintings, etc.) on the estimation of
personal space and workplace satisfaction, and all other features, such
as room height, were kept constant as well. In the noise condition,
an environmental noise was added representative of a normal shared
office (chatting, typing, printer, etc.), thus resulting in a total of six
offices. The sound was played at 60 db which is the normal volume of
a conversation.

Procedure

The participants first filled out the information sheet and two
consent forms. The pre-questionnaire was then completed by the
participant. The experimenter then explained how the VR headset
and remote control worked. The remote control was then placed on
the participant’s wrist and they were encouraged to become familiar
with the buttons on the remote. Participants were asked to stand on
a labeled point on the floor in line with the tracking camera before
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Single occupancy office Multi occupancy office

FIGURE 2

INCREASING SPATIAL DENSITY

Multi occupancy office

INCREASING SOCIAL DENSITY

[llustration of the manipulations of (A) spatial density, and (B) social density as a function of the size of the office and the number of inhabitants within it.

v

% Multi occupancy office

the headset was placed on their head and adjusted until the image
was clear. Prior to experiencing the first office, participants were
encouraged to become familiar with the head tracking in the Oculus
menu. Participants then pressed the middle button on the Oculus
Remote which triggered the offices.

All six offices were presented in a random order to each
participant for 30 s each. This amount of time was chosen to provide
participants with a chance to create an initial impression of each
space. Such brief experiences provide an assessment that is not given
too much time to become distracted by less relevant details and
such impressions serve as an anchoring point for any subsequent
evaluation (Harris and Garris, 2008), and could determine whether a
potential candidate would consider working in such an environment
at all (First Impressions Make or Break a Candidate’s Decision, 2020).

Participants viewed the offices from a height of two meters,
independent of their height. The height was chosen as two meters
after a pilot study with 18 participants where they were placed in
a Unity default infinite horizon, with a red disk, 50 cm in diameter
below themselves. The primary functions of this pilot were to test the
usability of this disk for indicating personal space and to establish
what height participants should be placed at in the VE. They were
prompted to indicate when they felt like they were standing on the
red disk and the height of the camera was reduced or increased
in increments of 5cm accordingly. Most participants (16) indicated
that they felt their height was represented correctly at two meters,

Frontiersin Computer Science

05

while the other two at 210 and 215 cm, respectively, up from our
chosen default of 175 cm, which is the overall UK mean height. This
effect can be explained by the well-known phenomenon of distance
compression in VR, whereby landmarks are viewed as closer in a VE
compared to a real environment (Finnegan et al., 2016). Because the
effects of distance compression vary from person to person, it was
preferred to choose an informed standard height over the alternative
of translating participants’ real height in the VE. A default sitting
position was not preferred as it would have impeded a correct size
estimation of the office (due to occlusion by the other avatars) and
appraisal of the indoor and outdoor views, which were central to the
study. Still, prior to the VR experience, participants were prompted
to also lean down to a sitting level in order to perceive the offices
as if they were sitting. This was enabled by providing six degrees of
freedom of movement in the VEs. Furthermore, in order to minimize
any effects of a perceived different height to their own, participants
were not represented by a virtual body in the offices. The Unity
infinite horizon was chosen with only the red disk present so as to
minimize the impact of other landmarks in the VE and this red disk
was also used subsequently by participants to indicate their perceived
personal space in the actual experiments.

After the 30s spent in each office, the VE was replaced by the
Unity default infinite horizon and participants were prompted to
look down where they would see the red disk centered around them
(initially presented at 50 cm in diameter). They then extended or
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FIGURE 3

Example screen shots of the offices used in Experiment 1. (A) Participant perspective of the small office with 6 m? per person. (B) Participant perspective
of the Medium office with 8 m? per person. (C) Participant perspective of the large office with 12 m? per person.

retracted the disk via the Oculus Remote (pressing up or down) so
as to report the amount of space they felt they had in the previously
experienced office, with the radius as a measure to quantify estimated
personal space. This was immediately followed by the personal space
satisfaction questionnaire about their experience. No participants

Frontiersin Computer Science

reported any motion sickness nor were there withdrawals from
either of the three studies. Once the experiment was completed,
the researcher removed the headset and remote from participant
and asked the participant to complete the post-questionnaire and
debriefed; the experiment lasted 30 min.
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FIGURE 4

Medium Office (128m°)
Spatial Density

Boxplot showing mean values of personal space estimation for each office size in Experiment 1.

