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Abstract

A large proportion of the global workforce migrated home during the COVID-19 pandemic
and subsequent lockdowns. It remains unclear what the exact differences between home
workers and non-home workers were, especially during the pandemic when a return to work
was imminent. How were building, workplace, and related facilities associated with workers’
perceptions and health? What are the lessons to be learned? Lifelines Corona Research Ini-
tiative was used to compare employees’ workplaces and related concerns, facilities, work
quality, and health in a complete case analysis (N = 12,776) when return to work was immi-
nent. Mann-Whitney U, logistic regression, and Wilcoxon matched-pairs were used for anal-
yses. Notwithstanding small differences, the results show that home workers had less
favourable scores for concerns about and facilities of on-site buildings and workplaces upon
return to work, but better scores for work quality and health than non-home workers. How-
ever, additional analyses also suggest that building, workplace, and related facilities may
have had the capacity to positively influence employees’ affective responses and work qual-
ity, but not always their health.

Introduction

In an unprecedented change to the workplace, a large proportion of the global workforce
migrated home during the COVID-19 pandemic and subsequent lockdowns. For most
employees, this was a radical and an unexpected prolonged change to their work situation.
The exact differences between employees working from home and those not working from
home, especially during the pandemic when a return to work was imminent, remain unclear.
What was the impact of different workplaces on employees? What are the lessons to be
learned? In other words, did employees working from home report different concerns, facili-
ties, work quality, and health shortly before returning to work during the COVID-19 pan-
demic than did employees not working from home?
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The buildings and workplaces of organizations influence employees in different sectors: for
instance, in healthcare [1, 2], higher education [3, 4], offices [5, 6], and cleaning industries [7,
8]. The management of buildings and workplaces is the responsibility of facility management,
a discipline which focuses on the operations phase of a building [9] and examines how spaces
and related services interact with the organization and people [10]. Where to work and how to
facilitate people best in doing their jobs has been investigated widely. Studies suggest that the
workplace has the capacity to advance the health, wellbeing, and safety of employees [11] as
well as their satisfaction and productivity [12]. Buildings, workplaces, and related facilities are
generally assumed to be unable to change the basics of the primary processes of organizations,
but they can most certainly facilitate, hinder, or frustrate these processes [13].

Before the pandemic, most people worked on-site. In 2019, 60% of employees were working
entirely on-site [14]. During the pandemic, protective workplace measures were actively used
by authorities to mitigate the spreading of disease [15]. If possible, employees had to work
from home. However, more than half of all employees did not work from home, simply
because they were unable to do so [16]. Workers with critical jobs, for instance, in healthcare,
supermarkets, and cleaning industries, worked on-site. Also, workers in the service, transport,
and logistics sectors, and in agriculture, worked relatively little from home [17]. In March
2020, teleworking became an overnight reality for countless workers, particularly those in
high-income countries, as exemplified by a 61% decrease in US elevator traffic in March 2020
[18]. Teleworking numbers rose, ranging from 13% of Brazil’s workforce to approximately
33% and 50% of the workforce in Europe and the US, respectively [19].

During the pandemic, reports of employee experiences varied widely, basically boiling
down to those for and against working from home [20, 21]; the implications for the manage-
ment of workplaces, facilities, and real estate continue to exist [10, 22]. Workers and manage-
ment disagree on whether or not to remain working from home, or to what extent [23]. These
differences of opinion are mitigated by the use of blended working, where employees blend
on-site working with working from home and in other places [24].

The COVID-19 pandemic and subsequent lockdowns have forced many employees to
work from home. Lessons learned from this unparalleled global workplace experiment remain
scarce, especially in view of possible future virus outbreaks [25]. Knowledge of workers’ spa-
tially-related experiences and health is particularly scarce. It remains unclear what the exact
differences between home workers and non-home workers were with respect to their con-
cerns, facilities, work quality, and health during the pandemic when a return to work was
imminent. Moreover, it is also unknown how the places where people work and to what extent
they are facilitated and feel concerned has influenced their work quality and health.

The aim of this study was to report on differences in experiences and health between home
workers and non-home workers just before a return to work during the COVID-19 pandemic.
Statistically significant differences between the two groups were observed and are reported. A
peculiar contribution of this study is the finding that building, workplace, and related facilities
seem to have had the capacity to positively influence employees’ affective responses and work
quality, but not always their health.

Below, we first provide an underpinning of our expectations in this study with a concise
overview of the relevant literature for each factor. As data were collected in the summer of
2020, the main focus was on workplace-related studies in that year. Next, the context and the
design of the study, the hypotheses, and the measures and methods used are justified and
described. Following this, the results are presented. As the data consisted of the responses of
participants who filled in the questionnaire either once (July or September 2020) or twice (July
and September 2020), single measures and repeated measures are analyzed and described sepa-
rately. Finally, the results are discussed and conclusions are drawn.
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Working from home

The Organisation for Economic Co-operation and Development [26] reported that in Austra-
lia, France, and the UK, 47% of employees worked from home during lockdowns in 2020.
Wigert [27] reported that the proportions of employees who worked exclusively from home
before, during, and after the pandemic were 8%, 70%, and 39%, respectively, highlighting a
working-from-home boom during the pandemic. Researchers in the Netherlands have also
estimated the proportions of home workers during the COVID-19 pandemic and subsequent
lockdowns in 2020. The findings were much lower, varying from 41% of the Dutch workforce
[28] to 46% [16] and 49% [29].

A December 2020 survey showed that 72% of US workers preferred to work from home
[30], although drawbacks reported by European workers highlight missing out on workplace
qualities, decreased meaningfulness of the work, and concerns about inadequate work supplies
[31, 32], and, in general, significant economic loss [33, 34]. Working from home requires, e.g.,
high-quality ICT, a well-equipped home office, and managerial trust [35-37].

In the current study, it was expected that employees who were working from home would
have different experiences than employees who were not working from home.

Workplace concerns

A July 2020 global survey initiated by the International Facility Management Association
showed that 40% of facility managers were concerned about HVAC systems, and 31% about
the interiors of their premises [38]. Rothe and Hanc [39] reported that 7% and 11% of on-site-
only workers and home workers, respectively, had health and safety concerns about their
workplace. Yet another study reported that 64% of workers were unwilling to go back to the
workplace, for reasons including safety fears and loss of productivity; 56% of employees in the
Netherlands were reluctant to return to work [40].

It was expected, therefore, that home workers would have greater concerns about their
workplace upon return to work than employees who were not working from home and were
used to it.

Workplace facilities

During the pandemic, measures were introduced for on-site workers to contain infection risks
[41] and to safeguard their health and wellbeing [42]. Behavioural rules were adopted: e.g.,
social distancing, disinfecting of hands and contact points, and ventilating with fresh air [43-
45]. Social distancing was furthered using one-way traffic signage, spatial-numerical occupant
limitation, and an increase of building access points [46]. Dividers, glass-partitions, and acrylic
screens were placed where close proximity was unavoidable [47]. Face masks and protective
suits were prescribed for personal protection: e.g., in the healthcare and cleaning industries
[48]. Cleaning activities were intensified; liquids and other cleaning materials were supplied
for personal hygiene and the self-cleaning of workstations, thus advancing the cleanliness of
workers and workplaces, and mitigating the risk of disease transmission [49].

During lockdown, such measures were limited to critical jobs. When the reproduction
numbers and prevalence of COVID-19 infections decreased and the related rules and regula-
tions became more relaxed, similar measures emerged in the buildings and workplaces of
organizations to which staff returned in the course of 2020. Measures were to be followed
strictly, as non-compliance with rules and regulations could potentially lead to the closing
down of buildings and/or businesses [50, 51].

In the summer of 2020, as home workers had got used to working in the relative safety of
the home environment and to using facilities to contain infection risks themselves, it was
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hypothesized that upon return to work, these home workers would rate their on-site workplace
facilities lower than would employees who were not working from home.

Work quality

Workers have developed a good sense of where they can work successfully [52]. Different stud-
ies suggest that working from home usually leads to increased work productivity [53-55]. A
2020 survey, held between June and October among US and German employees, showed an
average of 14% perceived productivity increase when working from home [56]. Reported rea-
sons for such increases are fewer interruptions by colleagues [57], increased well-being [35],
reduced commuting time [55], improved control (working hours, organisation of work), and
better work-life balance [58].

Even though these studies seem to justify positive expectations, it is still unclear to what
extent working from home influences perceived work quality. However, as with productivity,
it was expected that home workers would report better current work quality, compared with
the quality before corona, than would employees who were not working from home.

Health

Various studies have shown that the places where people work have significant effects on their
health [59-62] and wellbeing [63-65]. In the pre-pandemic era, Bloom et al. [54] reported that
home working led to fewer sick days. It remains unclear, however, if this decrease is a direct and
positive consequence of working from home, or if employees choose to work when sick [66, 67].
During the pandemic, working from home was associated with reduced disease transmission [49],
but also with a downside of decreased mental well-being [58, 68]. Moreover, it has been argued
that working from home had comparatively limited effects in curbing COVID-19 spread [69, 70].

These cautions notwithstanding, it was expected that home workers would report lower
sick leave and fewer COVID-19 infections or symptoms since the start of the pandemic than
employees who were not working from home.

