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Abstract

The accelerated expansion of telework, driven by the COVID-19 pandemic, has transformed
global work dynamics. Despite this, limited research exists on the implications of Indoor
Environmental Quality (IEQ) on home workspaces. Factors like thermal comfort, lighting,
air quality, and noise significantly influence the well-being, productivity, and health of
teleworkers. Home spaces are often not designed to meet the environmental quality stan-
dards of traditional offices, altering indoor conditions. This scoping review investigates
the IEQ-telework relationship, analyzing 41 studies from 18 countries. Findings show that
elevated noise levels and insufficient lighting increase stress and fatigue, while inadequate
air quality reduces cognitive performance and creativity. Conversely, access to natural
light, pleasant views, and thermal comfort improves overall satisfaction and productivity.
The study identifies a fragmented and poorly connected research network, with few active
global groups studying IEQ in home workspaces. These results underscore the need for
interdisciplinary research to address the societal and environmental challenges of telework-
ing and develop equitable, healthy remote environments. Future studies must consider
cultural diversity and underrepresented regions to bridge existing knowledge gaps.

Keywords: work-from-home; remote work; IEQ; housing; telework; telecommuting; comfort

1. Introduction

The concept of telework emerged in the 1970s as a new mode of work organization that
offered employees the flexibility to work from any location. Although there is no universally
accepted definition [1], various terms such as “work from home” (WFH), “remote work” or
“telework” have been used to refer to unconventional work arrangements. Telecommuting
usually refers to the performance of working outside the usual location, while working from
home specifically indicates the performance of work partially or completely at home [2].

Initially, the home was the primary location for telework due to its accessibility and
practicality; however, in recent years, third spaces, such as coffee shops, hotels, or second
homes, have gained popularity as alternative locations for working remotely [3,4]. The
increasing implementation of telework has been facilitated by advances in Information and
Communication Technologies (ICT), giving rise to three generations of telework: the home
office, the mobile office and the virtual office [1].
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The most significant change happened during the COVID-19 pandemic, when about
37% of European workers switched to remote work, transforming telework into the pre-
dominant labour modality [5]. Organizations adjusted their processes to reduce costs
in facilities and transportation, while employees valued even more the autonomy and
flexibility offered by this modality. However, this rapid transition also revealed limitations,
especially in the quality of home workspaces. For instance, during the COVID-19 confine-
ment in the municipality of Madrid, approximately one-third of households reported their
telework spaces to be inadequate due to a lack of dedicated areas, shared spaces, limited
digital resources, and inappropriate environmental conditions [2,6].

While teleworking offers employees flexibility to work from home, compared to tradi-
tional offices (regulated by strict Indoor Environmental Quality (IEQ) standards), residential
spaces lack optimal hygrothermal, acoustic, visual and air quality comfort conditions to
provide optimal working conditions for human well-being and productivity [7,8].

Indoor Environmental Quality (IEQ) refers to the set of physical conditions within
indoor spaces that influence occupants’ comfort, health, and performance. It typically en-
compasses four core domains: thermal environment, indoor air quality, lighting conditions,
and acoustic environment, which together determine the overall environmental experience
of individuals in indoor settings [9].

The overlap between personal and work life, together with non-ergonomic furni-
ture and lighting problems, has added new challenges for teleworking [5,6]. This study,
through a scoping literature review, aims to provide a comprehensive understanding of the
current knowledge concerning environmental conditions in home workspaces. Quantita-
tive and qualitative methods were used to map the network of researchers active in the
field of Indoor Environmental Quality in workspaces, identifying the leading countries in
these studies, and defining key interconnections from their findings. In this context, this
study answers the research question: What knowledge exists in the literature on Indoor
Environmental Quality of telework spaces in homes?

2. Materials and Methods

To answer the research question defined above, a scoping review was conducted.
A scoping review acts as an initial evaluation of the breadth and depth of existing research
materials, aiming to reveal the nature and scope of available research findings, which may
include ongoing studies. This type of review provides policymakers with a perspective
to determine whether a full systematic review is needed. Scoping reviews are conducted
for different purposes, with key objectives including examining the extent or depth of the
existing literature, mapping and summarizing available evidence, guiding future research,
and identifying or addressing knowledge gaps [10].

This scoping review was conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Re-
views (PRISMA-ScR) guidelines [11]. The complete PRISMA-ScR checklist is provided as
Supplementary Material.

The methodological design of this scoping review was informed by the PRISMA-ScR
framework and updated methodological guidance [12,13], together with the approach
described in [10]. Prior to data extraction, the study protocol was prospectively registered
and made publicly available (https://osf.io /2C5D9, accessed on 6 November 2024). This
registered protocol was specifically developed for the present study. This protocol, specifi-
cally developed for our study [14], guided the entire review process, including the search
strategy, study selection, data-charting procedures, and analytical framework.

https:/ /doi.org/10.3390/app16010250


https://osf.io/2C5D9
https://doi.org/10.3390/app16010250

Appl. Sci. 2026, 16, 250 30f 18

2.1. Eligibility Criteria
Based on the Population, Concept, and Context mnemonic (PCC) [15], this scoping

review included studies that (a) involved all teleworkers; (b) addressed the concept of
indoor environment; and (c) took place in the home space context.

