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Abstract: The sudden adoption of working from home (WFH) during the COVID-19 pandemic has
required the reconfiguration of home spaces to fit space for remote work into existing spaces already
filled with other domestic functions. This resulted in blurring of home and work boundaries, the
potential lack of space for telecommuting from home, and telecommuters’ feelings of crowding.
Numerous studies have shown the negative effects of crowding feelings on workers’ responses.
This study focused on the issue of crowding in the residential workspace. An online survey was
conducted to investigate how features of the home workspace correlate with telecommuters’ feelings
of crowding and how these feelings affect satisfaction, health, and productivity. As a result, we found
that various environmental features of home workspaces (e.g., house size, purpose of workspace,
accessible balcony, lighting, noise, etc.), as well as psychological aspects (e.g., individual control over
space use), had significant effects on telecommuters’ feelings of crowdedness. It was also found
that feelings of crowding in the WFH environment can directly and indirectly affect teleworkers’
satisfaction with work environments, well-being, and work performance. Based on the results, we
offered various potential ways to alleviate overcrowding issues in the WFH context.

Keywords: feelings of crowding; working from home; work environment; COVID-19; health; productivity

1. Introduction

Since the outbreak of coronavirus disease in 2019 (COVID-19), everyone’s daily lives
have changed dramatically. Many daily activities conducted in public spaces, such as
working, meeting, learning, and socializing, have been converted to home spaces under
lockdown measures worldwide. The residential environment has become increasingly
important to people’s well-being, as the types of functions that a house must also accom-
modate have expanded rapidly.

The sudden and somewhat forced adoption of working from home (WFH) due to the
COVID-19 pandemic demanded the reconfiguration of home spaces. Space for WFH had
to fit into existing physical spaces, already densely filled with other domestic functions.
Furthermore, many individuals had to share these spaces with family members who also
worked or learned from home. In their literature review on WFH, Ammons and Markham
noted that the nearly unavoidable blurring of home and work boundaries would produce
a set of challenges, such as distractions and recurring conflicts between work and home
duties [1]. The ambiguity of home workspace boundaries has received much attention
during the COVID-19 pandemic [2–4]. In addition, numerous surveys and studies have
cited the lack of space for WFH as a major factor negatively impacting telecommuters [5–7]
in terms of their well-being [8,9], productivity [10,11], and satisfaction [9].

Several studies have been devoted to the effect of office space characteristics, such
as noise, lighting, air quality, thermal comfort, indoor plants, and workspace layout, on
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the perception, behavior, and productivity of workers—e.g., [12–17]. In particular, since
conventional closed workplaces started to be replaced with open-plan design in the 1970s,
many researchers have focused on the issues of spatial density, interpersonal distance, and
the feeling of crowding in the workplace—e.g., [18–20]. According to several empirical
studies, high spatial density, limited privacy, and feelings of crowding negatively affect
workers’ satisfaction, health, and performance [18,21–24].

Despite the abundance of evidence connecting office environments and worker ex-
periences, it may be inappropriate to directly apply this knowledge to WFH because the
WFH context has fundamentally different physical and social conditions than the office
environment. In addition, the two work environments differ in how workers communi-
cate, interact, and relax. Furthermore, the preconceived social etiquette required for each
workspace is not the same. These inherent variances directly affect how dissatisfaction
with workspace size, feelings of crowding, and invasion of privacy occur while working.

Interest in WFH began in the 1970s, when the cost of commuting rose sharply after
the oil crisis. Since then, this interest has grown steadily and modestly until the COVID-19
pandemic. Continued advances in information and communication technologies (ICTs)
have been an important driver of WFH’s expansion [25]. Accordingly, most countries with
relatively high rates of WFH prior to COVID-19 ranked high on the ICT Development
Index [26,27]. For example, of the 27 EU countries, the ten countries with the highest rates
of WFH in 2019 (in descending order: Sweden, the Netherlands, Luxembourg, Finland,
Denmark, Belgium, France, Austria, Estonia, and Ireland) were all in the top 25 in the 2017
ICT Development Index. On the other hand, interestingly, South Korea (hereafter Korea)
ranked second in the 2017 ICT Development Index, but the proportion of WFH before the
pandemic was exceptionally low. Kim and Ju estimated the Korean national WFH ratio in
2020 to be only 1.23%, based on WFH data from 2000 and 2010 [28]. However, unexpectedly,
COVID-19 has given Korea and many other nations an “opportunity” to accept and adapt
to a new work type, WFH.

Many surveys have shown that following the pandemic, most Korean workers prefer
‘hybrid work’, which allows them to work from home or the office according to their
needs—e.g., [29,30]. Accordingly, several companies are designing new work arrangements
that offer individual choices [31]. Considering that WFH will remain a “new normal”
work type, it is crucial to evaluate how effectively the existing residential environment
has accommodated WFH and to derive factors to consider when developing new housing
models. The necessity for such studies may be greater, especially in Korea, because Korea
had limited experience with WFH before the pandemic, and the homogeneity of housing
types in Korea makes it difficult to flexibly accommodate residents’ diverse needs. In this
regard, the present study aims to comprehend how Korean telecommuters living in Korea
and the Netherlands were impacted by the features of home workspaces during COVID-19
and to recommend design suggestions to better reflect the new demands on the residential
environment in the Korean context.

1.1. Feelings of Crowding in the Work Environment

Many studies have explored the effect of workspace size on worker productivity,
satisfaction, and well-being. These studies can be classified according to whether the
main research variable (indicating workspace size) is an objectively measurable spatial
density (measured in square meters or meters)—e.g., [18] or a subjectively perceived density
(i.e., feelings of crowding)—e.g., [32].

