1171

Work 69 (2021) 1171–1189
DOI:10.3233/WOR-210301
IOS Press

Working from home during the COVID-19
pandemic: Impact on office worker
productivity and work experience
Mohamad Awadaa , Gale Lucasb , Burcin Becerik-Gerbera,∗ and Shawn Rollc
a Department of Civil and Environmental Engineering, University of Southern California, Los Angeles, CA, USA
b USC

Institute for Creative Technologies, University of Southern California, Los Angeles, CA, USA
Division of Occupational Science and Occupational Therapy, University of Southern California, Los
Angeles, CA, USA

c Chan

Received 24 February 2021
Accepted 5 May 2021

Abstract.
BACKGROUND: With the COVID-19 pandemic, organizations embraced Work From Home (WFH). An important component of transitioning to WFH is the effect on workers, particularly related to their productivity and work experience.
OBJECTIVES: The objective of this study is to examine how worker-, workspace-, and work-related factors affected
productivity and time spent at a workstation on a typical WFH day during the pandemic.
METHODS: An online questionnaire was designed and administered to collect the necessary information. Data from 988
respondents were included in the analyses.
RESULTS: Overall perception of productivity level among workers did not change relative to their in-office productivity
before the pandemic. Female, older, and high-income workers were likely to report increased productivity. Productivity
was positively influenced by better mental and physical health statuses, having a teenager, increased communication with
coworkers and having a dedicated room for work. Number of hours spent at a workstation increased by approximately 1.5
hours during a typical WFH day. Longer hours were reported by individuals who had school age children, owned an office
desk or an adjustable chair, and had adjusted their work hours.
CONCLUSION: The findings highlight key factors for employers and employees to consider for improving the WFH
experience.
Keywords: Remote work, workspace, work hours, workstation, office work, socioeconomic impact

1. Introduction
The novel SARS-CoV-2 virus (COVID-19) is
transforming life as we know it; every aspect of our
lives has been affected by the outbreak and this effect
is expected to endure. The organization and completion of work have been impacted across nearly
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all industry sectors, including educational and information services, governments, healthcare and social
services and many other professional and business
services, raising concerns about the resilience of various parts of our lives to any new rare and extreme
event [1]. To enhance their corporate resilience and
safeguard the community’s health and well-being,
organizations that have been hit significantly by the
pandemic rapidly embraced the concept of remote
working, also known as work from home (WFH) [2,
3]. Shifts to WFH due to the pandemic have sparked
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discussions about the future of office work that can
adopt innovative methods, support new practices, and
embrace the idea of a virtual workforce [4]. Anticipation of a future where workers are all detached from
the office space dates back to the 1980s [5]; yet, it
was not until nearly 40 years later that WFH became
a widespread necessity to mitigate the spread of a
pandemic.
An important component of transitioning to WFH
is the effect on the work and the workers [6], particularly related to performance, health, and well-being.
Under ideal circumstances, several prior studies concluded that WFH is associated with at least similar
productivity levels compared to typical office work
[7] and supports are often made available to help
workers who chose WFH. The pandemic induced
WFH allows for a unique exploration of a wide variety of work, workplace, and worker factors that have
not been previously examined under ideal circumstances. For example, the abrupt shift for working
parents whose children are in remote school or workers with other care giving responsibilities [8] oblige
those workers to change their usual work hours or
schedule their working hours around others more than
individuals who live alone or do not have children [9].
Similarly, differences in the home workspace, such as
uncontrollable noise, loss of privacy, and comfort and
proxemics [10] can all affect workers’ engagement,
performance, health and well-being [11, 12], especially when organizational practices and policies are
not in place to support the WFH transition.
Given the incremental advances in understanding
the effects of WFH, there are significant gaps in our
understanding of the most salient factors impacting
workers’ performance as it relates to their health and
well-being. As WFH became a necessity for a vast
majority of white-collar workers during the COVID19 pandemic, an opportunity emerged to examine the
effects across a wide variety of worker, workspace,
and work factors that may not be as easily examined under more ideal or limited scale/scope of WFH
situations. Therefore, we conducted an online survey study to investigate and examine the transition to
WFH during the pandemic period for office workers,
specifically two components of work performance:
productivity and work engagement.
This work contributes to the state-of-the-art
research in the following ways: First, this study
informs the literature regarding the influence of a
sudden shift to WFH on work experience during the
pandemic. Specifically, we examined the effects of
this transition on workers’ productivity and the dura-

tion of time they spend working at their workstations.
Second, to provide a picture of how this experience
varies among workers, we also examined the productivity and time spent at the workstation based on the
workers’ demographics, workspace characteristics,
and work context. The following three pillars were
used based on the definition of future of work which
encompasses three deeply connected parameters: the
work (the what), the workspace (the where) and the
worker (the who) [13]. Third, and beyond research
implications, the conclusions and results acquired
from this study have direct practical applications that
can be applied by workers and employers to improve
the WFH experience through workplace practices and
policies, all of which can support positive work performance and worker well-being.

