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Abstract.
BACKGROUND: During the COVID-19 pandemic, office workers were obliged to work from home (WFH). Alongside
known positive aspects of home-based telework, it is associated with reduced health and productivity impacts. Its success
depends on employee and environmental characteristics.
OBJECTIVE: This paper fills the gap in knowledge on the mediating role of health between personal and environmental
factors and employee productivity, when obliged to work from home full-time. It covers health in full (physical, mental, and
social) unlike other WFH studies.
METHODS: Two large survey-based datasets (gathered April 27th - November 20th, 2020) were analysed resp. with a path
model and descriptive analyses. The data provide experiences on health and productivity of resp. 25,058 and 18,859 Dutch
office workers from different public organisations, who were obliged to work from home during the COVID-19 lockdowns.
RESULTS: In general, the workers in the sample perceived their health to be quite good. Path analysis revealed that gender,
age, education, the at-home workspace, the presence of children in the household, and perceived organisational support were
significantly related to self-perceived productivity. However, most of these effects were found to be mediated by physical,
mental, and/or social health indicators. Possible explanations for health issues from the descriptive analyses were sedentary
behaviour, unsuitable furniture, having to be at home, social isolation and changed content and frequency of contact with
colleagues.
CONCLUSION: Findings imply that specifically engagement and organisational support of teleworkers are most relevant
to steer on to ensure productivity while WFH.

Keywords: Teleworking, workplace, employee, statistical model

1. Introduction

Working from home (WFH) had not yet seen such
a rise as in 2020, when it peaked all over the world as a

∗Address for correspondence: Rianne Appel-Meulenbroek.
E-mail: h.a.j.a.appel@tue.nl.

result of the COVID-19 pandemic [1]. At first, WFH
during the COVID-19 pandemic was well-received
by most workers. However, as time went on, debates
about not needing an office anymore shifted to expec-
tations for a more ‘hybrid’ future working mode
for office workers [e.g. 2]. A hybrid working mode
expects employees to work partly in the office and
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partly at home or third places. Pre-Covid research on
teleworking (a term used for WFH since first attempts
to do so in the seventies increased during the nineties)
revealed advantages and disadvantages for both the
individual worker and for the company as a whole [1],
such as positive effects on productivity [3], job sat-
isfaction and morale [4], organisational commitment
[5], and flexibility [6]. Also downfalls were identi-
fied, such as reduced career progression [7], increased
social isolation [8], reduced organisational support
[9], increased presenteeism [10], a blurring of work-
life boundary [8], and several other health effects [e.g.
3, 10–12].

The occupational health of employees is very
important as it relates to absenteeism, presenteeism,
quality of life, job satisfaction, employee morale, and
staff retention [e.g. 13–15]. At the turn of the century,
it already became clear that WFH is particularly ben-
eficial for employee health and performance when
one can self-select whether you want to WFH, based
on your personal preferences and circumstances [11].
Voluntary teleworkers can return to the office when
dissatisfied with WFH conditions. Moreover, other
instances of self-selection were found around that
time, such as that family-orientated employees were
more drawn to WFH for the ability to spend more
time with family and take care of them [16, 17]. Also,
workers with suitable at-home workspaces and suffi-
cient social support were more likely to choose WFH,
compared to those who did not [18, 19]. Unfortu-
nately, during the COVID-19 pandemic employees
did not have such luxury to return to the office
when dissatisfied with WFH. Without this concept
of self-selection, (some of) these employees might
be ill-equipped for WFH through having no suitable
workspace at home or other poor work conditions. As
put forward by Bouziri et al. [20], this might make
findings from pre-COVID research on health effects
of WFH less applicable to the COVID-19 situation,
and thus perhaps also for future hybrid working if
WFH becomes the new norm instead of a voluntary
option. In addition, during the pandemic people had
to work fully from home, while studies have shown
that especially people with a high intensity of WFH
(=number of office hours versus WFH) have higher
predicted health risks [21, 22] and less health benefits
[23] than those WFH incidentally or only 1-2 days a
week. In fact, Henke et al. [21] identified a U-shaped
relationship between WFH intensity and health.
So, both the high intensity and the non-voluntary
nature of WFH in relation to health and productiv-
ity outcomes are research gaps addressed with his

study, to prepare better for future hybrid working
modes.

Furthermore, the World Health Organisation’s [24]
definion of ‘health’ is “. . . a state of complete physi-
cal, mental and social well-being and not merely the
absence of disease or infirmity”. However, a recent
systematic review of existing WFH-health studies
during COVID-19 by [25] identified only 11 stud-
ies of office workers WFH full-time (and 2 studies
of teachers). These existing studies focussed only on
physical health [e.g. 26–29], only on mental health
[30–35], or on both [36–39], but none included social
health as well, which is thus a second contribution of
this study.

A third novelty is the identification of a medi-
ating role of health issues in the relationships
between personal and environmental characteristics
and productivity. Several studies have identified the
significance of both personal and environmental char-
acteristics for positive health outcomes of WFH [e.g.
3, 5, 8, 11, 12, 19]. However, so far only Seva et
al. [39] considered a mediating role of health in
the effect of environmental characteristics on health
while WFH. Their sample was small (n = 352), men-
tal health was measured with stress only, and no
personal characteristics were included in their struc-
tural equation modelling approach. So, the broader
approach of this paper adds value to existing research,
by studying all three types of health, productivity, and
WFH effects from environmental and personal char-
acteristics in a holistic conceptual model (see Fig. 1)
in a full-time non-voluntary WFH context.

The next section explains why it is hypothesized
that personal characteristics (i.e. gender and age)
and environmental characteristics (i.e. the physical
home environment) affect the perceived physical,
mental and social health of those WFH. And why,
consequently it is expected that the productiv-
ity of those WFH is affected by health, but also
directly and indirectly by personal and environmental
characteristics.

2. Occupational health and the home work
environment

Taking the World Health Organisation’s health def-
inition as a framework, this section reviews literature
to pose the underlying hypotheses of Fig. 1 between
productivity, physical, mental, and social health, and
personal and environmental characteristics.
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Fig. 1. Preliminary conceptual model.