High spatial density in the workplace can create feelings of crowding and is signif-
icantly related to low work satisfaction, poor job performance, and high turnover inten-
tions [18,21–24]. Other researchers have focused on interpersonal distance. Kraut et al.
showed that less interpersonal distance can increase unnecessary cognitive load while
working [33]. However, contradictory research suggests that the closer employees are
to colleagues, the more they communicate and collaborate [33–39]. Other studies have
examined spatial openness as another variable indicating workspace size. The number
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and height of partitions were found to determine how open a workspace is and to affect
privacy, distraction, and satisfaction [20,24,40,41].

Crowding differs from objective numerical parameters, such as spatial density or
interpersonal distance [42]. It is a subjective term that depends on an individual’s perceived
degree of congestion under a given spatial density. Therefore, the feeling of crowding is
affected not only by spatial density [18,43,44], but also by individuals’ characteristics, in-
cluding sex [45], preference for interpersonal distance [46], and cultural background [47,48].

The physical and social features of an environment also influence feelings of crowding.
For example, high ceilings and visual exits (e.g., windows and doors) reduce the feeling of
crowding [49]. People are likely to feel overcrowded when other stressors, such as noise,
are involved [50]. In addition, if the activity is carried out in the center of the room rather
than in the corner, crowding is less probable [51]. When a room is bright due to its main
color or appropriate lighting, crowding can be lessened [52–54]. In addition to brightness,
people can feel less overcrowded when wall installations (e.g., paintings or advertisements)
distract their attention [55,56]. Altman argued that crowding can be determined by levels
of privacy. If someone’s privacy is compromised, a feeling of crowding is more likely to
exist [57].

Numerous studies have demonstrated the significant impact of crowding on workers’
behavioral and psychological responses. For example, Baron indicated that crowding and a
lack of privacy may promote arousal, information overload, and environmental stress, and
diminish a sense of control over a space, which can influence job performance [58]. More
recently, the US-based furniture company Knoll established that crowding strongly impacts
employee satisfaction with the workplace [44]. Kim and de Dear also found that satisfaction
with the amount of available workspace influences employees’ overall perceptions of the
workspace [59]. In addition to satisfaction and productivity, crowding affects deviant
workplace behaviors, such as violent and antisocial behavior [60,61]. All of these results
show that how workers feel about the amount of their workspace has a profound effect on
their well-being and productivity. In this sense, the present study particularly focused on
the issue of crowding in the WFH context.

Several researchers have interpreted and defined crowding differently, such as social
overload [62,63], behavior constraint [32,64], unwanted interaction [65,66], scarcity of
resources [67], and failure to achieve the desired level of privacy [57]. The general concept
of crowding in a typical office space can be associated with physical distance from co-
workers, overload due to unwanted interactions, or degrees of privacy. On the other
hand, crowding in a home workspace requires a different approach because the space is
usually shared only with the family or is used alone and often accommodates various
domestic functions. In this study, we measured the satisfaction of home workspace size as
a variable representing crowding in WFH settings. This is based on the APA dictionary
of psychology’s definition of crowding: “psychological tension produced . . . especially
when individuals feel that the amount of space available to them is insufficient for their
needs” [68].

1.2. Research Hypotheses

The feeling of crowding can be controlled not only by spatial density itself but also
by lighting, noise, visual distractions, and privacy, as previously discussed [49–57]. This
perspective allowed us to infer that various architectural modifications can be attempted
when workspace size dissatisfies occupants. Our first hypothesis is related to identifying
these architectural modifications.

H1. Various environmental features of the home workspace (space size, density, openness, lighting,
noise, privacy, and visual distractions) are associated with telecommuters’ feelings of crowding.

Through the results of testing the first hypothesis, we extracted various architectural
design ideas for alleviating the crowding issue in the home workspace.
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As previously mentioned, there is ample evidence that crowding feelings in the
workplace affect workers’ perceptions and behaviors [44,58–61]. Our second and third
hypotheses were determined to examine these relationships in the WFH context. The second
hypothesis investigates the impact of telecommuters’ crowding feelings on their ratings for
home workspace (H2), and the third hypothesis assumes the influence of crowding feelings
on changes in health (H3a) and productivity (H3b) before and during COVID-19.

H2. Telecommuters’ feelings of crowding affect how they rate their home workspaces.

H3. Telecommuters’ feelings of crowding affect changes in (a) health and (b) productivity before and
during COVID-19.

Finally, based on previous studies highlighting the importance of worker satisfaction
with the work environment for workers’ well-being and performance—e.g., [69,70]—we
investigated how telecommuters’ satisfaction with the home workspace affected their
health (H4a) and productivity (H4b) while working from home.

H4. Telecommuters’ ratings for home workspace affect changes in (a) health and (b) productivity
before and during COVID-19.

Figure 1 shows the hypothesized relationships between the research variables substi-
tuted into the stimulus-response model. As Pang et al. found, the spatial elements of the
home workspace can affect occupants’ satisfaction, well-being, and productivity [6]. How-
ever, investigating these relationships requires extensive research, and thus was excluded
from the scope of this study.
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2. Materials and Methods
2.1. Participants and Procedures