2.2. Search Strategy

The search strategy was jointly developed by a specialist in the literature searches
and the research team. An initial strategy was designed using the following controlled

s s

vocabulary terms for PubMed search engine: “telecommuting,” “teleworking,” “work

e ooy

environment,” “working conditions”, “indoor environment”, “home environment” and
“housing quality”. This search strategy was then adapted for use in other databases, such
as Embase, Scopus, Web of Science (WOS) and Global Health. The diversity of search
strategies used in the bibliographic databases is shown in Annex 1. The analysis was
conducted from 2001 onwards, as the 21st century saw advancements in information
technology and technological development, which enabled greater flexibility and connec-
tivity for remote work [16], till June 2024. Only content in English was selected, without

geographical restrictions.

2.3. Screening

Using the reference management application JabRef [17], outcomes were analyzed,
previously eliminating duplicate entries. The liberal accelerated screening approach [18]
was employed, wherein all identified documents were screened for possible inclusion
by one first reviewer. After their selection, the excluded documents were independently
evaluated by a second reviewer, allowing partial inclusion of some of these documents.
The initial examination focused on record titles and abstracts, followed by a full-text
review of the remaining documents based on predetermined inclusion criteria. A total of
41 studies were selected for review (see Table 1) from an initial pool of 66 studies that met
the eligibility criteria.

Table 1. Summary of reviewed studies on IEQ of telework spaces in homes.

First

Author Year Country Aims Keywords Category
Analyzing the indoor environment quality of a Energy saving; Indoor environment Ener
Pungercar 2021 Germany  typical 1960s semi-detached house in Germany quality; Residential buildings; o ffici%flc
before and after our retrofitting strategy Retrofit; Window machine y
Using the COVID-19 pandemic experience to
investigate how acoustic conditions in multi-unit
Andargie 2021 Canada residential buildings affect occupants’ subjective COVID-19
wellbeing and work productivity for a large-scale
implementation of teleworking
Knowing the satisfaction of office workers with %ESS)O rhemlztiﬁ(.)nmﬁrgall qt.lality
indoor environmental quality (IEQ) factors of their ; eatth; weli-being, g
Awada 2021 USA houses where work activities took place and associate E(?n\{ell)ir_l{dgo,g%ﬂ(vfég;nment COVID-19
these factors with mental and physical health qu alit/y; occupant behavior
occupant well-being; built
Investigating how working from home (WFH) has ggzggﬁﬁgﬁglmigﬁi COVID-19
P affected occupant well-being in residential AUty !
ang 2021 USA N . . . occupant-centric design and COVID-19
buildings in the context of the coronavirus disease ton: int tional .
2020 (COVID-19) pandemic. operation; international survey;
building; occupant behavior;
occupant productivity
Analyzing the Indoor Environmental Quality (IEQ) workl'ng fr(,)m home; Survey;
. .. questionnaire; indoor
Salamone 2021 Italy of home offices and the productivity of workers COVID-19

during the Coronavirus pandemic

environmental quality; COVID-19
lockdown; productivity
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Table 1. Cont.
First .
Author Year Country Aims Keywords Category
Extending outcomes to the environments where well-being; noise annoyance; office
g g y
Puglisi 2021 Italy remote working is performed as its practice is acoustics; remote working; noise Noise
getting more and more common sensitivity
COVID-19 housing confinement;
Contributing to the debates on the effective Fg};:;o;kgces_
application of telework, its real application Cen der'p ’
C.uerdo- 2021  Spain capac'1t1es, .the subjective perception and the levgl Incomes; COVID-19
Vilches of satisfaction of these workspaces according to its User environmental perception:
practitioners, and how they affect their COVID-19 conﬁnems nt: p !
socioeconomic qualities in real practice . ’
Workspace;
Telecommuting
Analyzing in depth the nature of these teleworking COVID-19; confinement; telework;
Cuerdo- . . . . comfort; home spaces; telework space
. 2021  Spain spaces in homes, and their adequacy, considering . . .. COVID-19
Vilches - . . adequacy index (TSAI), photo; narrative;
multiple factors, in the context of confinement mixed-method: remote work
Understanding the role IEQ plays in ensuring
Khalid 2022 Malaysia comfort when worl.<1ng from 'h.omg, as the practice  Indoor EnVJrqnment,' Ment.al Health; COVID-19
could have a negative or positive impact Remote Working; Pandemic
depending on the IEQ.
Providing healthy indoor strategies and passive
building performance for open-plan home-office
design, to investigate the open-plan home design Passive indoor performance:
Husini 2022 Malaysia with optimum thermal performance based on the Davlighting: o I::n— lan hom,e COVID-19
passive indoor environment, and to examine the yughting, open-p
bioclimatic response and energy efficiency of
home-office design during the pandemic
While some studies have considered WFH in New ‘T\e;le\l:{ork%' h .
Zealand, no existing literature sources that oring trom home;
New N . . . New Zealand;
Mayer 2022 explicitly examine WFH experiences concerning . R COVID-19
Zealand . . Built environment;
the WFH environment were found. This study - .
. . TR R . Resilient; infrastructure;
aims to provide an initial insight into this area. COVID-19 pandemic;
Air Pollution;
Indoor;
COVID-19;
Cross-Sectional Studies;
Studying was to investigate the link between ggggrgr}:\iironment'
different work styles and work environments and Humans; Japan /e i::lemiolo .
Umishio 2022 Japan productivity during the COVID-19 pandemic, and Pan demi,CS'p p gy COVID-19
to explore ways to improve productivity in the Workplace'/
New Normal era PM2.5;
Productivity;
Work, environment;
work from home;
work in the office;
Clustering office workers working at home based Workplace:
on their self-reported preferences for IEQ and Prefe Ii nce; and needs:
Ortiz 2022 Netherlands psychosocial comfort at their most used workspace Health and comfort: ’ COVID-19
and to identify these preferences and needs of COVID-19: ’
workers during the COVID-19 pandemic !
Understanding the mutual interrelations between
Torresin 2022 UK indoor soundscapes, building occupants, building COVID-19
services and window opening behaviour.
Elucidating the relationships among residential E%i;;g{li'gv}’,iggﬂigﬁn ) home;
Kawakubo 2022 Japan environment, personality traits, and productivity 1 Yy COVID-19