2.1. Employee productivity and health when
WFH

The general consensus of WFH is that those work-
ers tend to show higher productivity than in traditional
offices due to fewer interruptions and distractions,
longer working hours, better use of high productivity
moments, and increased enjoyment due to flexibil-
ity [10]. A large-scale experiment by Bloom et al.
[3] even revealed a 13% increase in employee pro-
ductivity from WFH compared to office workers.
However, about 9% of this increase in productivity
was from employees working more minutes of their
shift period, including fewer breaks and sick days,
and only about 4% from a higher performance per
minute. Nakrošiene et al. [12] support this finding,
discussing how the increase in (self-reported) pro-
ductivity could be explained by a decreased time in
communicating with co-workers. In addition, Hoorn-
weg et al. [22] revealed that low WFH intensity
was associated with slightly higher levels of individ-
ual productivity, while higher levels of WFH (8 or
more hours per week) showed significantly lower pro-
ductivity levels. Therefore, an (inverted) U-shaped
relationship between WFH intensity and productivity
has been suggested, suggesting that full-time working
from home during lockdowns could harm productiv-
ity. But so far, studies on WFH and productivity are
still in its infancy [40]. When looking at health effects
on productivity, participants with more health-risk
factors reported greater productivity loss than those
with fewer health risks [41]. Also, the quality and
quantity of work were affected when working while

sick [42], which is less clear for team managers when
people are WFH. In addition, research [e.g. 43, 44]
has shown that physical and mental health are related
in several ways, although this is not known to its full
extent yet. Therefore, we pose:

H1: Employee productivity is related to their
health when WFH

H2: Physical, mental, and social health indica-
tors are interrelated

2.2. Personal characteristics and health and
productivity when WFH

As mentioned in the introduction, previous
research has also revealed a direct significance of
personal and environmental characteristics concern-
ing WFH outcomes. For example, older workers were
found to have fewer advantages of WFH [12]. In addi-
tion, education and job role are relevant. Pre-COVID,
those WFH mostly consisted of either mid-level or
highly educated professionals [45, 46]. Education
level is also related to health [47]. Regarding job
role, suitable jobs for WFH are those that involve
a certain degree of autonomy, intrinsic motivation,
and long periods of quiet concentration, as well as
communication needs that can be met through exist-
ing technologies [48]; the latter having increased
a lot since 1998. Findings on gender differences
are ambiguous so far [12]. Besides demographics
and job related aspects, worker behaviour at home
is important. Those WFH take fewer health breaks
(e.g. informal socializing with colleagues) which are
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important for musculoskeletal relaxation [10]. There-
fore, physical activity and sedentary behaviour are
important indicators of musculoskeletal health. Per-
sonal characteristics, such as gender and age, are also
indicative in the way individuals perform [e.g. 5, 8,
11, 18, 19]. We pose:

H3: Personal characteristics are related to
employee health when WFH

H4: Personal characteristics are related to
employee productivity when WFH

2.3. Environmental characteristics and health
and productivity when WFH

An extensive literature review of WFH and its
effects on health by Tavares [10] identified that physi-
cal health issues resulting from WFH are often related
to working long hours behind a computer with poor
ergonomics. For example, an unsuitable chair or desk
can cause poor posture, which could prove harmful
in the long run [10, 49, 50]. In addition, working in
common areas in the house is shown to make work
activities too permeable to interruptions, and makes
it difficult to set a clear boundary between work-
time and personal-time [11]. Other physical health
problems resulting from the workspace are often
classified as Sick Building Syndrome (SBS)-related
health problems [51]. Feelings of ill-health caused by
SBS include dizziness, nausea, headaches, irritation
of the eyes, nose and/or throat, concentration prob-
lems, and fatigue, among others [51]. Despite being
called an ‘office illness’ [52], it is also possible to
suffer from SBS symptoms at home. The European
Foundation for the Improvement of Living and Work-
ing Conditions [53] analysed the differences in health
problems per work arrangement and found that 60%
of individuals WFH parttime reported headaches and
eyestrain. In comparison, only 30–40% of workers
in the traditional office reported the same physical
health problems. Furthermore, the share of workers
reporting headaches and eyestrain decreased when
the WFH intensity decreased.

A recent literature review on physical and men-
tal health effects of working at home by [54] found
that effects of WFH depend on various aspects, such
as the demands of the home environment and the
level of organisational support. They identified that
stress, quality of life, well-being, and depression
are affected by this. WFH might also be associated
with reduced stress, due to the physical separation of
office politics and the elimination of transport to the

office - as travelling to work significantly increases
stress levels of employees [8]. However, other stud-
ies claim the opposite [e.g. 10, 55, 56]. WFH might
also create stress [10, 56], decrease work-life bal-
ance [55], cause higher rates of depression [57], and
lower engagement [58]. So far, there is little research
on home workspace design in relation to mental
health. Amerio et al. [59] showed a strong associ-
ation between poor housing design (outside view and
apartment size) and depressive symptoms. In addi-
tion, distractions at home from noise levels have been
suggested to impair employees’ mental health [60].
Also, Boegheim [61] identified the indoor environ-
mental quality of the home (e.g. air quality, thermal
comfort, lighting, noise) as a determinant of work-
place mental health and productivity when WFH.
Other COVID-19 studies [62] showed that perceived
overall mental health decreased while WFH home as
well.

Regarding social health, isolation is found to be
one of the biggest disadvantages of WFH [e.g. 3, 7,
8, 11, 18]. In many studies, respondents cite isola-
tion as the primary reason why they do not want
to WFH full-time [3]. It is therefore important that
the relationships between colleagues are maintained
when WFH [6]. A lack of support between the organ-
isation (colleagues/manager) and the employee has
a direct effect on productivity [9, 18] plus an indi-
rect effect through satisfaction with WFH [12]. Also,
WFH intensity regulates how much one suffers from
professional isolation [63]. So, we pose that:

H5: The physical and social environment at home
are related to employee health when WFH

Regarding productivity and the physical environ-
ment, WFH in a separate room with a door allows to
work more productively, as one can focus on work
and finish tasks without being interrupted [18]. But
it appears that, when choosing their at-home work-
place, most people choose to take the smallest or
least-contested space available in the house, over
inconveniencing family members [11]. Regarding the
social environment, workers with children rated the
benefits of WFH to be higher, compared to those
with no children at home [16]. However, Nakrošiene
et al. [12] revealed that the number of children in
the household negatively influences one’s satisfac-
tion with WFH. According to Golden et al. [64],
one’s household size negatively affects the work-life
balance of those WFH. This means that when the
household size is large, there is an increased proba-
bility of work-family conflicts (such as the intrusion
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of family members during work) – therefore result-
ing in reduced satisfaction with WFH and reduced
productivity.