Materials and methods
Context of the study

On June 1 2020, the Dutch authorities liberalized the COVID-19 regulations, which then
remained relatively stable until the second wave in October 2020 [71]. During the summer,
organizations started to prepare for a returning workforce, mostly by trial and error, because
knowledge of how to respond to the challenges in buildings and how to anticipate new out-
breaks was still lacking.

In the Netherlands, the largest changes occurred within the groups of home workers. Com-
paring the last quarters of 2019 and 2020, Netherlands Environmental Assessment Agency
[16] showed increases of 5% and 11% for home workers and exclusive home workers, respec-
tively, indicating that more people worked from home and also that the numbers of those
working exclusively from home increased gradually over 2020.

Research design

In this study, the associations between workplace-related factors (workplace, concerns, facili-
ties), work (quality), and health (sick leave, COVID-19) were investigated among 10,889 work-
ers in the Netherlands (Fig 1).

Population. The study was conducted using data from the Lifelines Cohort Study. Life-
lines is a multi-disciplinary prospective population-based cohort study examining in a unique
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Workplace concerns
* workplace
(return, hygiene) Work
* building * quality
Workplace (air quality, hygiene)
* homeworking
* no homeworking Workplace facilities
« cleaning Health
Date and « safe contact * sick leave
demographics * limit infection risk * COVID-19

Fig 1. Research model.
https://doi.org/10.1371/journal.pone.0279902.9001

three-generation design the health and health-related behaviours of 167,729 persons living in
the north of the Netherlands. It employs a broad range of investigative procedures in assessing
the biomedical, socio-demographic, behavioural, physical, and psychological factors which
contribute to the health and disease of the general population, with a special focus on multi-
morbidity and complex genetics. Scholtens et al. [72] describe the scientific rationale, study
design, and survey methods of the Lifelines Cohort Study. Lifelines data were supplemented
with additional questionnaire data collected by the Lifelines Corona Research Initiative, using
the Dutch Lifelines COVID-19 cohort study (N = 17,749).

The Lifelines adult study population is broadly representative with respect to socioeco-
nomic characteristics, lifestyle factors, the prevalence of chronic diseases, and general health in
the north of the Netherlands. Before entering the study, written informed consent was
obtained from all participants. The LifeLines Cohort Study was conducted according to the
principles of the Declaration of Helsinki and in accordance with the research code of Univer-
sity Medical Center Groningen (UMCG). The LifeLines study was approved by the medical
ethical committee of the UMCG, the Netherlands. For a comprehensive overview of the data
collection, please visit the LifeLines catalogue at www.LifeLines.net.

Procedure. IBM SPSS Statistics Version 25.0.0.1 was used for statistical analyses. Respon-
dents with missing data were excluded from the analysis, resulting in a complete case analysis
with a sample of 12,776 responses collected in July and September 2020; 9,002 respondents
filled in the questionnaire once; 1,887 respondents filled it in twice. Participants’ Gender and
Age were taken from the Lifelines baseline screening. Workplace, Workplace Concerns,
Workplace Facilities, Work Quality, Sick Leave, and COVID-19 were extracted from the
COVID-19 questionnaires of Lifelines. All items for Workplace Concerns and Workplace
Facilities were clearly labelled for the respondents under the category ‘Back to work’.

Hypothesis. It was hypothesized that home workers would report significantly less
favourable scores for Workplace Concerns and Workplace Facilities when faced with the pros-
pect of returning to the workplace, but better scores for Work Quality and Health in their cur-
rent situation than non-home workers. At first sight, this hypothesis may seem
counterintuitive; it seems more logical to expect that home workers would also report fewer
concerns and better facilities than non-home workers during the pandemic. However, it was
hypothesized that these workers might have a very different perspective when focusing on the
building to which they had to return, especially immediately before the return of all staff.

Measures

Date and demographics. Date comprised month of the assessment (July 2020; September
2020); Demographics consisted of the gender and age of respondents.
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Workplace. Workplace was measured using one item on a dichotomous scale (1 ‘T work
from home’; 2 ‘T do not work from home”).

Workplace concerns. A multi-item scale was composed to measure Workplace Concerns.
This scale comprised four items: ‘T am worried about returning to my workplace’, T am wor-
ried about the hygiene in the building where I work’, Tam worried about the air quality in the
building where I work’, and ‘T am worried about the hygiene at my workplace’. These items
were answered using a 7-point Likert scale (1 completely agree; 2 agree; 3 somewhat agree; 4
neutral; 5 somewhat disagree; 6 disagree; 7 completely disagree). The responses were recoded
(reversed) so that higher scores reflected more agreement. The sum score of all items was also
used for analyses (min = 4, max = 28). Cronbach’s alpha was .86, which is acceptable [73, 74].

Workplace facilities. Workplace Facilities was also measured using a multi-item scale, in
this case with three items: ‘T have sufficient supplies to clean my work things’, ‘I can safely have
contact with people at my work’, and ‘I can limit the risk of infection myself in the building
where I work’. Scales and recoding were the same as for Workplace Concerns. The sum score
of all items was used for analyses (min = 3, max = 21). Cronbach’s alpha was .76, which is also
acceptable [73, 74].

Work quality. For Work Quality, a single-item scale was applied, using a 5-point Likert
scale: ‘Is the quality of your work worse, the same, or better than before the corona crisis?’ (1
much worse; 2 worse; 3 the same; 4 better; 5 much better).

Health. Sick Leave was also measured using one item, in this case on a dichotomous scale:
‘Have you called in sick or taken leave of absence since the start of the corona crisis (mid-
March)? (1 yes; 2 no). Finally, the reason for sick leave was asked: ‘Why did you call in sick or
take leave of absence’? (1 due to corona (infection or symptoms); 2 other reasons).

Workplace, Work Quality, Sick Leave, and COVID-19 were measured using a single-item
scale; this was considered acceptable, because the constructs were regarded as sufficiently
clear, narrow, and unambiguous [70, 75].

Method justification. A Kolmogorov-Smirnov test, descriptive statistics, Mann-Whitney
U test, Chi-Square test, Belsley’s collinearity diagnostics, logistic regression, Hayes’ process
procedure, Wilcoxon matched pairs signed-ranks analysis, McNemar’s test, and Sign test were
used consecutively in the analyses. Justification for these choices is given below.

The Kolmogorov-Smirnov test of normality was used to test whether the data were nor-
mally distributed, allowing for parametric methods. Because this was not the case, the main
analyses consisted of descriptive statistics, non-parametric methods, and logistic regression
models.

Non-parametric methods were used because these methods do not require a normal distri-
bution. The data were split into two files: single measures (responses from July or September)
and repeated measures (responses from July and September). These data files were analyzed
using different methods. Both were combined with descriptive statistics to explore and
describe the different sample characteristics.

Mann-Whitney U was used for single measures: to test for differences between home work-
ers and non-home workers. This non-parametric method was applied because it allows for a
comparison of differences between two independent groups (i.e., the responses of different
participants who were categorized as home and non-home workers) with ordinal (i.e., Work-
place Concerns, Workplace Facilities, Work Quality) or continuous (i.e., Age) dependent vari-
ables. Because categorical dependent variables (i.e., Date, Gender, Sick Leave, COVID-19)
require a different approach, a Chi-Square test was also used to confirm the findings.

Logistic regression models were applied to the same sample to refine our understanding of
how the three dependent variables Work Quality, Sick Leave, and COVID-19 were influenced
by our independent variables. Belsley’s collinearity diagnostics was used to test the predictor
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variables a priori and verify that there was no violation of the assumption of no multicollinear-
ity. This was confirmed, so logistic regression was possible. These models were used because
they do not assume normality and they function well in predicting the probability of an event
taking place in one of the two categories of a dichotomous dependent variable (i.e., Sick Leave,
COVID-19) or in more than two categories of an ordinal dependent variable (i.e., Work Qual-
ity), given more independent variables. Hence, binary logistical regression and ordinal logisti-
cal regression models, respectively, were used. Interactions between the main independent
variables of interest (i.e., Workplace, Workplace Concerns, Workplace Facilities) and the
dependent variables (Fig 1) were analyzed to determine if any of the main effects was influ-
enced by a third variable. In the event that this occurred, Hayes’ process analysis was used to
scrutinize the observed relationships and to determine what their exact meaning was.

Wilcoxon matched pairs was used for repeated measures: to test for differences between
July and September. This non-parametric method was used because it allows for a comparison
of differences between two dependent groups (i.e., the responses of the same participants from
July and September, who were also categorized as home and non-home workers) with ordinal
dependent variables (i.e., Workplace Concerns, Workplace Facilities, Work Quality). Because
categorical dependent variables (i.e., Sick Leave, COVID-19) require a different approach,
McNemar’s test was used to confirm the findings. In the case of a cell frequency equal to zero,
McNemar’s test could not be performed and was replaced with Sign test.

Statistical analyses

Single and repeated measures were treated separately for comparative analyses [76]. An impor-
tant reason for splitting the data file was that different methods can be employed for single and
repeated measures. For a logistic regression, for instance, independent observations are
required, which means that they should not come from repeated or paired data; whereas
repeated measures allow for within-person comparisons, e.g., using Wilcoxon matched pairs.