Large Office (196m°)

Results

Personal space estimation was the radius of the disk in
centimeters that the participants manipulated. Personal space
satisfaction was the average of the values for the three questions
(scaled from 0-100). Two separate 2 x 3 within-subjects ANOVAs
were conducted to assess the effects of spatial density and noise
presence on these measures of personal space. The results are
presented primarily with modified box plots that represent the mean
and provide the distribution of the data as well.

Personal space estimation
Personal space estimation, spatial density, and
noise presence

First, we assessed personal space estimation in terms of an
interaction of spatial density as a function of noise presence.
Mauchly’s test for spatial density x noise presence indicated the
assumption of sphericity had not been violated [x%z) = 3.15, p
= 0.21]. For personal space estimation, there was a significant
interaction effect between spatial density and noise presence, F; 3g)
=4.58, p = 0.016, np*> = 0.19 (see Figure 4).

Personal space estimation and spatial density

Next, we assessed personal space estimation in terms of spatial
density as a main effect. Mauchly’s test for spatial density indicated
the assumption of sphericity had not been violated [xé) = 1.56, p
= 0.459]. Spatial density was a significant main effect for personal
space estimation, F(;3g) = 24.18, p < 0.001, npz = 0.56. Post-
hoc Bonferroni-corrected comparisons demonstrated a significant
mean difference for personal space estimation between the small and
medium size offices of 0.29 m (meters; 95% CI = 0.07, 0.50, p =
0.007), between the small and large office sizes of 0.58 m (95% CI =
0.33, 0.83, p < 0.001), and between the medium office size and large
office size 0.30 m (95% CI = 0.10, 0.49, p = 0.002).

Frontiersin Computer Science

Personal space estimation and noise presence

Finally, we also assessed personal space estimation in terms of
noise presence as a main effect. Mauchly’s test for noise presence was
not required as two levels were present (i.e., noise and no noise).
Noise presence was not a significant main effect for personal space
estimation, F(1,19) = 3.05 p = 0.097, npz = 0.14. Pairwise comparisons
did not highlight any significant mean differences of personal space
estimation between noise and no noise conditions.

Personal space satisfaction, spatial density, and noise level
In terms of personal space satisfaction, we first assessed the
interaction of spatial density as a function of noise presence.
Mauchly’s test for spatial density x noise presence indicated
that the assumption of sphericity had not been violated [ng) =
191, p = 0.385]. No significant interaction effect for personal
density and
noise presence, F(33 = 1.76, p = 0.185, npz = 0.085 (see

space satisfaction was found between spatial

Figure 5).

Personal space satisfaction and spatial density

Next we assessed personal space satisfaction in terms of spatial
density as a main effect. Mauchly’s test for spatial density indicated
the assumption of sphericity had not been violated [xé) =372p
= 0.156]. Spatial density was a significant main effect for personal
space satisfaction, F(y3g) = 103.96, p < 0.001, np> = 0.85. Post-
hoc Bonferroni-corrected comparisons indicated significant mean
difference for personal space satisfaction between the small and
medium office sizes of 24.30 points (95% CI = 19.73, 28.87, p < 0.001)
and between the small and large size offices of 29.58 points (95% CI =
22.84, 36.33, p < 0.001). No significant differences in personal space
satisfaction were found between the medium and the large office sizes.