Apartments, indicating large-scale apartment complexes (62.3%), as well as multi-
family houses (14.9%), are the most dominant housing type in Korea, accounting for 77.2%
of housing units in 2019 [71]. It would be no exaggeration to say that most Koreans live in
apartments (mostly developed using standardized and prototyped floor layouts). Since
this study examines the occupants’ WFH experiences according to differences in living
environments, it was considered that recruiting only those living in similar living environ-
ments as respondents could be problematic. To compensate for this, we recruited Koreans
who had experienced WFH during COVID-19, not only in Korea but also in the Nether-
lands. The Netherlands, similar to Korea, has advanced ICT, an essential facility for WFH.
However, the Netherlands, unlike Korea, has various types of houses, including detached,
semi-detached, terraced houses, townhouses, apartments, and even houseboats. Therefore,
we included two groups with the same cultural and ethnic backgrounds but different living
conditions to avoid obtaining skewed responses for the independent variables.
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An online survey was created using Qualtrics and approved by the Human Research
Ethics Committee at TU Delft. The survey link was distributed through social networking
services (e.g., Facebook, LinkedIn, and KakaoTalk) in Korea and the Netherlands from
4 November to 29 December 2021. Through the suitability check, we limited respondents
to Koreans who had worked from home during the pandemic in Korea or the Netherlands
and who spent a good amount of time at a desk while working. Those who solely worked
from home before COVID-19 were also excluded because participants were asked to
compare working in an office (or a workspace other than home) before COVID-19 with
WFH during COVID-19.

Among the 253 individuals who provided informed consent and completed the survey,
190 lived in Korea, and 63 lived in the Netherlands. Of the participants, 18.6% were
21–30 years old, 65.6% were 31–40 years old, and 15.8% were 41 years or older. More
women (65.2%) participated than men (34.8%), and no one responded as non-binary or third
gender. Of the participants, 55.3% were married, and 2.8% were in domestic partnerships;
36.4% were single, and 2.4% were widowed or divorced. Eight participants preferred not
to disclose their marital status.

2.2. Measures

After the suitability check, the respondents were asked to answer questions about
personal information and the research variables shown in Figure 1 (i.e., features of the
home workspace, feelings of crowding, ratings for the home workspace, and changes in
health and productivity). The type of response was determined among multiple-choice,
5-point Likert scale, and open-ended according to the characteristics of the variables.

2.2.1. Feelings of Crowding (Satisfaction with Home Workspace Size)

We considered the space occupied by telecommuters while working from home to be
a separate “room” with furniture and facilities for work, in which they spend most of their
working hours. In a narrow sense, this space could also be defined as a work desk. Thus,
we assessed participants’ satisfaction with the room size (hereafter SR) and satisfaction
with the desk size (hereafter SD) used for WFH during COVID-19 on a 5-point Likert scale
ranging from 1 = extremely dissatisfied to 5 = extremely satisfied.

2.2.2. Features of Home Workspace

Only physical and social environmental factors that could potentially impact telecom-
muters’ satisfaction with workspace size were selected as research variables. These variables
can be divided into (1) factors directly associated with the objective size of the workspace
and (2) factors indirectly affecting people’s perceptions of space size.

The former category includes variables determining the size of a home workspace
or a house (i.e., home workspace size (m2), ceiling height (m), house size (m2), and the
number of rooms). We also included variables related to spatial density, such as whether
they shared the workspace or desk, the number of occupants, and the purpose of the home
workspace. As for the purpose, we questioned whether the space was used only for work or
for other purposes because we assumed that multi-function could affect occupants’ feelings
of crowding.

The factors indirectly influencing satisfaction with space size were selected from
the literature review. We constructed variables by establishing six categories: physical
openness [21], visual openness [49], lighting [52,53], noise [50], visual distractions [55,56],
and violation of privacy [57]. Specific environmental variables for each category (see
Table 1) were determined in consideration of the context of the WFH environment while
referring to previous studies. Table 1 lists the environmental variables for each category.
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Table 1. Variables of features of home workspace.

Categories Environmental Variables 1 Type of Data Type of Response

Space size

Workspace size
Continuous Open-endedCeiling height of workspace

House size
No. of rooms Discrete

Density

Frequency of sharing of desk 2 Ordinal Likert scale
Sharing of workspace

Nominal Multiple-choiceLiving alone
Purpose of workspace

Physical openness Accessible balcony/garden Nominal Multiple-choice
Frequency of using

balcony/garden Ordinal Likert scale

Visual openness Presence of front window Nominal Multiple-choice
No. of windows Discrete Open-ended

Lighting
Quality of light

Ordinal Likert scaleSufficiency of natural light
Need for artificial light 2

Noise
Frequency of noise inside 2

Ordinal Likert scaleFrequency of noise outside 2

Violation of privacy Violation of visual privacy 2
Ordinal Likert scaleViolation of acoustical privacy 2

Visual distractions

Aesthetical pleasure
Ordinal Likert scaleCleanliness

Rating for scenery
Type of scenery

Nominal Multiple-choicePresence of plants
Presence of art objects

1 All variables were set in favor of WFH as scores increased. Accordingly, the frequency of the sharing desk
and noise inside/outside were measured on a 5-point Likert scale, with higher scores indicating less frequency
(1 = always and 5 = never). The need for artificial light and the violation of visual/acoustical privacy were set to
decrease as the score increased. 2 The scores of these variables mean the opposite of what the variables represent.

2.2.3. Ratings for the Home Workspace

The design and use of the workspace impact not only workers’ perceptions of environ-
ments but also their job performance and work engagement [72,73]. Describing that “these
are the cornerstones of the domain known as the environmental psychology of workspace,”
Vischer developed a comprehensive model, including various dimensions for designing a
functionally comfortable workspace and goals to achieve [73].

Among the suggested dimensions, we extracted aspects suitable for the WFH context
(i.e., functional comfort, psychological comfort, physical comfort, physiological comfort,
resilience, individuality) and translated the terms to help the survey respondents under-
stand their meanings more easily (i.e., concentration, attachment to home, ergonomic
comfort, physiological comfort, relieving stress, and privacy). Then, 5-point Likert scale
questions were created to measure satisfaction with the home workspace in each dimension.
Regarding concentration, for example, respondents were asked, “How satisfied are you
with your home workspace in terms of work concentration?” We also included a question
about general satisfaction with the WFH environment.