2. Literature review
Following the COVID-19 pandemic, companies
and organizations now aim to engage the work, workforce, and workplace in a new system that identifies
the work as a set of tasks to be completed, rather than
linking it with a specific location. The WFH situation
is likely to become part of future office work and as
such, it is important to understand the effects of the
three aspects of future work -the worker, workspace
and work [5, 13] – relative to the WFH experience.
2.1. Worker characteristics
The WFH experience is inevitably influenced by
worker demographics, including gender, age, and
income [14]. Even in 2021, gender gaps in the workplace and at home persist [15], which might lead
to the assumption that women have lower productivity than men because women spend more time
on household chores and child caregiving [16, 17].
However, research prior to the pandemic has shown
that women’s productivity is similar –if not higher—
compared to men’s productivity [18]. Income and age
have also been well-studied relative to work-related
productivity, noting that higher-waged, middle-aged
workers are more productive than lower-waged,
younger counterparts [19, 20].
The impact of these demographic factors on productivity in remote work is less clear. Applying a
traditional perspective of women’s engagement in
household tasks would suggest potential negative
impacts on productivity, while an equity approach
that considers increased involvement of men in
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household duties could level any gender gaps in
effects on productivity during remote work [17].
Similarly, other factors at home, such as the presence of family members due to the pandemic, could
alter the conventional age-income-productivity association. For example, middle-aged workers who are
working alongside their children, could become overwhelmed due to parenting demands at the expense of
their work engagement and this can negatively impact
their productivity [21].
In addition to the demographic factors, WFH may
create different challenges for workers with different
occupational backgrounds. Prior studies have investigated the impact of WFH on productivity within
specific groups of workers (e.g., workers of a Chinese travel agency [7], workers of U.S. Patent and
Trademark Office [22]). However, there has not been
a study that investigated effects of WFH on productivity across different occupational groups. A
transition to remote work would likely have low risk
of loss in efficiency for workers who primarily engage
directly with computer workstations throughout their
day (e.g., programmers) as opposed to individuals working in jobs that require mixed tasks in an
interpersonal environment (e.g., health care office
workers). In addition to potential negative impact on
efficiency in job performance, some of these occupational groups that do not typically spend their entire
day at a computer would likely experience a dramatic shift in the amount of sedentary time at their
workstations. For example, WFH during the pandemic has led lawyers and judges to spend more
time at their workstations to virtually attend court
trials [23].
Increased sedentary work and other potential
aspects of personal health and well-being are important considerations in the discussion of WFH.
Importantly, worker health has been consistently
associated with productivity, such that the more
health issues workers report the worst their productivity levels are [24]. A variety of physical health issues
such as eye strain, nose related symptoms, fatigue,
and headache, as well as mental health issues such as
anxiety, depression, stress, and insomnia can all have
a negative impact on productivity. Specifically, there
is a growing body of evidence related to the concept
of worker presenteeism that demonstrates degraded
work performance due to the existence of physical
and mental health issues [25]. Although it may be
more easily concluded that these relationships would
exist similarly in remote contexts, there are limited
studies that examine the impact of worker health on
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productivity while WFH. Based on this review, we
pose the following research question:
Research question 1: Do workers’ demographics
(i.e., gender, age, income, and occupation) and their
physical and mental health statuses affect workers’
productivity and the time spent at workstation when
work is performed from home during the pandemic
period?
2.2. Workspace context
Workspace context plays a major role in shaping the work experience. Satisfaction with one’s
workspace, privacy, and ability to personalize
workspace are predictors for workers productivity
[26, 27]. The shift from working in a well-established
office space to work from home can be challenging for
many office workers. Such challenges can be stressful
and might negatively affect a worker’s desire to work
and thus reduce their productivity. Having the optimal
physical setup, proper ergonomics and the necessary
equipment is crucial to create an effective workspace
that boosts productivity and increases the workers’
engagement with their workstation. In their analysis
of the workforce shift to the WFH, Moretti et al. [28]
explained that workers are expected to engage extensively with their workstations while working from
home, and therefore presented their suggestions for a
comfortable workstation (i.e., an adjustable desk and
chair to prevent back and joints pain, along with a
footrest, and an adjustable monitor screen).
Research also shows that separating the
workspaces from living spaces is an important
factor when working remotely. It is recommended
to have a dedicated workspace to create physical
boundaries, help workers establish a productive
work atmosphere, increase workers desire to stay
longer hours at their workstation and signal to other
household members that they do not want to be
distracted [29]. Yet, when the space at home is
limited and several members of the household need
a space to work, sharing the same workspace might
become inevitable. In fact, in a survey conducted
by Suart et al. [30], it was found that only 48.6%
of the respondents had a dedicated workspace,
31% were sharing their workspace with others and
the remaining 20.4% were working in a variety of
places in their homes. However, research shows
that productivity decreases with lack of ability to
adjust/personalize workspace as well as lack of
storage space [31]. On the other hand, Rudnicka et
al. [32] conducted a survey about the WFH during
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the COVID-19 era and found that some respondents
felt that constantly changing the workspace helped
them focus and enhanced their work performance.
In addition to the workspace, indoor environmental
quality (IEQ) (e.g., lighting, temperature, ventilation,
air quality, noise) also plays a major role in creating
a comfortable work experience [33]. Research studies that investigated the effect of IEQ parameters on
worker performance suggest that the more satisfied
the workers are with the IEQ, the more productive
they are [34, 35], an effect that is stronger in private offices as opposed to shared offices [36]. In fact,
increasing daylight illumination in office spaces can
increase workers’ performance by 13% while also
reducing fatigue [37]. Beyond lighting, improvement
in indoor air quality and thermal conditions have
also been linked to enhanced productivity, as well as
increased attention and concentration [38]. Research
supports that the more control individuals have over
their environments, the more satisfied they are with
it [39], thus having access to environmental controls might also improve worker productivity. While
one might expect to find a similar relation between
IEQ satisfaction and productivity during WFH, it is
important to investigate this relation for home offices.
Following this review, we investigated the effect of
the workspace characteristics on the WFH experience
during the pandemic.
Research question 2: Do workspace characteristics (having a dedicated space, sharing the
workspace with others, availability of office furniture/equipment, and satisfaction with the indoor
environmental quality factors) affect workers’ productivity and the time spent at workstation when
work is performed from home during the pandemic
period?
2.3. Work context
Another important consideration in worker productivity and work experience when WFH is the
ability of workers to set and maintain appropriate
boundaries between work duties and house responsibilities. With role conflicts, workers used to find
it challenging to manage work and family/life commitments, even before the pandemic era [40, 41].
With workers shifting to WFH abruptly with the
pandemic, new forms of conflicts between work
and life occurred. When working and living in the
same space, setting boundaries between the work
and life becomes more challenging. For example,
the sense of time might fade in the homogeneous

work-home environment and workers might elongate
their working hours, start working earlier, later or
on the weekends [42]. Some workers might embrace
the flexibility in their work hours while other workers might have no choice but to schedule their
working hours around their household members or
responsibilities [43].
At the same time, the unclear boundaries between
home and office might have increased work expectations [44]. For example, Peasley et al. [45] found that
sales personnel felt burned out when trying to meet
the management’s expectations and they believed
that job expectations became higher as soon as they
started working from home during the COVID-19
pandemic. With this increase in expectations, workers might be tasked with more duties and expected
to deliver additional work, increasing working hours
and requiring them to spend additional time at
their workstations [46]. Meanwhile, communication
among different parties (e.g., coworkers, supervisors,
employers), which is crucial to keep the remote workers productive, might be impaired as communication
during the pandemic usually comes in one form: virtual and is limited by personal, organizational and
technological means. Yet, communication provides
work resilience by sustaining the usual work operations and is key to mitigating the undesired effects
of the sudden shift to WFH [47]. Thus, the impact of
work adjustments and work expectations on workers’
productivity and work engagement needs to be further
investigated, which leads to the following research
question:
Research question 3: Do work conditions (adjustment to work schedules, communication with
coworkers, workload expectations distractions while
working, having other family members at home, the
support or lack of from employer) affect workers’
productivity and the time spent at workstation when
work is performed from home during the pandemic
period?
The following sections of the paper are organized
as follows: The methods section explains in detail the
data collection procedure and describes the control,
dependent and independent variables selected based
on the framework adopted in this study. The results
section provides a summary of the statistical analysis
conducted with focus on relative impact of variables
within each of the three pillars. Finally, the discussion
section offers a detailed interpretation of the study
findings and identifies key considerations for implementing WFH as an organizational strategy in future
work.
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3. Methods
Built on the background literature that examines
the relationships of the three pillars of future work,
this study aimed to understand how a wide range of
worker, workspace, and work context factors affected
productivity and time spent at a workstation on a
typical WFH day during the pandemic. This section explains in detail the data collection procedure
and describes the control, dependent and independent
variables selected based on the framework adopted in
this study.
3.1. Respondents
An online questionnaire was designed and administered through Qualtrics Panel Services for 45-days
from April 27, 2020 to June 11, 2020. The study was
reviewed by the Institutional Review Board of the
University of Southern California and was approved
as exempt research (UP-20-00339 IRB study number). Following initial email and public posts to
social media pages, 1,409 respondents completed
the survey voluntarily without any compensation. Of
the 1,409 responses, 91 responses were screened out
because the individuals were not working from home
at a workstation during the COVID-19 pandemic.
Furthermore, 330 responses were excluded because
the respondents completed less than a quarter
of the survey. Our final sample consisted of the
remaining 988 respondents (558 women, 317 men,
113 unreported) who ranged from 18 years old
to 80 years old (M = 40.9 years, SD = 13.1 years).
Respondents were primarily Caucasian (60.9%),
followed by Asian (24.6%), Hispanic or Latinx
(9.3%), Black (2.8%), and another race or ethnicity
(2.4%). Responses were received from 40 states,
with the most respondents from California (47.3%);
6.4% of responses were from outside of the U.S. and
10.5% of respondents did not provide their location.
Level of education was distributed with 28.6% of
the respondents having a 4-years college degree
or less, 37.2% having a graduate or professional
degree, and the remaining 34.2% having a doctorate
degree. Most respondents indicated being employed
full-time (82.8%) as opposed to working part-time,
being students, or contract workers.
3.2. Procedure
After consenting, respondents were asked “Does
your job require you to use a workstation (e.g., desk,
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computer terminal, laptop) most of the day, and
are you working (or have worked) from home due
to COVID-19 or a stay-at-home mandate?” Only
respondents who indicated “yes” to this question
continued; others were told that they were not eligible for the study and thanked. Eligible respondents
continued to complete the survey. Demographic
measures included gender, age, location, and
employment status and the other demographic
control variables described below as “worker characteristics.” Respondents reported their perceived
level of productivity and indicated the difference
in time spent at a workstation both compared to
pre-pandemic levels. These two items served as our
dependent variables of work outcome as described
below. In addition, respondents answered numerous
questions related to their workspace and their work
context. All questions were optional. Upon reaching
the end of the survey, respondents were thanked for
their participation and asked to share a link to the
anonymous survey with others who were working
from home during the COVID-19 pandemic.
3.3. Measures
The survey comprised of multiple categories, with
questions asking about the worker demographics,
workspace characteristics, work conditions and a
final category investigating the work performance
and time spent at the workstation when work is performed from home during the pandemic period. First,
worker characteristics were examined and used as
control variables in our analyses. Second, respondents provided information related to the context of
their physical workspace and how they conducted
work within their new WFH situations. These context items were examined as independent variables
in our analyses. Specifically, we examined individual and controlled multivariate contributions to two
dependent variables that served as indicators of work
performance during the pandemic’s WFH period as
compared to pre-pandemic work performance.
3.3.1. Worker characteristics
Multiple demographic characteristics were collected to describe our sample as reported above, as
well as to serve as control variables in statistical
analyses. In addition to those items already reported,
respondents were also asked about their occupations.
Occupational categories were provided as answer
choices based on the occupational categories of the
U.S. Bureau of Labor [48]. The full list of occupa-
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tional categories was reduced to the following general
groups for analysis: business and office (receptionist, office manager, administrative assistant, etc.),
engineering and architecture, education and arts,
healthcare and social services, computer sciences and
mathematics, basic scientists, and services and physical occupations. Respondents indicated their annual
income from among four choices: less than $50 K,
between $50 K and $100 K, between $100 K and
$150 K and, more than $150 K. Finally, respondents
rated their overall physical and mental health status
relative to their status before WFH, using a 5-point
Likert scale with 1 being much lower and 5 being
much higher.
3.3.2. Workspace context
Workers indicated whether they had a dedicated
space to conduct work in their homes, selecting from
choices: “Yes, I have a dedicated room for work
activities (e.g., home office, library, study),” “Yes,
I have a dedicated workspace with other uses (e.g.,
kitchen, living room, bedroom),” and “No, I work in
a variety of spaces, rooms, or locations around my
home (e.g., couch, bed, dining table).” Respondents
indicated if other people (e.g., family, roommates)
were usually present in the same space while working and if they used any of the following items in their
workspace: regular office desk, standing office desk,
make-shift desk (e.g., table), adjustable office chair,
non-adjustable chair, laptop/tablet computer, desktop
computer, adjustable monitor, non-adjustable monitor, peripheral keyboard, peripheral mouse/trackpad,
foot rest, document holder, natural light, task light,
adjustable thermostat, local temperature control.
Finally, we asked the workers to rate their level
of satisfaction across multiple indoor environmental quality (IEQ) factors using a 5-point Likert scale,
with 1 being extremely dissatisfied and 5 being
extremely satisfied. Satisfaction with the visual environment was calculated as the average score of
satisfaction with natural lighting, electric lighting
and glare. Satisfaction with the thermal environment was calculated as the average satisfaction with
the indoor air temperature and humidity. Satisfaction with air quality and noise were individually
rated.
3.3.3. Work context
Respondents identified if they had adjusted their
work schedule due to working at home by selecting
either or both: “I now schedule my work hours around
others” or “I have adjusted my work hours (ear-