Personal space satisfaction and noise presence

Finally, we assessed personal space satisfaction as a

function of noise presence as a main effect. Mauchlys test
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Boxplot showing mean values of personal space satisfaction for each office size in Experiment 1.

Large Office (196m’)

for noise level was not required as only two levels were
present (i.e., noise and no noise). Noise presence was not
a significant effect for personal space satisfaction,
Fa9) = 3.15 p = 0.092, np* = 0.142. Pairwise comparisons
difference  between the mean
scores of personal space satisfaction in the noise and no

main

revealed no  significant

noise conditions.

Summary

Results from Experiment 1 suggested that personal space
estimations were sensitive to all alterations in spatial density.
There were significant differences between all three office sizes,
but there was no difference in personal space estimations between
the offices with noise and those with no noise. For personal
space satisfaction we found significant differences in personal
space between the small office size compared to both the
medium and large office sizes. We found no difference though
between the medium office size and the large office size. As
there was not an effect of noise in Experiment 1, we did not
include this variable in the following experiments to focus the
statistical power on other variables of interest. Noise levels were
thus kept constant throughout the office variants presented in
Experiment 2.

Experiment 2

Experiment 2 investigated personal space as a function of social
density, holding spatial density constant, and having an indoor,
outdoor, or no view from the office; it also included a single
occupancy office.

Frontiersin Computer Science

Method

Participants

The first effect size reported for the personal space estimation was
large, with the 7,* = 0.19 and the subsequent analyses had some even
larger effect sizes (e.g., npz = 0.56). We converted the effect size to
Cohen’s f (0.48) and found that a repeated measures 3 x 4 ANOVA
would require a sample of 12 participants to achieve a power of 0.95,
but preferred to maintain the same number of participants for the
other experiments. A total of 20 participants (11 males, nine females)
over the age of 18 (mean age = 29.1, range = 18-45) took part. There
was no overlap of participants between the three experiments. This
was done so as to not expose some participants more frequently to
the offices, compared to others.

Design

We adopted a repeated measures design with two independent
variables: social density, which was varied through the number of
people present in the office (single occupancy, small office with six
occupants, medium with 16 occupants, and large with 32 occupants)
and view type (internal view, city views, and no view), generating
12 conditions. The dependent variables were the measures personal
space estimation and satisfaction.

Materials
The questionnaires, apparatus, and computer software were as in
Experiment 1.

VR office design

Experiment 2 consisted of 12 different VR offices in four different
sizes (single with no other occupants aside from the participant,
small with six avatars, medium with 16 avatars and large with 32
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TABLE 2 The 12 offices used in Experiment 2.

Visual context

Single occupancy

Low occupancy

10.3389/fcomp.2023.1066881

Social density (spatial density held constant at 8 m? per person)

Medium occupancy High occupancy

(Office 1) (Office 2) (Office 3) (Office 4)
No view One person 8 people 16 people 32 people
Internal view One person 8 people 16 people 32 people
City view One person 8 people 16 people 32 people

Social density was varied by changing the occupancy (number of people present), while the amount of space reserved for each person remained constant at 8 m? per person. Four of the offices had

no view, while other four had an internal view toward a corridor and the other four had a city view.

avatars; see Table 2). Spatial density was held constant (eight square
meters per person). Thus, office sizes varied as single (8 m?), small
(48 m*), medium (128 m?), and large (256 m?). For each office-size,
three conditions were created: no view, nature view, and city view
(see Figures 6A-C). All offices in all conditions had the office audio
stimuli to induce a sense of presence. The order of offices that were
presented to each participant was randomized and were shown for 30
s each.

Procedure

The procedure was identical to Experiment 1, the only difference
being that in Experiment 2, 12 offices were experienced as opposed to
six. The entire experiment lasted ~45 min.

Results

Personal space estimation

Two separate 3 x 4 within-subjects ANOVAs were conducted to
assess the effects of social density and view type on personal space
estimation and satisfaction.