2.2.4. Change in Health and Productivity

Vischer presented workers’ well-being, productivity, and health (physical, mental, and
social) as goals of a functionally comfortable workspace [73], which became the criterion
for establishing the main dependent variables of this study. We replaced well-being with
work–life balance since well-being, defined as the state of feeling healthy and happy [74],
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can be confused with health. We also considered perceived differences in health and
productivity before and after the pandemic to measure changes due to WFH. Thus, we
established five dependent variables: perceived changes in physical health, mental health,
work–life balance, social well-being, and productivity.

As for physical health, we asked participants about three items: overall physical health,
drowsiness while working, and sleep quality during each period of working in the office
“before” the pandemic and working from home “after” the pandemic. The change in each
item was obtained by subtracting “before” from “after.” The change in physical health
was obtained by calculating the average value of the three items, and mental health was
measured by overall mental health, depression, and stress while working. Productivity
included six items, which are overall productivity, job satisfaction, work engagement, work
enjoyment, work energy, and work concentration [75]. Table 2 describes how the dependent
variables were calculated from the data obtained.

Table 2. The process of calculating changes in health and productivity.

Dependent Variables Questions Change 1 between
before and after

Cronbach’s
Alphabefore after

Physical health
Overall (1) (2) (1)–(2)

Average 0.62Drowsiness (3) (4) (3)–(4)
Sleep quality (5) (6) (5)–(6)

Mental health
Overall (7) (8) (7)–(8)

Average 0.77Depression (9) (10) (9)–(10)
Stress (11) (12) (11)–(12)

Work–life balance (13) (14) (13)–(14) -

Social well-being (15) (16) (15)–(16) -

Productivity

Overall (17) (18) (17)–(18)

Average 0.85

Job satisfaction (19) (20) (19)–(20)
Engagement (21) (22) (21)–(22)
Enjoyment (23) (24) (23)–(24)

Energy (25) (26) (25)–(26)
Concentration (27) (28) (27)–(28)

1 Negative and positive numbers mean deterioration and improvement in health or productivity, respectively.

2.2.5. Control Variables

To control for respondents’ demographic characteristics, the survey included questions
about age, sex, marital status, place of residence, education, employment status, housing
type, and children at home. We also investigated the characteristics of their WFH experience,
including the frequency of WFH per week, daily working hours, prior experience of WFH,
and the compulsoriness of WFH. In multiple linear regression analyses, we incorporated
these variables as predictors.

2.3. Analytic Approaches

To test our first hypothesis, Spearman’s rank correlation analysis and an independent
samples T-test were performed. The second and third hypotheses were tested by conducting
a series of multiple linear regression analyses using a stepwise method to find significant
predictors for outcome variables, including ratings for home workspaces and changes in
health and productivity. SPSS version 28 was used for these analyses.

3. Results and Discussion
3.1. Environmental Features and Feelings of Crowding (H1)
3.1.1. Space Size and Density

Table 3 presents the results of the correlation analyses and independent T-tests of
size-related environmental variables and SR/SD. Interestingly, SR significantly correlated
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with the size of the entire house (ρ = 0.35, p = 0.000), not with the size or ceiling height of
the home workspace. This result is consistent with past research that found a significant
association between office size and crowding feelings [18,22], but it raises a question
regarding telecommuters’ perceptions of occupied space in the WFH context.

Table 3. Relationships between size-related environmental features and satisfaction with home
workspace size.

Analysis Environmental Features
Satisfaction

Room Size (SR) Desk Size (SD)

Spearman’s
Correlation

Workspace size (m2) ρ = 0.05 ρ = −0.03
Ceiling height of workspace (m) ρ = −0.02 ρ = −0.07

House size (m2) ρ = 0.35 *** ρ = 0.14
No. of rooms (ea) ρ = 0.26 *** ρ = 0.19 **

Frequency of sharing of desk ρ = 0.20 ** ρ = 0.01

Independent
t-test

Sharing of
workspace

Using by myself M = 3.48 t = 0.72
d = 0.09

M = 2.83 t = 1.47
d = 0.19Sharing with others M = 3.38 M = 2.69

Purpose of
workspace

Working only M = 3.46 t = −0.16
d = 0.02

M = 2.99 t = −2.85 **
d = 0.40Other activities M = 3.44 M = 2.71

Living alone Alone M = 3.12 t = 2.52 *
d = 0.38

M = 2.71 t = 0.79
d = 0.13With others M = 3.53 M = 2.80

* p < 0.05, ** p < 0.01, *** p < 0.001. ρ = Spearman’s correlation coefficient; M = Mean; d = Cohen’s d.

Personal space in the office can be defined as the region that others cannot enter
without causing discomfort [76]. Therefore, the amount of personal space depends on
who these others are, how close they are to the subject, and whether they are always
there. These social aspects may distinguish WFH environments from offices. A more
extensive investigation is required to determine the perceived range of workspaces in
a WFH setting, but this study suggests that respondents may have regarded the entire
house as a space they occupied or used while WFH. Thus, telecommuters’ SR may be more
strongly correlated with the total area they can freely occupy than the space they actually
use during work hours.

The number of rooms was also significant (workspace size: ρ = 0.26, p = 0.000; desk size:
ρ = 0.19, p = 0.002). The number of rooms is likely to determine whether a telecommuter
can have a dedicated or private room for work, and the chance of having a dedicated or
private room increases SR and SD. The results of the independent T-test in Table 2 reflect
this. Sharing the home workspace did not cause a significant difference in satisfaction, but
the space functions made a significant difference in SD (t = −3.85, p = 0.005). Although we
have not investigated what the other functions were, it can be assumed that multifunctional
home workspaces would have prevented telecommuters from having fully dedicated and
well-organized home office desks. This result supports recent studies—e.g., [77–79]—that
stress the importance of a dedicated workspace for WFH.