H6: The physical and social environment at home
are related to employee productivity when WFH

2.4. Mediating relationships

Obviously, personal characteristics also determine
what the physical and social home work environment
looks like. For example, age correlates to both (still)
having children living at your home and the age of
those children. Also, education and job role relate to
salary and this determines house sizes and thus also
the likelihood of having a dedicated and furnished
workplace at home. So we first pose:

H7: Personal characteristics are related to envi-
ronmental characteristics of the home workplace

In addition, the physical and social environment at
home are likely to be related to each other. For exam-
ple, employees with more children living at home are
less likely to have a dedicated room to work in [65].
So we also pose:

H8: The physical and social environment at home
are related to each other

Last, we pose a hypothesis on health as a media-
tor between such characteristics and productivity, as
suggested by Seva et al. [39]. As this is one of the
novelties of this study, no futher existing proof has
been found. We pose:

H9: Relationships of the physical and social envi-
ronment at home with productivity are mediated
by employee health indicators

3. Methods

3.1. Data collection

To test the conceptual model, an existing dataset
was used; provided by the “We Work from Home”
(WWFH) research project (a collaboration between
the author institutions mentioned at the top of this
paper). WWFH collected data among Dutch office
workers of different public organisations, such as
several Dutch ministries, the Dutch Tax Author-
ity, the police, and other mostly public large office

organisations. Employees received short weekly
questionnaires for nine consecutive weeks on their
WFH experiences in different topical areas. The
data from questionnaire week 3 (n = 25,058; average
response rate = 33%) focussed on worker health and
productivity and covered the relevant variables in the
conceptual model. This data was collected by WWFH
throughout 2020 when the pandemic hit the Nether-
lands in 3 cohorts of different organisations (April
27th-June 14th, n = 5,138; July 20th-August 9th,
n = 10,204; September 15th-October 23rd, n = 9,716).
The cohort to which a respondent belongs has
thus been added as a variable, to check for rele-
vant time effects as the pandemic continued. The
dataset also included a question whether the work-
load since Covid had increased, stayed the same or
increased, which was added to the conceptual model
because it was used by the WWFH team to struc-
ture follow-up questions in the survey. Depending on
whether the workload increased, decreased or stayed
the same, people would sometimes get slightly dif-
ferently formulated items to measure occupational
stress. Figure 2 shows the final conceptual model with
the variables in the dataset.

The week 7 data from the WWFH questionnaires
also questioned health and productivity but in a
slightly different way. These questions had a more
descriptive and explanatory nature, to find out why
people thought they suffered from the health issues
reported in week 3. This data was collected amongst
the same populations and cohorts (June 8th-July 12th,
n = 3,686; August 17th-September 6th, n = 8,020;
October 13th-November 20th, n = 7,156), but yielded
smaller samples across all cohorts (n = 18,859; aver-
age response rate = 23%; response rates gradually
decreased throughout the 9 weeks of surveys, as
can be expected). This study, using existing data, is
exempt from Institutional Review Board approval.

3.2. Measurements

Besides the standard personal characteristics,
sedentary behaviour was measured by the percent-
age spent daily on sitting, standing, and walking, and
physical activity by the number of days one moved for
at least 30 consecutive minutes. Organisational sup-
port was asked through four items (‘The organisation
pays enough attention to my work-life balance’, ‘The
organisation pays enough attention to health and
vitality’, ‘My supervisor supports me in balancing
my work-life balance’, ‘My supervisor supports me in
the areas of health and vitality’). Regarding physical
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Fig. 2. Conceptual model with available data from WWFH.

health, both musculoskeletal problems and symptoms
of SBS were identified through questions per poten-
tial health issue: ‘have you developed . . . . . . in the
past 4 weeks?’:

• 4 items for musculoskeletal problems (‘pain in
the neck and/or shoulders’, ‘pain in hand and/or
arms’, ‘pain in the lower back’, as well as ‘pain
in legs and/or joints’).

• 2 items for SBS symptoms (‘irritation of
the eyes, nose and/or throat’ and ‘(frequent)
headaches’).

Regarding mental and social health (parts of) estab-
lished scientific scales were used for most variables:

• Occupational stress: 6 of the 9 items from the
work stress section by Shukla and Srivastava
[56], (‘I have a lot of work and fear that very little
time to do it’, ‘I feel so burdened that even a day
without work seems bad’, ‘I feel that I never take
a leave’, ‘My job makes me nervous’, ‘Many a
times, my job becomes a big burden’, ‘I feel bad
when I take a leave’).

• Work-life balance: 2 slightly rephrased of the
4 items from Brough et al. [66] (‘I am able to
balance between time at work and time at other

activities’, ‘I feel that the job and other activities
are currently balanced’).

• Depression: 4 items of the PHQ-9 item scale
[67] (‘difficulty concentrating on tasks’, ‘little
interest or enjoyment in doing things’, ‘feel-
ing gloomy, depressed or hopeless’, and ‘poor
appetite or overeating’).

• Exhaustion: four items were created by the
WWFH teams themselves (‘I can leave work at
the end of the homework day’, ‘I can relax well
after a day’s work at home’, ‘I feel mentally tired
when I start work in the morning’, ‘I feel men-
tally exhausted by my work at the end of the
day’).

• Engagement: 6 items from the 3 aspects of work
engagement in the UBES scale [68] (‘I am enthu-
siastic about my work’, ‘My work inspires me’,
‘When I get up in the morning, I feel like going
to work’, ‘When I am working very intensively,
I feel happy’, ‘I am proud of the work I do’, ‘I
am immersed by my work’).

