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A B S T R A C T   

We regularly face stress during our everyday activities, to the extent that stress is recognized by the World Health 
Organization as the epidemic of the 21st century. Stress is how humans respond physically and psychologically to 
adjustments, experiences, conditions, and circumstances in their lives. While there are many reasons for stress, 
work and job pressure remain the main cause. Thus, companies are increasingly interested in creating healthier, 
more comfortable, and stress-free offices for their workers. The indoor environment can induce environmental 
stress when it cannot satisfy the individual needs for health and comfort. In fact, office environmental conditions 
(e.g., thermal, and indoor air conditions, lighting, and noise) and interior design parameters (e.g., office layout, 
colors, furniture, access to views, distance to window, personal control and biophilic design) have been found to 
affect office workers’ stress levels. A line of research based on the stress recovery theory offers new insights for 
establishing offices that limit environmental stress and help with work stress recovery. To that end, this paper 
answers ten questions that explore the relation between the indoor office-built environment and stress levels 
among workers. The answers to the ten questions are based on an extensive literature review to draw conclusions 
from what has been achieved to date. Thus, this study presents a foundation for future environmental stress 
related research in offices.   

1. Introduction 

The World Health Organization has recognized stress as the “global 
epidemic of the 21st century” [1]. Various factors–from geopolitical and 
societal to individual and interpersonal–can contribute to an in
dividual’s stress. Among all the stress factors, work has been identified 
as a key stressor for many individuals. It has been widely shown that 
work-related stress can negatively influence workers’ physiological, 
psychological, and cognitive functions [2,3], thus leading to lower 
productivity and increased absenteeism [4]. Although many compo
nents of work-related stress are challenging to address, the physical 
work environment is a factor that research has shown can be altered to 
mitigate adverse impacts on stress [5–8]. 

Given that office and administrative work is the most common type 
of work in the U.S., accounting for over 18 million workers [9], it is often 

affected by a variety of stressors. In this paper, we define office workers 
as employees who spend most of their time working at a desk work
station performing activities such as reading, writing, and typing on 
their computers. Office work entails various job stressors that comprise a 
range of organizational (e.g., tight deadlines, heavy workload, unfa
miliar duties) [10], social (e.g., lack of support, work surveillance) [11], 
and economic (e.g., inadequate income) [12] conditions that increase 
workers’ stress levels. In addition, indoor environments and physical 
workspaces play a major role in work stress among office workers. 

Rashid and Zimring [13] have advocated for acknowledging the 
contribution of the work environment to overall work-related stress 
through their proposed conceptual model. A core principle of this model 
is understanding environmental stress is distinct from work stress. 
Environmental stress occurs when features of the workspace hinder 
personal needs for comfort and health and is manifested in physiological 
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and psychological responses to uncomfortable or unhealthy environ
mental conditions. Rashid and Zimring’s model describes two categories 
of physical environmental variables: (1) Indoor Environmental Quality 
(IEQ) parameters such as noise, lighting, ambient temperature, and air 
quality, and (2) interior design parameters such as furniture, colors, 
biophilic design, access to views through windows and finishing mate
rial. Specifically, degraded indoor environmental quality and inappro
priate space design have been associated with increased environmental 
stress, leading to elevated work stress and associated outcomes [13]. 
Lamb and Kwok [14] found that environmental stressors indirectly 
affect workers’ performance by constraining motivation and increasing 
tiredness and distractibility. They argue that limiting the effect of these 
stressors by enhancing the IEQ conditions could result in improved 
productivity. Similarly, Singh et al. [15] demonstrated an average in
crease in productivity of 2.86 work hours every month due to reduced 
environmental stress when office workers were moved from traditional 
offices to LEED-rated buildings. 

Accordingly, some companies are interested in optimizing the 
physical office spaces to reduce experiences of stress at work. In fact, in a 
survey of building professionals in 2020 on the development of healthy 
buildings [16], stress was rated as the most important problem for 
research, design, construction, and operation of healthier buildings in 
terms of mental well-being. Furthermore, respondents indicated that 
offices should be given high priority to promote comfortable and more 
productive work conditions. This serves as a call for companies to invest 
in office environments that reduce environmental stress, thus creating 
healthier and more productive work environments [17]. 

This paper aims to examine environmental stress, understand how 
the indoor office environment affects the psychophysiological state of 
office workers and determine how environmental stress perception 
varies between different populations in an effort to promote inclusive 
office design. Based on this, we proceed by presenting our vision of 
intelligent stress restorative office design that lies at the intersection of 
engineering, architecture, psychology, and computer science. We also 
provide rich and insightful future research directions for interested 
parties in the topic of environmental stress. 