Personal space estimation, social density, and view type

Mauchly’s test for office size x view type indicated the assumption
of sphericity had been violated [xﬁzo) = 81.13, p < 0.001, ¢ = 0.460].
Therefore, the degrees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity. For personal space estimation, there
was no significant interaction effect between social density and view
type, F(2.76,52.30) = 0.846, p = 0.467, np* = 0.043 (see Figure 7).

Personal space estimation and social density

Mauchly’s test for social density indicated that the assumption of
sphericity had been violated [X(ZS) = 34.26, p < 0.001, ¢ = 0.509].
As such, the degrees of freedom are corrected with the Greenhouse-
Geisser estimates. Social density was a statistically significant main
effect for personal space estimation, F(; 5330y = 13.03, p < 0.001,
np> = 0.41. Post-hoc Bonferroni-corrected comparisons revealed a
significant mean difference for personal space estimation between
Office 1 and Office 2 of 0.85m (95% CI = 0.27, 1.42, p = 0.002),
between Office 1 and Office 3 of 0.73m (95% CI = 0.19, 1.28, p =
0.005), and between Office 1 and Office 4 of 0.69 m (95% CI = 0.09,
0.1.28, p = 0.019). No statistically significant difference was found
between Office 2 and Office 3, or between Office 3 and Office 4.

Personal space estimation and view type
Mauchly’s test for office highlighted that the assumption of
sphericity has been violated [x(zz) = 7.39, p = 0.025, ¢ = 0.80]. The
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degrees of freedom were corrected using Huynh-Feldt estimates of
sphericity. Type of view was not a statistically significant main effect
for personal space estimation, F(j 60,3031) = 1.28, p = 0.287, np° =
0.063. Post-hoc Bonferroni-corrected comparisons did not show a
significant mean difference for personal space estimation between No
View and Internal View, No View and City View, and Internal View
and City View.

Personal space satisfaction, social density, and view type

Mauchly’s test for social density x view type indicated
that the assumption of sphericity had not been violated [X(zzo)
= 2380, p =
was no significant interaction effect between social density and
view type, Fii4y = 0.730, p = 0.626, r]P2 = 0.037 (see
Figure 8).

0.256]. For personal space satisfaction, there

Personal space satisfaction and social density

Mauchly’s test for social density indicated that the assumption
of sphericity had been violated [x(ZS) = 2541, p < 0.001, ¢ =
0.58]. Therefore, the degrees of freedom were corrected using
Greenhouse-Geisser estimates of sphericity. Social density was not
a significant main effect for personal space satisfaction, F(;7433.01)
= 346, p = 0.053, r;pz = 0.15. However, post-hoc Bonferroni-
corrected comparisons demonstrated a significant mean difference
for personal space satisfaction between Office 1 and Office 2 of
22.18 (95% CI = 5.14, 39.21, p = 0.007), between Office 1 and
Office 3 of 17.86 (95% CI = 0.95, 34.77, p = 0.035), and between
Office 1 and Office 4 of 21.71 (95% CI = 4.88, 38.54, p =
0.007). No significant difference was found between Office 2 and
Office 3, between Office 2 and Office 4, and between Office 3 and
Office 4.

Personal space satisfaction and view type

Mauchly’s test for view type did not reveal that the assumption
of sphericity had been violated [xé) = 4.68, p = 0.096]. View
type was a significant main effect for personal space, satisfaction,
Fo3s) = 3.46, p = 0.042, np,° = 0.037. However, post-hoc
Bonferroni-corrected comparisons did not show a significant mean
difference for personal space satisfaction between No View and
Internal View, No View and City View, and Internal View and
City View.