while working from home.

Residential environment;
Personality traits;
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Table 1. Cont.
First Year Count Aim Keyword Cat
Author ea ountry s eywords ategory
Home office;
A . - , Lighting;
Investigating the drivers of participants Visual environment:
Vasquez 2022 Denmark satisfaction with the lighting conditions at the Percention: ’ Lighting
home office ceptiony
Satisfaction;
Survey
Exploring the effects of the IEQ at the home Design; Mental health; Employee health;
Boegheim 2022 Netherlands workplace on employee Field study; Indoor environmental quality; Health
mental health. Home office workplace
Reviewing and discussing various lighting sources
and their ergonomic impacts on the population of
office employees now working from home. Screen light; daylight; home work
McKee 2022 USA Specifically addressing the impacts of electronic environment; COVID-19; remote work; ~ COVID-19
light from screens, daylight, and task lighting’s task lighting
impact on health and well-being in the frame of
the COVID-19 pandemic
Amorim 2022 Brazil Deflr}lr}g the current ll.I‘IlltatIODS' of home offices in Lighting
providing a resilient visual environment
Assessing user satisfaction of workspaces
United modlﬁec.i at home in response to the ;O.YID_B Pandemic; COVID-19; Satisfaction;
. pandemic, thereby analyzing the flexibility of . - ! . .
Hiyasat 2022 Arab ] . . Working space; Living space; Interior Satisfaction
- modern homes in the twenty-first century in the .
Emirates . design
United Arab
Emirates.
Providing insights in previously studied
relationships between the physical . .
Bergefurt 2023 Netherlands home-workspace and mental health and to COVID—19_ pandemic; Workplace; . Review
. - . . psychological phenomena; teleworking
identify measures for both using a systematic
scoping review
Modeling thermal comfort changes in people
working at home in three Austrian cities (Vienna,
Innsbruck, and Graz) during the next decades Home work; Climate simulations; Thermal
Schaffernicht 2023  Austria until 2090. We present findings based on (I) an Austria; Built environment; Urban Heat comfort
inter-disciplinary literature search and (II) indoor  island effect; Health
and outdoor climate simulations for actual and
future climate scenarios.
Providing a clear understanding of the main and Physical work environment;
most recent issues discussed in academic literature ~ Service employees;
Schilleci 2023 Italy rega.rdmg the impact of the p_hysmal worl_< Service environment; Review
environment, particularly offices, on service Servicescape;
employees’ internal responses, behaviors, and Systematic literature review;
outcomes, highlighted by the COVID-19 emergency. ~ Workplace design
Presenting how the phenomena mentioned above  housing environment; COVID
Stachura 2023  Poland have influenced the housing environment and pandemic; residential needs and COVID-19
residential preferences and trends that may follow.  preferences
Examining the relationships between the
psychosocial, environmental, and social working
conditions of teleworking during the first
COVID-19 lockdown and work fatigue. Specifically,
the study examined teleworkers’ physical work COVID-19; teleworking; home office;
Weber 2023  Switzerland environment (e.g., if and how home office spaceis  office design; privacy; psychosocial COVID-19
shared, crowding, and noise perceptions) as working conditions; lockdown; burnout
predictors of privacy fit and the relationship
between privacy fit, childcare, psychosocial
working conditions (job demand, job control, and
job change management), and work fatigue
Evaluating the chronology of the effects of work Work style; Working-from-home; Work
Ekpanyaskul 2023 Thailand hazards at home on factors such as workers’ environment; Occupational stress; Sick IEQ
health, productivity, and well-being house syndrome, Productivity; Well-being
Investigating the association between the Anxiety; subjective evaluation of home
Weber 2023 Germany subjective evaluation of home environment and environment; housing; indoor lifestyle; Health

self-reported levels of anxiety using population
data from the Hamburg City Health Study