Contrary to our expectations, people living with others rated higher SR than those
living alone (t = 2.52, p = 0.012). To take a closer look at this result, we compared workspace
size, house size, and number of rooms between these two groups. Table 4 shows that
although workspace size was not significantly different, the house size when living with
others was twice that when living alone (t = 8.97, p = 0.000), and the number of rooms was
almost double (t = 9.64, p = 0.000). These results, consistent with Table 3, confirm that house
size and the number of rooms played a more decisive role in SR than workspace size itself.
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Table 4. Comparisons of those living alone and those living with others.

Workspace Size (m2) House Size (m2) No. of Rooms (EA)

M t d M t d M t d

Living alone 18.81 −0.61 0.11
47.51

8.97 *** 1.46
1.54

9.64 *** 1.54Living with others 17.25 93.86 2.99

*** p < 0.001. M = Mean; d = Cohen’s d.

3.1.2. Physical and Visual Openness

Table 5 presents the results for visual and physical openness. The variables indicating
visual openness, including the number of windows and the presence of a front window
in the home workspace, were not associated with SR or SD. In contrast, the presence of an
accessible balcony or domestic garden, which seemed to be related to the physical openness
of a house, made people happier with the WFH room size (t = 2.01, p = 0.043). Numerous
recent studies have revealed the health benefits of balconies or home gardens during the
COVID-19 lockdown—e.g., [80,81]. Interestingly, however, our data showed no significant
association between the frequency of using a balcony/garden while working and SR/SD.
Furthermore, nearly 40% of respondents with a balcony/garden answered that they never
used this space, even in summer, while working from home.

Table 5. Relationships between openness-related environmental features and satisfaction with home
workspace size.

Analysis Environmental Features
Satisfaction

Room Size (SR) Desk Size (SD)

Spearman’s
Correla-

tion

Frequency of using
balcony/garden ρ = −0.08 ρ = 0.02

No. of windows ρ = −0.03 ρ = −0.05

Independent
t−test

Accessible
balcony/garden

Yes M = 3.56 t = 2.01 *
d = 0.26

M = 2.83 t = 1.28
d = 0.17No M = 3.28 M = 2.71

Presence of
front window

Yes M = 3.40 t = 0.42
d = 0.06

M = 2.92 t = −1.73
d = 0.25No M = 3.46 M = 2.74

* p < 0.05. ρ = Spearman’s correlation coefficient; M = Mean; d = Cohen’s d.

These findings suggest that, even if a particular space is actually rarely used, whether
the space is given to users or not can affect their satisfaction. This inference is in line with
the discussion mentioned above that the perception of workspace size tends to depend
on the amount of space they can comfortably occupy (without the feeling of intruding
on someone else’s space) rather than the space size they actually use. Furthermore, this
may imply that satisfaction with space size is more related to psychological factors, such
as individual control or autonomy over the use of space, than to the amount of space
actually used. Related to this, Knight and Haslam studied the effects of allowing employees
to decorate the office by themselves. Their work showed that this empowerment, what
they termed the “empowered condition”, improved the well-being and productivity of
workers [82]. Our results, along with their findings, suggest a potential research topic on
the psychological aspects that affect telecommuters’ awareness and appraisal of the WFH
environment, health, and productivity. It also supports the rationale for activity-based
offices, which have recently been gaining popularity worldwide, where workers have the
autonomy to choose a workspace among varied workspace types [83].

3.1.3. Lighting, Noise, and Violation of Privacy

Table 6 shows that all lighting- and noise-related variables were significantly correlated
with SR. In particular, the quality of light was strongly linked to SR (ρ = 0.41, p = 0.000) and
SD (ρ = 0.14, p = 0.023), which is in line with previous studies [52,54]. Both the frequency
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of noise from outside (ρ = 0.25, p = 0.000) and inside (ρ = 0.14, p = 0.024) were associated
with SR. This result is consistent with prior research showing that noise disturbance lowers
office workers’ environmental satisfaction [84]. This result is particularly intriguing because
the mean values of noise frequency both from outside (M = 4.04) and inside (M = 4.14)
were low (a 5-point Likert scale ranging from 1 = always to 5 = never), suggesting that
even infrequent noise can significantly affect telecommuters’ perceptions of the home
workspace size.

Table 6. Relationships between lighting, noise, and privacy and satisfaction with home
workspace size.

Analysis Environmental Features
Satisfaction

Room Size (SR) Desk Size (SD)

Spearman’s
Correlation

Quality of light ρ = 0.41 *** ρ = 0.14 *
Sufficiency of natural light ρ = 0.28 *** ρ = 0.08

Need for artificial light ρ = 0.17 ** ρ = −0.00
Frequency of noise inside ρ = 0.14 * ρ = 0.13 *

Frequency of noise outside ρ = 0.25 *** ρ = 0.21 **
Violation of visual privacy ρ = 0.10 ρ = 0.11

Violation of acoustical privacy ρ = 0.21 ** ρ = 0.13*
* p < 0.05, ** p < 0.01, *** p < 0.001. ρ = Spearman’s correlation coefficient.