A Kolmogorov-Smirnov test of normality was conducted to determine whether items were
normally distributed. It showed that the null hypothesis had to be rejected for all items. Data
were not normally distributed, neither for the single measures with 9,002 respondents (p <
.01) nor for the repeated measures with 1,887 respondents (p < .01). Consequently, a Mann-
Whitney U test (p < .01) was performed to compare the responses of home workers and non-
home workers to the prospect of returning to work with regard to Date and Demographics,
Workplace Concerns, Workplace Facilities, Work Quality, Sick Leave, and COVID-19. The z
values were used to calculate effect sizes and, as proposed by Cohen [77], r was calculated. We
interpreted r as follows: .5 indicates a large effect, .3 a medium effect, and .1 a small effect [78];
reversed for negative scores.

A Wilcoxon matched pairs signed-ranks analysis (p < .01) was used to compare responses
over time. Individuals’ responses were matched into 1,887 pairs. This classification allowed a
comparison of the same individuals’ responses regarding Workplace, Workplace Concerns,
Workplace Facilities, Work Quality, Sick Leave, and COVID-19 in July and in September
2020. Effect sizes were calculated and interpreted as for the Mann-Whitney U test.

Logistical regression models were constructed to analyze the hypothesized relationships, as
these models do not assume normality. The predictor variables were tested a priori to verify
that there was no violation of the assumption of no multicollinearity, following the criteria of
Belsley et al. [79]: Tolerance > .1, Variance Inflation Factor (VIF) < 10, Condition
Index < 30. The tests showed that the data met the assumption of collinearity, indicating that
multicollinearity of our independent variables was not a concern. The respective scores were
Workplace (Tolerance = .952, VIF = 1.051, Condition Index = 5.304), Date (Tolerance = .979,
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VIF = 1.021, Condition Index = 8.147), Gender (Tolerance = .961, VIF = 1.041, Condition
Index = 9.447), Age (Tolerance = .986, VIF = 1.014, Condition Index = 10.463), Workplace
Concerns (Tolerance = .779, VIF = 1.284, Condition Index = 28.190), and Workplace Facilities
(Tolerance = .810, VIF = 1.235, Condition Index = 13.028). The Box-Tidwell test was used to
check for linearity between the continuous predictor Age and the logit. The result was not sta-
tistically significant (p = .897), implying that this independent variable was linearly related to
the logit of the outcome variables and that the assumption was satisfied.

Ordinal logistical regression was used to analyze Work Quality as a function of Workplace,
Date, Demographics, Workplace Concerns, and Workplace Facilities. Binary logistical regres-
sion was used to analyze Sick Leave and COVID-19 as a function of Workplace, Date, Demo-
graphics, Workplace Concerns, and Workplace Facilities. In line with our research model (see
Fig 1), two-way interactions and the three-way interaction were also included for Workplace,
Workplace Concerns, and Workplace Facilities. Finally, Hayes’ [80] process procedure was
used to further analyze the statistically significant interactions between Workplace, Workplace
Concerns, and Workplace Facilities; Models 1 and 3 were used for the two-way interactions
and the three-way interaction, respectively: 5000 bootstrap samples were performed.

Results
Single measures N = 9,002

The Mann-Whitney U test showed that almost all differences between the sampling distribu-
tions of home workers and non-home workers were statistically significant (p < .001), but also
that many of these differences were rather small (Table 1). Statistically significant differences
were only absent for Age and the item T can safely have contact with people at my work’. Con-
sequently, a large variety of statistically significant differences was observed.

Baseline. With respect to the workplace, fewer workers were working from home
(N =2,526, 28.06%) than not working from home (N = 6,476, 71.94%) in the sample.

Date and demographics. There were more women in the sample (N = 5,452, 60.56%).
There were significantly more home workers in July (N = 1,675, 66.31%) than in September
(N =851, 33.69%, z = -13.162, p < .001). Significantly fewer female workers were working
from home (female; N = 1,393, 55.15%) than not working from home (female; N = 4,059,
62.68%, z = -6.569, p < .001). Age did not differ significantly between home workers
(M =51.05, SD = 8.84) and non-home workers (M = 50.67, SD = 9.09, z = -1.599, p = .110). A
Chi-Square test of the categorical variables confirmed the statistical significance of the above
findings (Date (y°(1) = 173.257, p < .001); Gender (°(1) = 43.153, p < .001)).

Workplace concerns. As hypothesized, Workplace Concerns regarding the built environ-
ment at work were significantly higher among home workers (M = 13.77, SD = 6.70) than
among non-home workers (M = 11.74, SD = 6.37, z = -13.274, p < .001). Home workers were
more concerned about the return to their workplace (homeworkers: M = 3.33, SD = 1.90 ver-
sus non-home workers: M = 2.65, SD = 1.78, z= -16.292, p < .001), the hygiene of the building
where they worked (home workers: M = 3.24, SD = 1.90 vs non-home workers: M = 2.91,

SD = 1.84, z=-7.870, p < .001), the air quality in their building (home workers: M = 3.93,
SD = 2.01 vs non-home workers: M = 3.29, SD = 1.97, z = -13.604, p < .001), and the hygiene
at their workplace (home workers: M = 3.27, SD = 1.91 vs non-home workers: M = 2.89,

SD =1.82,z=-9.024, p < .001).

Workplace facilities. Also as hypothesized, the scores for Workplace Facilities within the
built environment at work were significantly lower for home workers (M = 14.83; SD = 3.94)
than for non-home workers (M = 15.12, SD = 4.15, z = -4.004, p < .001). Home workers
reported having fewer sufficient supplies to clean their work things (homeworkers: M = 5.16,
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Table 1. Descriptive statistics and Mann-Whitney U test for statistical significance of the differences in Workplace with regard to sample characteristics, Workplace
Facilities, Workplace Concerns, Work Quality, Sick Leave, and COVID-19; single measures, N = 9,002 (70.46%).

Variables Workplace; N (%) z P r
Home; 2526 (28.06) Non-home; 6476 (71.94)
Date (month, year); N (%) -13.162 <.001? -.139
July 2020 1675 (33.67) 3300 (66.33)
September 2020 851 (21.13) 3176 (78.87)
Gender; N (%) -6.569 <.001? -.069
Male 1133 (44.85) 2417 (37.32)
Female 1393 (55.15) 4059 (62.68)
Age (years); M (SD) 51.05 (8.84) 50.67 (9.09) -1.599 110 -017
Workplace Concerns; M (SD) 13.77 (6.70) 11.74 (6.37) -13.274 <.001 -.139
I am worried about returning to my workplace; M (SD) 3.33 (1.90) 2.65 (1.78) -16.292 <.001 -172
I am worried about the hygiene in the building where I work; M (SD) 3.24 (1.90) 2.91 (1.84) -7.870 <.001 -.083
I am worried about the air quality in the building where I work; M (SD) 3.93 (2.01) 3.29 (1.97) -13.604 <.001 -.143
Workplace Facilities; M (SD) 14.83 (3.94) 15.12 (4.15) -4.004 < .001 -.042
I have sufficient supplies to clean my work things; M (SD) 5.16 (1.60) 5.47 (1.57) -10.294 <.001 -.108
I can safely have contact with people at my work; M (SD) 5.02 (1.51) 4.89 (1.73) -1.057 .290 -.011
I can limit the risk of infection myself in the building where I work; M (SD) 4.66 (1.69) 4.76 (1.74) -3.222 .001 -.034
I am worried about the hygiene at my workplace; M (SD) 3.27 (1.91) 2.89 (1.82) -9.024 <.001 -.095
Work Quality; M (SD) 3.06 (0.49) 2.96 (0.33) -9.931 <.001 -.105
Sick Leave; N (%) -4.491 <.001? -.047
Yes 138 (5.46) 533 (8.23)
No 2388 (94.54) 5943 (91.77)
COVID-19; N (%) -6.045 <.001? -.064
Yes 12 (8.70) 187 (35.08)
No 126 (91.30) 346 (64.92)

* p <.001 for Chi-Square Test.

https://doi.org/10.1371/journal.pone.0279902.t001

SD = 1.60 versus non-home workers: M = 5.47, SD = 1.57, z = -10.294, p < .001) and fewer
facilities to limit the risk of infection in the building where they worked (homeworkers:

M =4.66, SD = 1.69 vs non-home workers: M = 4.76, SD = 1.74, z = -3.222, p < .001). Only the
item ‘I can safely have contact with people at my work’ showed no statistically significant dif-
ferences (home workers: M = 5.02, SD = 1.51 vs non-home workers: M = 4.89, SD =1.73, z =
-1.057, p = .290).

Work quality. As expected, reported Work Quality was slightly higher among home
workers (M = 3.06, SD = 0.49) than among non-home workers (M =2.96, SD = 0.33, z =
-9.931, p < .001); this difference was statistically significant. Remember, however, that a value
of 3 indicated that current quality of the work was the same as before the corona crisis.