Hamburg City Health Study;
mental well-being
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Table 1. Cont.
First .
Author Year Country Aims Keywords Category
. . Assessing the impact of the soundscape in the home  Indoor sounds; outdoor sounds; sound
Peixoto 2023 Brazil office environment during the pandemic perception; occupational exposure COVID-19
The physical work environment while working
from home (WFH) is a key component of WFH, . .
which, if inadequate, can impair workers’ health wor.k from home; telewprk, work . ..
Okawara 2023  Japan and work functioning. This paper investigates environment; presenteeism; prospective  Productivity
environmental factors in WFH and worsening of cohort study; observational study
work functioning
Personal lifestyle; Indoor environmental
o quality; Work-related factor;
Guo 203 USA Ldentifying key causal factors of occupant Satisfaction; Productivity; Productivity
p y g : Working from home; Offices;
Regression model
Developing a tool named Perceived Remote spatial-physical comfort; remote
Workplace Environment Quality Indicators working; sustainable workplace; remote
Mura 2023 Italy (PRWEQIs) to study the impact of the remote work  studying; scale development and Tool
environment on worker well-being validation; perceived comfort; PRWEQIs
Cléries Understanding occupants” accepted Indoor thermal comfort; human perception; Thermal
Tardio 2023  Spain Environmental Quality values in winter based on  indoor environmental quality; building comfort
self-reported comfort. energy use
Understanding what lighting conditions are circadian lighting: biological potency:
Roberts UK currently present within the WFH environments in 18 . & g _potency; Lighting
X . melanopic lux; lux level; uniformity
terms of safety and visual clarity.
Investigating the relationship between indoor
noise perception and remote work during the
Park 2023 South pandemic. The study asse'ssed'how peoPle who COVID-19
Korea worked from home perceived indoor noise, and
how it related with their work performance and
job satisfaction.
I egaingbulding yut OEOTSIUION e typolgyscousti gl
Scamoni 2023 Italy ) . . survey; well-being; COVID-19 COVID-19
comparison between acoustic perception before ) .
and during the pandemnic. lockdown; working from home
Investigating the relationship of living
Doi 2024 Japan environment factors with satisfaction, work Work from home; Telecommuting; Productivi
P engagement, perceived productivity, and stress SHEL model; Living environment ty
among teleworkers.
Quantitatively evaluating the differences, in terms  Agile working; remote
. of exposure to PM (particulate matter), between working; non-occupational . .
Borghi 2024 Italy WEO (working-from-office) and WFH exposure; risk factors; human Air quality
(working-from-home) conditions health
This study aimed to clarify the association . .
. . . teleworking, home environment,
Kanamori 2024 Japan between telecommuting environments and somatic svmbtoms. occubational health Health
somatic symptoms among teleworkers in Japan ymp ! p
Understanding the influence of indoor . . .
. . , Thermal; Indoor air quality; Visual; .
Manu 2024 Canada environmental quality (IEQ) on workers T L . Review
well-being and productivity. Acoustics; Well-being; Productivity
Understanding the impact of indoor air quality . .
. . Buildings; IEQ; Occupational; . .
Young 2024 USA 1(312,(3 elr;V };(;Eilﬁsg (f);lo’;?leh Z(;Egltlve performance of Productivity; Remote; Ventilation Air quality
Evaluating home and office workplaces using a
comparative approach and. a data-drlver} . Connectedness; Indoor environmental
framework. The computational models in this wality: productivity: return to office:
Srivastava 2024 USA study aim to predict the impact of 10 workplace d v P Y ! Productivity

spatial attributes on perceptions of comfort, work
performance, and aspects of well-being, such as
sense of connectedness and physical activity.

worker physical activity;
workplace comfort
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During the full-text assessment, 25 studies were excluded for clearly defined reasons.
Most exclusions (1 = 21) were related to studies that, although addressing working from
home or aspects of indoor environments, did not examine the association between indoor
environmental quality (IEQ) and work-from-home (WFH), which is the central focus of
this review. Two studies were excluded because they did not analyze telework or home-
based work settings, instead focusing on general residential contexts or traditional office
environments. The remaining two studies did not address indoor environmental quality
domains—thermal, acoustic, visual, or air quality—and instead examined organizational
or psychosocial factors unrelated to IEQ.

Figure 1 presents an updated PRISMA-ScR flow diagram that reflects these exclusion
criteria in detail, improving transparency in the screening and selection process.

)
Records identified from databases
5 (3937):
§ - Medline: 627 Records removed before
- Web of Science Core Collection: | »| screening:
£ 1566 Duplicate records removed
S - Scopus: 1370 (n=1683)
=2 - Embase: 149
- Global Health: 225
—
A4
Records screened
———»| Records excluded
(n =2256) (n=2)
v
Reports sought for retrieval Reports not retrieved
) (n = 2254) — *| n=0)
=
@
5
A \4
Reports assessed for eligibility
(n =66) —»| Reports excluded:
No WFH (n =2)
No IEQ (n=2)
No WFH and IEQ (n=21)
v
]
° Studies included in review
=]
S| | (=4
3
—

Figure 1. Flow chart of study selection for scoping review process.

2.4. Data Charting Process

A Microsoft Excel data extraction form was used to gather information from each
article. To maintain uniformity among project team members, the research team worked
together to build and test data extraction forms internally. They also included feedback and
conducted testing as needed. One team member then extracted the data, and another team
member independently verified it. Consensus was used to settle any differences. Article
titles, authors, the corresponding author’s nation of affiliation, the year of publication, aims,
and keywords were all included in the extracted information.