Summary
The single occupancy office was perceived as providing more

personal space than any of the other three offices even though the
amount of space allotted to the participant was the same (spatial
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FIGURE 6

Example screen shots of the offices used in Experiment 2. (A) Participant perspective of Office 4 with no view. (B) Participant perspective of Office 4 with
internal view. (C) Participant perspective of Office 4 with city view. Images (A—C) are all captured from the location of the participant in the VE. The
different viewpoints were chosen so as to give an accurate impression of where the views were located relative to other walls.

density was held constant). However, the other three offices were Experiment 3
not different amongst themselves. No difference in personal space

estimation were found between the three view types. For personal We were surprised that there was no impact of view type in
space satisfaction we found the results replicated and converged with  the prior experiment so here, instead of having an indoor view as
the estimations, and again no effect of view type was found. in Experiment 2, we assessed whether audiovisual nature specific
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TABLE 3 The 12 offices used in Experiment 3.

Visual context

Single occupancy

Low occupancy

10.3389/fcomp.2023.1066881

Social density (spatial density held constant at 8 m? per person)

Medium occupancy High occupancy

(Office 1) (Office 2) (Office 3) (Office 4)
No view One person 8 people 16 people 32 people
City view One person 8 people 16 people 32 people
Nature view One person 8 people 16 people 32 people

Social density was varied by changing the number of people, while the amount of space reserved for each person remained constant. Four of the offices had no view, while other four had an external

view of a forest (nature view), and the other four had a city view.

cues have a positive impact on with personal space perception by
comparing an outdoor nature view to an urban view and no view.

Method

Participants

A total of 20 participants (five males, 15 females) over the
age of 18 (mean age = 21.45, range = 18-32) were recruited
among undergraduate students at Bath Spa University, with
additional approval by the Bath Spa University Psychology Research
Ethics Committee.

Design

Experiment 3 adopted a repeated measures design with two
independent variables: social density (one person, six, 16 and 32)
and view type (no view, city, and nature view), generating 12
conditions. The dependent variables were personal space estimation
and satisfaction.

Materials
The questionnaires, apparatus, and computer software were as in
Experiments 1 and 2.

VR office design

Twelve different VR offices in four different sizes were presented,
according to the number of occupants and identical to those in
Experiment 2 (see Table 3). The only differences between Experiment
2 and Experiment 3 were that in Experiment 3 the indoor view
offices were replaced by outdoor view offices with a nature view
and that in Experiment 3 the nature view benefited from a different
environmental noise compared to the city view and no view. The
nature view consisted of a green forest with motion effects simulating
wind blowing through the trees (see Figure 9 for a static example).
Offices with a nature view had audio stimuli of birds and wind
combined with standard office noise, while the city view conditions
had traffic noise combined with standard office noise, obtained from
Archangeli (2010). The no view conditions only had office noise audio
stimuli, which was the same used in Experiment 2 for all the offices.
The order of offices was randomized as in Experiments 1 and 2, and
offices were experienced for 30 s each. The position of the participant
in the office was slightly shifted in Experiment 3 so as to position them
closer to the window. We did this to decrease the distance between
the participant and the window (in cases where this was present),
as this has been shown to be a factor impacting satisfaction (Aries
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et al., 2015). The size of the offices and of the windows, as well as
arrangement of the windows remained the same as in Experiment 2.

Procedure
The procedure was identical to Experiment 2.

Results

Two separate 3 x 4 within-subjects ANOVAs were conducted to
assess the effects of social density and type of view on personal space
estimation and satisfaction.

Personal space estimation
A 3 x 4 within-subjects ANOVA was conducted to assess the
effect of social density and view type on personal space estimation.

Personal space estimation, social density, and view

Mauchly’s test for social density x view indicated that sphericity
had been violated [X(Zzo) = 43.50, p = 0.002, ¢ = 0.57]. The degrees
of freedom were corrected using Greenhouse-Geisser estimates of
sphericity. For personal space estimation, there was no statistically
significant interaction effect between social density and view
F(3.42,65.07) = 0.783, p = 0.523, 1> = 0.04 (see Figure 10).