Fig. 1 provides a schematic overview of the investigation presented 
through detailed responses to ten questions. Questions 1 and 2 provide 
an overview of the general concept of stress and elaborate on the pri
mary physiological and behavioral indicators of stress in office settings. 
Questions 3 to 6 provide an overview of causes and potential solutions 
for reducing environmental stress among office workers in physical and 
virtual spaces, including an emerging concept of nature contact. Ques
tions 7 and 8 focus on the individualized needs of workers relative to 
physical office environments, including a rapidly growing neurodiverse 
workforce with unique sensory experiences within physical environ
ments. Question 9 presents a vision for using technologies that support 

stress management and recovery within office workspaces. Finally, 
Question 10 identifies crucial gaps and challenges for environmental 
stress research in offices and lays the foundation for future research 
directions and advancements. 

2. Ten questions 

2.1. What is stress? 

An early definition of biological stress was provided by Hans Selye in 
the 1930s: “stress is a non-specific response of the body to any demand” 
[18]. Selye established a three-stage stress model, the General Adapta
tion Syndrome (GAS). The GAS model explains how the human body 
reacts and adapts to stressors [19]. The first stage, called alarm reaction, 
refers to the initial reactions the body when facing a stressor (e.g., 
increased heart rate, cortisol release, adrenaline boost). In the second 
stage, resistance, the body tries to overcome the stress shock. If the 
stressful situation no longer exists, the body reduces the secretion of 
hormones and stabilizes the heart rate and blood pressure to pre-stress 
levels. However, if the stressful situation persists, the body cannot 
recover and restore pre-stress functioning levels, leading to the third 
stage: exhaustion. Battling with stress for long periods can drain the 
body’s energy by depleting its physical, emotional, and cognitive 
resources. 

Thus, stress is defined differently depending on its duration. Acute 
stress is short-term stress due to a recent anticipated or unexpected 
event. During an episode of acute stress, people experience emotional 
distress and irritation as well as muscle tension, headaches, and back 
pain [20,21]. Episodic stress occurs when people experience acute stress 
repeatedly (e.g., repeated tight deadlines at work), which can lead to 
headaches, hypertension, and heart disease [21]. Chronic stress results 
from stressors that persist continuously over time (e.g., difficult mar
riage or job, health problems, poor living conditions). Chronic stress is 
associated with digestive issues, sleeping problems, and losing focus on 
daily tasks, and it can contribute to lifestyle diseases such as cardio
vascular disease and type 2 diabetes [22]. 

Though there is no unified definition for stress, most definitions 
include the primary tenet of exposure to an event, situation, or stimulus 
(i.e., stressor) that is manifested by a bodily reaction [23]. For instance, 
the Cleveland Clinic’s definition described stress as “a normal reaction 
(physically, mentally, or emotionally) the body has when changes 
occur” [24], and the American Psychological Association defines stress 
as “the pattern of specific and nonspecific responses a person makes to 
stimulus events that disturb his or her equilibrium and tax or exceed his 
or her ability to cope” [25]. Engineering-based stress models focus on 
what happens to an individual rather than what happens within the 
individual [26]. In contrast, Lazarus and Folkman proposed the 

Fig. 1. Schematic overview of the ten questions concerning environmental stress in offices.  
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transactional model of stress in which they consider stress as an outcome 
of the interaction between an individual and the environment that can 
be moderated by individual perceptions [27]. 

The BioPsychoSocial (BPS) model of stress is a frequently referenced 
transactional model, explaining that how a bodily reaction manifests 
depends on how the stressor is appraised; specifically, whether an in
dividual perceives the stressor as an opportunity/challenge or a threat 
[28]. Within this framework, a stressor is perceived as a challenge when 
the individual believes they have sufficient capabilities and personal 
resources to meet the demands of the stressful situation. Alternatively, a 
stressor is perceived as a threat when the individual believes they do not 
have sufficient capabilities or personal resources to meet the demands of 
the stressful situation. In the context of environmental stress, a similar 
analogy can be made; when the indoor office environment fails to meet 

workers’ demands and expectations for a healthy and comfortable 
workplace, environmental stress starts to accumulate. On the other 
hand, a workplace that can meet these demands provides the worker 
with an opportunity to improve their productivity, health, and comfort 
thus reducing environmental stress. 