Only acoustical privacy was linked with SR (ρ = 0.21, p = 0.001) and SD (ρ = 0.13, p = 0.044).
Considering that privacy is one of the paramount issues in the work environment [85], the
insignificant result of visual privacy is somewhat unexpected. This result can be explained
by the social aspects of the WFH environment. In a typical work environment, where
workers are usually surrounded by colleagues, they can be more sensitive to situations
in which other people can see them unexpectedly or where they are forced to see things
they do not want to see. In contrast, people may be less sensitive to or annoyed by these
visual privacy invasions in their home workspaces because they usually share space with
the family.

On the other hand, it seems that the reason why acoustic privacy violations have
serious consequences is that, as already discussed, even infrequent noises have a significant
impact on telecommuters’ perceptions of the WFH environment. In addition, the sound is
usually harder to block or control than sight. Accordingly, regardless of the type of work
environment, people may feel uncomfortable if they generate noise that can bother others
(even family members) or if they are exposed to noise (even from family members).

3.1.4. Visual Distractions

As shown in Table 7, the more positively they evaluated the aesthetic pleasure of the
home workspace (ρ = 0.37, p = 0.000) and the scenery through the window (ρ = 0.32, p = 0.000),
the more satisfied the respondents were with the WFH room size. In particular, when
greenery was included in the scenery, the respondents were significantly more satisfied
with workspace size (t = −3.33, p = 0.001). On the other hand, there was no significant
result for the presence of plants, which was surprising considering the numerous studies
demonstrating the health and emotional benefits of indoor plants in the workplace [86,87].
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Table 7. Relationships between visual distractions and satisfaction with home workspace size.

Analysis Environmental Features
Satisfaction

Room Size (SR) Desk Size (SD)

Spearman’s
Correlation

Aesthetical pleasure ρ = 0.37 *** ρ = 0.26 ***
Rating for scenery ρ = 0.32 *** ρ = 0.09

Cleanliness ρ = −0.08 ρ = 0.01

Independent
T-test

Type of
scenery

With greenery M = 3.62 t =−3.33 **
d = 0.43

M = 2.84 t = −1.50
d = 0.19Without greenery M = 3.17 M = 2.70

Presence of plants Yes M = 3.52 t = −0.78
d = 0.10

M = 2.85 t = −1.11
d = 0.15No M = 3.41 M = 2.74

Presence of art
objects

Yes M = 3.44 t = 0.08
d = 0.01

M = 2.79 t = 0.74
d = 0.01No M = 3.45 M = 2.78

** p < 0.01, *** p < 0.001. ρ = Spearman’s correlation coefficient; M = Mean; d = Cohen’s d.

Thus, we further investigated whether the presence of plants affected WFH environ-
ment ratings and changes in health and productivity. The T-test results showed that the
attachment to home was significantly greater with indoor plants (M = 4.06) than with-
out (M = 3.78) in the home workspace (t = −2.57, p = 0.011). The presence of art objects
showed exactly the same result in that it made no significant difference in SR or SD, but in
the attachment to home (t = −2.35, p = 0.02). Although it was not possible to determine
whether plants and art objects enhanced occupants’ attachment to the home or whether
strong attachments increased the desire to decorate their home, at least we could confirm
that emotional intimacy with home was related to the presence of plants and artworks.

3.2. Ratings for the Home Workspace (H2)

We conducted multiple linear regression analysis using a stepwise method, with each
home workspace rating as an outcome variable. Figure 2 shows the seven regression
models schematized as the Sankey diagram. To create a Sankey plot showing a regression
model, we referred to the study of Neff et al. [88]. Appendix A includes a table of regression
models. In Figure 2, predictive variables are presented on the left, and the width of the
ribbon coming from each predictor represents the size of the standardized coefficients
(beta), regardless of their polarity. Seven outcome variables are shown on the right, with a
summary of each model.

It was found that SR significantly predicted all outcome variables. Additionally, SD had
a significant effect on physical and physiological comfort in the WFH environment. These
results confirm our second hypothesis, suggesting that satisfaction with workspace size
positively affects how occupants assess their residential work environments. In addition,
this suggests that the significant effect of crowding feelings on workplace satisfaction in an
office environment identified in the previous study [20] can also be applied in the context
of WFH.

Women were more satisfied with the WFH environment than men in terms of general
satisfaction, relieving stress, and concentration. This result is somewhat surprising, con-
sidering that women’s housework hours have increased, and employment instability has
worsened during the lockdown in Korea [89]. However, it becomes quite understandable
considering the early days of the pandemic in Korea when children were forced to take
online classes at home, although WFH had not yet been activated. At that time, many
parents (especially working moms) with young children had to struggle between parenting
and working [90], which might have made them favor the WFH recommendations and
positively affected their satisfaction with the WFH environment.
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Having children at home had a negative effect on privacy satisfaction, which is con-
sistent with Pluut and Wonders, who found that people with children experienced more
deterioration in blurred work–life boundaries during the pandemic [4]. Self-employed
and part-time workers reported lower satisfaction with concentration than full-time work-
ers. This may reflect the fact that overall employment insecurity increased during the
pandemic [89,91]. The anxiety induced by employment insecurity may have negatively
affected the perceived level of concentration within the WFH environment.

3.3. Changes in Health and Productivity (H3 & H4)

Figure 3 presents five regression models (also shown as a table in Appendix A) pre-
dicting changes in health and productivity before and during COVID-19.
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Relieving stress had a very strong positive effect on all outcome variables, suggesting
that creating a WFH environment that reduces stress is paramount to maintaining telecom-
muters’ health and productivity. This result can be further supported by Seva et al.’s
discussion that the WFH environment is more likely to be associated with unpleasant
feelings and stress than the office environment [11]. Additionally, we found significant
effects of concentration and general satisfaction on physical health and productivity, which
supports our fourth hypothesis (H4a, b), arguing that home workspace ratings would have
affected changes in health and productivity. In contrast, regarding our third hypotheses
(H3a, b), SR or SD was not evident for the outcome variables except for physical health.
However, since we have already demonstrated that SR strongly affects how people evaluate
their home workspace, it can be inferred that such satisfaction with the space size will
indirectly impact the health and productivity of telecommuters.

