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1 Introduction

Worldwide, people spend significant time indoors. For example,
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on the impacts of the built environment on well-being during
WFH at present. Findings from this study benefit the research com-

Americans, Canadians, Europeans, British, and Koreans spend
approximately 90% of their time indoors [1-4], and the quality of
the built environment directly impacts their well-being. This
paper aims to investigate how working from home (WFH) has
affected occupant well-being in residential buildings in the
context of the coronavirus disease 2020 (COVID-19) pandemic.
The present study improves our understanding of occupant well-
being during WFH because of a global quarantine. To the best of
our knowledge, there exist a limited number of articles or reports

!Corresponding author.
Manuscript received July 3, 2021; final manuscript received September 27, 2021;
published online October 26, 2021. Assoc. Editor: Ming Qu.

Journal of Engineering for Sustainable Buildings and Cities

munity and public in at least two aspects: First, via a comprehensive
global survey, it helps understand the present situation of global
WFH in terms of how the home environment affects occupant well-
being; second, based on the survey results, this paper provides
insights on how we can enhance the design and operation of the
indoor environment to better facilitate home-based working
arrangements now and in the future.

1.1 Background. Since the outbreak of COVID-19 at the
beginning of 2020, a wide range of governmental interventions
[5] has been put in place all around the world in an attempt to
control the impact of COVID-19 on the public health system. Of
all these measures, lockdowns or stay-at-home orders were
among the earliest strategies implemented across many countries
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[6,7], resulting in an increase in the time spent indoors for people.
This self-imposed quarantine was effective in reducing disease
spread and mortality during the pandemic [8]. It has also been
shown to alleviate public anxiety [9,10], especially when being
used in combination with other public health practices [11].
However, despite the benefits of suppressing the spread of the
disease, quarantining can also pose detrimental consequences to
psychological, physical, and social well-being [12-16].

In compliance with the stay-at-home orders [17], many compa-
nies have implemented work-from-home (WFH) protocols to
allow their employees to continue working during the lockdown
[18]. Despite its increased control over the virus spread, there
were multiple negative impacts on employee’s well-being and pro-
ductivity as a result of WFH, which are strongly influenced by the
home environment. By surveying the research, literature, and media
coverage, five potential issues of WFH are summarized below.

First, full-time WFH made it hard to set a clear boundary between
work and personal time [19] and thus may compromise the work—
life balance [20]. A study by DeFilippis et al. [21] indicated that
WFH increased the average workday span by 48.5 min after quar-
antine enforcement. Second, WFH may have led to a decline in
employee’s productivity [22], partly due to the distractions from
other household members. Multiple studies [20,23,24] have
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pointed out a slowdown in employee productivity after WFH
[23,24]. Third, WFH could cause mental disorders and feelings of
isolation due to a lack of communication [25]. Many WFH
workers have experienced conditions of “time famine” (i.e., the
feeling of having too much to do and not enough time to do it
[26]) or “time confetti” (i.e., scraps of free time that gets filled
with pesky tasks, household chores, etc. [27]) during home
working [28]. Fourth, lack of physical exercise/movements and
extended hours of screen exposure due to full-time computer
work can lead to multiple physical symptoms such as fatigue, tired-
ness, headaches, and eye-related issues [29]. Last, the lack of social
interaction during WFH may have impacted the worker’s innovation
and creativity [30,31]. A social experiment conducted in China
showed that two-thirds of the employees who worked from home
requested to return to the office due to a feeling of loneliness [31].

However, it is also noted that the perception and attitude toward
WFH may vary depending on people’s backgrounds. A survey
carried out by Harvard Business School suggested that 27% (n=
405) of the respondents preferred to working remotely full-time
while only 18% (n=270) would like to go back into the office full-
time [32]. The survey also found out that married people and
workers with kids at home were more likely to fall into the latter
group that wants to go back into the office.

COVID-19 has fundamentally changed society and everyday life.
Multiple studies have shown that WFH may continue even after the
pandemic ends [33,34]. In this context, a better understanding of
occupant well-being and productivity during this global WFH
movement is necessary for guiding future home design and opera-
tions [19,35].

1.2 Objectives. The remainder of this paper is organized into
the following sections. Section 2 summarizes the literature on the
impacts of the built environment on occupant well-being. The
design and distribution of the questionnaire are introduced in Sec.
3. Detailed analysis on the independent variables including respon-
dents, residence, and Indoor Environment Quality (IEQ) ratings are
presented in Sec. 4, and dependent variables including health and
WFH experience are presented in Sec. 5. The correlation analysis
to evaluate the impacts of the various variables on occupant well-
being during home working is presented in Sec. 6. Finally, Sec. 7
offers conclusions and summarizes key takeaway messages.

A flowchart that summarizes the process of data collection and
analysis is presented in Fig. 1. The methodology of questionnaire
design, distribution, and management is elaborated in Sec. 3. The
collected responses are analyzed in Secs. 4, 5, and 6. The conclu-
sions and discussions are presented in Sec. 7.

2 Literature Review

Well-being is defined by the U.S. Centers for Disease Control
and Prevention (CDC) [36] and world health organization (WHO)
[37] as a comprehensive metric that considers mental, physical,
and social factors to indicate how people perceive their lives from
their own perspectives. Given that people spend nearly 90% of
their time indoors, the research on the residential built environment
and its impacts on occupant well-being has attracted increasing
attention.

A built environment is defined as the space in which people live
and work daily. Studies have found that Indoor Environmental
Quality (IEQ) can play a significant role in occupant’s well-being
and productivity [38,39]. The design and operation of a building’s
mechanical and heating, ventilating, and air-conditioning (HVAC)
systems impact well-being [40]. Seppinen and Fisk [39] discovered
from a literature review that low ventilation rates contributed to the
prevalence of some types of communicable respiratory diseases.
They also discovered a correlation between the hourly ventilation
air change rates (ACH) and employee sick leaves [39]. In addition,
the HVAC system was found to be closely correlated with the air-
borne transmissions of infectious diseases [40-42]. For instance,
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Eykelbosh [43] raised a concern that the spread of contagious dis-
eases could happen in multi-unit residential buildings, which typi-
cally bring together tens to hundreds of people within the same
space with shared common spaces and public facilities. Bhagat
et al. [44] and Miller et al. [42] warned that inadequate ventilation
of indoor spaces could increase the risk of aerosol transmissions of
contagious respiratory disease.

Furthermore, the home layout and housing quality (which typi-
cally incorporates some aspects of structural quality, maintenance,
etc.) could have impacts on occupant physiological health. A
review by Evans [45] suggested that inadequate housing quality
could result in great physiological distress, and psychological
health could be linked to design elements of the home (furniture
configuration, privacy, etc.). This is because the arrangement of fur-
niture and access to rooms could enhance the occupant’s ability to
regulate social interactions. A researcher revealed in an interview
[22] with Stanford News that many people he surveyed during
the COVID-19 pandemic had worked in their bedrooms or shared
common rooms, suffering the noise from their partners, family, or
roommates during working. In contrast, a survey on 369 adults in 64
cities in China showed that those who worked at their offices during
the COVID-19 pandemic were reported to have good mental and phys-
ical health, as well as a high level of life satisfaction [46].