• Professional isolation: 7 items from Golden et
al. [69] (‘I feel left out on activities and meet-
ings that could enhance my career’, ‘I miss out
on opportunities to be mentored’, ‘I feel out of
the loop’, ‘I miss face-to-face contact with co-
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workers’, ‘I feel isolated’, ‘I miss the emotional
support of co-workers’, ‘I miss informal inter-
action with others’).

Productivity was rated on a scale of 1–10.
In week 7, the same personal data was asked.

Next, multiple-choice questions were included such
as ‘What do you think caused your physical health
problems?’ and the same for mental health. Besides
suggested reasons, these also included the answer
option ‘Other, namely . . . ’. In addition, changes in
exercise and sleeping patterns were questioned. For
social health, 7 statements were judged on a 5-point
scale of (dis)agreement about changes in contact fre-
quency, type, and content.

3.3. Procedure for analysis

Path analysis is a special case of Structural Equa-
tion Modelling (SEM), which is generally used
to examine the comparative strength of direct and
indirect relationships among variables. It estimates
multiple regression equations at the same time. The
path diagram represents the hypothesized model in
path analysis and is similar to a conceptual model
in which arrows indicate a direct causal relationship
between the explanatory variable to the outcome vari-
able. A path model also controls for other variables
in determining the controlled significance of each
variable and can identify a mediating role of health
between the personal/environmental characteristics
and productivity. The amount of mediation is called
the indirect effect [70], in which the total effect is the
direct and indirect effect together. Furthermore, the
extent of mediation can be computed by dividing the
mediated effects by the total effect of the relationship
[71].

Given the high number of variables, first bivariate
analyses were done to determine which relation-
ships were most likely to remain significant in the
intended path analyses to test the conceptual model.
As each different bivariate analysis method presents
its respective indicator of strength (i.e. chi-square
value, t-value, F-value, correlation coefficient), the
results from the bivariate analyses were compared on
the effect size estimates. Only the variables which
were found to be of significant predicting power
according to their effect sizes were included in the
path model. The path model was estimated using the
statistical package LISREL version 8.54. For LIS-
REL to function properly, categorical variables were
recoded into dummy variables. Continuous variables

were kept identical to the variables used in the bivari-
ate analyses and descriptive analyses.

Unfortunately, the datasets from the different
weekly surveys did not identify respondents (for
privacy reasons), so weeks 3 and 7 could not be com-
bined for statistical analyses. Nonetheless, we used
the week 7 data to get general insights into the pop-
ulation’s perceptions of health issue causes with a
descriptive analysis next to the test of the model with
the data from week 3.

4. Results

First, the scales were tested on their internal
validity (see Table 1) with Cronbach’s alpha and/or
inter-item correlations. All scales except for ‘depres-
sion’ scored sufficiently high to be summed into a
single score. Depression was recoded in a variable
based on the number of symptoms, similar to the
physical health variables.

4.1. Personal and environmental descriptives

Tables 2 and 3 show descriptives of the personal
and environmental characteristics of both samples
(weeks 3 and 7). They are similar in gender, job
position, and household characteristics. Statistically
significant but very small differences between the
samples were found for age and education distri-
butions. Also, by week 7, some more people had
(gained) the availability of an enclosed and/or fur-
nished workspace at home. Overall, their similarities
support the use of the week 7 data to help explain
wellbeing outcomes from week 3.

Regarding the different cohorts, cohort 2 was the
largest, but the others also had many respondents
due to the large sample. No significant differences
were observed between the cohorts in gender or
household composition, but several other statisti-
cal differences came forward. Regarding personal
characteristics, cohort 3 contained relatively more
people in the older age groups than cohort 1 and
2 (X2(25058;8) = 17.307, p = 0.027), although the
differences were very small. Cohort 3 also more
often indicated increased workloads and less often
decreased workloads than the other two cohorts
(X2(25058;4) = 283.010, p = 0.000). Nonetheless, in
all cohorts, approximately 61–64% observed a sim-
ilar workload than before the pandemic. Cohort 1
contained significantly fewer managers than the other
two cohorts (X2(25058;2) = 88,923, p = 0.000) and
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Table 1
Internal validity of multi-item scale variables

Label (N = 25,058) # of items Cronbach’s
alpha

Mean
inter-item
correlation

Mean Variance SD

Perceived organisational support 4 0.784 3.25 0.597 0.773
Physical health
Musculoskeletal problems 4 0.507 0.204 0.98 1.114 1.055
SBS symptoms 2 0.230 0.35 0.356 0.597
Mental health
Job stress 6 0.868 2.47 0.619 0.787
Work-life balance 2 0.682 3.42 0.858 0.926
Depression symproms 4 0.572 0.230 0.57 0.812 0.901
Exhaustion 4 0.792 2.49 0.567 0.753
Engagement 6 0.873 3.76 0.393 0.627
Social health
Professional isolation 7 0.848 3.15 0.556 0.746

Table 2
Descriptives of personal characteristics

Personal characteristics Survey week 3 Survey week 7
Frequency Sample (%) Frequency Sample (%)

Cohort Cohort 1 5138 20.5% 3683 19.5%
Cohort 2 10204 40.7% 8020 42.5%
Cohort 3 9716 38.8% 7156 37.9%

Gender Male 11798 47.1% 8964 47.5%
Female 13142 52.4% 9819 52.1%
Other 118 0.5% 76 0.4%

Age ≤30 years old 2145 8.6% 1436 7.6%
31–40 years old 4010 16.0% 2885 15.3%
41–50 years old 5764 23.0% 4406 23.4%
51–60 years old 9360 37.4% 7157 38.0%
>60 years old 3779 15.1% 2975 15.8%

Job role Management employee 1724 6.9% 1286 6.8%
Regular employee 23334 93.1% 17573 93.2%

Level of education Primary & secondary education 1633 6.5% 1119 5.9%
MBO 4349 17.4% 3113 16.5%
HBO 10115 40.4% 7815 41.4%
University 8763 35.0% 6678 35.4%
Other 198 0.8% 134 0.7%