Personal space estimation and social density

Mauchly’s test for social density, [x%s) = 16.16, p = 0.006, ¢
= 0.63] indicated a violation of sphericity. Therefore, the degrees
of freedom were corrected using Greenhouse-Geisser estimates of
sphericity. Social density was a significant main effect for personal
space estimation, F(jgg3566) = 10.16 p < 0.001, nP2 = 0.35. Post-
hoc Bonferroni-corrected comparisons show a significant mean
difference for personal space estimation between Office 1 and Office
2 of 0.59m (95% CI = 0.19,0.99, p = 0.002), and between Office 1
and Office 3 0f 0.54 m (95% CI = 0.15,0.94, p = 0.004). No significant
difference was found between Office 2 and Office 3. There were no
significant differences between all other pairwise comparisons.

Personal space estimation and view type

Mauchly’s test for view indicated the assumption of sphericity
had not been violated [x(zz) = 4.90, p = 0.086]. View type was a
significant main effect for personal space estimation, F(; 33y = 9.14,
p = 0.001, np* = 0.33. Post-hoc Bonferroni-corrected comparisons
show a significant difference between the mean scores for personal
space estimation between no view and nature view of 0.31 m (95% CI
= —0.553, —0.016, p = 0.01) and a significant difference between no
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FIGURE 9

Example screen shot of the participant view from Office 4 with a nature view in Experiment 3.

-

Social Density
Single Occupancy
Office 1

Low Occupancy
Office 2

Medium Occupancy

Office 3
High Occupancy

{[HIHE

L]
b—
b

—

Office 4

Mean Personal
Space Estimation (m)

ol = Ij"

No View City View
View Type

FIGURE 10

Boxplot showing mean values of personal space estimation for each office size in Experiment 3.

Nature View

view and city view of 0.3 m (95% CI = —0.52, —0.07, p = 0.01). No
significant difference was found between nature view and city view.

Personal space satisfaction
A 3 x 4 within-subjects ANOVA was conducted to assess the

effects of social density and view type on personal space satisfaction
(Table 3).

Personal space satisfaction, social density, and view
Mauchly’s test for social density x view indicated that there was
a violation of sphericity [X(zzo) = 32.60, p = 0.039, ¢ = 0.93]. The
degrees of freedom were corrected using Huynh-Feldt estimates of
sphericity. For personal space satisfaction, there was no statistically
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significant interaction effect between social density and view type
F(5.57,105.80) = 0780,P = 0.579, 77P2 =0.04 (see Figure 11).

Personal space satisfaction and social density

Mauchly’s test for social density indicated that the assumption of
sphericity had been violated [x2(5) = 12.76, p = 0.026, £ = 0.66].
The degrees of freedom were corrected using Greenhouse-Geisser
estimates of sphericity. Social density was a significant main effect
for personal space satisfaction, F(j.9937.72) = 11.22, p < 0.001, n,?
= 0.37. Post-hoc Bonferroni-corrected comparisons show significant
differences between the mean scores for personal space satisfaction
between Office 1 and Office 2 of 16.26 (95% CI = 3.73, 28.8, p
= 0.007), Office 1 and Office 3 of 15.32 (95% CI = 1.63, 29, p =
0.02), and Office 1 and Office 4 of 20.41 (95% CI = 6.11, 34.72, p
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Nature View

= 0.003). No significant differences were found between all other
pairwise comparisons.

Personal space satisfaction and view type

Mauchly’s test for social density x view indicated the assumption
of sphericity had not been violated [X%z) = 2.83, p = 0.24]. View type
was a significant effect for personal space satisfaction F(, 35y = 9.70,
p < 0.001, np* = 0.34. Post-hoc Bonferroni-corrected comparisons
show a significant difference between the mean scores for personal
space satisfaction between No View and Nature View of 14.22 (95%
CI = 4.37, 24.08, p = 0.004). No significant differences were found
between No View and City View or between Nature View and
City View.