Apart from the housing quality and home layout, Rautio et al.
[47] further noticed that lack of green spaces, noise, and air pollu-
tion, could result in a dissatisfying residential built environment.
This could also contribute to a depressive mood and pose negative
impacts on occupant psychological health. Amerio et al. [16] found
a strong dependency between poor residential built environment
(e.g., small living spaces, poor views from windows, and bad air
quality) and appearance/worsening of depression symptoms.
Studies [16,35] also found that providing a window of natural land-
scapes in a residential working environment could relieve distress
and enhance comfort. In addition, some researchers have found
that the occupant’s perception of IEQ, in general, could influence
their productivity and comfort. For instance, Chen et al. [48] con-
ducted an international survey to investigate the key factors influ-
encing office occupants’ IEQ-productivity belief (measured by the
extent to which participants rated the influence of five IEQ
aspects on their work productivity, positively or negatively). The
results suggested that IEQ satisfaction is the strongest positive pre-
dictor of the IEQ-productivity belief. Also, the quality of natural
lighting has the strongest positive effect on productivity compared
with other IEQ metrics such as indoor air quality (IAQ) and indoor
temperature.

There have been multiple literature reviews focusing on the link
between the built environment and occupant comfort, productivity,
and well-being. For instance, Al Horr et al. [49] conducted a liter-
ature review to identify the built environment-related factors that
affect occupant productivity, as well as physical and mental well-
being. Some of the most relevant factors summarized in the

review were, e.g., IAQ, ventilation, artificial lighting, and natural
lighting, and noise and acoustic performance. Allen et al. [40] iden-
tified nine key factors related to the built environment that could
have profound effects on healthy building design and operation.
Awada et al. [50] discussed the role of the built environment on
occupant well-being and health in the context of both normal oper-
ations and extreme events, especially amid the COVID-19 pan-
demic. The authors concluded that it is necessary to better
understand the effects of buildings on occupant health, to achieve
the goals of healthy and sustainable buildings.

The linkage between the built environment and occupant
comfort, productivity, and well-being are summarized in Table 1.

The global-scale quarantine and the “new normal” of WFH are
challenging and forced many to rethink the design and operation
of residential built environments [52,53]. Although there have
been studies to investigate employee productivity at offices
[54,55], as well as the impact of home’s IEQ on occupant perfor-
mance and well-being during normal life [56-58], there is still a
lack of understanding of how WFH impacted occupant well-being
during the COVID-19 pandemic and post-pandemic era. Under-
standing the well-being of occupants when they work from home
has never been as important and urgent as it is today, especially con-
sidering that multiple studies have predicted that widespread remote
working might remain a prominent modality for the future working
environment [30,33,59,60].

3 Methodology

3.1 Survey Design. A survey entitled “How Work from Home
Affects Occupant Well-being during the COVID-19 Pandemic”
was distributed to explore the perceptions and well-being of
people across the globe when they worked from home. This
survey was reviewed and approved by the Texas A&M University
Institutional Research Board (IRB) to ensure that the questionnaire
design and distribution, and the data analysis and storage complied
with the requirements of the U.S. federal government’s rules on the
protection of human subjects.

This questionnaire was comprised of 81 questions which fall into
five categories (summarized in Table 2):

(1) Resident (12 questions in total): basic information of the
respondent, e.g., nationality, age, and gender.

(2) Residence (10 questions in total): basic information of the resi-
dence, e.g., ownership, layout, size, and thermostat installation.

(3) IEQ (18 questions in total): ratings in terms of IEQ, e.g., the
ratings of indoor temperature, natural and artificial lighting,
and IAQ. Specifically, the respondents were asked to
describe the quality of the indoor environment in which
they worked and lived during the WFH period in terms of
nine metrics of satisfaction towards (1) the home layout;
(2) view from the window; (3) room temperature; (4) room

Table 1 A summary of the review literature that focuses on the linkage between the built environment and occupant’s comfort,

productivity, and well-being

Al Horr et al. Allen et al. Altomonte et al.
Reference [49] [40] Awada et al. [50] Evans [45] [51]
Thermal comfort and moisture X X X X
TAQ and ventilation X X X X
Lighting and daylighting X X X X X
Noise and acoustics X X X X X
Building design (layout, organization, X X X X X
etc.)
Neighborhood quality X
Water quality X X
Safety and security X
Window views X
Others Biophilia Dust and Biophilic and ergonomic Housing quality, and Building operation
pests design privacy
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Table 2 List of the variables assessed by the survey

Questionnaire items

Category Subject Variables
Independent Resident (12 questions in ~ General Location, zip code, gender, age, household income, and number of dependents in the
variables total) household
Behaviors Daily routine of physical exercise, preferred temperature setpoint, behavior of opening
window, and WFH hours
Residence (10 questions  General Ownership, type, size, layout, and number of occupants.
in total) HVAC Type of the HVAC system, and number of thermostats
Functionality ~View from the window, and window operationality
Ratings for IEQ (18 Home Ratings of home layout design, view from the window, and cleanliness
questions in total) Thermal Ratings of the indoor temperature and relative humidity (RH)
T1AQ Rating of indoor air quality
Lighting Ratings of natural lighting and artificial lighting
Acoustics Rating of indoor acoustics
Dependent Health (36 questions in Mental (1) Mood swings, (2) anxiety, (3) attention issues, (4) concentration issues, (5) stress, and
variables total) (6) depression
Physical (1) Eyes-related issues; (2) nose-related issues; (3) throat-related issues; (4) skin-related
issues; (5) musculoskeletal-related issues; (6) headache/migraine; (7) nausea/dizziness; and
(8) fatigue/tiredness
WEFH experience (5 N/A Ratings of general homeworking environment, productivity; ratings of physical health, and

questions in total)

psychological health; general comment to the survey

relative humidity; (5) natural lighting; (6) artificial lighting;
(7) room acoustics; (8) room cleanliness; and (9) the
general IAQ.

(4) Mental and Physical Health (36 questions in total): ratings
for the severity levels of new mental and physical symptoms,
e.g., eye-related problems, anxiety, and so on.

(5) WFH Experience (five questions in total): the general ratings
in terms of WFH experience, e.g., the ratings of homework-
ing environment and productivity, and so on.

In this study, the relationships between occupant well-being (i.e.,
physical health, mental health, and general WFH experience such as
productivity) during the pandemic period and their demographic
profiles, behaviors, the residence in which they live, as well as
their ratings for the IEQ were analyzed. To determine the relation-
ship between resident behaviors, residences, and IEQ parameters
and how an occupant perceives their environment and their well-
being, these categories were parsed into independent and dependent
variables. The categories of Resident, Residence, and Ratings for
IEQ are independent variables, and the categories of health (both
mental and physical) and WFH experience are dependent variables.

A 7-point Likert scale was used for evaluating the level of satis-
faction toward the IEQ (ratings for the indoor air temperature and
indoor acoustics, etc.) and WFH experience (ratings for productiv-
ity, etc.), with the values of —3, 0, and 3 indicating “very dissatis-
fied,” “neutral,” and “very satisfied,” respectively. It is reminded
that the rating IEQ are considered as independent variables and
the ratings for WFH experience are considered as dependent vari-
ables in this study, as summarized in Table 2. Additionally, a
5-point Likert scale was used for evaluating the severity of new
mental and physical symptoms emerging during the pandemic,
with the value of 1 indicating “very slightly severe,” and 5 suggest-
ing “very strongly severe.” If the respondent reported to have no
such mental/physical symptom, the retrieved response would be
0. Choices of the 7-point scale and 5-point scale are made based
on the principles [61,62] that (1) the survey should not frustrate
or demotivate the participants under conditions of time pressure,
and (2) the scale should allow the participants to express their feel-
ings adequately. In practice, both scales are widely used in the
occupancy- or occupant-related surveying studies; e.g., Hong
et al. [63] and Day and Gunderson [64] used a 7-point scale to
measure the occupant’s satisfaction toward building design and
control, and ASHRAE Standard 55 Thermal Environmental Condi-
tions for Human Occupancy [65] adopted a 7-point thermal

041003-4 / Vol. 2, NOVEMBER 2021

sensation scale, while Wagner et al. [66] and Kwon et al. [67]
adopted a 5-point scale for the similar research purpose.