No critical appraisal of individual sources of evidence was performed, as the objective
of this scoping review was to map the breadth and nature of the available evidence rather
than assess the methodological quality of individual studies.

https:/ /doi.org/10.3390/app16010250
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2.5. Data Analysis

The findings of the scoping review were analyzed using quantitative and qualitative
methods. The quantitative analysis focused on aspects such as authors, affiliation countries
of corresponding authors, objectives and keywords. Studies were categorized using content
analysis [19] as part of the qualitative approach. This content analysis was performed
by the lead reviewer, who coded all included studies according to predefined thematic
categories. When uncertainties arose, classifications were discussed with the research team
until consensus was reached, ensuring consistency throughout the data-charting process.

To illustrate the geographical distribution of researchers’ studies, the online tool
MapChart was used. In addition, collaboration networks between authors were identified
by analyzing bibliographic references. This analysis, together with a keyword network
analysis, was performed using VOSviewer (version 1.6.19), a software designed to build
and visualize bibliometric networks. To ensure accuracy in the reference analysis, author
names were manually standardized to maintain consistency and avoid duplication caused
by variations in name formats across different publications. In addition to the visualisation
produced in VOSviewer, we exported the keyword co-occurrence network and computed
basic network metrics in R (version 2024.09.1 + 394) using the igraph package.

3. Results

A total of 41 studies were included in this review, published between 2020 and 2024,
with a marked concentration in the years following the COVID-19 pandemic. Most studies
employed cross-sectional survey designs, typically based on self-reported data, while a
smaller number included experimental or quasi-experimental assessments of indoor envi-
ronmental conditions. Across the studies, the most frequently examined IEQ dimensions
were thermal comfort, acoustic environment, lighting conditions, and indoor air quality,
although the level of detail and measurement approaches varied substantially. Overall,
the evidence base reflects heterogeneity in study design and scope, consistent with the
exploratory nature of research on IEQ in home-based telework settings.

Analyzing the first author’s institution, 18 countries were identified from the reviewed
literature. Italy (n = 7), the USA (n = 6), and Japan (n = 5) were the countries with the
highest frequency of studies. They were followed by Spain and the Netherlands (n = 3 each).
Finally, Brazil, Canada, Germany, Malaysia, and the UK had 2 studies each. Other countries
represented with one study include Austria, Denmark, New Zealand, Poland, South Korea,
Switzerland, Thailand, and the United Arab Emirates (Figure 2).

Created with mapchart.net

Figure 2. Geographical location of the institutions by country and frequency of the studies carried out.

https:/ /doi.org/10.3390/app16010250
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21 groups/ clusters were identified from the research network map analysis (see Figure 3),
interestingly, with no connections between them (i.e., isolated from each other). However,
in two of these clusters, a blue one, in which one node, where Appel-Meulenbroek, R.
connects with the rest of the nodes in the same group, and a light blue one node, where
Becerik-Gerber, B. stands out, an additional link was identified that connects to other nodes.
According to Granovetter’s theory of the strength of weak links [20], if these researchers
were to cease to be part of the network, both nodes would lose their cohesive capacity,
which would reduce the connectivity between the groups and weaken the network, making
it more fragmented.

‘‘‘‘‘‘

Figure 3. Visualization of the researcher network grouped by clusters.

Following the network analysis methodology, COVID-19, productivity, and IEQ stood
out as high-centrality nodes, acting as structural bridges between thematic clusters. Accord-
ing to Borgatti and Everett, centrality reflects a node’s capacity to create network cohesion,
facilitating interconnections between subgroups [21]. These concepts act as axes linking
key themes, enabling an interdisciplinary analysis of telework and well-being during the
pandemic. Productivity, in particular, connects clusters of well-being, indoor environmental
quality, and satisfaction, underscoring its importance in both office and telework contexts,
where it remains a central concern [22].

To complement this qualitative interpretation, the keyword co-occurrence network
(Figure 4) was exported and analyzed as a graph. It comprised 37 nodes and 212 edges.
Using the Louvain algorithm, three structural communities were identified (14, 13, and
10 keywords, respectively), with a modularity index of 0.31. This moderate modular-
ity indicates that the network is organized into coherent thematic communities but re-
mains interconnected, particularly through bridging terms such as “COVID-19”, “health”,
and “productivity”.

https:/ /doi.org/10.3390/app16010250
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Figure 4. Visualization of the keywords network grouped by clusters.

In parallel, VOSviewer’s co-occurrence clustering was used to generate a visual map
of four keyword clusters (see Figure 4). Cluster 1 (red) focuses on demographic and
epidemiological factors, exploring how gender, age, and geographic location (such as
studies conducted in Japan) influence adaptation to telework; Cluster 2 (green) focuses on
indoor environmental quality and its impact on well-being and productivity, considering
aspects such as mental health and occupant behaviour in home workspaces; Cluster 3
(blue) addresses the impact of COVID-19 on the physical home environment, integrating
concepts like telework, home spaces, and prospective studies on the integration of work
within the home; and Cluster 4 (yellow) focuses on satisfaction and adaptation to telework,
exploring factors such as lighting, home office, and satisfaction, reflecting the interest in
understanding how the environment affects work experience. These clusters, although
distinct, are connected by common themes, allowing a holistic view of telework in the
pandemic era.