Sedentary behaviour N 25058 18859
% of time in the workday
that is spent sitting

Mean 81.11 81.50
Standard deviation 13.539 13.216

Physical activity N 25058 18859
# of days per week with a
minimum of 30 minutes of
exercise

Mean 4.24 3.79
Standard deviation 2.050 2.018

Workload since WFH Increased workload 6715 26.8% 5063 26.8%
Similar workload 15744 62.8% 12104 64.2%
Decreased workload 2599 10.4% 1692 9.0%

also less low educated and more highly educated
people (X2(25058;4) = 37.154, p = 0.000). Regarding
active behaviour, the percentage of time sitting sig-
nificantly increased from cohort 1 (80.8) to cohort
2 (81.0) to cohort 3 (81.4) (F(2;25058) = 4.570,
p = 0.010). Similarly, the number of days with 30
minutes of exercise decreased significantly from
cohort 1 (4.5) to cohort 2 (4.3) to cohort 3 (4.1)
(F(2;25058) = 81.640, p = 0.000). Regarding environ-

mental characteristics (see Table 3), cohort 1 had
significantly less often the availability of a fur-
nished workspace (X2(25058;2) = 8.235, p = 0.016)
or an enclosed workspace (X2(25058;2) = 7.002,
p = 0.030). Cohort 1 also perceived organisational
support significantly lower (3.22) compared to cohort
2 (3.26) and 3 (3.26). The cohort variable was there-
fore included in further analyses to include potential
effects.
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Table 3
Descriptives of environmental characteristics

Environmental characteristics Survey week 3 Survey week 7
Frequency Sample (%) Frequency Sample (%)

A
t-

ho
m

e
w

or
ks

pa
ce

Furnished workspace No 10088 40.3% 6915 36.7%
Yes 14970 59.7% 11944 63.3%

Enclosed workspace No 8606 34.3% 6265 33.2%
Yes 16452 65.7% 12594 66.8%

H
ou

se
ho

ld
ch

ar
ac

te
ri

st
ic

s Partner No 6029 24.1% 4525 24.0%
based on household type Yes 19029 75.9% 14334 76.0%
Children No 13746 54.9% 10363 54.9%
based on household type Yes 11312 45.1% 8496 45.1%
Living with others No 3886 15.5% 2905 15.4%
based on household type Yes 21172 84.5% 15954 84.6%

Perceived organisational support N 25058 18859
on a scale from 1 (very
low) to (very high)

Mean 3.247 3.252
Standard
deviation

0.773 0.753

Table 4
Descriptives of health indicators week 3

N = 25,058 Mean SD

Physical health Number of musculoskeletal problems 0.98 1.055
Number of SBS symptoms 0.35 0.597

Mental health Job stress 2.47 0.787
Work-life balance 3.42 0.926
Number of depression symptoms 0.57 0.901
Exhaustion 2.49 0.753
Engagement 3.76 0.627

Social health Professional isolation 3.15 0.746

4.2. Health status and perceived productivity
descriptives

Regarding physical health, only 36.7% of the
respondents reported not having developed any of
the questioned musculoskeletal or SBS symptoms
over the previous four weeks. Most reported prob-
lems like pain in the neck and/or shoulders (40.5%)
or lower back (27.8%). Also, quite a large group of
respondents reported headaches (20.6%) and irrita-
tion of the eyes, nose and/or throat (14.9%). When
counting the number of musculoskeletal problems,
respondents suffered on average from 0.98 (out of
4) problems. For the number of SBS symptoms, the
mean was lower with 0.35 (out of 2, see Table 4). All
scale-based mental health variables were within nor-
mal distribution ranges. As they were all measured on
5-point scales, Table 4 makes clear that occupational
stress (2.47) and exhaustion (2.48) on average were
lower and in the middle of the scale, while the work-
life balance (3.42) and engagement (3.76) scored on
the positive side of the scale. The average number
of depression symptoms was also low with 0.57 (out
of 2), so in general mental health was perceived as

reasonable. Social health (professional isolation) was
also normally spread, with a mean of 3.15 (on a 7-
point scale). Perceived productivity was high, with a
mean of 7.59 (SD = 1.217) on a 10-point scale.

4.3. Path analysis hypotheses 1–8

In the bivariate analyses, almost all variables were
significantly related to at least one of the other vari-
ables, which would confirm all the hypotheses that
are posed. However, the effect sizes (see Table 5)
revealed that many of the relationships were rela-
tively weak. Mostly, relationships between different
health indicators and between health and productivity
or health and the social environment (support) were
stronger. These findings suggest that health plays
a larger role in the perceived productivity of those
WFH, and personal and environmental factors only
a relatively small role. Nonetheless, all significant
bivariate relationships were included in the path anal-
ysis to find out which hypotheses remain confirmed
when tested in a holistic matter with a full path model.
Persons that identify as neither male nor female (118
respondents) were removed from the path analysis
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Table 5
Effect sizes bivariate analyses

Note ∗∗Significant at the 0.01 level (2-tailed), ∗Significant at the 0.05 level (2-tailed), darker shade = stronger correlations.
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Table 6
Goodness of fit

Full information ML chi-square 140.81 (p = 0.000)

Degrees of freedom (df) 29
Goodness of fit index 1
Comparative fit index (CFI) 1
Root mean square error of approximations (RMSEA) 0.012
90% confidence interval of RMSEA 0.010; 0.015
p-value for test of close fit (RMSEA <0.05) 1
Root mean square residual (RMR) 0.0033
Chi-square / df 4.856

data-set as this category was not suitable for path
analysis, due to being such a small proportion of the
sample. Similarly, persons that stated having ‘other’
education (189 respondents) were also excluded from
the dataset for the same reason. This resulted in a new
research sample of 24,751 respondents for the path
analysis. As path analysis does not allow the use of
dummy variables when these variables are endoge-
nous (i.e. having no incoming arrows in the path
model [72]), potential relationships between personal
characteristics and the at-home workplace and house-
hold factors could not be included in the path model.
This means that H7 could only be tested partially this
way.