3.2 Questionnaire Collection and Pre-processing. As
requested by the IRB of Texas A&M University, the survey was
managed and distributed via Qualtrics Panel Services for data secur-
ity. There was no limitation in terms of the nationalities and loca-
tions of the respondents. The questionnaire was open from April
27 to July 9, 2020, and it was distributed via various online net-
works: LinkedIn, professional email lists (including but were not
limited to BLDG-SIM (a mailing list for users of building energy
simulation programs) [68], International Energy Agency (IEA)
Energy in Buildings and Communities (EBC) Programme Annex
79 Occupant-Centric Building Design and Operation [69], Interna-
tional Building Performance Simulation Association (IBPSA)
Project One [70], American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE) Technical Committee
(TC) 7.5 Smart Building Systems [71], ASHRAE MTG OBB Occu-
pant Behavior in Buildings [72], American Society of Civil Engi-
neers (ASCE) [73], Building Technology Educators Society
(BTES) [74], and Society of Building Science Educators (SBSE)
[75]), university mail services (including but were not limited to
Texas A&M University, University of Southern California,
Arizona State University, Drexel University, Michigan State Uni-
versity, The University of Colorado Boulder, and University of
Wyoming), etc. A total of 1460 responses were received from 35
countries on six continents. All the retrieved responses were anon-
ymized to protect privacy.

Since this study is focusing on the impacts of the built environ-
ment on occupant well-being during WFH, the respondents who
had no employment experiences before the COVID-19 pandemic
were excluded using a filter question. In addition, the survey
responses that did not provide information on ratings for IEQ,
health, and WFH experiences were not included in the post-
analysis. As a result, 1137 out of 1460 survey responses (77.9%)
were analyzed in this study.

3.3 Statistical Analysis Method

3.3.1 Analysis of Variance. A single-factor ANalysis Of VAr-
iance (ANOVA), which is also known as the one-way ANOVA,
was conducted to determine whether there is a statistically signifi-
cant difference between the means of the different groups (e.g.,
whether there is a significant difference between the means of the
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severity level of mental disease among the respondents from differ-
ent regions). The F statistic (i.e., F-ratio) obtained from the
ANOVA is presented to allow for the analysis of multiple groups
of data to determine the variability between samples and within
samples [48]. A larger F statistic indicates that there is a larger var-
iation among the sample means. The F statistics with a p-value
smaller than 0.05, 0.001, or 0.005 are highlighted in this study.
If the p-value is greater than 0.05, it usually indicates that the null
hypothesis (i.e., there is no statistical significance) is true. These
three threshold values were selected based on the common practice
[48]. The details about ANOVA could be found in Ref. [76].

3.3.2  Spearman’s Rank Correlation Coefficient. In this study,
Spearman’s rank correlation coefficient r; [77] was computed to
quantify the correlation between two variables. Spearman’s rank
correlation analysis works by replacing the raw values of the
inputs and outputs with their ranks [78]. This feature makes it espe-
cially suitable to the monotonic relationship in which two variables
tend to change together, but not necessarily at a constant rate.

It is noted that some questions were excluded from the ANOVA
analysis or correlation analysis due to three reasons:

(1) First, some questions are not directly associated with the resi-
dential built environment or health/well-being, e.g., the
number of hours that the respondent spent on work in the
workplace (before the quarantine) and at home (both
before and during the quarantine). These questions were
excluded from the analysis since the focus of this paper is
the occupant’s well-being and the residential built
environment.

(2) Second, some questions were asked after the voting ques-
tions (e.g., indicate the level of satisfaction with the indoor
acoustic environment) as a follow-up. For instance, the
respondent was asked the reason why he was dissatisfied
with the acoustic condition if he indicated so. Although
such questions were excluded from ANOVA/correlation
analysis, they are analyzed in Sec. 6.3 to reveal why the
respondents were dissatisfied with the residential built
environment.

(3) Third, we asked about the occupant’s mental and physical
health before and after the quarantine in the survey, with
both scenarios (i.e., before and during the pandemic)
having the same questions. However, since we did not
provide an explanation for these questions, many respon-
dents did not notice the difference and submitted the same
or similar answers for the two scenarios. Hence, we
decided to include only one scenario (i.e., after the
COVID-19 pandemic) in the analysis.

4 Analysis and Discussions of the Independent
Variables

This section discusses the results from the respondents, resi-
dences, and IEQ ratings. This analysis aims to reveal the composi-
tion of the respondent group and also provide a general description
of the home working environment during WFH.

The locations of the respondents were visualized to show their
distributions, as presented in Fig. 2. The shade of the color of the
country/region/state suggests the number of the received responses.
The size of the dots on the map represents the number of retrieved
responses from a specific location, with a larger dot indicating a
higher number of respondents. As shown, the majority of the
respondents are from the United States (879, 77.1%). Other loca-
tions with a notably large respondent group include China (84,
7.4%), Europe (e.g., Greece (32, 2.8%), the U.K. (30, 2.6%),
Italy (6, 0.5%), etc.), Middle East (e.g., Turkey (8, 0.7%), Qatar
(6, 0.5%), etc.), Brazil (14, 1.2%), non-China Asia Pacific (e.g.,
South Korea (8, 0.7%), Singapore (6, 0.5%), Australia (5, 0.4%),
etc.), and non-U.S. North America (i.e., Canada (15, 1.3%) and
Mexico (5, 0.4%)). To facilitate the analysis, these countries were
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categorized into four groups in the following text and analysis,
which are North America (78.9%), Asia Pacific (9.5%), Europe
(9.0%), and Others (2.6%, i.e., Brazil, Middle East, and North
Africa).

Since 77.1% (877) of the total responses were from the United
States, its respondent group was further analyzed by the state in
Fig. 2(b). The retrieved responses covered 40 states in the United
States, among which, the State of Texas has the highest prevalence,
with 56% (492) of respondents in the country. Other states with
large respondent size include Arizona (42, 4.8%), Pennsylvania
(34, 3.9%), Wyoming (32, 3.6%), California (28, 3.2%), and Wis-
consin (27, 3.1%). The numbers in the brackets show the actual
numbers of respondents and their proportions.

The gender of the respondents, location of residence, and age of
the respondents were analyzed in a Sankey diagram (Fig. 3). A
Sankey diagram is a visualization used to depict a flow from one
set of values to another. The length of the block (called nodes)
and the width of the arrow (called connections) are proportional
to the number of respondents that they represent. The exact percent-
age proportions were annotated in the brackets next to each block
for detail.

This diagram shows that

(1) There are more female participants (684, 60.2%) than male
participants (422, 37.1%). The rest of the participants pre-
ferred not to reveal their genders.

(2) Nearly 90% of the respondents are aged younger than 60.
According to the U.S. Social Security Administration
(SSA) [79], and Hof4cker and Unt [80], the Normal Retire-
ment Age (NRA) varies from 60 to 67 in the United States
and Europe, which means that the majority of the respon-
dents of this study were in normal employment status
during the pandemic.

Additionally, the working hours of the respondents in the work-
place and at home before and during the COVID-19 pandemic are
analyzed and presented below:

(1) 57.8% (657) of the respondents reported that they worked
from home for less than 10 h per week before the pandemic.

(2) 92.1% (1047) of the respondents reported that their WFH
hours had increased (821, 72.2%) or remained the same
(226, 19.9%) after the outbreak of COVID-19; only 7.9%
(90) reported that their WFH time was decreased.

The findings from survey responses are presented in Fig. 4. The
y-axis contains the nine metrics, and the x-axis shows the percent-
ages of the respondents. The seven color bars indicate the votings
of dissatisfaction and satisfaction from left to right, respectively.
As shown in the figure, more than 80% of the respondents cast a
neutral or satisfied rating for all the metrics except for the house
layout. Also, the house layout has the highest dissatisfaction rate
among the nine metrics, with over 20% of respondents indicating
that they were dissatisfied with the layout of their homes. Indoor
acoustics is the metric with the lowest satisfaction rate, with only
about half of the respondents casting satisfaction votes.