Nodes represent keywords, with size proportional to their frequency in the reviewed
studies. Colours indicate clusters of closely related terms identified through co-occurrence
analysis, while connecting lines represent the strength of co-occurrence relationships.

According to the reviewed studies, several negative factors affecting teleworking
conditions were consistently reported. These included inadequate thermal comfort (e.g.,
overheating or insufficient heating/cooling), suboptimal lighting conditions (such as glare,
low daylight availability, or inadequate artificial lighting), poor indoor air quality (low
ventilation rates, stuffiness, or elevated CO, levels), and excessive internal or external
noise. Additionally, workspace-related issues—such as non-ergonomic furniture, limited
dedicated workspace, and inappropriate spatial layout—were frequently identified as
contributors to discomfort, reduced productivity, and increased physical or mental strain
during telework.

With regard to the studies categorized as COVID-19 (1 = 19), a predominant focus is ob-
served on the relationship between Indoor Environmental Quality (IEQ) conditions and the
well-being, health, and productivity of teleworkers during the pandemic. Cuerdo-Vilches
et al. [2,23] highlight that telework spaces were inadequate in one-third of households.
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Regarding noise, Andargie et al. [24], Puglisi et al. [25], and Park et al. [26] agree that
internal noise (family members, flatmates) and external noise negatively affect concentra-
tion and job satisfaction. In turn, Torresin et al. [27] emphazises that the characteristics
of ventilation systems and the acoustic landscape impact the perception of the work en-
vironment, while Scamoni et al. [28] stresses the importance of assessing acoustic quality
during confinement. Concerning thermal comfort, Husini et al. [29] demonstrate how
passive strategies improve thermal performance in homes. In relation to air quality and
mental well-being, Khalid et al. [30] conclude that the quality of the indoor environment
significantly influences stress and general wellbeing. With respect to lighting and mental
health, Awada et al. [31], Ortiz & Bluyssen [32], and Boegheim et al. [33] underline that
dissatisfaction with lighting, humidity, and noise predicts symptoms of fatigue, anxiety,
and stress. McKee & Hedge [34] review the impacts of various lighting sources in home
work environments, including screen light, natural light, and task lighting, on health and
ergonomics. Additionally, Mayer & Boston [35] and Umishio et al. [36] find that, despite
challenges in work-related communication, the teleworking experience was perceived
positively. Peixoto et al. [37] note that external sounds, such as human and mechanical
noises, have a significant impact on the overall perceived quality of home workspaces
during remote working. Weber et al. [38] highlight that aspects such as reduced disturbing
noise, improved nighttime lighting, and satisfactory window views significantly reduce
anxiety levels, underscoring the importance of tailored home environments for mental
health. Finally, Stachura & Jagielto-Kowalczyk [39] stand out in how the pandemic has
redefined residential needs and preferences, while Kawakubo & Arata [40] emphasize the
influence of the residential environment on productivity and satisfaction.

In relation to productivity (n = 4), studies demonstrate that various factors within the
home environment influence the performance of teleworkers. Salamone et al. [41] highlight
that, although most participants were satisfied with indoor environmental conditions dur-
ing the lockdown, the design and layout of furniture negatively impacted the teleworking
experience, thus affecting productivity. Similarly, Okawara et al. [42] emphasize that a lack
of adequate space for concentration, insufficient lighting, and inappropriate thermal and
humidity conditions significantly impair work functionality. In addition, Guo et al. [43]
identify key factors such as personal lifestyle, satisfaction with the visual and acoustic
environment, flexible schedules, and privacy as critical elements for improving productivity
while working from home.

Finally, Doi [44] underscores that job autonomy and the availability of a dedicated
workspace are associated with greater satisfaction, engagement, and productivity. In
contrast, negative factors such as environmental noise, interruptions from household
tasks, and the absence of ergonomic furniture contribute to increased stress and decreased
work performance.

Regarding lighting (n = 3), studies highlight the importance of this factor in the qual-
ity of teleworking environments and its impact on workers” well-being and satisfaction.
Vasquez et al. [45] note that satisfaction levels with natural lighting vary based on gender,
occupation, and region of residence, identifying that those with access to well-designed
external views or adequate natural light are more prone to continue working from home.
Similarly, Amorim et al. [46] emphasize cultural differences in interior design and lighting
use across continents, underlining that residential design features significantly influence the
perception of the visual environment and overall satisfaction. Lastly, Roberts et al. [47] in-
vestigate lighting levels in teleworking environments and find that failure to meet minimum
lighting requirements can lead to visual fatigue and headaches. Furthermore, participants
expressed a preference for circadian lighting systems, highlighting their positive impact on
health and productivity.
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According to systematic reviews (review, n = 3), the studies highlight the importance
of environmental conditions in teleworking. Bergefurt et al. [48] note that noise, acoustics,
and privacy are the most studied topics, although few investigations use objective measures
to assess home workspaces. Schilleci [49] emphasizes academic interest in flexible and
non-territorial workplace designs, while acknowledging less attention to teleworking
environments compared to traditional offices. Similarly, Manu et al. [50] point out that,
although indoor environmental quality (IEQ) in homes generally meets international
standards, deficiencies in acoustic insulation and ergonomic support negatively impact
health and productivity,

Concerning health (1 = 3), the studies examine the impact of the home environment
on the well-being of teleworkers. Boegheim et al. [33] note that satisfaction with noise
levels enhances well-being and concentration, while elevated noise levels increase stress.
Weber et al. [38] associate pleasant views, reduced noise, and good nighttime lighting
with lower levels of anxiety, whereas Kanamori et al. [51] highlight inadequate conditions,
such as excessive noise or extreme temperatures, as the main cause of the increase in
somatic symptoms.