After putting all significant bivariate relationships
in the model, it was further optimized. The risk
of overfitting the model was reduced by reducing
the number of variables in the model and removing
insignificant relationships (t < 1.96). This step-by-
step process was repeated until an acceptable model
fit was found and all insignificant relationships were
removed from the model. As a result, five variables of
personal characteristics were removed from the path
model for being insignificantly related to aspects of
health or perceived productivity (Cohort, Job role,
Sedentary behaviour, Physical activity, and Workload
since WFH). In addition, one variable of the social
environment (the Partner at home dummy) had to be
removed for the same reason.

Table 6 shows the information regarding the good-
ness of fit of the final path model. The Goodness
of Fit Index of 1 is high, as it should be larger
than 0.90 to indicate a good model [73]. Similarly,
the Comparative Fit Index (CFI) shows a good fit
[74]. The Root Mean Square Error of Approximation
(RMSEA = 0.012) is commonly considered a good
fit with values less than 0.05 [73]. Other indicators
were within ranges as well. The final path model (see
Fig. 3) shows a very complex picture of health and
productivity in relation to each other (H1 and H2) and
to the home work environment (H3-8) (see Table 7 for

all standardized coefficients). The effects that were
0.20 or higher (when rounded) have been emphasized
in Fig. 3 with thicker lines to show more clearly which
effects are the strongest.

This confirms again that both personal and envi-
ronmental characteristics play a relatively small
role, although three personal (gender, age, educa-
tion) and five environmental (furnished workspace,
enclosed workspace, children, living with others,
organisational support) characteristics have signif-
icant relationships with indicators of health and
perceived productivity. This confirms hypotheses H3-
6. But only perceived organisational support at home
shows relatively strong relations with mental health
(engagement, � = 0.26) and social health (isolation,
� = –0.16)). Thus H5 is the only hypothesis that can
be confirmed with a strong relationship.

Within the different health indicators several
stronger relationships are found as well, also strongly
confirming H2. Regarding physical health, symp-
toms of Sick Building Syndrome appear to relate
to experiencing musculoskeletal problems (� = 0.23),
but also to mental health (exhaustion, � = 0.19)
and social health (increased feelings of isolation,
� = 0.16). The strongest relations within the path
model, however, are between the different men-
tal health indicators. Especially exhaustion seems
to play a key role here. It relates to increased
stress (� = 0.53), poorer work-life balance (� = –0.48)
and more depressive symptoms (� = 0.24) and is
increased in case of lower engagement (� = –0.18).
A second mental health aspect that shows many rel-
atively stronger relationships is engagement. Higher
engagement does not only decrease exhaustion, but
also depressive symptoms (� = –0.17). Regarding
social health (professional isolation), this relates to
increased exhaustion (� = 0.31) and more depressive
symptoms (� = 0.22).

Despite its key role within the health relation-
ships, exhaustion does not have a strong direct
relationship with perceived productivity (� = 0.03).
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Fig. 3. Final path model.

The relationship of engagement with perceived pro-
ductivity is much stronger (� = 0.30). Furthermore,
depressive symptoms relate to decreased perceived
productivity (� = –0.21). Social health also relatively
strongly relates to decreased perceived productivity
(� = –0.23). So, H1 is confirmed with strong relation-
ships too.

4.4. Mediation analysis hypothesis 9

In total, 78.8% of the total effects on perceived
productivity in the model originated from aspects
of health (e.g. 25% of effects from engagement and
19% from professional isolation), which confirms
H9. Table 8 presents an analysis of the mediation
found in the path model, showing direct, indirect,
and total effects of the different significant relation-
ships. It shows that health mediated more than half
of the total effects from most personal and envi-
ronmental characteristics on perceived productivity.
Only gender had no mediation in its effect on per-
ceived productivity. On the other end of the mediation
spectrum, living with others only showed an indirect
effect through mediators such as work-life balance,

depression, engagement and professional isolation.
The negative effect of living with children on pro-
ductivity was higher direct than the indirect effect, but
in all other cases the indirect effect was higher than
the direct effect. Age relates to increased perceived
productivity indirectly for 78%, mediated through
support, SBS, job stress, depression, exhaustion, and
professional isolation. Similarly, education is found
to decrease perceived productivity directly only to a
small extent, as 72% of the total effects were indirect
through support, SBS symptoms, job stress, work-life
balance, exhaustion, and professional isolation.

The effects from working from a furnished at-home
workspace on perceived productivity were found to
consist for 80% out of indirect effects. Support,
SBS, work-life balance, exhaustion, engagement, and
professional isolation mediated to a large extent
the effects of working from a furnished at-home
workspace on perceived productivity. A slightly
smaller proportion of the effects from working from
an enclosed at-home workspace on perceived produc-
tivity consisted out of indirect effects from almost
the same mediator variables (62%). The effects of
perceived organisational support on perceived pro-
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Table 7
Standardized coefficients path analysis

Variables Su
pp

or
t

M
us

cu
lo

sk
el

et
al

pr
ob

le
m

s

SB
S

sy
m

pt
om

s

Jo
b

st
re

ss

W
or

k-
li

fe
ba

la
nc

e

D
ep

re
ss

io
n

sy
m

pt
om

s

E
xh

au
st

io
n

E
ng

ag
em

en
t

Pr
of

es
si
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is
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at
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n

Se
lf

-p
er

ce
iv

ed
pr

od
uc

tiv
ity

Standardized coefficients

Pe
rs

on
al

ch
ar

ac
te

ri
st

ic
s

Gender Male - - - - - - - - - -
Female 0.09∗∗ 0.07∗∗ –0.03∗∗ 0.10∗∗

Age –0.05∗∗ –0.03∗∗ –0.11∗∗ 0.03∗∗ –0.12∗∗ –0.08∗∗ –0.08∗∗ 0.03∗∗
Education Low - - - - - - - - - -