The results of the average satisfaction level in terms of IEQ are
presented in Fig. 5. As shown, the respondents are grouped along
the x-axis by the total number of dissatisfaction votes they cast,
with Np representing the number of dissatisfaction votes. The
y-axis represents the mean values of the nine votes cast by each
respondent, ranging from very dissatisfied (—3) to very satisfied
(4+3). Besides, the proportions of each group (R) in terms of all
the respondents as well as the mean value of the satisfaction
levels (¥) of each group were annotated at the bottom of each
block. Take the Np =0 group as an example: 44.86% of the respon-
dents did not cast any dissatisfaction vote toward the IEQ metrics,
and the mean satisfaction level (i.e., a value of 1.72) is between
“somewhat satisfied” (i.e., a value of 1) and “satisfied” (i.e., a
value of 2).

The result shows that 55% (i.e., the sum of the respondent groups
with Np > 0) of the respondents cast at least one dissatisfaction vote
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Fig. 2 (a) Distribution of the respondents by country/region; (b) distribution of the respondents in the United States

in terms of IEQ. In addition, over 21% cast at least three dissatis-
faction votes. With the number of dissatisfaction votes increasing,
the average satisfaction level drops from “satisfied” (for the respon-
dents who have voted at least one dissatisfaction) to “somewhat
dissatisfied” (for the respondents who have voted seven
dissatisfactions).

A geographic analysis was conducted to understand how the
respondents living in different regions rated their IEQ during
WFH. The means, standard deviations (SDs), and F statistics of
the nine IEQ ratings were computed by region, and the results are pre-
sented in Table 3. The geographical analysis was conducted to see
whether there are correlations between the location and IEQ ratings.

As suggested by the results of ANOVA, the ratings for the room
temperature control and humidity control by the respondents from
different regions have a statistically significant difference (i.e.,
with a p-value less than 0.001). The respondents from the Asia
Pacific are more dissatisfied with their IEQ compared with the

041003-6 / Vol. 2, NOVEMBER 2021

respondents from the other regions by comparing the mean values
of the ratings. For instance, the mean of ratings for room humidity
control is —0.041 (between neutral and slightly dissatisfied) for the
Asia-Pacific group, while this value is 1.016 (between slightly satis-
fied and satisfied) for all of the respondents.

5 Analysis and Discussion of the Dependent Variables

This section discusses the results from the two dependent catego-
ries: health and WFH experience. This analysis aims to reveal the
general perception of well-being during the WFH period.

5.1 Analysis of New Mental Symptoms. The returned
responses in terms of new mental symptoms after WFH are pre-
sented in Fig. 6. The y-axis represents the different mental symp-
toms, and the x-axis represents the percentages of respondents
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Gender

Female (60.2%)

==I-prefer not to say (2.7%)

Location of Residence

Age
18-30 (22.6%)

USA (77.3%)

40-50 (22.5%)

60 (18.3%)

60-70 (9.1%) [
>70-(3:4%) =

HOtHETS:(4-8%)

Fig. 3 The retrieved responses by gender, location of residence, and age
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- Somewhat dissatisfied
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Fig. 4 Percentages of the respondents in terms of the rating for the IEQ metrics
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4
R=100.0% R=44.86% R=18.53% R=15.43% R=9.75%

Very dissatisfied R=5.05% R=2.75% R=2.13% R=1.15% R=0.35%
X=1.11 X=1.71 x=1.29 Xx=0.79 x=0.31 X=-0.07 X=-0.28 X=-0.89 X=-1.1 X=-2.0
Total Group Np=0 Np=1 Np=2 Np=3 Np=4 Np=5 Np=6 Np=7 Np=8

Respondent group by number of dissatisfaction votes

Fig. 5 The respondent group by the number of dissatisfaction votes and their mean satisfaction levels in terms of IEQ

who suffered from the new symptoms. The color of the bars indi-
cates the severity level of the mental symptom, with a darker
color suggesting a higher severity level.

As shown in the figure, the concentration issue is the most fre-
quent mental symptom reported in this survey, affecting over

Journal of Engineering for Sustainable Buildings and Cities

30% of the respondents. This observation is in line with the evi-
dence found in Refs. [22,23], where the researchers indicated that
WEFH could disrupt focus and concentration since the activities of
other people at home, e.g., the parents and the children, could
pose a distraction. Besides, three other mental symptoms affected
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Table 3 Means, SDs, and F statistics of the IEQ ratings

Overall North America Asia Pacific Europe Others
Variable name (n=1137, 100%) (n=2897, 78.9%) (n=108, 9.5%) (n=102, 9.0%) (n=30,2.6%) F statistic
Rating—house layout 0.792 +1.694 0.823+0.713 1.635+1.558 0.629 + 1.740 1.000 + 1.439 0.84
Rating—window view 1.106 + 1.735 1.177£1.735 0.505+1.671 1.113+1.676 1.103 + 1.809 4.56%*
Rating—room temperature control 1.268 +1.541 1.355+4.553 0.796 +1.339 0.917 +1.560 1.556 +1.311 6.01%%*
Rating—room humidity control 1.016 +1.054 1.172 +1.441 —0.041+1.399 0.821 +1.624 0.731+1.733 20.92%**
Rating—natural lighting 1.333£1.629 1.369 + 1.647 0.854 +1.589 1.411+1.448 1.692 +1.569 3.42%
Rating—artificial lighting 1.188 +1.496 1.219 +1.493 0.875+1.474 1.253+1.473 1.115+1.681 1.6
Rating—acoustics 0.748 +£1.586 0.778 £1.578 0.333+£1.513 0.915+1.597 0.731+1.888 2.65*
Rating—unit cleanliness 1.341+1.053 1.358 +£1.523 1.103 +1.381 1.426+1.418 1.385+1.602 0.95
Rating—indoor air quality 1.528 +1.289 1.574+1.277 1.146 + 1.306 1.452 +1.281 1.769 + 1.451 3.6

Note: The mean and SD values (presented as “Mean + SD”) in this table are based on the satisfaction ratings towards the IEQ metrics. The values of —3, 0,
and 3 indicate “very dissatisfied,” “neutral,” and “very satisfied,” respectively. The number of the asterisk symbols after the F statistic values indicates the
p-value of the ANOVA. *, p<0.05; **, p<0.01; *** p<0.001. No asterisk symbol indicates a p-value larger than 0.05.

Very severe =

severe
Mood swings
Anxiety

Attention issues
Concentration issues

Stress

Depression
Others

10% 20% 30% 40% 50%

- No such symptoms

Very strongly severe
Strongly severe
Moderately severe

- Slightly severe

- Very slightly severe

- No such symptom

60% 70% 80% 90% 100%

Percentage of the respondents

Fig. 6 Percentages of the respondents in terms of the severity level of various new mental symptoms
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-

x=2.44 x=1.96 x=2.41 x=2.7 x=2.71 x=3.15 x=3.16
R=57.66% R=18.75% R=13.29% R=12.06% R=7.22% R=4.14% R=2.2%
Nps>0 Nys=1 Nps=2 Niws=3 Nus=4 Nus=5 Nus=6

Respondent group by number of new mental symptoms

Fig. 7 The respondent group by the number of new mental symptoms and their mean severity levels

over 20% of the respondents, i.e., stress, anxiety, and attention
issues. About half of the respondents who suffered from these
symptoms rated the severity level to be moderately severe or
strongly/very strongly severe.