Health. Also as hypothesized, both Sick Leave and COVID-19 showed statistically signifi-
cant differences between home workers and non-home workers. Reported sick leave was well
over 2.5% lower among home workers (N = 138, 5.46%) than among non-home workers
(N =533, 8.23%, z = -4.491, p < .001). Sick leave due to COVID-19 was also significantly
lower among home workers (N = 12, 8.70%) than among non-home workers (N = 187,
35.08%, z = -6.045, p < .001): more than 25% lower. A Chi-Square test of these two categorical
variables confirmed the statistical significance of the above findings (Sick Leave (;(2 (1) =
20.172, p < .001); COVID-19 (4°(1) = 36.591, p < .001)).

Apart from Age and the item ‘I can safely have contact with people at my work’, all reported
differences were statistically significant. An additional analysis showed that when all repeated
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measures from the data analysis were included (N = 12,776), the statistical significance of all of
these findings remained the same (p < .01). However, even though most differences between
home workers and non-home workers were statistically significant, many of the observed dif-
ferences were rather small. For all items, r was between -.2 and 0, indicating a small effect size
[77, 78].

Ordinal and binary logistical regression models were constructed to analyze the hypothe-
sized relationships. Ordinal logistical regression was used to analyze Work Quality as a func-
tion of Workplace, Date, Demographics, Workplace Concerns, and Workplace Facilities.
Binary logistical regression was used to analyze Sick Leave and COVID-19 as a function of
Workplace, Date, Demographics, Workplace Concerns, and Workplace Facilities. In line with
our research model (see Fig 1), main effects, two-way interactions, and a three-way interaction
were included for all regression analyses. The three models showed a significant improvement
in fit when the predictors were used (p < .0001, Omnibus Test). The models explained 3.62%
of the variance in Work Quality, 4.10% in Sick Leave, and 16.05% in COVID-19 (Nagelkerke
Rz), respectively.

The p values of the ordinal logistical regression model indicate that all main effects and
interaction effects were significant (p < .01), except for the main effect Age (p = .526). This
means that the model identified Workplace, Date, Gender, Workplace Concerns, and Work-
place Facilities as explanatory variables for Work Quality. Table 2 shows that increased scores

Table 2. Results of logistic regression analyses on Work Quality, Sick Leave, and COVID-19, single measures, N = 9,002.

Source of variation Work Quality® Sick Leave® COVID-19°

B(SE) | Waldy? | p OR (CI: B(SE) | Waldy®> | p OR (CI: B(SE) | Waldx®> | p OR (CI: 95%)
(df) 95%) (df) 95%) (df)
(intercept) -4.489 5.265(1) | .022 | .011 (.000, 1.941 .043 (1) | .836 6.965 (.000,
(1.956) .520) (9.382) 673845333.000)

Workplace; home 1.835 | 8.758 (1) | .003 | 6.264 (1.858, 855 699 (1) | 403 | 2.352(317, | -1.555 | .107 (1) | .743 | 211 (.000, 2301.322)
(.620) 21.115) (1.023) 17.452) (4.743)

Date; Sept -.195 9.717 (1) | .002 .823 (.728, .568 47.037 < 1.765 (1.501, .950 23.215 < 2.586 (1.757, 3.807)
(.062) .930) (.083) (1) .001 2.077) (.197) (1) .001

Gender; female -.157 5951 (1) | .015 .855 (.754, .208 5.629 (1) | .018 1.232. .108 .285(1) | .593 1.114 (.749, 1.656)
(.064) .970) (.088) (1.037, (.202)

1.463)

Age .002 402 (1) | 526 | 1.002 (.995, -.028 43.061 < .972 (.964, -.026 7.685 (1) | .006 .974 (.957,.992)
(.003) 1.009) (.004) (1) .001 981) (.009)

Workplace Concerns 326 27.100 < 1.385 (1.225, .047 220(1) | .639 | 1.048 (.860, -.390 616 (1) | 432 677 (.256, 1.792)
(.063) (1) .001 1.556) (.101) 1.278) (.496)

Workplace Facilities 202 | 8.959(1) | .003 | 1.224 (1.072, 077 458 (1) | 498 | 1.080 (.865, -.443 611(1) | 434 | .642(211,1.951)
(.068) 1.397) (.113) 1.347) (.567)

Workplace x -.193 29.961 < .824 (.769, .003 .003(1) .956 | 1.003 (.902, 193 584 (1) | .445 1.212 (.740, 1.987)

Concerns (.035) (1) .001 .883) (.054) 1.116) (.252)

Workplace x -.102 7.594 (1) | .006 .903 (.840, -.033 300 (1) | .584 .968 (.860, 218 575(1) | 448 1.243 (.708, 2.183)

Facilities (.037) 971) (.060) 1.088) (.287)

Concerns x Facilities | -.015 12.535 < 985 (.977, -.001 049 (1) | .825 | .999 (.986, .029 847 (1) | 357 | 1.029 (.968, 1.095)
(.004) (1) .001 .993) (.007) 1.011) (.031)

Workplace x .008 12.346 < 1.008 (1.004, .0001 .002 (1) | .968 | 1.000 (.993, -.014 762(1) | .383 .986 (.956, 1.017)

Concern x Facilities (.002) (1) .001 1.013) (.004) 1.007) (.016)

* Ordinal logistic regression.
" Binary logistic regression.
Note. B: Co-efficient for the constant; SE: standard error around the co-efficient for the constant; Wald x* Wald chi square statistics; df: degree of freedom for Wald chi

square statistics; OR: odds ratio; CI: 95% confidence interval for the odds ratio with its upper and lower limits.

https://doi.org/10.1371/journal.pone.0279902.t002
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in Work Quality corresponded with higher scores on home working (odds ratio = 6.264), Work-
place Concerns (odds ratio = 1.385), and Workplace Facilities (odds ratio = 1.224). The highest
odds ratio for Work Quality (OR = 6.264; 95% CI = 1.858, 21.115) suggests that the odds of better
work quality were 6.26 times higher among home workers than non-home workers.

In contrast, the p values of the binary logistical regression model of Sick Leave indicate that
all main effects and interaction effects were not significant (p < .01), except for the main effects
Date (B =.568, p < .001), Gender (B =.208, p =.018), and Age (B =-.028, p < .001). Similarly,
the p values of the binary logistical regression model of COVID-19 indicate that only the main
effect Date (B = .950, p < .001) and Age (B = -.026, p < .01) were statistically significant. These
latter two models only identified Date, Gender, and Age as explanatory variables for Sick
Leave, and Date and Age for the prevalence of COVID-19. Removal of outliers (N = 12) had
no effect on the statistical significance of the results (p < .01).

Next, statistically significant interaction effects were further analyzed using Hayes’ process
analysis [80]. Three two-way interactions (Model 1) and one three-way interaction (Model 3)
were analysed; 5,000 bootstrap samples were performed. The results showed, firstly, for home
workers, that an increase in reported Workplace Concerns resulted in a small but statistically
significant increase in Work Quality (b = .005, p < .001); for non-home workers, an increase
in reported Workplace Concerns resulted in a small significant decrease in Work Quality (b =
-.005, p < .001). Secondly, for non-home workers, an increase in reported Workplace Facilities
yielded a small increase in Work Quality (b = .005, p < .001); for home workers, these effects
were not significant (b = -.004, p = .168). Thirdly, for home workers scoring low for Workplace
Concerns, an increase in reported Workplace Facilities resulted in a small increase in Work
Quality (b =.004, p = .005); the results were not statistically significant for home workers scor-
ing average (b =.002, p = .093) or high (b =.0003, p = .897) for Workplace Concerns. Fourthly,
home workers scoring moderate or high for Workplace Concerns, regardless of their scores
for Workplace Facilities, showed a small decrease in Work Quality (-.100 < b < -.074, p <
.01). Moreover, home workers with low scores for Workplace Concerns and high scores for
Workplace Facilities, also showed a small and statistically significant decrease in Work Quality
(b =-.042, p = .024); when these workers scored low or medium for Workplace Facilities, these
effects were not significant (b = .023, p = 455 and b = -.009, p = .591, respectively).

Repeated measures N = 1,887

Wilcoxon matched-pairs signed-ranks analysis of the responses from July and September
showed that most differences were not statistically significant (Table 3). Only five statistically
significant differences were found. Over time, Workplace Concerns increased significantly
among non-home workers (July M = 11.70, SD = 6.33; September M = 12.19, SD = 6.33; z =
-3.653, p < .001, r = -.076), as did Sick Leave (July N = 56, 4.82%; September N = 110, 9.46%; z
=-4.597, p < .001, r = -.095) and COVID-19 (July N = 11, .95%; September N = 42, 3.61%; z =
-3.287, p = .001, r = -.068). Moreover, among workers who worked from home in July and
switched to non-home working in September, Sick Leave also increased significantly (July

N =2, 1.48%; September N =9, 6.67%; z = -2.333, p = .020, r = -.142), as did COVID-19 (July
N =0, 0%; September N = 1, 74%; z = -2.181, p = .029, r = -.133). Again, for all statistically sig-
nificant items, » was between -.2 and 0, indicating a small effect size [77, 78]. Other statistical
tests confirmed these outcomes. McNemar’s test confirmed statistical significance for Sick
Leave (p < .001) and COVID-19 (p < .001) among persistent non-home workers. Also, McNe-
mar’s test and Sign test confirmed statistical significance for Sick Leave (p < .05) and COVID-
19 (p < .05), respectively, among home workers (July) who became non-home workers
(September).
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Discussion

The aim of this study was to investigate whether employees working from home had less
favourable scores for concerns and facilities upon return to work, but better scores for work
quality and health, than non-home workers. This was confirmed in the analyses; the findings
were consistent with the hypotheses. However, detailed analyses also showed nuanced
differences.