Meanwhile, it was found that daily working hours negatively affected physical health
and work–life balance. Similarly, WFH frequency had a negative impact on physical/mental
health and social well-being. The finding that social well-being deteriorates as WFH occurs
more frequently demonstrates the physical and psychological isolation that too frequent
WFH can bring. This outcome highlights the need for a balance between office-based and
home-based work, such as hybrid work. In addition, it requires us to think about new
forms of office and residential space that can better cope with the changing work landscape
in response.
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3.4. Contributions and Practical Implications

Our work contributes to the literature on the interactions between work environments
and worker responses. More specifically, this study improves our understanding of the
WFH environment and telecommuters’ perceptions of home workspace size. In particular,
this study presented an interesting discussion of how dissimilarities in terms of the physical
and social contexts of the workplaces (i.e., office versus home) make differences in workers’
responses to environmental factors. For example, while the impacts of light and noise on
worker satisfaction appeared to be consistent between the office and home, responses to
privacy intrusion in the telecommuting environment were found to be different than in the
office environment. Additionally, the results of this study implied a possible difference
in the perceived spatial extent of workspace between telecommuters and office workers.
This implies that differences in the psychological or emotional connection a person has to
space can create inherent differences in the mechanisms by which environmental factors
influence behaviors, which will provide an important clue for future studies comparing
WFH and office work.

This study shares the same ultimate goal (i.e., providing a healthy and productive
WFH environment) as recent studies examining the effects of WFH environments on
telecommuters’ behavioral and emotional responses—e.g., [6,9,11]. However, to the best of
our knowledge, no studies have investigated factors affecting telecommuters’ feelings of
crowding and its effects on their health and productivity, which is what makes our findings
novel and potentially important.

In this paper, we demonstrated how various environmental features of home workspaces
(e.g., house size, purpose of workspace, accessible balcony, lighting, noise, privacy, aesthetic
pleasure, and scenery through windows) significantly affected telecommuters’ SR or SD.
In addition to physical environmental factors, SR was found to be associated with psycho-
logical aspects, such as individual control or autonomy over space use. We believe that
these results are essential in developing strategies to create a healthy and effective WFH
environment. This is because, as we found through testing the second and third hypotheses,
feelings of crowding can directly and indirectly affect telecommuters’ satisfaction with their
work environments, as well as their well-being and work performance.

This research also offers various potential ways to alleviate crowding issues in the
WFH environment without increasing the workspace size given to telecommuters. First, it
would be advantageous to have a separate workspace dedicated to working. Even if the
workspace is shared with others, the crowding issue can be alleviated if the space is used
only for work. This suggestion could also contribute to resolving the issue of blurred work–
life boundaries, which many researchers have pointed to as one of the biggest challenges
that telecommuters should overcome [2–4].

Second, light quality in the home workspace is one of the most important factors
affecting telecommuters’ feelings of crowding. Satisfaction with the home workspace size
can increase if sufficient natural light is introduced and the need for artificial lighting is low.
In addition, it is well known that light directly affects an individual’s physical and mental
health [92]. Therefore, it would be beneficial to place the workstation in a room with as
much natural light as possible.

Third, our results have shown that even infrequent noise (especially from outside)
can make telecommuters feel crowded. Numerous studies have shown the harmful con-
sequences of continuous noise exposure on workers’ health—e.g., [84,93,94]. Although it
cannot be said that residential buildings are generally more susceptible to noise than typical
office buildings, noise problems between floors and walls in apartments are constantly be-
ing pointed out [95–97]. Additionally, the natural ventilation that most houses rely on may
make it difficult to control outside noise. To create healthy and efficient home-based work
environments, residential building designs should pay greater attention to noise issues.

Fourth, pleasant visual stimuli, such as the aesthetic pleasure of the home workspace
and satisfaction with the scenery through windows, appear to effectively alleviate the
feeling of crowding in the home workspace. We also found that the presence of plants
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or artwork is associated with telecommuters’ home attachments. As Knight and Haslam
showed, the beneficial effects of decorations in an office space [82] and creating a visually
satisfactory home workspace can contribute to improving the psychological comfort, satis-
faction, and productivity of telecommuters. According to a recently released Korean news
report [98], more than half of 683 adult respondents said that their interest in organizing
and decorating personal space at home had increased since COVID-19 began. The biggest
reasons for the increased interest were “to put my favorite items on the desk,” “to relieve
stress and take psychological comfort,” and “because my time at home increased.”

Lastly, our results showed that the presence of balconies mitigated the feeling of
crowding in the home workspace, although the actual frequency of using balconies was
not very high. Additionally, not the home workspace size but the entire house size was
found to be correlated with home workspace size satisfaction. These results suggest that
the perceived size of personal space (even if it is rarely used) rather than the amount of
space actually used plays a more decisive role in the ratings for the space size. To convert
these results into practical design ideas, further research is required on how the spatial
range of personal space perceived by telecommuters varies according to various physical
and social living environment conditions.

We believe that these suggestions for alleviating feelings of crowding in the home
workspace without increasing the amount of workspace are important because it is usually
impossible or very difficult to provide additional space in an existing building. During
the pandemic, many novice telecommuters had to struggle to fit their workspace into the
existing physical space of their home, which was already crammed with other domestic
functions. Therefore, we expect that providing them with several ideas that can be applied
without changing the structure of the building will be useful for them to avoid feeling
crowded, even in an insufficient amount of space. Furthermore, some of the ideas discussed
above will provide insights into improving the design of residential spaces in the future to
better accommodate a new type of work.