The numbers and severity levels of the new mental symptoms
suffered by respondents are presented in Fig. 7. The notation
style is similar to that of Fig. 5, except that Np, is replaced with
Nys, which refers to the number of mental symptoms reported by
each individual.

Figure 7 shows that 57.66% of the respondents reported being
affected by at least one new mental issue during WFH, and

041003-8 / Vol. 2, NOVEMBER 2021

25.62% (i.e., the sum of the respondent groups with N> 3)
reported suffering from at least three new mental symptoms. With
the number of new symptoms suffered by each respondent increas-
ing from 1 to 5, the mean severity level gradually increased from
“slightly severe” to “moderately severe” as well. In general,
57.7% of the respondents who have experienced at least one new
mental symptom have a mean severity level in middle between
“slight severe” and “moderately severe.”

A geographic analysis was carried out to understand whether the
severity level of the new mental symptom during WFH may be
associated with the country of residence. The means, SDs, and F
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statistics of the severity level of new mental symptoms are com-
puted by region. The results are presented in Table 4. As suggested,
the severity levels of anxiety and stress of the occupants in different
regions were found to have a medium statistically significant differ-
ence (i.e., the p-value is less than 0.01). Generally, the mean sever-
ity level of the new mental symptoms of the respondents from the
Asia-Pacific group is smaller than the mean of all the respondents
for most of the symptoms except for mood swings. For instance,
the mean value of anxiety level is 0.316 for the Asia-Pacific
group, while this value is 0.619 for all of the respondents and
0.693 for the Europe group.

5.2 Analysis of New Physical Symptoms During Home
Working. Eight common physical symptoms were included in
the analysis. Besides, the respondents could specify any other
new physical issues that were not already included in the pull-down
menu.

The results are shown in Fig. 8, with similar annotations used in
the previous figures. The results show that the most frequent new
physical symptom is the “musculoskeletal-related issues,” which
affected over 30% of the respondents, and the second is fatigue
and tiredness, affecting over 25% of the respondents. This high pro-
portion could be probably due to the lack of daily physical exercise
and social activities when working from home. Besides, the
“eyes-related issues” were also found to affect almost 20% of the
respondents.

Similar to Sec. 5.1, the count and mean severity levels of the new
physical symptoms suffered by respondents are reported in Fig. 9.
Nps in the tick labels refers to the number of new physical
symptoms.

The results show that 53.52% of the respondents reported suffer-
ing from at least one new physical symptom after working from
home, and the average severity level of the symptoms (i.e., 2.15)

is approximate “slightly severe” (with 2 indicating “slightly
severe”). With the number of physical symptoms increasing, there
is an increase in the average severity level as well. In particular,
the average severity level of the respondent group who suffered
from only one new physical symptom is one level lower than the
respondent group who suffered from seven or eight physical symp-
toms, i.e., “slight severe” versus “moderately severe.” In general,
the majority (about 91.5%) of the respondents suffered from no
more than three new physical symptoms after WFH, while only
about 8.5% reported suffering from more than three new physical
symptoms.

A geographic analysis was carried out to understand whether the
severity level of the new physical symptoms during WFH may be
associated with the country of residence. The means, SDs, and F'
statistics of the severity level of new physical symptoms are com-
puted by region, and the results are presented in Table 5.

As suggested, the severity levels of headache and tiredness of the
occupants in different regions were found to have a medium statis-
tically significant difference (i.e., the p-value is smaller than 0.01).
In general, the mean severity level of the new physical symptoms of
the respondents from the Asia-Pacific group is always smaller than
the mean of all the respondents. For instance, the severity level of
tiredness is 0.685 and 0.742 for all the respondents and the North
American group, respectively, while when it comes to the Asia-
Pacific group, this value is only 0.456. This indicates that the
mental and physical symptoms due to WFH may be associated
with the countries where the respondents live in.

5.3 Analysis of the General Ratings for Work-From-Home
Experience. Four questions on the respondent’s general ratings for
WFH experience were asked at the end of the questionnaire, as
shown in Table 2. The results are reported in Fig. 10. It is important
to note that the ratings for physical and phycological health,

Table 4 Means, SDs, and F statistics of the severity level of new mental symptoms

Overall

Variable name (n=1137, 100%)

North America
(n=2897, 78.9%)

Asia Pacific
(n=108, 9.5%)

Others
(n=30, 2.6%)

Europe

(n=102, 9.0%) F statistic

Severity level of mood swings 0.354£0.915 0.321+0.874 0.386+0.936 0.554+1.109  0.500+1.161 2.34
Severity level of anxiety 0.619+1.214 0.649 +1.237 0.316 +0.886 0.693+1.310  0.618+1.155 2.69*
Severity level of attention issues 0.621 +1.233 0.658 +1.245 0.421+1.104 0.624+1.310  0.324+1.007 1.94
Severity level of concentration issues 0.901 +1.391 0.909 +1.384 0.763 +1.378 0.990+1.480  0.882+1.365 0.52
Severity level of stress 0.798 +£1.389 0.831+1.411 0.404 +1.019 0.990+1.487  0.706 +1.382 3.96%*
Severity level of depression 0.408 +£1.025 0.424 +1.043 0.395+0.974 0.327+0918  0.294+1.031 0.43
Severity level of other mental symptoms 0.092 +0.494 0.105+0.528 0.044 +0.309 0.069 +0.430 N/A 1.02

Note: The mean and SD values (presented as “Mean + SD”) in this table are based on the severity level of the new mental symptoms. The value of 1 and 5
indicate “very slightly severe” and “very strongly severe” respectively. The number of the asterisk symbols after the F statistic values indicates the p-value of
the ANOVA. *, p<0.05; **, p<0.01; and ***, p<0.001. No asterisk symbol indicates a p-value larger than 0.05.

Very severe - severe
Eyes related

Nose related

Throat related

Skin related
Musculoskeletal related
Headache/Migraine
Nausea/Dizziness

Fatigue/Tiredness

Others

I I I 1 1
10% 20% 30% 40% 50%

- No such symptoms
Very strongly severe

Strongly severe
Moderately severe
- Slightly severe
- Very slightly severe

-No such symptom

60% 70% 80% 90% 100%

Percentage of the respondents

Fig. 8 Percentages of the respondents in terms of the severity level of various new physical symptoms
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Respondent group by number of new physical symptoms

Fig. 9 The respondent group by the number of new physical symptoms and their mean severity levels

Table 5 Means, SDs, and F statistics of the severity level of new physical symptom

Overall North America Asia Pacific Europe Others F
Variable name (n=1137,100%) (n=897, 78.9%) (n=108, 9.5%) n=102,9.0%) (n=30,n=2.6%) statistic
Severity level of eyes-related symptoms 0.327 +0.808 0.331+0.809 0.325+0.804 0.317+0.824 0.235+0.781 0.16
Severity level of nose-related symptoms 0.120+0.531 0.134 +0.567 0.079+0.424 0.050+0.296 0.088 +0.379 1.07
Severity level of throat-related 0.084 +0.439 0.082 +0.442 0.079 +0.402 0.050+0.357 0.235+0.654 1.56
symptoms
Severity level of skin-related symptoms 0.128 +£0.541 0.140+0.575 0.079 +£0.444 0.109+0.398 0.029+£0.171 0.87
Severity level of 0.697 £1.156 0.714 +1.168 0526+ 1.115 0.802+1.158 0.529 +0.896 1.41
musculoskeletal-related symptoms
Severity level of headache/migraine 0.350£0.911 0.384 +0.961 0.175 +0.627 0.188 +0.628 0.529 +£0.992 3.34%*
Severity level of nausea/dizziness 0.065 +0.439 0.057+0.414 0.035+0.228 0.149+0.713 0.118 +£0.537 1.64
Severity level of tiredness 0.685+1.242 0.742 +1.289 0.456 + 1.203 0.554 +1.901 0.353+0.917 3.11%*
Severity level of other physical 0.125 +0.604 0.139+0.637 0.018+0.187 0.149 +0.669 0.059 +0.343 1.54

symptoms

Note: The mean and SD values (presented as “Mean + SD”) in this table are based on the severity level of the new physical symptoms. The value of 1 and 5
indicate “very slightly severe” and “very strongly severe” respectively. The number of the asterisk symbols after the F statistic values indicates the p-value of
the ANOVA. *, p<0.05; **, p<0.01; *** p<0.001. No asterisk symbol indicates a p-value larger than 0.05.

reported in the figure, are subjective ratings directly given by the
respondents in the survey; they were not the post-processed
results of new mental and physical symptoms (as analyzed in
Secs. 5.1 and 5.2).