As hypothesized, all of our modelled factors (Fig 1) except age explained the quality of work
of employees. In contrast, only date, gender, and age explained sick leave, whereas only date
and age explained COVID-19. This implies that the place of work, concerns, and facilities did
matter for work quality, but not for health. This may be explained by a gradual increase in the
prevalence of COVID-19 between July and September 2020 [71, 81], people spending longer
in isolation and reporting mental health issues [68], women being more likely to call in on sick
leave [82], and older people being more likely to be ill for prolonged periods of time [82] and
more likely to become infected with COVID-19 [83].

Interaction effects showed that home workers reported better work quality if they were
more concerned about the on-site workplace. In this situation, work quality was lower for
non-home workers. This may be explained simply by the fact that the latter actually worked in
less favourable environments [49]; the same applies to non-home workers with better work-
place facilities reporting better work quality. Home workers with few concerns and better facil-
ities reported better work quality; however, home workers’ work quality decreased when their
concerns were moderate or high. In this context, fear of contamination with COVID-19 may
have negatively affected employee’s work performance [84]. It remains unclear, however, why
home workers who scored low for on-site concerns and high for on-site facilities showed a
decrease in current work quality.

Over time, workplace concerns, sick leave, and COVID-19 increased among non-home
workers. As workers switched from home work to non-home working, sick leave and COVID-
19 increased. This may reflect the higher risk of disease transmission and infection at on-site
work [49].

Strengths and limitations

This study has some strengths and limitations. One strength is that we had a large sample of
quality data collected from a general working population of 10,889 workers; this strengthened
the statistical power and generalisability of the findings. Second, to our knowledge, this is the
first study in which the associations between workplace-related factors (i.e., workplace, work-
place concerns, workplace facilities) and work quality, sick leave, and COVID-19 were investi-
gated in such detail. Third, the sub-sample of 1,887 workers allowed for longitudinal
comparisons between the workers’ responses from July and September 2020. Fourth, the find-
ings appear to be robust, as different sensitivity analyses did not change the findings. The
study also has limitations: first, the findings relied on self-reports of respondents, which may
have deviated from the data and findings of, e.g., directly observed, actual differences between
these workers in the topics under investigation in organizations, the built environment, and at
their workplaces [85]. Second, the return to work may have been implemented differently, at
different paces, and with different (facility) management styles and quality in the different
organizations where these people worked, possibly influencing their perceptions, ratings, and
scores. Third, remember that the COVID-19 pandemic led to a special situation for the work-
force, with specific rules and regulations for management, workers, facilities, and organiza-
tions. This may limit the applicability of these findings beyond the pandemic. All these effects
may have influenced our results. Finally, most of the observed differences between employees
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who did not work from home and home workers were statistically significant, but also rela-
tively small. Consequently, we recommend caution in using the associations between work-
place-related factors, work quality, and health reported in this context in the routine practices
of organizations and facility departments in the Netherlands, not to mention other countries.

Conclusions

Notwithstanding small differences, in comparison with employees who did not work from
home, home workers were more concerned about their on-site workplace and reported lower
quality of on-site facilities, better work quality than before COVID-19, and less sick leave and
COVID-19 (infection or symptoms). Additional regression analyses confirmed that work
quality can be explained by the factors in our model: employees” workplace, their workplace
concerns, and the quality of the on-site facilities. However, health was not explained by our
main factors. In contrast, our analyses of matched pairs showed that the concerns and health
of non-home workers increased significantly over time, as did the health of home workers that
switched to non-homeworking over time.

The results suggest that the built environment, the workplace, and related facilities were key
to positively influencing the concerns and the quality of work, but not always the health, of
employees during the pandemic. Caution is recommended when relating these results to the
routine practices of organizations and facility departments, because the reported perceptions
may have deviated from the actual properties of the work environment and workers’ actual
behaviours and health. Moreover, the COVID-19 pandemic led to a special situation for the
workforce, with specific rules and regulations for management, workers, facilities, and organi-
zations. Despite these cautions, the results imply that organizations should take into account
the quality of the built environment, the workplace, and related facilities as these did positively
influence employees’ concerns and work, but not always their health, during the pandemic.
Future research should reveal if the built environment may have similar influences on actual
work-related behaviours and the health of employees in real-life settings and beyond the
pandemic.

Acknowledgments

The first author wishes to acknowledge the services of the Lifelines Cohort Study, the contrib-
uting research centres delivering data to Lifelines, and all study participants. Moreover, he
thanks the Research Centre for Built Environment NoorderRuimte and Centre of Expertise
Healthy Ageing of Hanze University of Applied Sciences, Groningen, the Netherlands for
endorsing this research. Finally, the first author is grateful to the Lifelines Data Management
Team for their valuable support and to the Lifelines Corona Research Initiative for their pre-
paredness to include questions related to facility management and make these available for
analysis.

Consortium section

Lifelines COVID-19 Cohort authors are H. Marike Boezent', Jochen O. Mierau®>?, H. Lude
Franke*, Jackie Dekens*®, Patrick Deelen®, Pauline Lanting®, Judith M. Vonk', Ilja Nolte',
Anil P.S. Ori**, Annique Claringbould*, Floranne Boulogne®, Marjolein X.L. Dijkema*, Henry
H. Wiersma®, Robert Warmerdam®, Soesma A. Jankipersadsing®, Irene van Blokland*’, Geer-
truida H. de Bock', Judith GM Rosmalen™?, Cisca Wijmenga®*. Correspondence with lead
author Lude Franke: Lh.franke@umcg.nl

' Department of Epidemiology, University of Groningen, University Medical Center Gro-
ningen, Groningen, The Netherlands

PLOS ONE | https://doi.org/10.1371/journal.pone.0279902 January 5, 2023 14/19


https://doi.org/10.1371/journal.pone.0279902

PLOS ONE

Workplace impact on employees

? Department of Economics, Econometrics & Finance, Faculty of Economics and Business,
University of Groningen, Groningen, The Netherlands

3 Lifelines Cohort Study and Biobank, Groningen, The Netherlands

* Department of Genetics, University of Groningen, University Medical Center Groningen,
Groningen, The Netherlands

> Department of Psychiatry, University of Groningen, University Medical Center Gro-
ningen, Groningen, The Netherlands

® Center of Development and Innovation, University of Groningen, University Medical
Center Groningen, Groningen, The Netherlands

7 Department of Cardiology, University of Groningen, University Medical Center Gro-
ningen, Groningen, The Netherlands

® Department of Internal Medicine, University of Groningen, University Medical Center
Groningen, Groningen, The Netherlands

® Team Strategy &External Relations, University of Groningen, University Medical Center
Groningen, the Netherlands

Author Contributions
Conceptualization: Mark P. Mobach.

Data curation: Mark P. Mobach.

Formal analysis: Mark P. Mobach.
Methodology: Mark P. Mobach.

Validation: Mark P. Mobach.

Visualization: Mark P. Mobach.

Writing - original draft: Mark P. Mobach.
Writing - review & editing: Mark P. Mobach.

References

1. Zijlstra E, Hagedoorn M, Krijnen WP, van der Schans CP, Mobach MP. Motion nature projection
reduces patient’s psycho-physiological anxiety during CT imaging. J Environ Psychol. 2017 Nov;
53:168-76.

2. Roos BA, Mobach M, Heylighen A. How does architecture contribute to reducing behaviours that chal-
lenge? A scoping review. Res Dev Disabil. 2022 Aug; 127:104229. https://doi.org/10.1016/).ridd.2022.
104229 PMID: 35609425

3. Jansz SN, van Dijk T, Mobach MP. Critical success factors for campus interaction spaces and ser-
vices—a systematic literature review. Journal of Facilities Management. 2020 Jan 27; 18(2):89—-108.

4. Brink HW, Loomans MGLC, Mobach MP, Kort HSM. Classrooms’ indoor environmental conditions
affecting the academic achievement of students and teachers in higher education: A systematic litera-
ture review. Indoor Air. 2021 Mar 21; 31(2):405-25. https://doi.org/10.1111/ina.12745 PMID: 32969550

5. Hoendervanger JG, van Yperen NW, Mobach MP, Albers CJ. Perceived Fit and User Behavior in Activ-
ity-Based Work Environments. Environ Behav. 2022 Jan 3; 54(1):143-69.

6. van Dellen SA, Wisse B, Mobach MP. Effects of lactation room quality on working mothers’ feelings and
thoughts related to breastfeeding and work: a randomized controlled trial and a field experiment. Int
Breastfeed J. 2022 Aug 9; 17(1):57. https://doi.org/10.1186/s13006-022-00499-0 PMID: 35945573

7. Whatley V, Jackson L, Taylor J. Improving public perceptions around cleanliness and health care asso-
ciated infection in hospitals (service improvement). J Infect Prev. 2012 Nov 15; 13(6):192-9.