lier/later, switched days of week, shorter/longer).”
The presence (yes) or absence (no) of other individuals or pets in the home were indicated across
the following categories: independent adult (other
than respondents themselves), dependent adult (e.g.,
special needs, geriatric care), teenage child (13–18),
school-age child (6–12), toddler (2–5), infant (<2
years), pets (e.g., dogs, cats). Respondents indicated
ways in which their home workspace was obtained
selecting any responses that were true among the following choices: “I purchased new items for myself,”
“My employer purchased new items for me,” “I
brought items home from my office,” and “I did
not get anything new.” We also asked respondents
to rate their communication levels with their coworkers, their workload expectations or requirements, and
distractions while working during the WFH period
relative to their status before WFH. For these questions, a 5-point Likert scale was used with 1 being
much lower and 5 being much higher.

3.3.4. Work experience
We examined two variables of interest relative to
understanding changes in how work is conducted
during WFH relative to pre-pandemic, in-office
engagement: productivity and hours spent at a workstation on a typical workday. To assess productivity,
respondents rated their productivity relative to the status before WFH using a 5-point Likert scale with
1 indicating much lower productivity, 3 indicating
the same as before, and 5 indicating much higher
productivity. Ratings for “relative productivity” were
normally distributed around an average value of 2.90
(SD = 1.16). Respondents provided an estimate of
the duration of time they engaged at their workstation on a typical workday before and after WFH
during the pandemic. Six choices were provided starting with the first choice as “less than 2 hours” and
the sixth choice of “more than 10 hours,” with an
increment of 2 hours between each choice and its
successor. The “change in time spent at a workstation” was calculated as the difference between the
number of hours reported after WFH due to the
pandemic from the hours reported before WFH. On
average, the time spent at a workstation increased by
1.46 hours (SD = 3.00) during WFH. A correlation
analysis was conducted to test for any association
between the two outcomes, finding very low association between relative productivity and change
in time spent at a workstation (r = 0.12, N = 962,
p < 0.001).
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3.4. Data analysis
We examined, in turn, the impact of the three
types of predictor variables on our work performance
outcomes (i.e., relative productivity and change in
time spent at a workstation): worker characteristics,
workspace context, and work context. For each type
of predictors, we conducted descriptive analyses, followed by individual tests of each predictor using t-test
and Pearson correlations. Finally, linear regression
models were used to examine the individual predictors (within a type) against all other variables in terms
of predicting unique variance in the two work performance outcomes. Specifically, within each regression
model, we used: (1) the worker characteristic control
variables as predictors, (2) the worker characteristic
control variables and -in a second step- the workspace
context variables as predictors, or (3) the worker characteristic control variables and -in a second stepthe work context variables as predictors. Within the
regression models, dummy coding was used for all
categorical variables. “Business and office” was used
as the reference category for occupation because it
was the most frequently selected, and “less than
$50K” served as the reference category for income
because the median income for the U.S. falls in this
category [48].

4. Results
4.1. Worker characteristics
Respondents had an average age of 40.90 years
(SD = 13.10 years). Female workers accounted for
56.5% of the respondents, whereas 32.1% of respondents were male workers and the remaining 11.4%
were missing or preferred not to say. Respondents
primarily worked in occupations categorized as business and office (29.1%), engineering and architecture
(24.6%), education and arts (22.1%), followed by
respondents in healthcare and social services (9.3%),
computer sciences and mathematics (8.2%), basic
scientists (4.2%), and services and physical occupations (2.6%). The largest percentage of respondents
reported annual income between $50 K and $100 K
(40.6%), with the remaining respondents almost
evenly distributed among the three remaining income
levels: less than $50 K (19.0%), $100 K – $150 K
(21.7%), and more than $150 K (18.8%). The average
physical health status was (M = 2.84, SD = 0.87) and
the mental health status was (M = 2.70, SD = 0.93).
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We first tested for any differences in productivity
levels and difference in time spent at the workstation
based on worker characteristics. There was a significant effect of gender on relative productivity (female
M = 2.94, SD = 1.17 vs. male M = 2.78, SD = 1.15;
t(864)=-1.97, p = 0.050) but not on the change in time
spent at the workstation (female M = 1.65 hours (99
minutes), SD = 2.95 vs. male M = 1.37 hours (82.2
minutes), SD = 2.95; t(851) = –1.33, p = 0.181). Age
correlated positively and minimally (albeit significantly) with relative productivity (r = 0.12, N = 746,
p < 0.001), while the correlation between age and
change in time spent at the workstation was not significant (r = 0.06, N = 736, p = 0.122).
Mean and standard deviations for relative productivity and change in time at a workstation
among the occupational categories and income levels are presented in Table 1. Significant differences
across occupational categories were noted in both
relative productivity (F(6, 847) = 3.28, p = 0.003)
and change in time spent at the workstation (F(6,
835) = 4.90, p < 0.001). Post hoc comparisons using
the Tukey HSD suggest that relative productivity
was significantly lower for respondents with jobs in
“engineering and architecture” (M = 2.74, SD = 0.08,
p = 0.011), “computer sciences and mathematics”
(M = 2.77, SD = 0.14, p = 0.032), and “healthcare and
social services” (M = 2.70, SD = 0.13, p = 0.026) as
compared with increases reported by those in the
“scientists” category (M = 3.50, SD = 0.2). Although
workers across occupational categories all reported
an increase in the time spent at a workstation after
WFH, individuals with jobs in “healthcare and social
services” (M = 2.63, SD = 0.33) reported a change
in time that was significantly higher than those in
“engineering and architecture” (M = 1.25, SD = 0.20,
p = 0.021) and “business and office” (M = 1.05,
SD = 0.18, p = 0.012) categories. Individuals in the
“business and office” category showed a significantly
lower change in time at a workstation as compared
to individuals in “education and arts” (M = 2.05,
SD = 0.22, p = 0.012).
While no difference by income category was
noted in the change in time spent at the workstation
(F(3, 764) = 1.60, p = 0.191), relative productivity differed across income levels (F(3,777) = 3.47,
p = 0.021). Post hoc analyses show that productivity was significantly lower for workers earning less
than $50 K (M = 2.64, SD = 0.10) than those earning $50 K–$100 K (M = 3.00, SD = 0.06, p = 0.011)
or $100K–$150K (M = 2.98, SD = 0.09, p = 0.050).
Finally, while workers’ productivity significantly
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Table 1
Relative productivity and change in time spent at workstation compared to pre-pandemic
levels by occupational categories and income
Relative productivity
[1–5]