The results suggest that the respondents demonstrated a relatively
high dissatisfaction and a low satisfaction toward the WFH experi-
ence. Nearly 30% of the respondents suggested that they were dis-
satisfied with either their mental health or physical health, or
productivity during home working, while less than half of the
respondents indicated that they were satisfied with them. In
general, about 20% of the respondents were dissatisfied with the
WFH environment.

Figure 11 shows the counts of the dissatisfaction votes and
average levels of satisfaction reported by the individual respondents
in terms of WFH experience. The notation is similar to the one in
the previous figures. The results show that 48.06% (i.e., the sum
of the respondents with Np > 0) of the respondents were dissatisfied
with at least one aspect of the WFH experience. Besides, about 18%
of the respondents reported that they cast more than two dissatisfac-
tion votes, which indicated that nearly one-fifth of the respondents
were extremely dissatisfied with WFH.

A geographic analysis was carried out to understand the impact
of the country of residence on the occupant’s ratings of the WFH
experience. The means, SDs, and F statistics of the general
ratings for WFH experience are computed by region, and the
results are presented in Table 6. The results suggest that the

041003-10 / Vol. 2, NOVEMBER 2021

ratings for the general WFH environment and productivity
during WFH have a strong statistically significant difference
(i.e., the p-value is less than 0.001), while the rating for physical
health has a weak one (i.e., the p-value is less than 0.05).
Although the respondents of Asia Pacific generally have a
lighter severity level of mental and physical symptoms, their
ratings for WFH experience are lower than the other three
groups, as well as the overall ratings in terms of mean values.
For example, the mean value of the ratings for the general
WFH environment from Asia-Pacific respondents is 0.29, while
the overall mean is 1.013.

6 Correlational Analysis

This section examines the correlations of the various variables
involved in the questionnaire. The correlation analysis helps to
identify the significant parameters in the design of the residential
environment and operation of its mechanical systems. Occupant
well-being could potentially be improved based on the identified
correlation.

A comprehensive analysis was carried out to investigate the cor-
relation between the various dependent variables and independent
variables involved in the questionnaire. The independent variables
include residents (divided into two sub-groups, i.e., the basic
profile and occupant behavior), residences, and IEQ ratings. The
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Fig.11 The respondent group by the number of dissatisfaction votes and their mean satisfaction levels in terms of the general

WFH experience

Table 6 Means, SDs, and F statistics of the general ratings for the WFH experience

Overall North America Asia Pacific Europe Others F
Variable name (n=1137,100%) (1=2897,789%) (n=108,9.5%) (n=102, 9.0%) (n=30, 2.6%) statistic
Rating for general home working 1.013+1.676 1.099+1.671 0.290+1.612 1.045 +1.644 0.846+1.617 6.67%%*
environment
Rating for productivity during WFH 0.633+1.828 0.738 +1.828 0.283 +1.692 0.629 +1.799 0.654 +1.765 8.73%k
Rating for phycological health during 0.519+1.757 0.579 £ 1.757 0.194 +1.682 0.382 +1.682 0.346 +1.548 1.69
WFH
Rating for physical health during WFH 0.562+1.723 0.631+1.723 0.097 +1.588 0.551+1.771 0.154 +1.515 3.22%

Note: The mean and SD values (presented as “Mean + SD”) in this table are based on the satisfaction ratings towards the general WFH experience. The values
of =3, 0, and 3 indicate “very dissatisfied,” “neutral,” and “very satisfied,” respectively. The number of the asterisk symbols after the F statistic values
indicates the p-value of the ANOVA. *, p<0.05; **, p<0.01; and ***, p<0.001. No asterisk symbol indicates a p-value larger than 0.05.

dependent variables characterize the occupant’s well-being. These
include the severity levels of the mental and physical symptoms
and the respondent’s ratings for their working from home experi-
ence during the COVID-19 pandemic.

A heatmap is presented in Fig. 12, with a darker color indicating a
larger r, value. The ry values of each pair of symptoms are annotated
in the cells. The cell with an associated r, value larger than 0.45 is
marked with a star, and the cell of which the r, value is larger than
0.25 is marked with a checkmark. The 0.45 threshold was selected
to highlight the pairs of variables with the top ten highest correlation
strength, while the 0.25 threshold was selected to highlight the pairs

Journal of Engineering for Sustainable Buildings and Cities

of variables whose correlation strengths are in the 90th percentile. It
is noted that as usual, a correlation coefficient of a value between
0.7 and 1 indicates a strong relationship, and a value between 0.3
and 0.7 indicates a moderate relationship [81]. Based on this rule,
the selected top ten correlation relationships in this study are all
moderate.

As mentioned in Sec. 3.2, a total of 43 questions were included in
the analysis; 23 of them were independent variables (y-axis), and 20
of them were dependent variables (x-axis). Based on the sub-groups
of dependent variables and independent variables, Fig. 12 was
divided into 12 blocks by dashed lines to facilitate check and analysis.
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6.1 The Impacts on Physical Symptoms. The physical symp-
toms were not found to have any strong correlation with the inde-
pendent variables except that the work hardware has a weak
correlation with the musculoskeletal-related issues. This is probably
because with professional work hardware being accessible at
homes, such as one or multiple monitors(s) and adjustable
monitor stand(s), the home workers could work with proper and
comfortable postures.

6.2 The Impacts on Mental Symptoms. The mental symp-
toms were not found to have any strong correlation with the inde-
pendent variables except that the rating for home layout has a
weak correlation with the concentration issue. As noted in the liter-
ature review, the home workers are faced with the challenges of
noise and distractions from other household members and neigh-
bors during working, which is not likely to happen in the office
environment [22]. A home with a satisfying layout (e.g., there are
multiple available rooms) could help create a good working envi-
ronment by separating a quiet working space from the living area
during the enforced WFH period. The impact of home layout
design is further discussed in Sec. 6.3.2.

6.3 The Impacts on General Work-From-Home
Experience. Unlike the mental and physical symptoms, general
ratings for the WFH experience were found to strongly correlate
with the independent variables, especially the ratings for indoor
environmental quality.

Physical symptoms

6.3.1 The Impact of Respondent’s Age. As shown in Fig. 13,
the age of respondents poses potential impacts to productivity and
physical health, and it also influences the rating for the WFH envi-
ronment. In light of this, a further analysis was conducted to quan-
titatively investigate the impacts of age on the respondent’s
well-being during home working. The analysis results are reported
in Fig. 13 and Table 7. For each rating of the WFH experience, the
respondents were divided into three groups based on their age: 18—
30-year-old group, 30-50-year-old group, and over 50-year-old
group. The age grouping is consistent with the survey design.

As can be seen from Fig. 13 and Table 7, with the respondent’s
age increasing, the ratios of satisfaction increased dramatically as
well. Compared with the 18-30-year-old group, the satisfaction
rate of the 50+ group increased from 40% to nearly 80% in terms
of the rating for the WFH environment, and meanwhile, the dissat-
isfaction rate was decreased from 25% to 12%. This trend was also
found in the ratings for productivity and physical/mental health.