High –0.09∗∗ –0.03∗∗ 0.04∗∗ 0.06∗∗ –0.06∗∗ 0.08∗∗ 0.06∗∗ –0.02∗∗

E
nv

ir
on

m
en

ta
l

ch
ar

ac
te

ri
st

ic
s

Furnished
workspace

No - - - - - - - - - -

Yes 0.05∗∗ –0.04∗∗ –0.03∗∗ 0.04∗∗ –0.02∗∗ 0.05∗∗ –0.03∗∗ 0.01∗∗
Enclosed
workspace

No - - - - - - - - - -

Yes 0.03∗∗ –0.02∗∗ 0.04∗∗ –0.01∗ 0.02∗∗ –0.03∗∗ 0.02∗∗
Children No - - - - - - - - - -

Yes 0.04∗∗ –0.02∗∗ 0.04∗∗ –0.07∗∗ –0.02∗∗ 0.02∗∗ 0.02∗∗ 0.03∗∗ –0.02∗∗
Living with
others

No - - - - - - - - - -

Yes 0.03∗∗ –0.05∗∗ 0.04∗∗ –0.05∗∗
Support –0.07∗∗ –0.12∗∗ –0.08∗∗ 0.07∗∗ –0.14∗∗ 0.26∗∗ –0.16∗∗ –0.05∗∗

Physical
health

Musculoskeletal
problems
SBS
symptoms

0.23∗∗ 0.03∗∗ 0.10∗∗ 0.19∗∗ –0.07∗∗ 0.16∗∗ 0.03∗∗

Mental
health

Job stress 0.02∗∗ –0.13∗∗ –0.05∗∗
Work-life
balance

0.13∗∗

Depression
symptoms

0.04∗∗ –0.06∗∗ –0.21∗∗

Exhaustion 0.14∗∗ 0.53∗∗ –0.48∗∗ 0.24∗∗ 0.03∗∗
Engagement –0.02∗∗ –0.17∗∗ –0.18∗∗ –0.10∗∗ 0.30∗∗

Social
health

Professional
isolation

0.07∗∗ 0.11∗∗ –0.12∗∗ 0.22∗∗ 0.31∗∗ –0.23∗∗

- Reference category. ∗∗Significant at the 0.01 level (2-tailed) t > 2.58. ∗Significant at the 0.05 level (2-tailed) t > 1.96.
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Table 8
Mediation analysis

Relationships with perceived productivity (PP)∗ Direct
effect

Indirect
effect

Total
effect

Proportion
of
mediation

Personal characteristics
Gender 0.24 0.24 0.00
Age −→ (Support, MSK, SBS, stress, depression, exhaustion, ISO) 0.02 0.07 0.09 0.78
Education −→ (Support, MSK, SBS, stress, WLB, exhaustion, ISO) –0.05 –0.13 –0.18 0.72
Environmental characteristics
Furnished workspace −→ (Support, MSK, SBS, WLB, exhaustion, ENG, ISO) 0.03 0.12 0.15 0.80
Enclosed workspace −→ (Support, SBS, WLB, exhaustion, ENG, ISO) 0.05 0.08 0.13 0.62
Children −→ (Support, SBS, stress, WLB, depression, exhaustion, ENG, ISO) –0.05 –0.01 –0.06 0.17
Living with others −→ WLB, depression, ENG, ISO 0.14 0.14 1.00
Support −→ (MSK, SBS, stress, WLB, exhaustion, ENG, ISO) –0.09 0.30 0.21 1.43
∗MSK = Musculoskeletal problems, WLB = Work-life balance, ENG = Engagement, ISO = Professional Isolation.

ductivity are largely mediated again by SBS, job
stress, work-life balance, exhaustion, engagement,
and professional isolation.

5. Discussion and conclusions

The current research has expanded upon the
growing body of literature on WFH and employee
outcomes on health and productivity in several ways.
First of all, it has shed light on the persistence of
proven relations between employees, their work envi-
ronment, and health outcomes during the exceptional
circumstances of obliged, high-intensity WFH dur-
ing Covid-19. Some older studies discuss that, in
general, non-work-related factors, such as family ori-
entation and amount of household distractions, are
most predictive of an individual’s choice to work
remotely [5]. In normal circumstances, some sort of
self-selection process takes place in which employ-
ees with a suitable home situation choose to WFH
(when also allowed to by the organisation). Con-
versely, in this study, also employees with unsuitable
home environments were obliged to WFH, resulting
in an exceptional opportunity to study relationships
between the at-home environment and perceived
health and productivity in that situation. Findings
support the assumption in studies in voluntary WFH
contexts [e.g. 3, 8, 10, 12] that the suitability of the
home workplace indeed plays a role for employee
health and productivity.

However, through the novelties of investigating
a holistic model of relationships between personal
and environmental characteristics, health and produc-
tivity, and by including a potential mediating role
of employee health, novel findings came forward.

Results suggest that the significance of personal and
environmental characteristics for productivity out-
comes of WFH might be limited. This is in contrast
to previous studies that stress the importance of both
categories of characteristics [e.g. 5, 8, 11, 18 – 19].
But because those studies did not include a mediating
approach, they were unable to identify the large medi-
ating role of health that came forward in this study.
Although most personal and environmental charac-
teristics remained significant in the path analysis,
their effects on productivitity were largely mediated
by the health indicators. Only gender and having
children at home, showed more direct effects on per-
ceived productivity while WFH. So, health indicators
might be the most important aspect for organisations
to measure and keep in mind when implementing
future hybrid working modes, particularly engage-
ment and exhaustion.

During Covid-19, most attention of employers
went to providing ICT connectivity and ergonomic
support (chairs, screens, etc.) to ensure employee
wellbeing and productivity. However, the current
study seems to suggest that while physical health
might have suffered from forced full-time WFH too,
particularly mental and social health determined pro-
ductivity outcomes during Covid-19. In addition,
media particularly covered sedentary behaviour and
lack of physical activity as reasons for poorer health
during the pandemic, but both variables were not
significant in this study. From all the personal and
environmental characteristics that were included, par-
ticularly perceived organizational support showed to
improve both mental and social health (by decreased
feelings of isolation and increased engagement). Pre-
vious studies [e.g. 75] have also shown that supervisor
and co-worker support relates to many employee out-
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comes, including stress and work-life balance. This
is clearly an important point of attention for future
hybrid working modes as well.