Change in time at workstation,
hours per day

Occupational categories
Business and office
Engineering, architecture
Education, arts
Computer sciences and mathematics
Healthcare and social services
Service and physical occupations
Scientists

3.00 ± 0.07
2.74 ± 0.08
2.94 ± 0.08
2.77 ± 0.14
2.70 ± 0.13
2.68 ± 0.24
3.50 ± 0.20

1.05 ± 0.18
1.25 ± 0.20
2.05 ± 0.22
1.83 ± 0.34
2.63 ± 0.33
0.57 ± 0.63
1.88 ± 0.50

Income
Less than $50 K
Between $50 K and $100 K
Between $100 K and $150 K
More than $150 K

2.64 ± 0.10
3.00 ± 0.06
2.98 ± 0.09
2.84 ± 0.10

1.28 ± 0.25
1.41 ± 0.17
1.92 ± 0.23
1.70 ± 0.25

Table 2
Effects of worker characteristics on relative productivity and change in time spent at a workstation while WFH
Worker characteristic variables

Gender
Age
Engineering, architecture
Education, arts
Computer sciences and mathematics
Healthcare and social services
Service and physical occupations
Scientists
Between $50 K and $100 K
Between $100 K and $150 K
More than $150 K
Physical health status
Mental health status

Relative productivity
b

SE

p-value

b

–0.17
0.01∗∗
–0.10
–0.08
–0.16
–0.38∗∗
–0.27
0.16
0.07
0.03
–0.09
0.11∗
0.36∗∗∗

0.09
0.01
0.11
0.10
0.13
0.13
0.18
0.17
0.06
0.07
0.08
0.05
0.05

0.059
0.005
0.321
0.384
0.230
0.003
0.125
0.343
0.299
0.683
0.227
0.029
<0.001

–0.14
0.01
–0.23
0.33
0.38
0.92∗∗
–0.91
0.70
–0.21
0.01
0.21
0.03
–0.30∗

positively correlated with both physical (r = 0.22,
N = 880, p < 0.001) and mental health (r = 0.35,
N = 881, p < 0.001) statuses, correlations between the
change in time spent at the workstation and physical
health (r = –0.03, N = 861, p = 0.362) or mental health
(r = –0.06, N = 862, p = 0.072) were not significant.
To answer our first research question, regression
analysis was employed to understand the effect of
workers characteristics on the WFH experience during the pandemic. The results suggest that worker
characteristics, measured in this survey, significantly predicted respondents’ relative productivity
(F(13, 720) = 10.58, p < 0.001, R2 = 0.16) and change
in time spent at workstation (F(13, 705) = 2.31,
p = 0.005, R2 = 0.10). Results for individual characteristics included in the model are presented
in Table 2. Controlling for all the other worker
characteristic variables, there was a significant difference in relative productivity between workers in

Change in time at
workstation
SE
p-value
0.25
0.01
0.28
0.27
0.36
0.34
0.47
0.48
0.17
0.20
0.21
0.14
0.13

0.584
0.163
0.416
0.213
0.295
0.007
0.056
0.144
0.229
0.988
0.335
0.847
0.024

the “healthcare and social services” and those in
the reference of “business and office” (b = –0.38,
p = 0.003). Age (b = 0.01, p = 0.005), physical health
status, (b = 0.11, p = 0.029) and mental health status (b = 0.36, p < 0.001) each uniquely predicted a
significant increase in workers’ productivity during the WFH period. A positive effect of working
in the “healthcare and social services” also existed
for change in time spent at a workstation (b = 0.92,
p = 0.007), along with a negative effect of mental
health status (b = –0.30, p = 0.024) once controlling
for all the other worker characteristic variables.
4.2. Workspace context
Table 3 presents the mean, standard deviation (SD)
of the continuous predictors, and the frequency and
percentage of the categorical ones for the workspace
context related variables.
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Table 3
Workspace context variables: Average/standard deviation and frequency/percentages for
all predictors across the sample of valid responses for each item
Categorical variables

Frequency

Percentage

317
483
160
447
469
56
431
450
383
860
222
351
186
419
549
104
126
808
339
445
414

33.0
50.3
16.7
47.6
47.4
5.7
43.6
45.5
38.7
87.0
22.4
35.5
18.8
42.4
55.5
10.5
12.7
81.7
34.3
45.0
41.9

Continuous variables

Mean

Standard deviation

Satisfaction with the visual environment
Satisfaction with the thermal environment
Satisfaction with air quality
Satisfaction with noise

3.93
4.00
4.14
3.48

0.83
1.06
0.84
1.22

I have a dedicated room for work activities
I have a dedicated workspace with other uses
I work in variety of spaces, rooms, locations
Other people are present while I’m working
I have a regular office desk
I have a standing office desk
I have a make-shift desk
I have an adjustable office chair
I have a non-adjustable chair
I have a laptop/tablet computer
I have desktop computer
I have an adjustable monitor
I have a non-adjustable monitor
I have a peripheral keyboard
I have a peripheral mouse/trackpad
I have a footrest
I have a document holder
I have natural light (windows)
I have a task light
I have an adjustable thermostat
I have a local temperature control

An Analysis Of Variance (ANOVA) revealed
a significant effect of the type of workspace on
relative productivity (F(2, 857) = 3.49, p = 0.031).
Tukey HSD (Honestly Significant Test) tests showed
that productivity for “I have a dedicated space for
work activities” (M = 3.00, SD = 0.07) was significantly higher than that of “I work in a variety of
places” (M = 2.69, SD = 0.09, p = 0.021), but the “I
have a dedicated space with other uses” (M = 2.89,
SD = 0.05) did not statistically differ from the other
two conditions. There was also a significant omnibus
effect on the difference in time spent at workstation
(F(2,931) = 3.40, p = 0.032). Specifically, difference
in time for the “I have a dedicated space for work
activities” (M = 1.75 hours (105 minutes), SD = 0.17)
was statistically higher than that of “I work in a variety
of places” (M = 0.98 hours (59 minutes), SD = 0.24,
p = 0.021), but the “I have a dedicated space with
other uses” (M = 1.48, SD = 0.14) was not significantly different from the two other conditions.
An independent t-test revealed that workers who do
not have other people present (M = 3.01, SD = 1.15)
were significantly more productive than those who do
have (M = 2.80, SD = 1.14; t(841) = 2.25, p = 0.011).
There was no difference in time spent at workstation

based on whether respondents have people present
while working or not (t(911) = 0.21, p = 0.846).
Differences in relative productivity and change
in time spent at the workstation based on individual workspace components are presented in Table 4.
Independent t-tests reveal that no item of equipment showed a significant relationship with worker
productivity. On the other hand, having a regular desk (t(955) = –2.57, p = 0.010) or an adjustable
office chair (t(955) = –2.43, p = 0.015) had a significant relationship with change in time spent at
workstation. Specifically, workers who had a regular desk (M = 1.73 hours (103 minutes), SD = 2.90)
or an adjustable office chair (M = 1.72 hours (102
minutes), SD = 3.00) engaged more at their workstation compared with those who did not have such
a desk (M = 1.23 hours (74 minutes), SD = 3.06)
or an adjustable chair (M = 1.25 hours (75 minutes), SD = 2.97). Finally, weak correlations were
noted among satisfaction with the visual environment (r = 0.10, N = 884, p = 0.003), satisfaction
with the thermal environment (r = 0.14, N = 879,
p < 0.001), satisfaction with air quality (r = 0.07,
N = 881, p = 0.034), satisfaction with noise (r = 0.09,
N = 877, p = 0.008) and relative productivity, and no
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Table 4
Relative productivity and change in time spent at workstation compared to pre-pandemic levels between workspace contexts
Yes