In relation to thermal comfort (n = 2), Schaffernicht et al. [52] highlight that systems
such as thermal activation of interior surfaces are sustainable options to improve well-being
and productivity, although they do not claim that these systems reduce overheating. Cleries
Tardio et al. [53] find that temperatures between 18 °C and 20 °C are considered acceptable,
with shared spaces being slightly warmer and having lower CO2 levels, while households
with children tend to have slightly higher operative temperatures.

On air quality (n = 2), the studies highlight its impact on the health and performance of
teleworkers. Borghi et al. [54] find that levels of particulate matter (PM) are up to four times
higher during teleworking compared to office work, which may negatively affect health.
Young et al. [55] associate thermal conditions and CO2 levels with cognitive performance,
noting that even slight increases in CO2 can impair problem-solving and creativity.

Lastly, the studies were categorised into unique categories addressing various aspects
of teleworking. In energy efficiency, Pungercar et al. [56] highlight how renovation strate-
gies improve energy consumption and thermal conditions. For IEQ, Ekpanyaskul et al. [57]
explore how a healthy indoor environment enhances productivity and well-being. In Tool,
Mura et al. [6] develop indicators to assess acoustic, visual, and functional comfort in
teleworking. Regarding Satisfaction, Hiyasat et al. [58] emphasise that flexible workspace
design increases job satisfaction. Finally, on noise, Puglisi et al. [25] identify it as the main
factor affecting concentration and well-being at home. Table 1 below provides an overview
of the studies analyzed in this review. A synthesis of this evidence reveals several consistent
patterns. Most research was conducted in high-income countries and relied primarily on
cross-sectional survey designs. Thermal comfort, lighting, noise, and indoor air quality
emerged as the most frequently examined IEQ dimensions. Additionally, a clear trend was
observed linking inadequate environmental conditions with reduced productivity, lower
satisfaction, and increased reports of stress, fatigue, and other physical or mental health
symptoms. These patterns indicate that although IEQ in teleworking environments is still
an emerging field, existing evidence consistently highlights the relevance of environmental
factors in shaping teleworking experiences and outcomes. Although most of the studies
included in this scoping review relied on self-reported outcomes and did not measure bio-
logical effects directly, mechanistic evidence from environmental health research supports
the biological plausibility that indoor air pollutants may affect health, stress pathways and
cognitive performance. For example, biomarker-based studies have shown that exposure
to airborne pollutants can trigger oxidative stress and systemic biochemical alterations [59],
form protein adducts associated with pollutant burden [60], or alter vascular and inflam-
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matory pathways relevant to respiratory and cardiovascular function [61,62]. Although
these studies were not conducted in telework environments, they provide a mechanistic
framework that strengthens the interpretation of potential health implications of poor
indoor air quality during working from home.

4. Discussion

Based on the findings, few studies were identified on environmental conditions in
home workspaces (n = 41). This aligns with the limited number of studies reported in
previous reviews on IEQ factors in work-from-home (WFH) settings, e.g., 27 manuscripts
in [48], 124 papers in [49], and 41 research articles in [50]. Additionally, few research
groups (n = 21) were identified according to the bibliometric analysis based on authorship,
suggesting a concentration of contributions among a limited number of researchers and
institutions, reflecting a fragmented yet emerging field of study. This underscores the need
for broader international collaboration and more comprehensive investigations to better
understand the main factors that affect the environmental conditions of home workspaces
and the potential impacts in residents” health and wellbeing.

This fragmented structure warrants further theoretical interpretation to better under-
stand how knowledge circulates within the field.

The fragmented structure of the author collaboration network can be interpreted
through Granovetter’s theory of weak ties, which highlights the importance of bridging
links for the diffusion of knowledge across otherwise disconnected groups. In our network,
only a small number of authors act as such bridges, suggesting a structurally vulnerable
research landscape where the removal of these weak ties would increase fragmentation
and limit interdisciplinary exchange.

Likewise, according to Freeman’s conceptual framework of network centrality, the
high-centrality keywords identified (e.g., COVID-19, productivity, IEQ) exhibit characteris-
tics of betweenness centrality, meaning they function as mediators that connect otherwise
separate thematic areas. These nodes, therefore, play a crucial role in maintaining coher-
ence within the field and facilitating the integration of research on environmental factors,
wellbeing, and teleworking practices.