2.2. What are the physiological and behavioral indicators of stress among 
office workers? 

During a stressful situation, the body activates the sympathetic 
nervous system [28], which signals the adrenal glands to release cortisol 
and catecholamine hormones into the body, leading to physiological 
responses [28]. This fight or flight response prepares the body to face 
stressors by raising the blood pressure and increasing the heart rate to 

Table 1 
Physiological and behavioral indicators of stress in offices.  

Physiological Indicators 

Indicator Study Parameters Data Collection General Behavior under stress Pros Cons 

Electrocardiogram (ECG) Heart rate, Heart rate 
variability (HRV) 

Cardiovascular activity 
using electrical sensors 

Increased heart rate [29] Provides high 
accuracy in stress 
detection, 
Unobtrusive 

Heart rate indicators are 
not unique to stress High frequency in HRV decreases [11] 

Low frequency in HRV increases [11] 
Time domain metrics decrease [11] 

Blood pressure (BP) Mean, Minimum, 
Maximum 

Cardiovascular activity 
using pressure sensors 

Increased blood pressure [36] Good indicator for 
strong stress reactions 

Not accurate as other 
signals in detecting 
subtle stress responses 

Skin Temperature Mean, Minimum, 
Maximum 

Surface temperature of 
the skin using skin 
temperature sensors 

No consensus: in some studies skin 
temperature was found to increase 
[29], in others it was found to decrease 
[38] 

Unobtrusive No consensus on the 
effect of stress 

Electro-Dermal Activity 
(EDA) 

Skin conductance level, 
Skin conductance 
reaction 

Electric conductivity of 
skin as an indicator of 
sweating using EDA 
sensors 

Increased electro-dermal activity [30] Provides high 
accuracy in stress 
detection, 
Unobtrusive 

High electro-dermal 
activity is not unique to 
stress 

Electroencephalography 
(EEG) 

Frequency bands (alpha, 
beta, gamma, theta, and 
delta waves) 

Brain electrical activity 
using scalp electrodes 

High beta activity [39,40] Provides high 
accuracy in stress 
detection 

Obtrusive 
Frontal alpha asymmetry [41,42] 

Electromyography (EMG) Mean, Minimum, 
Maximum 

Muscles contraction 
through electric signals 

Increased muscle tension (upper back, 
shoulders, neck) [43,44] 

Detects involuntary 
and minor facial 
reactions to stress 

Obtrusive 

Respiration Respiration rate, Oxygen 
intake 

Breathing activity using 
breathing sensors 

Increased respiration rate [31] Good indicator for 
strong stress reactions 

Obtrusive, considered 
less reliable in 
comparison to other 
physiological signals 

Eye Movement Pupil dilations, Blinks, 
Fixations, Gaze 

Eye-tracking sensors 
are used to measure 
eye-related features 

Dilated pupils [45,46] Provides high 
accuracy in stress 
detection 

Privacy and security 
concerns Increased blinking rate [47,48] 

Cortisol Hormone Cortisol blood level Salivary samples Increased release of cortisol by adrenal 
glands [32] 

Provides high 
accuracy in stress 
detection 

Not suitable for real- 
time, obtrusive 

Catecholamines Hormone Catecholamines level Urinary samples Increased release of catecholamines by 
adrenal glands [49,50] 

Provides high 
accuracy in stress 
detection 

Not suitable for real- 
time, obtrusive 

Behavioral Indicators 
Posture and Body 

Movement 
Head and upper limbs 
movement, Posture, 
Movement pace 

Computer vision is used 
to detect the skeleton of 
the human body 

Increased head movements’ frequency 
and speed [33,51], yet it remains 
difficult to generalize postural and 
movement reactions to stress, for that 
machine learning techniques are 
typically employed to detect stress 
using this data 

Allows for integration 
of activity detection to 
further understand the 
stress context 

Privacy and security 
concerns, expensive, 
requires intensive 
processing 

Keyboard and Mouse 
Dynamics 

Keystrokes, Mouse 
clicks, Mouse movement 
and wheel scroll, Click 
pressures 

Computer applications 
can be installed to 
monitor this data 

No consensus: Contradictory results are 
presented in many research studies, e.g. 
[30,33,35,52] 

Unobtrusive data 
collection, 
Inexpensive 

Privacy and security 
concerns, No consensus 
on the effect of stress 

Facial Expressions Facial action units Computer vision used 
to extract facial features 

It is difficult to generalize facial 
reactions to stress across people, for 
that machine learning techniques are 
typically employed to detect stress 
using facial expressions 

Provides a wide range 
of data for accurate 
stress detection 

Privacy and security 
concerns, expensive, 
requires intensive 
processing 

Speech Pitch, Speaking speed Recorded using voice 
recorders 

Voice pitch increases, speaking speed 
increases [53] 