8. Vos MC, Sauren J, Knoop O, Galetzka M, Mobach MP, Pruyn ATH. Into the light: effects of the pres-
ence of cleaning staff on customer experience. Facilities. 2019 Feb 4; 37(1/2):91-102.

9. Neufert E, Neufert P, Kister J. Architects’ Data. 4th ed. Chichester: Wiley-Blackwell; 2012.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279902 January 5, 2023 15/19


https://doi.org/10.1016/j.ridd.2022.104229
https://doi.org/10.1016/j.ridd.2022.104229
http://www.ncbi.nlm.nih.gov/pubmed/35609425
https://doi.org/10.1111/ina.12745
http://www.ncbi.nlm.nih.gov/pubmed/32969550
https://doi.org/10.1186/s13006-022-00499-0
http://www.ncbi.nlm.nih.gov/pubmed/35945573
https://doi.org/10.1371/journal.pone.0279902

PLOS ONE

Workplace impact on employees

10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Mobach MP, Sanquist N, Saunders J. Seeking Higher Ground: Navigating the FM Industry’s Transfor-
mation [Internet]. Houston; 2022 Aug [cited 2022 Sep 30]. Available from: https://ifma.foleon.com/
white-paper/seeking-higher-ground/

Healthy Amster Y. and safe telework: a who/ilo technical brief. Saf Health Work. 2022 Feb 2; 13(S 304).

Kowalski KB, Aruldoss A, Gurumurthy B, Parayitam S. Work-From-Home Productivity and Job Satisfac-
tion: A Double-Layered Moderated Mediation Model. Sustainability. 2022 Sep 7; 14(18):11179.

Handler AB. Systems Approach to Architecture. New York: Elsevier; 1970.

Wigert B, Agrawal S. Returning to the office: the current, preferred and future state of remote work
[Internet]. 2022 [cited 2022 Sep 30]. Available from: https://www.gallup.com/workplace/397751/
returning-office-current-preferred-future-state-remote-work.aspx

European Centre for Disease Prevention and Control. Guidelines for the implementation of nonpharma-
ceutical interventions against COVID-19 [Internet]. 2020 [cited 2022 Sep 30]. Available from: https:/
www.ecdc.europa.eu/sites/default/files/documents/covid-19-guidelines-non-pharmaceutical-
interventions-september-2020.pdf

Buitelaar E, Bastiaanssen J, Hilbers H, ‘t Hoen M, Husby T, Lennartz C, et al. Working from home and
the consequences for living, working and mobility. In search of trends, breaches in the trend, and oppor-
tunities as a result of corona (in dutch) [Internet]. The Hague; 2021 [cited 2022 Sep 30]. Available from:
https://www.pbl.nl/sites/default/files/downloads/pbl-2021-thuiswerken-en-de-gevolgen-voor-wonen-
werken-en-mobiliteit.pdf

Statistics Netherlands. The labour market in figures 2020 (in dutch) [Internet]. 2021 [cited 2022 Sep 30].
Available from: https://longreads.cbs.nl/dearbeidsmarktincijfers-2020/

TK. Outlook: using mobility data to optimize building management. Index report [Internet]. Atlanta; 2022
May [cited 2022 Sep 30]. Available from: https://www.tkelevator.com/us-en/company/news-archive/10-
05-21-tk-elevator-releases-2021-index-report.html

International Labour Organisation. Working from home: from invisibility to decent work [Internet]. 2021
[cited 2022 Sep 30]. Available from: https://www.ilo.org/global/publications/books/forthcoming-
publications/WCMS_765806/lang—en/index.htm

Birimoglu Okuyan C, Begen MA. Working from home during the COVID-19 pandemic, its effects on
health, and recommendations: The pandemic and beyond. Perspect Psychiatr Care. 2022 Jan 18; 58
(1):173-9. https://doi.org/10.1111/ppc.12847 PMID: 34003489

Dmitrieva K, Tanzi A. Work from home is loved worldwide, even if wall street hates it. Bloomberg.com.
2022 Jul 9.

Delventhal MJ, Kwon E, Parkhomenko A. JUE Insight: How do cities change when we work from
home? J Urban Econ. 2022 Jan; 127:103331.

Goldberg E. A two-year, 50-million-person experiment in changing how we work. The New York Times.
2022 Apr 10.

Woértler B, van Yperen NW, Barelds DPH. The link between empowering leadership and employees’
perceptions of the effectiveness of blended working. Scand J Psychol. 2022 Jun 2; 63(3):208—18.
https://doi.org/10.1111/sjop.12796 PMID: 35112352

Deole SS, Deter M, Huang Y. Home Sweet Home: Working from home and employee performance dur-
ing the COVID-19 pandemic in the UK. Labour Econ. 2022 Nov;102295. https://doi.org/10.1016/].
labeco.2022.102295 PMID: 36440260

Organisation for Economic Co-operation and Development (OECD). Teleworking in the COVID-19 pan-
demic: Trends and prospects [Internet]. Paris; 2021 Sep [cited 2022 Sep 30]. Available from: https://
read.oecd-ilibrary.org/view/?ref=1108_1108540-p249kho0iu&title=Teleworking-in-the-COVID-19-
pandemic-Trends-and-prospects

Wigert B. The future of hybrid work: 5 key questions answered with data [Internet]. 2022 [cited 2022
Sep 30]. Available from: https://www.gallup.com/workplace/390632/future-hybrid-work-key-questions-
answered-data.aspx

Statistics Netherlands. Labour force; working at home, 20132020 (in dutch) [Internet]. 2021 [cited
2022 Sep 30]. Available from: https://opendata.cbs.nl/statline/#/CBS/nl/dataset/83258NED/table?d|=
4FFB8

Oude Hengel K, Bouwens L, Zoomer T, Vroome EMM de, Hooftman W. The impact of the covid-19 pan-
demic on workers. State of affairs 2020 (in dutch) [Internet]. Leiden; 2021 [cited 2022 Sep 30]. Available
from: https://wp.monitorarbeid.tno.nl/wp-content/uploads/2021/02/192TNO_Rapport_ NEA-Covid2_V7.
pdf

Gujral V, Palter R, Sanghvi A, Wolkomir A. The workplace will never be the same: imperatives for real-
estate owners and operators [Internet]. 2021 [cited 2022 Sep 30]. Available from: https://www.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279902 January 5, 2023 16/19


https://ifma.foleon.com/white-paper/seeking-higher-ground/
https://ifma.foleon.com/white-paper/seeking-higher-ground/
https://www.gallup.com/workplace/397751/returning-office-current-preferred-future-state-remote-work.aspx
https://www.gallup.com/workplace/397751/returning-office-current-preferred-future-state-remote-work.aspx
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-guidelines-non-pharmaceutical-interventions-september-2020.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-guidelines-non-pharmaceutical-interventions-september-2020.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-guidelines-non-pharmaceutical-interventions-september-2020.pdf
https://www.pbl.nl/sites/default/files/downloads/pbl-2021-thuiswerken-en-de-gevolgen-voor-wonen-werken-en-mobiliteit.pdf
https://www.pbl.nl/sites/default/files/downloads/pbl-2021-thuiswerken-en-de-gevolgen-voor-wonen-werken-en-mobiliteit.pdf
https://longreads.cbs.nl/dearbeidsmarktincijfers-2020/
https://www.tkelevator.com/us-en/company/news-archive/10-05-21-tk-elevator-releases-2021-index-report.html
https://www.tkelevator.com/us-en/company/news-archive/10-05-21-tk-elevator-releases-2021-index-report.html
https://www.ilo.org/global/publications/books/forthcoming-publications/WCMS_765806/langen/index.htm
https://www.ilo.org/global/publications/books/forthcoming-publications/WCMS_765806/langen/index.htm
https://doi.org/10.1111/ppc.12847
http://www.ncbi.nlm.nih.gov/pubmed/34003489
http://Bloomberg.com
https://doi.org/10.1111/sjop.12796
http://www.ncbi.nlm.nih.gov/pubmed/35112352
https://doi.org/10.1016/j.labeco.2022.102295
https://doi.org/10.1016/j.labeco.2022.102295
http://www.ncbi.nlm.nih.gov/pubmed/36440260
https://read.oecd-ilibrary.org/view/?ref=1108_1108540-p249kho0iu&title=Teleworking-in-the-COVID-19-pandemic-Trends-and-prospects
https://read.oecd-ilibrary.org/view/?ref=1108_1108540-p249kho0iu&title=Teleworking-in-the-COVID-19-pandemic-Trends-and-prospects
https://read.oecd-ilibrary.org/view/?ref=1108_1108540-p249kho0iu&title=Teleworking-in-the-COVID-19-pandemic-Trends-and-prospects
https://www.gallup.com/workplace/390632/future-hybrid-work-key-questions-answered-data.aspx
https://www.gallup.com/workplace/390632/future-hybrid-work-key-questions-answered-data.aspx
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/83258NED/table?dl=4FFB8
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/83258NED/table?dl=4FFB8
https://wp.monitorarbeid.tno.nl/wp-content/uploads/2021/02/192TNO_Rapport_NEA-Covid2_V7.pdf
https://wp.monitorarbeid.tno.nl/wp-content/uploads/2021/02/192TNO_Rapport_NEA-Covid2_V7.pdf
https://www.mckinsey.com/industries/real-estate/our-insights/the-workplace-will-never-be-the-same-imperatives-for-real-estate-owners-and-operators
https://doi.org/10.1371/journal.pone.0279902

PLOS ONE

Workplace impact on employees

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

mckinsey.com/industries/real-estate/our-insights/the-workplace-will-never-be-the-same-imperatives-
for-real-estate-owners-and-operators

van Veldhoven M, van Gelder M. De voor- en nadelen van verplicht thuiswerken tijdens de lockdown.
Tijdschrift voor HRM. 2020 Sep 1; 23(3):66—90.