6.3.2 The Impacts of Indoor Environmental Quality. In
Fig. 12, we can see that the block with the strongest correlation is
the one calculated from IEQ and general WFH ratings. Every cell
in that block was annotated with a yellow checkmark, indicating
that they all exceed 0.25 in terms of the r, value and thus have sta-
tistical significance. Besides, ten pairs of correlations were anno-
tated with a star sign, meaning that they achieve a greater than
0.45 ry value. These ten pairs of correlations are analyzed in
detail, as presented in Fig. 14 and Table 8.

The rating for the home layout was found to have the strongest
impact on occupant’s well-being among the selected IEQ metrics.

Mental symptoms General ratings
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Fig. 12 Spearman’s rank correlation coefficients considering all the survey variables
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Fig. 13 The impacts of age on respondent’s well-being and home working experience during the COVID-19 pandemic

As suggested by Fig. 14, the respondents who were satisfied with
the home layout would be nearly three times more likely to feel
satisfied with the general WFH environment. Meanwhile, the
ratio of dissatisfaction dropped sharply from about 58% to 7%.
Besides, the satisfaction with the home layout influenced the
respondent’s working productivity and physical health as well, as
demonstrated by the 42% increase in satisfaction for both ratings.

In the following question that asked for the reason of dissatisfac-
tion with the home layout, 66% of the respondents mentioned that
the furniture in their home was not comfortable for long-time
working. This partly explains the correlation between the home
working furniture and equipment and physical health rating, as
observed in Sec. 6.1. Besides, 62% (n=705) of the respondents
suggested that there was not enough space in their homes for every-
one to work or study simultaneously; 43% (n =489) of the respon-
dents mentioned that the activities of other occupants at home, e.g.,
cooking and watching TV, had posed a distraction to their work;
and 29% (n=330) of the respondents indicated that they were
troubled by the noises due to poor home layout design. Some
respondents admitted in the comment section that they felt the
home working environment had worsened a lot compared with
the pre-COVID period, since the other family members/roommates
and neighbors also started to work from home at the same time,
which caused a distraction.

Satisfaction with the window view was strongly correlated with
the ratings of WFH environment and productivity. Dravigne et al.
[82] found, through an online survey conducted in Texas and
Midwest U.S., that individuals who worked in offices with plants
and good window views typically felt better about their job and
the work that they performed. This conclusion is also true for
people in WFH status in this study. Nearly 68% of the respondents
who were satisfied with their window views also felt positive about
their working productivity, while among those who were not, only
25% were productive. As shown in Fig. 4, about 18% (n =205) of

the respondents were dissatisfied with their window views. When
being asked about the reason, 56% (n=637) indicated that the
view of outside surroundings was not good enough; 27% (n=
307) complained that the neighboring units and/or tress blocked
their views; 22% (n=250) said the window of their home office
was too small.

Apart from the home layout, the respondent’s satisfaction with
the indoor acoustics was another factor that could pose positive
impacts to productivity and general home working experience.
Compared with those who were dissatisfied with or neutral to
indoor acoustics, the respondents who cast a satisfaction vote
would be two times more likely to feel satisfied with the working
productivity and general WFH environment. In particular, 85% (n
=966) of the respondents dissatisfied with indoor acoustics indi-
cated that there were noises occurring in the daytime, and 21% (n
=239) were troubled by the noises at nighttime. Additionally,
13% (n=148) of the respondents suggested that there were other
unspecified noise sources.

A further analysis was carried out to investigate the impacts of
residence on acoustic satisfaction, and the results are presented in
Fig. 15. It is noted that all the respondent groups had a generally
positive rating for acoustics (i.e., the mean satisfaction level has a
value larger than “0”/“neutral”). As shown, the respondents who
live in their own homes tend to feel more satisfied with the acoustic
performance. Residents who live in detached single-family houses
and townhouses have a higher satisfaction level than those who
live in apartments and multi-family houses. It was also found that
people who live in bigger houses that have more bedrooms and
bathrooms are generally more satisfied with the acoustics. It is inter-
esting to note that the people who live in three-bedroom one-
bathroom homes have an obviously lower level of satisfaction
toward acoustics compared with other groups.

Additionally, a further analysis was carried out to investigate how
the ratings on artificial and natural lighting are correlated with the

Table 7 Means, SDs, and F statistics of the general ratings for WFH experience by different age groups

Variable name 18-30 (n =255, 22.4%) 30-50 (n =541, 47.6%) 504 (n=341, 30.0%) F static

Rating—WFH environment 044+1.7 0.86 +1.66 1.59+1.5 35.30%**
Rating—productivity -0.11+4+1.78 0.44+1.83 1.35+1.62 47.96%**
Rating—mental health -0.15+1.78 0.34 +1.65 1.19+41.58 45.42%%*
Rating—physical health -0.03+1.83 0.46 +1.65 1.06+1.61 27.06%**

Note: The mean and SD values (presented as “Mean + SD”) in this table are based on the satisfaction ratings towards the general WFH experience. The values
of -3, 0, and 3 indicate “very dissatisfied,” “neutral,” and “very satisfied,” respectively. The number of the asterisk symbols after the F statistic values
indicates the p-value of the ANOVA. *, p<0.05; **, p<0.01; *** p<0.001. No asterisk symbol indicates a p-value larger than 0.05.
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Fig. 14 The impacts of IEQ on respondent’s well-being and home working experience during the COVID-19 pandemic

residence and window opening behavior. The results are presented
in Fig. 16. As suggested, the respondents who live in their own
homes are generally more satisfied with the lighting condition com-
pared with those who live in rented homes; the respondents who
live in detached single-family homes are more satisfied compared
with those who live in apartments, multi-family homes, or town-
houses. In general, the respondents who live in bigger houses or
residences which have more bedrooms reported having a higher
satisfaction level in terms of both artificial and natural lighting. It
is noted that the residents living in studios and houses smaller
than 50 m? have an obviously higher satisfaction level toward
natural lighting than artificial lighting. This indicates that the
designers and architects should pay more attention to the artificial
lighting design of studios and smaller homes due to the current
lower satisfaction levels. It is also interesting to find out that the fre-
quency of opening window only has a limited impact on the satis-
faction level toward artificial lighting, while in terms of natural
lighting, a more frequent window opening behavior (from very
seldom or seldom to very often) could improve the average satisfac-
tion level by about 0.4 (by the 7-point Likert scale).

Further analysis on the impacts of residence and window
opening behavior on the ratings on IAQ yielded similar results

041003-14 / Vol. 2, NOVEMBER 2021

to the previous two analyses on acoustics and lighting. As sug-
gested in Fig. 17, the respondents tend to be more satisfied with
the TAQ if they live in their own homes, detached single-family
homes, or larger houses. The frequency of opening the window
is found to have no significant impact on the satisfaction level
of TAQ.

7 Discussions and Conclusions

This study presents the results of an international survey to
investigate how work from home has affected occupant well-being
during the COVID-19 pandemic. A questionnaire, which com-
prised of 81 questions about the respondent’s profile, residence
basic information, IEQ metrics, and home working experience,
was designed and distributed through social media, and mail
opt-in service.