I have a regular office desk
I have a standing office desk
I have a make-shift desk
I have an adjustable office chair
I have a non-adjustable chair
I have a laptop/tablet computer
I have desktop computer
I have an adjustable monitor
I have a non-adjustable monitor
I have a peripheral keyboard
I have a peripheral mouse/trackpad
I have a footrest
I have a document holder
I have natural light (windows)
I have a task light
I have an adjustable thermostat
I have a local temperature control

2.87 ± 1.14
3.04 ± 1.05
2.87 ± 1.15
2.86 ± 1.15
2.89 ± 1.15
2.88 ± 1.15
2.94 ± 1.15
2.95 ± 1.14
2.90 ± 1.14
2.85 ± 1.18
2.87 ± 1.14
2.78 ± 1.14
2.98 ± 1.20
2.90 ± 1.14
2.93 ± 1.12
2.93 ± 1.13
2.93 ± 1.15

Relative productivity
No
t-value
2.91 ± 1.17
2.88 ± 1.16
2.90 ± 1.15
2.91 ± 1.15
2.89 ± 1.16
2.96 ± 1.12
2.87 ± 1.15
2.86 ± 1.16
2.89 ± 1.16
2.92 ± 1.13
2.91 ± 1.17
2.90 ± 1.15
2.88 ± 1.14
2.83 ± 1.21
2.86 ± 1.17
2.85 ± 1.17
2.86 ± 1.15

0.48
–0.95
0.32
0.68
–0.02
0.73
–0.73
–1.10
–0.15
0.87
0.47
0.96
–0.90
–0.68
–0.87
–1.08
–0.96

p-value
0.631
0.340
0.749
0.498
0.985
0.462
0.466
0.270
0.880
0.383
0.634
0.334
0.369
0.497
0.385
0.280
0.335

Change in time spent at workstation
Yes
No
t-value
p-value
1.73 ± 2.90
2.18 ± 3.02
1.34 ± 2.94
1.72 ± 3.00
1.41 ± 2.89
1.53 ± 2.99
1.57 ± 3.17
1.59 ± 3.00
1.61 ± 2.80
1.65 ± 3.07
1.59 ± 2.89
1.59 ± 2.57
1.35 ± 2.91
1.51 ± 2.93
1.64 ± 3.01
1.53 ± 3.04
1.41 ± 2.94

1.23 ± 3.06
1.43 ± 2.99
1.57 ± 3.03
1.25 ± 2.97
1.50 ± 3.06
1.01 ± 3.02
1.44 ± 2.94
1.40 ± 2.96
1.43 ± 3.04
1.33 ± 2.93
1.31 ± 3.11
1.45 ± 3.04
1.49 ± 3.00
1.28 ± 3.26
1.38 ± 2.99
1.42 ± 2.96
1.52 ± 3.03

–2.57∗
–1.79
1.19
–2.43∗
0.49
–1.76
–0.56
–0.93
–0.72
–1.63
–1.44
–0.45
0.48
–0.93
–1.26
–0.56
0.55

0.010
0.073
0.233
0.015
0.623
0.079
0.576
0.352
0.471
0.103
0.149
0.653
0.630
0.353
0.208
0.572
0.581

∗∗∗ p < 0.001. ∗∗ p < 0.01. ∗ p < 0.05.

significant correlations existed between these parameters and change in time at the workstation.
To answer our second research question, regression models examining workspace context factors as
predictors of relative productivity (F(37,687) = 4.38,
p < 0.001, R2 = 0.20) and change in time spent at
workstation (F(37, 672) = 1.57, p = 0.021, R2 = 0.03)
were both significant (Table 5). While controlling
worker characteristics and all other workspace variables, reporting of “I have a dedicated room for
work activities” (b = 0.16, p = 0.020) uniquely predicted significantly higher relative productivity than
before the WFH transition. In contrast, reporting “I
work in a variety of spaces” (b = –0.16, p = 0.022)
uniquely predicted significantly lower relative productivity. Despite low individual correlation to the
outcome, once controlling for all other factors, satisfaction with the thermal environment predicted
greater worker productivity (b = 0.12, p = 0.024). No
individual workspace variables were unique predictors of the difference in time spent at the workstation.
4.3. Work context
Table 6 presents the mean and standard deviation
(SD) of the continuous predictors, and the frequency
and percentage of the categorical predictors for the
work context related variables, and Table 7 presents
evaluation of differences in relative productivity and
change in time spent at the workstation based on work
context variables. Respondents who adjusted their
work hours (earlier or later work schedule, switched

days of week for work, shorter/longer) showed
a significant increase (t(955) = –3.23, p < 0.001) in
time spent at the workstation (M = 1.65, SD = 3.01)
compared to those who did not adjust their hours
(M = 0.94, SD = 2.90). Furthermore, respondents who
purchased new items for themselves showed a significantly higher change in time spent at the workstation
(M = 1.88, SD = 2.96) compared with those who did
not (M = 1.24, SD = 2.99).
Additional independent t-tests, presented in
Table 7, revealed workers with at least one teenager
living at home reported higher relative productivity
(M = 3.10, SD = 1.15) than those without a teenager at
home (M = 2.86, SD = 1.18; t(644) = 2.02, p = 0.044),
although both means hovered around the neutral
response of 3.0. Respondents with school age children at home showed a significantly larger increase
(t(721) = –2.02, p = 0.044) in time spent at the workstation (M = 1.97 hours (118.2 minutes), SD = 3.19),
in comparison to those who do not have school
age children at home (M = 1.42 hours (85.2 minutes), SD = 2.98). Likewise, not having a toddler
(t(692) = 2.58, p = 0.010) at home seemed to lessen
the increase in time spent at the workstation during
WFH: respondents with a toddler at home increased
their hours at the workstation less (M = 0.76 hours
(45.6 minutes), SD = 3.48) than those without a
toddler at home (M = 1.58 hours (94.8 minutes),
SD = 2.95). Finally, workers with an infant at home
(M = 2.92, SD = 1.17) were significantly less productive than those without an infant at home (M = 2.39,
SD = 1.37; t(600) = –3.16, p = 0.001), and respon-
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Table 5
Association of worker characteristics and workspace context with relative productivity and change in time spent at workstation compared
to pre-pandemic levels
Variable

Relative productivity
b

Gender
Age
Engineering, architecture
Education, arts
Computer sciences and mathematics
Healthcare and social services
Service and physical occupations
Scientists
Between $50K and $100K
Between $100K and $150K
More than $150K
Physical health status
Mental health status
I have a dedicated room for work activities
I work in a variety of spaces
Other people are present while I’m working
I have a regular office desk
I have a standing office desk
I have a make-shift desk
I have an adjustable office chair
I have a non-adjustable chair
I have a laptop/tablet computer
I have desktop computer
I have an adjustable monitor
I have a non-adjustable monitor
I have a peripheral keyboard
I have a peripheral mouse/trackpad
I have a footrest
I have a document holder
I have natural light (windows)
I have a task light
I have an adjustable thermostat
I have a local temperature control (fan, heater)
Satisfaction with the visual environment
Satisfaction with the thermal environment
Satisfaction with air quality
Satisfaction with noise

–0.18
0.01∗
–0.14
–0.06
–0.14
–0.38∗∗
–0.21
0.24
0.08
0.03
–0.11
0.13∗
0.35∗∗∗
0.16∗
–0.16∗
0.01
–0.01
–0.01
0.02
–0.06
0.06
–0.13
–0.07
0.08
0.04
0.01
–0.04
–0.17
0.08
0.09
0.05
–0.03
0.05
0.02
0.12∗
–0.05
–0.03