Tagliaro C, Migliore A. “Covid-working”: what to keep and what to leave? Evidence from an Italian com-
pany. Journal of Corporate Real Estate. 2022 Apr 5; 24(2):76-92.

Gupta S, Montenovo L, Nguyen T, Rojas FL, Schmutte |, Simon K, et al. Effects of Social Distancing
Policy on Labor Market Outcomes. Cambridge, MA; 2020 May.

Deb P, Furceri D, Ostry JD, Tawk N. The Economic Effects of COVID-19 Containment Measures. Open
Economies Review. 2022 Feb 14; 33(1):1-32.

Bosua R, Gloet M, Kurnia S, Mendoza A, Yong J. Telework, productivity and wellbeing: an Australian
perspective. Telecommunications Journal of Australia. 2013 Feb 17; 63(1).

Nakrosiené A, Bucitniené |, Gostautaité B. Working from home: characteristics and outcomes of tele-
work. Int J Manpow. 2019 Apr 1; 40(1):87—101.

Burton E, Edwards DJ, Roberts C, Chileshe N, Lai JHK. Delineating the Implications of Dispersing
Teams and Teleworking in an Agile UK Construction Sector. Sustainability. 2021 Sep 6; 13(17):9981.

Rocha NA, Smithwick J, Kasana D. Space planning benchmark report. Houston; 2020 Jul.

Rothe P, Hanc M. Hybrid: where are the risks hidden in the hype? [Internet]. London; 2022 Mar [cited
2022 Sep 30]. Available from: https://www.leesmanindex.com/hybrid-where-are-the-risks-hidden-in-
the-hype/

Poly, Worktech Academy. A reset for return to the office? The journey to hybrid working [Internet]. 2022
[cited 2022 Sep 30]. Available from: https://www.poly.com/content/dam/www/resources/white-papers/
journey-to-hybrid-working-white-paper-reset-for-rto-en.pdf

World Health Organization (WHO). Considerations for public health and social measures in the work-
place in the context of COVID-19, Annex to Considerations in adjusting public health and social mea-
sures in the context of COVID-19 [Internet]. Geneva; 2020 May [cited 2022 Sep 30]. Available from:
https://www.who.int/publications/i/item/WHO-2019-nCoV-Adjusting_PH_measures-Workplaces-2020.
1

Goldman SB. Pandemic manual: Planning and responding to a global health crisis for facility manage-
ment professionals [Internet]. Houston; 2020 [cited 2022 Sep 30]. Available from: https://foundation.
ifma.org/wp-content/uploads/2020/05/IFMA-Foundation-Pandemic-Manual-FINAL.pdf

Morawska L, Allen J, Bahnfleth W, Bluyssen PM, Boerstra A, Buonanno G, et al. A paradigm shift to
combat indoor respiratory infection. Science (1979). 2021 May 14; 372(6543):689-91.

World Health Organization (WHO). Roadmap to improve and ensure good indoor ventilation in the con-
text of COVID-19 [Internet]. Geneva; 2021 Mar [cited 2022 Sep 30]. Available from: https://www.who.
int/publications/i/item/9789240021280

Afful AE, Osei Assibey Antwi ADD, Ayarkwa J, Acquah GKK. Impact of improved indoor environment
on recovery from COVID-19 infections: a review of literature. Facilities. 2022 Jul 19; 40(11-12):719-36.

Ross C, Macleod A, Pangli H. Beyond COVID-19: Recovery measures for architectural technologists
and building surveyors in design and contract administration roles [Internet]. London; 2020 Aug [cited
2022 Sep 30]. Available from: https://www.rics.org/globalassets/rics-website/media/news/covid19/
recovery-measures-for-designers-beyond-covid.pdf

Siegelaar A, Zuidema SU, Boersma F, Mobach MP. The architecture of social distancing for dementia.
Int J Geriatr Psychiatry. 2020 Dec 14; 35(12):1473—4. https://doi.org/10.1002/gps.5392 PMID:
32926746

Amos D, Au-Yong CP, Musa ZN. Enhancing the role of facilities management in the fight against the
COVID-19 (SARS-CoV-2) pandemic in developing countries’ public hospitals. Journal of Facilities Man-
agement. 2021 Jan 22; 19(1):22-31.

Alipour JV, Fadinger H, Schymik J. My home is my castle-The benefits of working from home during a
pandemic crisis. J Public Econ. 2021 Apr; 196:104373.

Bodine SP. Covid-19 implications for epa’s enforcement and compliance assurance program [Internet].
2021 [cited 2022 Sep 30]. Available from: https://www.epa.gov/sites/default/files/2020-03/documents/
oecamemooncovidi9implications.pdf

CMS. Criminal and administrative liability risks for businesses arising from COVID-19 restrictions [Inter-
net]. 2022 [cited 2022 Sep 30]. Available from: https://cms.law/en/media/international/files/events/
webinars/covid-19-criminal-exposure-webinar-summary?v=2

Hoécker MC, Bachtal Y, Pfnlir A. Work from home: bane or blessing? Implications for corporate real
estate strategies. Zeitschrift fur Immobilienékonomie. 2022 Jul 4.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279902 January 5, 2023 17/19


https://www.mckinsey.com/industries/real-estate/our-insights/the-workplace-will-never-be-the-same-imperatives-for-real-estate-owners-and-operators
https://www.mckinsey.com/industries/real-estate/our-insights/the-workplace-will-never-be-the-same-imperatives-for-real-estate-owners-and-operators
https://www.leesmanindex.com/hybrid-where-are-the-risks-hidden-in-the-hype/
https://www.leesmanindex.com/hybrid-where-are-the-risks-hidden-in-the-hype/
https://www.poly.com/content/dam/www/resources/white-papers/journey-to-hybrid-working-white-paper-reset-for-rto-en.pdf
https://www.poly.com/content/dam/www/resources/white-papers/journey-to-hybrid-working-white-paper-reset-for-rto-en.pdf
https://www.who.int/publications/i/item/WHO-2019-nCoV-Adjusting_PH_measures-Workplaces-2020.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Adjusting_PH_measures-Workplaces-2020.1
https://foundation.ifma.org/wp-content/uploads/2020/05/IFMA-Foundation-Pandemic-Manual-FINAL.pdf
https://foundation.ifma.org/wp-content/uploads/2020/05/IFMA-Foundation-Pandemic-Manual-FINAL.pdf
https://www.who.int/publications/i/item/9789240021280
https://www.who.int/publications/i/item/9789240021280
https://www.rics.org/globalassets/rics-website/media/news/covid19/recovery-measures-for-designers-beyond-covid.pdf
https://www.rics.org/globalassets/rics-website/media/news/covid19/recovery-measures-for-designers-beyond-covid.pdf
https://doi.org/10.1002/gps.5392
http://www.ncbi.nlm.nih.gov/pubmed/32926746
https://www.epa.gov/sites/default/files/2020-03/documents/oecamemooncovid19implications.pdf
https://www.epa.gov/sites/default/files/2020-03/documents/oecamemooncovid19implications.pdf
https://cms.law/en/media/international/files/events/webinars/covid-19-criminal-exposure-webinar-summary?v=2
https://cms.law/en/media/international/files/events/webinars/covid-19-criminal-exposure-webinar-summary?v=2
https://doi.org/10.1371/journal.pone.0279902

PLOS ONE

Workplace impact on employees

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

Harker Martin B, MacDonnell R. Is telework effective for organizations? Management Research
Review. 2012 Jun 15; 35(7):602—16.

Bloom N, Liang J, Roberts J, Ying ZJ. Does Working from Home Work? Evidence from a Chinese
Experiment *. Q J Econ. 2015 Feb 1; 130(1):165-218.

Kazekami S. Mechanisms to improve labor productivity by performing telework. Telecomm Policy. 2020
Mar; 44(2):101868.

Pfnir A, Gauger F, Bachtal Y, Wagner B. Home office in a conflict of interests: report on the results of
an empirical study (in german) [Internet]. Darmstadt; 2021 Feb [cited 2022 Sep 30]. Available from:
https://www.real-estate.bwl.tu-darmstadt.de/media/bwl9/dateien/forschungsberichte/work_from_
home/210223_Ergebnisbericht_Work_from_Home_final_2.pdf

Bailey DE, Kurland NB. A review of telework research: findings, new directions, and lessons for the
study of modern work. J Organ Behav. 2002 Jun; 23(4):383—400.

Josten E, Merens A. Home or back to the office. Pluses and minuses of working from home for
employee wellbeing (in dutch) [Internet]. The Hague; 2021 Jul [cited 2022 Sep 30]. Available from:
https://www.scp.nl/publicaties/publicaties/2021/07/14/thuis-of-terug-naar-kantoor

Nag PK. Sick Building Syndrome and Other Building-Related llinesses. In 2019. p. 53—103.