7.1 Physical and Psychological Health. The respondents
were asked to report new mental and physical symptoms that
emerged after home working. The results suggest that attention
issues, concentration issues, and anxiety were the three most
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Table 8 Means, SDs, and F statics of the general ratings for the WFH experience by the respondent groups with different ratings for
the indoor environmental quality

Independent variable

Dependent variable Rating for the home layout

Dissatisfied (n =256, 22.5%) Neutral (n =250, 22.0%) Satisfied (n =630, 55.5%) F statistic
Rating—WFH environment —0.57+1.491 0.212+1.06 1.767+1.229 360.91%%*
Rating—productivity —0.643 4 1.682 0.036+1.061 1.258 +1.632 157.75%**
Rating—physical health —0.476+1.55 0.121+1.052 1.038+1.616 103.08**%*

Rating for the window view

Dissatisfied (n =179, 15.7%) Neutral (n =317, 2.7%) Satisfied (n =640, 56.4%) F statistic
Rating—WFH environment —0.385+1.677 0.237+1.242 1.584+1.381 188.67#%*%*
Rating—productivity —0.704 4+ 1.782 0.066 +1.297 1.16 +1.645 118.99%#%**

Rating for the natural lighting

Dissatisfied (n= 161, 14.2%) Neutral (n =233, 20.5%) Satisfied (n =742, 65.3%) F statistic
Rating—WFH environment 0.037+1.6 0.069+1.116 1.345+1.565 96.39%%#%*

Rating for the artificial lighting

Dissatisfied (n= 156, 13.7%) Neutral (n =267, 23.6%) Satisfied (n=713, 62.7%) F statistic
Rating—WFH environment 0.0+ 1.622 0.086+1.129 1.398 +1.552 110.51%#%*

Rating for the acoustics

Dissatisfied (n =214, 18.8%) Neutral (n=376, 33.2%) Satisfied (n =546, 48.0%) F statistic
Rating—WFH environment —0.164 + 1.641 0.351+1.306 1.69+1.377 175.71%%%*
Rating—productivity -0.479+1.714 0.098 +1.375 1.284 +1.652 119.75%%*%*

Rating for IAQ

Dissatisfied (n=75, 6.6%) Neutral (n =293, 25.8%) Satisfied (n=768, 67.6%) F statistic
Rating—WFH environment -0.173+1.758 —0.082+1.129 1.376 +1.531 128.25%:#*

Note: The mean and SD values (presented as “Mean + SD”) in this table are based on the satisfaction ratings towards the general WFH experience and IEQ.
The values of —3, 0, and 3 indicate “very dissatisfied,” “neutral,” and “very satisfied,” respectively. 2The number of the asterisk symbols after the F statistic
values indicates the p-value of the ANOVA. *, p<0.05; **, p<0.01; *** p<0.001. No asterisk symbol indicates a p-value larger than 0.05.

frequent mental symptoms found in this survey; the the respondents reported being affected by at least one new
musculoskeletal-related issues, fatigue/tiredness, and eyes-related  mental issue during WFH, and 44.10% (n =501) reported suffering
symptoms were the three most frequent physical symptoms. from at least three new mental symptoms.

Generally, more respondents suffered more from mental symp-
toms than physical symptoms during home working. The data
show that 53.5% (n=608) of the respondents reported suffering 7.2 Ratings for the Indoor Environmental Quality. The
from at least one new physical symptom after working from results show that the rating for the home layout was the IEQ
home, and the average severity level of the symptoms is approxi- metric that received the most complaints, with nearly 25% (n=
mately “slightly severe.” On the other hand, 57.66% (n=656) of 284) of the respondents being dissatisfied with the home layouts,
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Fig. 17 The impacts of residence and opening window behavior on respondent’s ratings on IAQ

followed by the ratings for indoor acoustics (about 19% (n=216))
and view from the window (about 16% (n=182)).

The analysis shows that 55% (n = 625) of the respondents cast at
least one dissatisfaction vote in terms of the IEQ. Among them,
38% (n=432) cast at least three dissatisfaction votes. With the

041003-16 / Vol. 2, NOVEMBER 2021

number of dissatisfaction votes increasing, the general satisfaction
level of the respondent group dropped from “satisfied” (for the
respondents who voted at least one dissatisfaction) to “somewhat
dissatisfied” (for the respondents who have voted seven
dissatisfactions).
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7.3 Correlation Analysis. A correlation analysis was con-
ducted to investigate the relationships between the dependent vari-
ables and independent variables in the questionnaire. The following
conclusions could be summarized:

(1) The age of the respondents influenced the WFH experience
during the COVID-19 pandemic. Compared with the 18—
30-year-old group, the satisfaction rate of the 50+ age
group increased from 40% to nearly 80% in terms of the
rating for the WFH environment, and meanwhile, the dissat-
isfaction rate decreased from 25% to 12%.

(2) The rating for the home layout was found to have the deepest
impact on occupant well-being among the selected IEQ
metrics. The respondents who were satisfied with the home
layout would be nearly three times more likely to feel satis-
fied with the general WFH environment. The most common
issue identified in home layout design was the lack of space
for simultaneous work or study for the family members. It
was also found out that the concentration issue was corre-
lated with the home layout design. This could be solved by
planning some working space that is divided from the
living area for new home design.

(3) Satisfaction with the view from the window was strongly
correlated with the ratings of WFH environment and produc-
tivity. Nearly 68% of the respondents who were satisfied
with their window views also felt positive about their
working productivity, while in terms of those who were
not, this ratio is slightly below 25%.

(4) Satisfaction with indoor acoustics is another factor with
potential for positive impacts on occupant productivity and
general home working experience. Compared with those
who were dissatisfied or felt neutral with the indoor acous-
tics, the respondents who cast a satisfaction vote are two
times more likely to feel positive about the working produc-
tivity and general WFH experience. The occupant’s satisfac-
tion toward indoor acoustics is highly correlated to the
homeownership, area, and layout.

(5) Satisfaction with natural lighting, artificial lighting, and IAQ
are found to be closely correlated with the general rating of
the WFH environment. A detailed analysis suggests that
the respondents who live in their own homes, detached
single-family homes, or larger houses tend to be more satis-
fied with these three IEQ metrics. A more frequent opening
window behavior improves the satisfaction toward natural
lighting.

(6) In general, satisfaction ratings for temperature, relative
humidity, and IAQ were higher than those of the home light-
ing, acoustic, and layout design. The prominent value and
benefits of a good home design for lighting, acoustics, and
layout should not be neglected by the designers, engineers,
and homeowners.

7.4 Limitations. This study has some limitations. First, the
responses retrieved from the survey could be skewed in terms
of geographical locations. More than 70% of the respondents
are from the United States, while 56% of the American respon-
dents are from the State of Texas. This skewness may have
some potential impacts on the results and conclusions of this
study. Second, it is noted that a few questions in the questionnaire
were not understood correctly by some respondents. Hence, the
collected responses from those questions were not used for the
analysis. For instance, although this survey included a question
of the home HVAC system type, our analysis did not include
this question. This is because many respondents could not accu-
rately describe the HVAC system type in their homes (e.g.,
some respondents reported having both “no heating” and ‘“heat
pump system” simultaneously in their homes). There would be
a need for the questionnaire to have more explicit explanations
if technological aspects were considered in the survey for the
general public.

Journal of Engineering for Sustainable Buildings and Cities

7.5 Future Research and Applications. The results of this
survey may benefit future research and applications, as summarized
below:

(1) The design of residential buildings should incorporate more
considerations for acoustic comfort and spatial layout design.
The results of this international survey suggest that the
respondents are generally more dissatisfied with the home
acoustics and layout, compared with the room temperature,
relative humidity, and IAQ.

(2) The current prevalent building energy codes/standards for
the residential sector such as ASHRAE Standard 90.2-2018
Energy-Efficient Design of Low-Rise Residential Buildings
[83] and International Energy Conservation Code (IECC)
2021 [84] put a significant focus on building energy effi-
ciency and thermal comfort while do not fully take into
account the significance of the other factors such as lighting
comfort, acoustics, and layout. The future building energy
standards/codes may need to consider the multiple metrics
that pose an impact on occupant’s well-being. The WELL
Building Standard [85] might be a good reference.
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