3.5. Limitations and Future Research

Several potential limitations need to be considered. First, although changes in health
and productivity were considered dependent variables, we were not able to conduct a
longitudinal study. Instead, we asked survey respondents to recollect the status of their
health and productivity before the pandemic, which might lead to biased or inaccurate
answers—a memory bias. Second, we recruited Korean participants living in Korea and
the Netherlands to consider the various types and conditions of residential environments.
Although Korea and the Netherlands are similar in that they both have advanced ICT, which
is a prerequisite for WFH, the fact that only the Netherlands was included as a country
other than Korea may hinder the generalization of the research findings. Third, since the
number of independent variables was too large, we decided to use bivariate analysis to
test the first hypothesis. This method reveals the correlation between variables but has a
limitation in that it cannot confirm the causal relationship between variables. The results of
this study can be supplemented by using a structural equation model that integrates all
hypotheses with more simplified variables. Finally, participants for the online survey were
recruited through social networking services, which means that the sample was composed
of those who had internet access and had sufficient interest in this study. Additionally, the
number of samples may not be sufficient. Therefore, the representativeness of the sample
may be limited, and the generalization of the findings should be made carefully.

This research has raised many questions in need of further investigation. First, this
study presented an interesting assumption about the spatial scope of personal space per-
ceived by telecommuters. Further studies on how the perceived range of home workspaces
differs depending on home space layouts or cohabiting members will contribute to a bet-
ter understanding of telecommuters’ experiences and perceptions. Second, the effects
of environmental factors on telecommuters’ satisfaction and changes in their health and
productivity were excluded from the scope of the study. Given that recent studies have
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provided varying results for these relationships—e.g., [6,9,11]—additional research on this
topic may help us learn more about the link between a WFH environment and telecom-
muters’ responses. Third, we suggest that the degree of control that residents have over the
use of living spaces may influence their perception of the WFH environment. The impact of
this control has already been demonstrated in the office environment [82,99–102]. Loss of
control in a WFH environment, where workers generally might have higher expectations
of control than in a typical office environment, might lead to greater negative consequences.
We expect that future studies of these psychological factors in the context of WFH will
provide interesting implications, not only in the field of architectural planning but also in
the field of environmental psychology research.

4. Conclusions

Given that WFH is now the new normal for workers all over the world, it is vital to
understand how WFH environments affect telecommuters’ well-being and productivity.
The current study aims to understand how the characteristics of home workspaces affected
telecommuters’ emotional and behavioral responses during the COVID-19 pandemic and
to provide design ideas for WFH environments. Particularly, the ‘feeling of crowding’,
which is well known as a significant negative factor for the productivity and well-being
of workers, was examined in the context of WFH. By conducting an online survey to
investigate telecommuters’ feelings of crowding and the features of their home workspaces
during COVID-19, this study confirmed significant relationships between various variables:
the home workspace, crowding feelings, satisfaction, well-being, and work performance.
The findings of this study highlight that crowding issues should be significantly considered
when creating a healthy and effective WFH environment. Finally, we have suggested
a variety of practical strategies to alleviate feelings of crowding in the WFH context by
translating our findings into design ideas.
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Appendix A

Table A1. Regression models (Beta coefficients) predicting ratings for the home workspace.

Predictors

Outcome Variables

General
Satisfaction Concentration Ergonomic

Comfort
Physiological

Comfort
Relieving

Stress
Attachment

to Home Privacy

S_workspace size 0.48 *** 0.12 * 0.44 *** 0.44 *** 0.39 *** 0.26 *** 0.26 ***
S_desk size 0.15 ** 0.19 ***

Gender (1: female, 0:
male) 0.12 * 0.19 ** 0.17 **
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Table A1. Cont.

Predictors

Outcome Variables

General
Satisfaction Concentration Ergonomic

Comfort
Physiological

Comfort
Relieving

Stress
Attachment

to Home Privacy

Marital status (1: married,
0: not married) −0.13 * 0.14 *

Employment
(1: self−employed, 0:

employed)
−0.19 **

Employment (1:
part−time, 0: full−time) −0.14 *

Place of residence
(1: Netherlands, 0: South

Korea)
−0.16 **

Type of housing
(1: apartment, 0: other) −0.15 *

Children at home
(1: yes, 0: no) −0.13 *

F 37.56 *** 7.54 *** 30.75 *** 48.81 *** 19.61 *** 10.46 *** 11.67 ***
Adj. R2 0.26 0.09 0.26 0.28 0.18 0.10 0.08

* p < 0.05, ** p < 0.01, *** p < 0.001.

Table A2. Regression models (Beta coefficients) predicting changes in health and productivity.

Predictors

Outcome Variables

Physical Health Mental Health Social
Well-Being

Work–Life
Balance Productivity

Relieving stress 0.30 *** 0.49 *** 0.23 *** 0.43 *** 0.29 ***
Concentration 0.17 ** 0.17 **

General satisfaction 0.20 **
Privacy −0.12 *

S_workspace size 0.14 *
Frequency of WFH −0.12 * −0.15 ** −0.22 ***

Daily working hours −0.28 *** −0.18 **
Employment

(1: self−employed, 0:
employed)

0.16 ** −0.12 * 0.14 * 0.25 ***

Employment
(1: full−time, 0: part−time) 0.16 **

Marital status
(1: married, 0: not married) −0.11 *

F 14.93 *** 32.04 *** 10.90 *** 33.95 *** 18.25 ***
Adj. R2 0.31 0.27 0.11 0.21 0.26

* p < 0.05, ** p < 0.01, *** p < 0.001.
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