Forooraghi M, Miedema E, Ryd N, Wallbaum H. Scoping review of health in office design approaches.
Journal of Corporate Real Estate. 2020 Mar 18; 22(2):155-80.

Sarkar C, Lai KY, Zhang R, Ni MY, Webster C. The association between workplace built environment
and metabolic health: A systematic review and meta-analysis. Health Place. 2022 Jul; 76:102829.
https://doi.org/10.1016/j.healthplace.2022.102829 PMID: 35661515

Xiao J, Zhao J, Luo Z, Liu F, Greenwood D. The impact of built environment on mental health: A
COVID-19 lockdown perspective. Health Place. 2022 Sep; 77:102889. https://doi.org/10.1016/j.
healthplace.2022.102889 PMID: 36027740

Vimalanathan K, Ramesh Babu T. The effect of indoor office environment on the work performance,
health and well-being of office workers. J Environ Health Sci Eng. 2014 Dec 9; 12(1):113. https://doi.
org/10.1186/s40201-014-0113-7 PMID: 26435837

Cobaleda Cordero A, Babapour M, Karlsson M. Feel well and do well at work. Journal of Corporate Real
Estate. 2019 Jun 3; 22(2):113-37.

Finlay J, Esposito M, Kim MH, Gomez-Lopez |, Clarke P. Closure of ‘third places’? Exploring potential
consequences for collective health and wellbeing. Health Place. 2019 Nov; 60:102225. https://doi.org/
10.1016/j.healthplace.2019.102225 PMID: 31622919

Dew K, Keefe V, Small K. ‘Choosing’ to work when sick: workplace presenteeism. Soc Sci Med. 2005
May; 60(10):2273-82. https://doi.org/10.1016/j.socscimed.2004.10.022 PMID: 15748675

Jacobs E. The end of sick days: has wfh made it harder to take time off? Financial Times [Internet].
2022 Apr 19 [cited 2022 Sep 30]; Available from: https://www.ft.com/content/bc9e39ce-8762-4e70-
8aa2-2e33b23b80fe

Marzban S, Durakovic |, Candido C, Mackey M. Learning to work from home: experience of Australian
workers and organizational representatives during the first Covid-19 lockdowns. Journal of Corporate
Real Estate. 2021 Aug 3; 23(3):203-22.

Chiba A. The effectiveness of mobility control, shortening of restaurants’ opening hours, and working
from home on control of COVID-19 spread in Japan. Health Place. 2021 Jul; 70:102622. https://doi.org/
10.1016/j.healthplace.2021.102622 PMID: 34274896

Allen MS, lliescu D, Greiff S. Single ltem Measures in Psychological Science. European Journal of Psy-
chological Assessment. 2022 Jan; 38(1):1-5.

Government of the Netherlands. Corona virus timeline (in dutch) [Internet]. 2022 [cited 2022 Sep 30].
Available from: https://www.rijksoverheid.nl/onderwerpen/coronavirus-tijdlijn

Scholtens S, Smidt N, Swertz MA, Bakker SJ, Dotinga A, Vonk JM, et al. Cohort Profile: LifeLines, a

three-generation cohort study and biobank. Int J Epidemiol. 2015 Aug; 44(4):1172-80. https://doi.org/
10.1098/ije/dyu229 PMID: 25502107

Nunnally JC, Bernstein IH. Psychometric Theory. 3rd ed. New York: McGraw-Hill; 1994.

Tavakol M, Dennick R. Making sense of Cronbach’s alpha. Int J Med Educ. 2011 Jun 27; 2:53-5.
https://doi.org/10.5116/ijme.4dfb.8dfd PMID: 28029643

Rossiter JR. Measurement for the Social Sciences. New York, NY: Springer New York; 2011.

Hoover D, Shi Q, Burstyn |, Anastos K. Repeated Measures Regression in Laboratory, Clinical and
Environmental Research: Common Misconceptions in the Matter of Different Within- and Between-Sub-
ject Slopes. Int J Environ Res Public Health. 2019 Feb 11; 16(3):504. https://doi.org/10.3390/
ijerph16030504 PMID: 30754731

PLOS ONE | https://doi.org/10.1371/journal.pone.0279902 January 5, 2023 18/19


https://www.real-estate.bwl.tu-darmstadt.de/media/bwl9/dateien/forschungsberichte/work_from_home/210223_Ergebnisbericht_Work_from_Home_final_2.pdf
https://www.real-estate.bwl.tu-darmstadt.de/media/bwl9/dateien/forschungsberichte/work_from_home/210223_Ergebnisbericht_Work_from_Home_final_2.pdf
https://www.scp.nl/publicaties/publicaties/2021/07/14/thuis-of-terug-naar-kantoor
https://doi.org/10.1016/j.healthplace.2022.102829
http://www.ncbi.nlm.nih.gov/pubmed/35661515
https://doi.org/10.1016/j.healthplace.2022.102889
https://doi.org/10.1016/j.healthplace.2022.102889
http://www.ncbi.nlm.nih.gov/pubmed/36027740
https://doi.org/10.1186/s40201-014-0113-7
https://doi.org/10.1186/s40201-014-0113-7
http://www.ncbi.nlm.nih.gov/pubmed/26435837
https://doi.org/10.1016/j.healthplace.2019.102225
https://doi.org/10.1016/j.healthplace.2019.102225
http://www.ncbi.nlm.nih.gov/pubmed/31622919
https://doi.org/10.1016/j.socscimed.2004.10.022
http://www.ncbi.nlm.nih.gov/pubmed/15748675
https://www.ft.com/content/bc9e39ce-8762-4e70-8aa2-2e33b23b80fe
https://www.ft.com/content/bc9e39ce-8762-4e70-8aa2-2e33b23b80fe
https://doi.org/10.1016/j.healthplace.2021.102622
https://doi.org/10.1016/j.healthplace.2021.102622
http://www.ncbi.nlm.nih.gov/pubmed/34274896
https://www.rijksoverheid.nl/onderwerpen/coronavirus-tijdlijn
https://doi.org/10.1093/ije/dyu229
https://doi.org/10.1093/ije/dyu229
http://www.ncbi.nlm.nih.gov/pubmed/25502107
https://doi.org/10.5116/ijme.4dfb.8dfd
http://www.ncbi.nlm.nih.gov/pubmed/28029643
https://doi.org/10.3390/ijerph16030504
https://doi.org/10.3390/ijerph16030504
http://www.ncbi.nlm.nih.gov/pubmed/30754731
https://doi.org/10.1371/journal.pone.0279902

PLOS ONE

Workplace impact on employees

77.
78.

79.

80.

81.

82.

83.

84.

85.

Cohen J. Statistical Power Analysis for the Behavioral Sciences. Burlington: Elsevier Science; 2013.
Fritz CO, Morris PE, Richler JJ. Effect size estimates: Current use, calculations, and interpretation. J
Exp Psychol Gen. 2012; 141(1):2-18. https://doi.org/10.1037/a0024338 PMID: 21823805

Belsley DA, Kuh E, Welsch RE. Regression Diagnostics: Identifying Influential Data and Sources of Col-
linearity. New York: Wiley; 1980.

Hayes AF. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-
Based Approach. New York: Guilford Press; 2022.

National Institute for Public Health and the Environment. Infections. Positive tests (in dutch) [Internet].
2022 [cited 2022 Sep 30]. Available from: https://coronadashboard.rijksoverheid.nl/landelijk/positief-
geteste-mensen

Statistics Netherlands. More absenteeism among women than men (in dutch) [Internet]. 2017 [cited
2022 Sep 30]. Available from: https://www.cbs.nl/nl-nl/nieuws/2017/42/meer-ziekteverzuim-bij-
vrouwen-dan-bij-mannen

Statistics Netherlands. Deceased; cause of death (comprehensive list), age, sex (in dutch) [Internet].
2022 [cited 2022 Sep 30]. Available from: https://opendata.cbs.nl/#/CBS/nl/dataset/7233/table

Sarwar A, Abdullah MI, Imran MK, Fatima T. When fear about health hurts performance: COVID-19 and
its impact on employee’s work. Review of Managerial Science. 2022 Mar 8.

Lupton P, Haynes B. Teleworking—the perception-reality gap. Facilities. 2000 Jul 1; 18(7/8):323-8.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279902 January 5, 2023 19/19


https://doi.org/10.1037/a0024338
http://www.ncbi.nlm.nih.gov/pubmed/21823805
https://coronadashboard.rijksoverheid.nl/landelijk/positief-geteste-mensen
https://coronadashboard.rijksoverheid.nl/landelijk/positief-geteste-mensen
https://www.cbs.nl/nl-nl/nieuws/2017/42/meer-ziekteverzuim-bij-vrouwen-dan-bij-mannen
https://www.cbs.nl/nl-nl/nieuws/2017/42/meer-ziekteverzuim-bij-vrouwen-dan-bij-mannen
https://opendata.cbs.nl/#/CBS/nl/dataset/7233/table
https://doi.org/10.1371/journal.pone.0279902