Change in time spent at
workstation
SE
p-value

SE

p-value

b

0.09
0.01
0.11
0.10
0.14
0.13
0.18
0.18
0.07
0.07
0.08
0.05
0.05
0.07
0.07
0.01
0.13
0.18
0.12
0.13
0.12
0.14
0.12
0.11
0.12
0.11
0.11
0.14
0.13
0.12
0.09
0.09
0.08
0.06
0.05
0.07
0.04

0.059
0.039
0.176
0.550
0.305
0.004
0.246
0.183
0.216
0.730
0.183
0.017
<0.000
0.020
0.022
0.688
0.994
0.941
0.895
0.629
0.622
0.364
0.554
0.459
0.697
0.940
0.704
0.207
0.528
0.433
0.531
0.739
0.541
0.367
0.024
0.457
0.677

–0.29
0.01
–0.25
0.34
0.41
0.98∗∗
–1.03
0.63
–0.08
–0.07
0.15
–0.05
–0.21
0.18
–0.17
0.01
0.31
0.61
0.12
0.28
0.19
0.48
0.10
0.31
–0.11
–0.10
0.11
–0.12
–0.49
–0.04
0.20
0.35
–0.27
–0.36
0.05
–0.08
–0.04

0.25
0.01
0.29
0.27
0.37
0.35
0.48
0.48
0.18
0.20
0.22
0.15
0.14
0.19
0.19
0.01
0.34
0.50
0.32
0.35
0.32
0.39
0.33
0.29
0.32
0.31
0.29
0.36
0.35
0.32
0.25
0.24
0.23
0.15
0.15
0.19
0.10

0.256
0.503
0.369
0.214
0.265
0.005
0.102
0.189
0.628
0.719
0.469
0.702
0.125
0.341
0.355
0.074
0.362
0.222
0.717
0.423
0.569
0.215
0.762
0.299
0.742
0.747
0.722
0.734
0.158
0.887
0.417
0.136
0.244
0.732
0.736
0.677
0.121

∗∗∗ p < 0.001. ∗∗ p < 0.01. ∗ p < 0.05.

dents with an infant in the home increased their
hours at the workstation less (M = 0.64 hours (38.4
minutes), SD = 3.81) than those without an infant
at home (M = 1.53 hours (94.8 minutes), SD = 3.00;
t(661) = –2.15, p = 0.032). Additional t-tests were
conducted to analyze the effect of purchasing new
items on productivity and change in time spent at
the workstation. The respondents who purchased
new items for themselves showed a significantly
higher difference in time spent at the workstation
(M = 1.88, SD = 2.96) compared with those who did
not (M = 1.24, SD = 2.99).
We used correlations to evaluate the relationship between our outcome variables and the work

context predictors that are continuous (i.e., communication with coworkers, workload expectations
or requirements, and distractions while working).
Communication with coworkers had a moderate positive association with relative productivity (r = 0.46,
N = 881, p < 0.001), as did workload expectations
(r = 0.32, N = 882, p < 0.001). In contrast, distractions while working was moderately negatively
associated relative productivity (r = –0.41, N = 881,
p < 0.001). Although significant, distractions while
working (r = –0.07, N = 860, p = 0.035) and communication with coworkers (r = 0.09, N = 860, p = 0.013)
had essentially no relationship to change in time
spent at workstation. Only workload expectations
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Table 6
Work context variables: Average (SD) and frequency (%) for all predictors
across the sample of valid responses for each item
Categorical variables

Frequency

Percentage

368
722
816
65
136
158
110
63
408
342
88
302
424

36.6
73.4
84.2
9.3
18.8
21.5
15.6
9.4
50.2
34.6
8.9
30.5
42.9

Continuous variables

Mean

Standard deviation

Communication with coworkers
Workload expectations or requirements
Distractions while working

2.66
3.25
3.35

1.31
1.03
1.33

I now schedule my work hours around others
I have adjusted my work hours
At least 1 independent adult lives with me
At least 1 dependent adult lives with me
At least 1 teenager lives with me
At least 1 school age child lives with me
At least 1 toddler lives with me
At least 1 infant lives with me
At least 1 pet lives with me
I purchased new items for myself
My employer purchased new items for me
I brought items home from my office
I did not get anything new

Table 7
Relative productivity and change in time spent at workstation compared to pre-pandemic levels between work contexts
Yes
I now schedule my work hours around others
I have adjusted my work hours
At least 1 independent adult lives with me
At least 1 dependent adult lives with me
At least 1 teenager lives with me
At least 1 school age child lives with me
At least 1 toddler lives with me
At least 1 infant lives with me
At least 1 pet lives with me
I purchased new items for myself
My employer purchased new items for me
I brought items home from my office
I did not get anything new

2.84 ± 1.27
2.86 ± 1.20
2.89 ± 1.15
3.07 ± 1.14
3.10 ± 1.15
2.91 ± 1.16
2.67 ± 1.32
2.39 ± 1.37
2.94 ± 1.16
2.89 ± 1.20
2.87 ± 1.11
2.88 ± 1.17
2.89 ± 1.14

Relative productivity
No
t-value
2.93 ± 1.08
1.28
3.00 ± 1.00
1.85
2.91 ± 1.20 –0.17
2.87 ± 1.19
1.22
2.86 ± 1.18 2.02∗
2.88 ± 1.19 –0.20
2.92 ± 1.17 –1.88
2.92 ± 1.17 –3.16∗∗∗
2.81 ± 1.17
1.54
2.89 ± 1.12 –0.08
2.89 ± 1.16
0.16
2.90 ± 1.14
0.56
2.89 ± 1.16 –0.01

p-value
0.203
0.064
0.865
0.224
0.044
0.838
0.061
0.001
0.123
0.521
0.421
0.562
0.513

Change in time spent at workstation
Yes
No
t-value p-value
1.42 ± 3.05
1.65 ± 3.01
1.49 ± 3.04
2.17 ± 2.95
1.95 ± 2.70
1.97 ± 3.19
0.76 ± 3.48
0.64 ± 3.81
1.57 ± 3.14
1.88 ± 2.96
1.83 ± 3.02
1.44 ± 2.88
1.29 ± 3.10

1.48 ± 2.96
0.28
0.782
0.94 ± 2.90 –3.23∗∗∗ <0.001
1.18 ± 2.75 –1.14
0.253
1.48 ± 3.05 –1.67
0.095
1.40 ± 3.10 –1.93∗
0.036
0.044
1.42 ± 2.98 –2.02∗
1.58 ± 2.95 2.58∗∗
0.010
1.53 ± 3.00 –2.15∗
0.032
1.35 ± 2.91 –1.07
0.224
1.24 ± 2.99 –3.10∗∗ 0.002
1.42 ± 2.99 –1.21
0.242
1.47 ± 3.05
0.12
0.226
1.66 ± 2.89
1.90
0.462

∗∗∗ p < 0.001. ∗∗ p < 0.01. ∗ p < 0.05.

or requirements (r = 0.21, N = 860, p < 0.001) had a
weak positive association with change in time at the
workstation.
The third research question was answered by two
regression models examining work context variables
as predictors of work performance outcomes were
significant: relative productivity (F(29, 444) = 14.96,
p < 0.001, R2 = 0.50) and change in time spent at
workstation (F(29, 439) = 2.43, p < 0.001, R2 = 0.14).
The results are presented in Table 8. Controlling
for the other variables, communication with coworkers uniquely predicted higher relative productivity
(b = 0.26, p < 0.001), as did workload expectations
(b = 0.30, p < 0.001). In contrast, in this multiple
regression, distractions while working (b = –0.26,
p < 0.001) and having an infant at home (b = –0.61,

p = 0.001) both independently predicted lower relative productivity. Likewise, adjusting work hours
(starting earlier/later, switching days of week, having
shorter/longer workdays) uniquely predicted larger
increases in change in the time at the workstation
(b = 0.81, p = 0.012), as did workload expectations
(b = 0.40, p = 0.003). Finally, distractions while working also independently predicted smaller differences
in hours at the workstation (b = –0.24, p = 0.031).