In addition, the path analysis shows a strong net-
work of relationships between the social and mental
health indicators, where exhaustion appears to play a
central mediating role. So, despite the limited impact
of exhaustion on perceived productivity, it mediates
relations with many health indicators that do play a
role. Particularly feelings of depression, isolation and
engagement were stronger predictors of perceived
productivity than exhaustion. As this study shows,
mental health while WFH is a complex network of
interacting variables and needs further research.

As mentioned, a brief descriptive analysis of data
from the week 7 survey of WWFH is now used
to interpret the findings further. It showed that the
majority of home workers with physical health prob-
lems (74.7%) think these problems are caused by
their sedentary behaviour, in which there is too little
alteration between sitting and standing or walking.
On the other hand, most of the respondents with
mental health problems attributed these problems to
being obliged to work from home (66.6%) and feel-
ing socially isolated (57%). Contact with colleagues
was found to have become less personal as a result
of the obliged WFH. As there is a lack of research
on obliged WFH, this is an interesting new finding
too. It suggests that future research should include
the voluntariness of WFH to study new hybrid work-
ing modes. And, in practice, managers have to discuss
with invidual employees how to best fill in the choice
of working home and/or in the office to ensure their
mental health. Of course, there are both positive and
negative aspects to social isolation when WFH: posi-
tive aspects of social isolation are related to having a
quiet private space to work with no interruptions [6],
while negative aspects are related to feelings of lone-
liness [3, 8]. Other Covid-19 studies have shown that
loneliness increases depression and decreases help-
ing behaviours between colleagues [e.g. 76]. So, it is
important to strike a balance between the ability to do
focussed work and feeling forced to do this type of
work from home. Not all home workplaces are evenly
likely to even provide this ability to focus.

What the week 7 data also showed, is that despite
the high prevalence of reported health problems, only
6.2% reported calling in sick. Two decades ago, Mann
& Holdsworth [8] already suggested that improved
policies are necessary for sick leave while WFH. The
current results suggest that this advice has not yet
been implemented by the managers in this sample.

Especially young adults appeared vulnerable to men-
tal health issues, which supports similar findings by
Pieh et al. [77] and Weitzer et al. [78]. Pieh et al. sug-
gested that this could potentially be explained by their
higher (occupational) uncertainty and larger restric-
tions in their daily lives due to COVID-19 induced
lockdowns. They might thus be even less inclined
to call in sick, while they have more likeliness of
health problems when WFH. This is not only true
for mental health, but most likely also for physical
health as they generally have smaller housing then
those in more advanced careers. This has longer term
consequences, because through this form of presen-
teeism an employee’s self-regulation is demanded,
which depletes their resources and reduces their work
effectiveness on the following day [79].

5.1. Limitations and future research

The WWFH dataset included perceived produc-
tivity measurements only, as it is easier to measure
productivity through questionnaires than objectively
on site. Leaman & Bordass [80] found that perceived
productivity scales may not be the same as actual pro-
ductivity due to a lack of reference. Nevertheless, the
use of perceived productivity is commonly accepted
as an indicator of individual productivity [81]. For
this sample, productivity increased slightly but sig-
nificantly between each consecutive cohort from 7.53
(cohort 1) to 7.59 (cohort 2) to 7.62 (cohort 3)
(F(2;24748) = 10.403, p = 0.000). This suggests that
people felt that they learned to work from home even
better over time. It remains to be seen whether per-
ceived productivity at home correlates strongly with
actual productivity, as this has not been studied yet. It
could well be that the workers considered themselves
really productive because of the individual concen-
trated work that they were able to do, while they
might have neglected potential negative influences
of the lack of joint collocated activities on productiv-
ity (e.g. serendipitous knowledge sharing) and health
effects.

This study was conducted during the COVID-
pandemic lockdowns in the Netherlands. Therefore,
some of the findings regarding health may contain
biases or exaggerations, hence limiting the gener-
alizability of the results. Once hybrid working has
been embraced by more workers, future research can
repeat this study with workers in a non-pandemic con-
text. This would also allow more diversification in the
intensity of WFH, to find an ‘ideal’ split in WFH and
at the office. In addition, more longitudinal research
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is necessary. While this sample included 3 cohorts,
it did not follow the same people over the course of
time. It could be that decreasing health did not imme-
diately affect productivity, but has more impact on the
longer term. For example, Guler et al. [82] found a
decline in health during Covid-19 while perceived
productivity increased.

The results and interpretations are also limited by
not having insights in the WWFH dataset in some
other potentially influential aspects of the physi-
cal and social working environment (e.g. objective
indoor temperature, lighting and noise), as well as
other indicators of mental and social health (e.g. job
satisfaction and happiness). Last, the results of this
research are limited by the methodological and prac-
tical limitations of path analysis regarding the use of
exogenous dichotomous variables.

Future research should first try to overcome the
limitations of the current study, for example by also
assessing the unidentified influential aspects of the
physical and social working environment (e.g. satis-
faction with lighting, temperature and noise, as well
as the age of the youngest child in the household)
and important aspects of physical, mental and social
health (e.g. quality of life, happiness and strain). By
including these characteristics and health aspects, an
even more comprehensive understanding of the influ-
ences of WFH on health and productivity, and the role
of personal and environmental characteristics can be
produced. Furthermore, future research could study
samples in other countries and cultures, where at-
home conditions could be very different and thus
perhaps impacting employee outcomes differently.

5.2. Practical implications

The knowledge gained from the current study
can also assist in the design and implementation
of policies for improving, protecting and promoting
occupational health practices, both in the office and at
home. It seems important that significant investments
are made in protecting and promoting occupational
health among hybrid workers. As the cohort variable
was not significant, this suggests that workers do not
find a more healthy balance themselves after WFH
for a longer time.

Even though health was identified as having the
largest effect on perceived productivity, the authors
emphasise the importance of a suitable physical
and social homeworking environment for successful
WFH as well. It is recommended that the employer
plays a facilitating and supporting role in fulfilling the

individual needs of their employees regarding WFH
intensity, flexibility and the physical home work-
place.
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