In the review conducted, a limited number of studies on telework were identified,
distributed in few countries. In the analysis of the country of origin of the first author’s
institutions, a total of 18 countries were found, most of them being high-income countries.
This is consistent with the existing relationship between the ability to telework and the
income level of the countries, as well as access to the Internet. According to World Bank
Policy research working paper No 9347, while globally one in five jobs can be done from
home, in low-income countries this figure is drastically reduced to one in 26 jobs, mainly
due to connectivity limitations [63]. For example, in Ethiopia and Nepal, the proportion of
viable home-based jobs drops significantly when internet access is considered, from 5.5%
to 2.1% and from 14.7% to 6.3%, respectively. In contrast, in high-income countries such as
Switzerland or Sweden, the impact of these limitations is minimal, with figures ranging
from 40% to 55% of jobs being possible to be carried out from home [63]. Similarly, the
Global Survey of Work Arrangements [64] shows that English-speaking countries, such
as the United States, the United Kingdom and Canada, lead in the number of employees
teleworking with an average of 1.4 days per week. On the other hand, in Asian, European
and Latin American countries, this figure is significantly lower, at between 0.7 and 0.9 days
per week. This situation reflects a double disadvantage for developing countries, where
the combination of fewer telework-compatible jobs and limited ITC infrastructure (e.g.,
internet access) further reduces the viability of teleworking [63,64].
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Four main clusters were identified in the keyword analysis. The first cluster of articles
focuses on demographic and epidemiological factors, such as gender and age, and their
influence on adaptation to telework. For instance, a study conducted in Tokyo shows that
women face greater difficulties in balancing domestic and work roles when teleworking [65],
highlighting important gender differences when it comes to telework. In the second group,
articles mainly investigate the impact of IEQ in working home environments on wellbeing
and productivity of the residents. According to Otsuka et al. [65], providing an ergonomic
workspace in home settings can help reduce presenteeism and improve work performance
while ensuring optimal conditions that reduce physical and mental stress. The negative
impact of the COVID-19 pandemic on home environment settings was the main scope of
the third group of articles included in this literature review. Key results show an increase in
presenteeism, exacerbating physical and mental health problems in residents who worked
from home [66]. The fourth and last group of articles investigates the relationship between
job satisfaction and telework, and the different coping mechanisms to adapt to telework. For
instance, Otsuka et al. [65] highlight how lighting quality and an organized environment
positively influence adaptation and productivity when working from home. It is important
to note that these clusters defined from the reviewed literature, while distinct, share
common themes that offer a comprehensive understanding of the implications of telework,
particularly in the COVID-19 pandemic era, such as an increase in gender inequalities,
physical and mental problems, social inequalities, etc.

However, this scoping review has certain limitations. First, the search was restricted
to English-language content published after 2001, which could introduce both linguistic
and temporal biases, potentially excluding studies in other languages or published be-
fore this date. Additionally, the search was confined to five databases—Medline, Embase,
Scopus, Web of Science (WOS) and Global Health —which may not encompass all rel-
evant studies available in other databases, and the gray literature was not included. In
particular, engineering-oriented databases such as IEEE Xplore or ScienceDirect were not
incorporated, which may have limited the identification of studies related to building
technologies, ventilation systems, or sensor-based assessments of indoor environmental
quality. Likewise, excluding governmental reports or international guidelines (e.g., WHO
telework recommendations) may have reduced the policy-relevant evidence captured by
the review. Second, despite following a systematic approach, it is possible that not all
relevant studies were captured during the screening process. Moreover, since only articles
with search terms in the title or abstract were considered, studies that discussed working
from home or IEQ within the content but did not explicitly mention it in these sections
might have been excluded. Scoping reviews are inherently limited in scope since their
main goal is to provide a broad overview rather than an in-depth analysis of a specific
subject [67]. Consequently, some relevant studies may be omitted [68].

5. Conclusions

This study, through a scoping review, examined the impact of IEQ in telework spaces
within home environments, highlighting the growing relevance of the home as a workplace
in the teleworking era. Results showed that the evidence base remains limited, with few
active research groups globally. Furthermore, key results pointed out that factors such as
thermal comfort, lighting, air quality, and noise significantly affect productivity, wellbeing,
and health of employees working from home due to the physical and environmental
characteristics of current working home settings. Finally, the reviewed literature showed
an upward trend in gender inequalities, physical and mental problems, social inequalities,
etc., amongst those working from home. These findings underscore the need for further
studies on the relationship between IEQ and working home environments, especially in
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diverse cultural contexts and underrepresented regions, and the societal implications of
teleworking, widening gender gaps and social inequities.

The fragmentation observed in the bibliometric network may reflect disciplinary
divides between architecture, engineering, environmental psychology, and occupational
health, as well as disparities in funding mechanisms across countries. Initiatives such as
the EU New European Bauhaus and international IEQ research platforms offer promising
pathways for strengthening cross-sector collaboration and reducing thematic isolation.

Based on these findings, several policy-oriented actions are recommended to support
healthier and more equitable teleworking environments. First, there is a need to develop
standardized IEQ guidelines specifically tailored to home-based workspaces, addressing
thermal comfort, lighting quality, ventilation, and acoustic performance. Second, establish-
ing international databases for IEQ monitoring in telework settings would allow systematic
tracking of environmental conditions and strengthen evidence-based policymaking. Third,
interdisciplinary platforms involving architecture, engineering, public health, and occupa-
tional ergonomics should be promoted to better align scientific knowledge with workplace
design standards. Finally, policymakers and employers should adopt measures to reduce
inequalities in teleworking conditions—such as providing minimum equipment, financial
support for workspace improvements, and specific protections for vulnerable workers.
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