5. Discussion
This study showed that overall productivity level of
office workers did not change during the WFH experience due to the stay-at-home orders relative to their
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Table 8
Associations among worker characteristics and work context with relative productivity and change in time spent at workstation compared
to pre-pandemic levels
Variable

Gender
Age
Engineering, architecture
Education, arts
Computer sciences and mathematics
Healthcare and social services
Service and physical occupations
Scientists
Between $50 K and $100 K
Between $100 K and $150 K
More than $150 K
Physical health status
Mental health status
I now schedule my work hours around others
I have adjusted my work hours
At least 1 independent adult lives with me
At least 1 dependent adult lives with me
At least 1 teenager lives with me
At least 1 school age child lives with me
At least 1 toddler lives with me
At least 1 infant lives with me
At least 1 pet lives with me
I purchased new items for myself
My employer purchased new items for me
I brought items home from my office
I did not get anything new
Communication with coworkers
Workload expectations or requirements
Distractions while working

Relative productivity
b

SE

p-value

b

–0.11
0.01
–0.10
0.01
–0.15
–0.11
–0.27
0.24
–0.04
0.02
0.02
0.05
0.25∗∗∗
–0.08
–0.01
0.01
0.25
0.06
–0.12
0.024
–0.61∗∗
0.01
–0.120
0.034
–0.02
–0.19
0.26∗∗∗
0.30∗∗∗
–0.26∗∗∗

0.09
0.01
0.10
0.10
0.14
0.13
0.17
0.17
0.06
0.07
0.08
0.05
0.05
0.09
0.09
0.10
0.17
0.13
0.13
0.15
0.17
0.08
0.12
0.16
0.11
0.13
0.03
0.04
0.03

0.219
0.339
0.352
0.991
0.315
0.400
0.114
0.170
0.500
0.742
0.788
0.310
<0.001
0.397
0.970
0.883
0.148
0.624
0.384
0.874
0.001
0.956
0.323
0.838
0.867
0.164
<0.001
<0.001
<0.001

–0.51
0.01
–0.25
–0.03
0.49
0.96∗
–1.52∗
0.26
–0.14
0.15
–0.01
–0.05
–0.23
–0.21
0.81∗
0.09
0.74
0.57
0.59
–0.32
–0.72
0.11
0.34
–0.72
0.04
–0.17
0.20
0.40∗∗
–0.24∗

Change in time spent at
workstation
SE
p-value
0.30
0.01
0.35
0.34
0.47
0.43
0.55
0.58
0.21
0.24
0.27
0.18
0.17
0.32
0.32
0.34
0.59
0.44
0.45
0.50
0.57
0.28
0.39
0.55
0.36
0.45
0.11
0.13
0.11

0.095
0.574
0.472
0.915
0.306
0.028
0.007
0.642
0.512
0.528
0.954
0.753
0.181
0.498
0.012
0.794
0.210
0.202
0.187
0.525
0.211
0.689
0.384
0.192
0.895
0.701
0.068
0.003
0.031

∗∗∗ p < 0.001. ∗∗ p < 0.01. ∗ p < 0.05.

productivity before the pandemic. However, workers indicated a dramatic increase in the number of
hours spent at a workstation by 1.46 hours, approximately 90 minutes, during a typical WFH day. This
section provides a discussion of the theoretical and
practical implications relative to worker characteristics, workspace context and work context on our two
work performance outcomes.
5.1. Theoretical implications
5.1.1. Worker characteristics
Overall, female workers, older workers, and those
at higher income levels were found to be significantly more productive than their counterparts while
WFH during the pandemic. The relationship of age
and higher income has been demonstrated in previous research [49], and the literature shows that
women are more inclined towards remote work
than male workers and perceive more benefits and

less barriers of WFH, which boosts their productivity in comparison to the typical work from office
[50, 51]. Men are increasingly putting more effort
into household duties [52], but women continue to
endure the largest portion of the housework especially
when it comes to childcare [53]. WFH has allowed
female workers to create the much-needed balance
between work-family-home responsibilities. Specifically, Colley and Williamson [54] found that women
working from home during the pandemic showed
a better integration of work-family responsibilities,
which allowed them to be more productive. Further
examination of evolving gender roles relative to WFH
and the work-family-home responsibilities can assist
in understanding how these roles and relationship
intersect to support positive work performance and
work well-being. Similarly, additional research is recommended to further investigate the effect of age on
the WFH experience, especially among elderly who
might not be as familiar with the remote technology
as younger workers [55].
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Our data suggest that workers in the “scientists”
category showed the highest productivity levels in
comparison to “engineering and architecture,” “computer sciences and mathematics” and “healthcare and
social services.” It is likely that “scientists” might
have more flexibility to WFH as some of their work
does not require them to be physically present at their
workplaces. Our results also suggest that “healthcare
and social services” and “education and arts” workers
are spending more time at their workstations during
the pandemic compared to other occupational categories where workers who are spending the same time
as before. Such a finding can be attributed to increased
use of telemedicine for providing healthcare services
[56] and remote learning classrooms in educational
settings [57] as opposed to in-person clinical visits or educational sessions. Alternatively, workers
with typical office jobs (receptionist, office manager,
administrative assistant, etc.) did not witness a major
shift in their time spent at the workstation. These data
highlight the importance of examining more than just
productivity but understanding how transitioning to
a WFH model can differentially affect how workers
engaging in their work across different occupations.
Our findings highlight a few occupational categories
that may be at most risk for disruption in their work
patterns and eventual health and well-being should
WFH continue in the future, namely healthcare [58]
and education [59].
Beyond demographic and work characteristics, our
results also demonstrate that workers’ productivity
was related to better physical and mental health statuses, which is aligned with prior work. For instance,
Singh et al. [60] showed that physical symptoms such
as asthma and allergies negatively affected 16 work
hours per month. Similarly, the number of work hours
affected negatively by mental symptoms such as
depression and anxiety reached 20 hours per month.
Furthermore, it is postulated that poor mental and
physical health statuses can deteriorate workers’ productivity in the form of “absenteeism” (through sick
leaves) and “presenteeism” (not fully functioning)
[61]. The health status of workers working from home
is gaining additional attention [12] and researchers
should investigate ways to promote healthy work conditions and proper means to balance between work
and well-being.
5.1.2. Workspace context
Our results suggest that productivity levels were
higher for workers who have a dedicated workspace
at home in comparison to those who do not have

a dedicated workspace. Previous research studies
about WFH have recommended that workers create
their own home work area and recognize it as their
workspace [62], which would help workers mentally
shift from the home to the work atmosphere, reduce
distractions and improve their productivity and performance. In fact, the lack of a dedicated workspace
when working from home can disrupt the work experience, increase family-work conflicts and degrade
worker productivity [63].
Our results also suggest that sharing the workspace
with another household member decreases the
worker’s productivity. The literature on the relation
between the office type and productivity is split:
while some research studies show that a private office
increases the worker’s productivity in comparison to
open plan offices, others support that an open plan
layout is better in terms of productivity [64]. In the
case of WFH, the home-work environment might
be dramatically different than the open plan offices
where workers share the workspace with coworkers.
For example, during the pandemic’s WFH period,
workers might be sharing their workspaces with their
children who are attending online classes and might
be disrupted frequently, which could hamper productivity [65]. To that end, future research directions
should investigate whether sharing the workstation
or workspace with a child have the same impact as
sharing it with another working adult.
Furthermore, we found that the satisfaction with
IEQ parameters, especially the thermal environment,
and having a dedicated workspace were positively
associated with productivity, while having a desk
and adjustable chair were associated with increased
time spent at the workstation. The literature provides a wide variety of studies that are consistent
with these findings. For instance, Geng et al. [66]
showed that thermal satisfaction increases office
workers’ productivity while postulating that it is the
most influential IEQ parameter affecting productivity. Other studies also showed that satisfaction with
the indoor air quality [67], lighting [68], and noise
[69] boost workers productivity. Similarly, having a
dedicated workspace that is not intended for other
uses decreases the probability of workers being interrupted by distractions, and that having a dedicated
desk and adjustable chair may result in increased
comfort allowing workers to spend more hours at
their workstations. Importantly, owning an adjustable
chair can reduce musculoskeletal risk [70], which
in can increase workers engagement at the workstation. We found that workers that purchased their own