Summary

For personal space estimation we found significant differences
between the single occupancy office and Offices 2 and 3. Unlike
Experiment 2, there was no difference between the single size office
and the office with the highest social density. Also, unlike Experiment
2 where view type did not have an effect, here the Nature views
yielded higher personal space estimation satisfaction than No View
offices and also City View offices showed a similar difference to No
View offices. However, no difference was found between offices with
a nature view and those with a city view.

For personal space satisfaction we found that the single
occupancy office and Offices 2, 3, and 4, which replicated the results
from Experiment 2. Like for personal space estimation, we found that
Nature View offices scored higher than No View offices and that there
was no significant difference between Nature and City View offices.
However, in contrast to the personal space estimation findings, no
difference was found in personal space satisfaction between the City
View offices and No View offices.
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General discussion

The results from Experiment 1 partially validated the first
hypothesis which predicted that participants would feel they have
more personal space in a more sparsely populated office, as
demonstrated by personal space estimation. For personal space
satisfaction, we did find a difference between the Small and Medium
spatial density, as well as the Small and Large, but not between
Medium and Large; hence the first hypothesis was only partially
supported. The second hypothesis which stated that participants will
feel they have less personal space in noisy offices was rejected since
there was no difference between the Noise and No Noise conditions.
Future work could assess directed noise, with an avatar that would
specifically engage in a conversation with them, which seems to be
the actual culprit for noise-related stress (Croon et al.,, 2005), along
with a loss of privacy (Kim and de Dear, 2013) or crowding (Croon
et al.,, 2005). General concerns about noise has prompted companies
to mediate the amount of interaction at the workplace, even though
it has some benefits (Danielsson et al., 2014).

The third hypothesis was tested in both Experiments 2 and 3 with
a private office vs. open plan offices. Results from Experiment 2 were
in accordance with this hypothesis given that the single occupancy
office scored higher on both measures of personal space, compared
to all shared offices. However, we also expected that personal space
scores would decrease with a further increase in social density,
which did not occur. Experiment 3 showed a significant difference
in personal space estimation between the single occupancy office
and Offices 2 and 3, but not 4, which is unexpected and different
to Experiment 2. The only other study which controlled for spatial
density when manipulating social density was that of Block and
Stokes (1989), which found that a single occupancy office offered
higher satisfaction than a shared office. Experiment 2 not only
validated their results, but also extended observations to offices with
higher social density, as they had only tested offices that were single
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occupancy or shared among four occupants, and did not specify the
amount of space allotted per person.

The type of view did not yield any significant effect on either
personal space estimation or satisfaction in Experiment 2. At first
glance this appears to contrast with a large body of literature that
found closeness to windows increases satisfaction (e.g., Fisk et al.,
1993; Kiiller and Wetterberg, 1996; Chang and Chen, 2005; Aries
et al,, 2015). The distance of the participant to the window may have
impacted the impact of the view; this hypothesis is supported by
the fact that when the participant was sat closer to the window in
Experiment 3 we did observe differences. Additionally, in Experiment
3 traffic noise was added in the urban view offices, which may have
further amplified the effect of proximity to the window. Future work
examining the distance to a window, and whether others are in that
space, would be of great value (Boubekri et al., 2016).

The fourth hypothesis was rejected because the Outdoor View
offices did not yield higher personal space scores compared to
Internal View offices. However, the fifth hypothesis which stated
that participants would prefer a Nature View over a City View and
No View was partially accepted. For personal space estimation, we
indeed found that offices with a Nature View gave the impression of
more personal space compared to No View, but the same effect was
observed for city view offices. As there was no difference between city
and nature view offices, the nature view did not influence personal
space estimation. For personal space satisfaction, we found a similar
result in that Nature View scored higher than No View offices, but
there was no difference between City View and No View, or Nature
and City View offices (accompanied by matching sounds). Nature
View was thus the only one which yielded higher personal space
satisfaction scores than No View. These findings adds new insights to
previous findings in the biophilia literature (Kaplan, 1993; Tennessen
and Cimprich, 1995; Hartig et al., 2003; Stigsdotter and Grahn, 2004;
Chang and Chen, 2005; Berman et al., 2008; Aries et al., 2015), in
that preferences for natural scenes and associated effects vary greatly
depending on proximity to such elements and inclusion in one’s
personal space. For both personal space estimation and satisfaction,
there was no difference between the City and Nature View offices,
which seems inconsistent with reports showing that Nature View
offices yield more positive responses than Urban View ones (Kaplan,
1993; Chang and Chen, 2005). However, results of Kaplan (1993)
come from a user study with extended periods of occupancy, and
therefore the difference between views might arise from long-term
effects such as quality of sleep and psychological discomfort (Aries
et al., 2015). The experiment by Chang and Chen (2005) did present
short exposure times but this was facilitated via 2D slides and not an
immersive technology such as VR. This could mean that participants
in our study were able to better perceive the real benefits or lack of
a nature view, rather than potentially assessing offices purely based
on visual cues like existence of plants. Nonetheless, it is important to
acknowledge that short exposure times, while allowing comparison of
multiple offices, which was the main aim of the study, does not inform
on the longer-term effects of working in each office. Further studies
could employ representative office tasks in several types of offices to
investigate such aspects as productivity or creativity.

Additionally, future work could examine several limitations
and other interesting variables that might impact personal space
estimation in addition to those that were of particular psychological
interest here (cf. Hong et al,, 2017). These range from addressing
other multisensory cues, such as olfaction arising from others in the
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space, whether body odor or that of the food or drinks that they
take to their desks. These experiments did not assess participants
as a function of their experience of shared office spaces, yet we do
have ongoing work assessing this more generally outside of the VR
domain. Not all our participants were office workers as Experiments
1 and 2 had some undergraduate participants and Experiment 3 used
undergraduate students exclusively. This is a limitation of the study
as responses may have been biased to some extent by the working
environment of each participant. However, the three experiments
did not aim to compare the virtual offices with the real working
environment of the participants, but rather to compare different
virtual offices. Lastly, the ability to generalize these results is limited
by culture, but we also have started work in this domain and remain
open to providing our materials to others who would be interested in
testing other cultures (Richardson et al., 2020).

Opverall our findings suggest that the VR offices were able to create
a measurable and realistic of personal space, in that the estimations
provided mapped on well to the amount of space provided to them,
such as in the private offices (Heydarian and Becerik-Gerber, 2017).
There can be differences in terms of size estimation, with one study
reporting that some components of the model (walls, corridors etc.)
were shrunk and felt too narrow in VR (Kuliga et al., 2015). This
effect of underestimating distance in VR is not a new issue (e.g.,
Witmer and Kline, 1998; Finnegan et al., 2016). However, such
issues can be moderated by employing more sophisticated lighting
models benefiting from ambient occlusion, shadows, and variable
light sources, as they have the potential to increase depth perception
(Witmer and Kline, 1998; Kuliga et al., 2015). Here we found that the
VR environments, while not fully realistic, did afford the intended
differences in size of personal space that were reflected in the measure
of personal space estimation.

In conclusion, the present study offers valuable novel insights into
aspects of spatial and social density, noise levels, and type of view in
the workspace. First, increasing the size of personal space available to
an individual is perceived as beneficial, but this effect levels off after
a point. We have shown that a change from an individual office to
a shared one does decrease perceived personal space, independent of
the type of view, and spatial or social density. Second, the type of view
offered is less important once one benefits from a view, either inside
or outside. A secondary contribution is that our study serves as a
proof our conceptual approach of using immersive VR to simulate
office spaces. The design was found to be robust enough to yield
consistent findings across multiple experiments and yet sensitive
to slight changes, such as the positioning of the participant within
the office.
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