M. Awada et al. / Working from home during the COVID-19 pandemic

equipment also reported being at their workstations
for more hours than before the pandemic. This points
to an awareness by the workers regarding the need
for a supportive workplace and illuminates the importance of organizations ensuring the workers have the
necessary workstation set-up to support WFH.
5.1.3. Work context
Multiple different associations were noted relative
to the type of children present in the WFH context.
Workers who had an infant at home had lower productivity levels, likely resulting from high-level of
on-going attention required in infant care that can
become a major distraction for WFH workers [71].
On the other hand, having a teenager boosted productivity; a possible reason could be that teenagers are
more independent and able to help with household
tasks and even take care of younger siblings allowing
workers to focus more on their jobs, reducing distractions. Schieman et al. [72] found that having a
teenager at home during the COVID-19 era did not
impact the work of parents and did not contribute
to the work-life conflict workers might witness during WFH. Workers with toddlers and infants spent
less time at their workstation compared to before
the pandemic and those with school-age children had
increased time at their workstation. School-age children require constant attention from their parents to
make sure that they are following up with schoolwork; thus, WFH parents tend to allow their children
to share their workstations while working to keep an
eye on them [73], which could lead to increased time
at the workstation. On the other hand, having toddlers and infants forces the workers to leave their
workstation more frequently to care for their children.
Beyond interpersonal relations within the home,
our findings indicate that more communication with
coworkers and higher workload expectations were
associated with higher worker productivity. Another
recent study has also demonstrated that workers who
maintain frequent and effective communication with
their coworkers tend to perform better during the
WFH period [74]. With the positive effect of communication on workers’ productivity, it is important
to identify the most useful communication technologies to support WFH and to further understand factors
influencing successful implementation of these technologies, such as degree of trust and reliability. The
sudden shift to WFH during the pandemic made some
employers feel insecure about their businesses which
pushed them to increase their expectations from
their workers –maybe unintentionally—[75]. Thus,
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a reasonable conclusion for the positive relationship
between productivity and workload expectations, is
that workers are working harder, putting more effort
into their work and showing higher productivity levels in order to meet the employer expectations [76],
and to prove they can perform well even under
extreme and unexpected conditions [77]. However,
distractions while WFH were a major cause for
degraded productivity. Workers at home are susceptible to all kinds of interruptions while remotely
working (e.g., take care of children, completing
household tasks, sharing the workspace with others,
etc.) which would negatively affect their productivity
and in most cases oblige them to pause their tasks
[65].
5.2. Practical implications
Increased WFH arrangements will likely be a reality beyond the COVID-19 pandemic. Conclusions
from this study provide an nuanced understanding
of how the WFH experience can impact work performance, which provides employers, employees,
and other supporting professionals (e.g., ergonomists,
therapists) with information relative to the key considerations for how to mitigate factors that might
degrade performance. Importantly, our findings indicate that better physical and mental health statuses
were associated with improved productivity, highlighting the need to develop supportive policies and
practices targeted to key worker and work characteristics that will assist in balancing performance
and well-being in the WFH context. For example, in
our data, older, higher-income, and female workers
demonstrated higher productivity levels compared to
their counterparts, which highlights types of workers
who may require increased supports through organizational policies and practices to promote successful
WFH (e.g., younger, lower-income, male). These
findings are similar to other recent reports published
by the Pew Research Center noting that older workers did not find the transition to WFH during the
pandemic as difficult as younger workers [78], and
workers with low income levels faced more financial
distress compared to those earning high income levels
[79].
In addition to worker characteristics, our results
provide employers and other professionals with
information related to the way in which work is conducted and the space where work is completed when
WFH. For example, communication with coworkers was associated with increased productivity levels
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which indicates the necessity for organizations to
identify communication tools that can foster collaboration during remote work. Additionally, our
findings inform recommendations to establish the
WFH workstation to improve work performance,
which includes identifying a dedicated space for
work purposes, isolating the worker from other
individuals in the household, and creating an environment with optimal thermal conditions to boost
performance. These data illuminate potential equity
issues, as many workers may not have the capability or resources necessary to create an ideal WFH
environment. These issues must be considered and
addressed through policies, practices, and supports
as organizations consider widespread adoption of
WFH practices.
Finally, our results indicate a shift in the way in
which workers are engaging in their work; specifically, that workers are spending approximately 90
additional minutes engaging at their office workstations as part of their workday. Prior to the
pandemic, musculoskeletal pain was among the most
widespread health issues threatening office workers
[80]. On a positive note, our results indicated that
workers who spent more time at their workstation
tended to own an office desk or an adjustable chair.
With WFH likely resulting in more time spent at
the workstation than when working in the office setting, organizations should prioritize support for an
ergonomic set up of home workstations. Furthermore,
we also found that increased time at the workstation
was associated with shifts in the way work hours were
scheduled, and decreased time at the workstation was
reported when there was an infant or a toddler at
home. Employers and supporting professionals must
be sensitive to individual employee needs or desires
to shift work patterns to support work-family balance,
develop methods to monitor employee performance
and well-being relative to any shifts in work patterns,
and identify policies, practices, or supports that will
ensure successful re-organization of work patterns to
promote positive WFH experiences.
5.3. Limitations
Multiple limitations must be considered when
interpreting the findings in this study. Firstly, caution should be used in generalizing the results of this
study. The vast majority of respondents to this survey
were from the U.S., and nearly half of the respondents
were from California. In addition, although respondents were well distributed across income categories,

our overall sample had a relatively high income as
compared to the median income level in the U.S.,
which is below $50 K. Moreover, our sample also
had a much larger proportion of the respondents having college or graduate degrees than typical across
all people in the U.S. Secondly, productivity in this
study was measured relative to the productivity prior
to work from home experience due to the pandemic.
Slight variations up and down may or may not result
in meaningful changes in the context of the actual
job performance. Finally, the change in time spent at
the workstation does not necessarily equate to overall
increase in work hours, but is an indication that the
workers are spending more time at their workstations
when WFH than when conducting work at their place
of employment.
5.4. Future research directions
Further research is needed to study the specific
effects of WFH on gender inequalities both at home
and at work. Along those lines, additional research
is also needed to examine the effect of family-work
conflicts and the mechanisms used by workers to cope
with distractions caused by other family members
and daily home tasks. Furthermore, it is necessary to
investigate the role of communication technology on
the WFH experience and to understand the practical
and social implications of relying on digital technologies to perform WFH. In addition, future research
is needed to continue investigating the feasibility of
WFH across different work categories and what role
technology plays in enabling successful transitions
to different occupations. Finally, the health status of
workers working from home should be given additional attention and researchers should investigate
ways to promote healthy work conditions and proper
means to balance between work and well-being.

6. Conclusion
With the spread of the novel SARS-CoV2 virus,
most office workers were obliged to shift to remote
working almost overnight in mid-March 2020, and
the adoption of WFH strategies is likely to persist beyond the pandemic. This work investigated
the worker experience during the pandemic’s WFH
period and focused on two outcomes: relative productivity and the change in time spent at the workstation
at a typical workday. Overall, the results suggest
that workers’ productivity levels did not change

M. Awada et al. / Working from home during the COVID-19 pandemic

due to the remote work transition, but that higher
productivity was associated with better mental and
physical health status. Several worker characteristics, workspace, and work contexts were found to
be associated with increased and decreased productivity. Specifically, female workers, older workers,
and high-waged workers showed higher productivity levels. Effective communication with coworkers,
satisfaction with the thermal environment, workload
expectations, having a teenager at home, not having an infant at home, and establishing a dedicated
workspace for work activities that has no other uses
were all associated with higher productivity. In addition to impacts on productivity, study data indicated
that there was an increase in the number of hours
spent at the workstation by approximately 1.5 hours
on a typical WFH day in comparison to a workday before the pandemic. Longer hours spent at the
workstation were associated with having a school-age
child at home, having a desk or an adjustable chair
at the workstation, and adjustment of specific work
hours. The findings of this work highlight key considerations for organizational policies and practices
that employers, employees, and other worker support
professional can use as a foundation for planning productive and healthy design of WFH in the future of
work.
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