Can be used 
specifically for office 
call centers stress 
monitoring 

Environmental noise 
interferes with the 
quality of data  
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push blood faster, increasing respiration rate to allow for more oxygen 
consumption, elevating perspiration rate to cool the body, and dilating 
pupils for more light intake to improve visual acuity. Given the direct 
association of physiological signals to human stress states, many studies 
have examined the relationship between psychological stress and these 
physiological responses [29–32]. Furthermore, stress induces behavioral 
reactions, some of which are the result of physiological changes. For 
instance, tense vocal muscles increase the voice pitch, irritability in
creases bodily movement [33] and changes facial expressions [34], and 
stress can alter how we interact with technological devices. In fact, 
several researchers have studied the feasibility of using keyboard and 
mouse dynamics as stress indicators among office workers [35]. 

In general, physiological indicators provide high accuracy in stress 
detection. However, typical physiological responses seen during stress 
are, in fact, not unique to stress; thus, stress detection using physiolog
ical data can become problematic when it is isolated from a situational 
context [36]. Including situational context was supported by Liao et al. 
[33] who postulated that “some physical symptoms such as fast heart rate 
are not unique to stress.” Unlike most physiological signals, behavioral 
data collection is unobtrusive and can be easily integrated with activity 
detection to further understand the stress context. For example, a Kinect 
camera can be installed at an office station to detect bodily movements 
and facial expressions associated with stress when used with a 
pre-trained algorithm for activity detection (writing, typing, talking, 
meeting). Yet, such behavioral data collection requires intensive pro
cessing and can raise privacy and security concerns [36]. 

A summary of the main physiological and behavioral indicators used 
in the literature is presented in Table 1. This summary was established 
after performing a literature review using the PRISMA framework [37] 
to understand the current state of research in the domain of stress 
detection in office spaces. PubMed, IEEE, and Web of Science databases 
were searched for articles published in peer-reviewed journals, books, 
and conference proceedings. The searches did not include any time re
strictions. The following query (office OR workplace) AND (stress*) 
AND (detect* OR measure* OR recogn* OR monitor*) was used to 
search the title, abstract and keywords. Between the different databases, 
5911 articles were acquired. Each article’s title and abstract were 
screened for relevance to the investigation of physiological and behav
ioral indicators of stress in the workplace. Forward and backward 
snowballing methodology was also applied to capture all indicators of 
stress. It is worth noting that the list of indicators focuses on those that 
are feasible for the assessment of office workers’ stress specifically. This 
is in contrast to non-feasible stress assessment methods for the office 
context include Functional Magnetic Resonance Imaging (fMRI), which 
requires special medical equipment, and the use of GPS data, which is 
not effective at the building scale. The table also details the primary 
study parameters used by researchers to determine stressful conditions 
and the most common data collection methods. The general behavior of 
each indicator is also described. Finally, the pros and cons of using each 
signal for stress detection and monitoring among office workers are 
presented. 

2.3. How does indoor environmental quality (IEQ) affect office workers’ 
environmental stress levels? 

To answer this question, a literature review using the PRISMA 
framework [37] was performed to understand the effects of the IEQ 
parameters on the stress levels of office workers. Web of Science and 
PubMed databases were searched for articles published in peer-reviewed 
journals, books, and conference proceedings. The search did not include 
any time restrictions. The search was based on keywords (TS = Topic) 
using TS= (office OR workplace) AND TS= (*stress*) AND TS= (IEQ OR 
indoor environment OR indoor environmental quality). Each article’s 
title and abstract were screened based on their relevance to the effect of 
different indoor environment quality on the environmental stress of 
office workers. A total of 59 articles were relevant. Next, a full paper 

screening was performed. Only papers presenting a causal or correla
tional analysis of IEQ influence on human stress in the office environ
ment were included in our review. Forward and backward snowballing 
methodology was also applied to capture papers missed by the initial 
search. The final number of articles included to answer this question was 
34. Table 2 presents a summary of these findings and key considerations 
are summarized below. 

Ambient acoustic noise characteristics have various effects on 
workers’ stress levels. Unpredictable noise (e.g., telephone rings, email/ 
message notifications) is associated with increased levels of stress [13], 
and uncontrollable noise (e.g., background speech) leads to psycholog
ical tension resulting in elevated cortisol levels [54]. On the other hand, 
steady and constant noise is considered less frustrating and easier to get 
used to, which explains why white noise has been recommended as a 
masking sound to lessen the intelligibility level of intrusive speech in 
open-plan offices [55]. Although the dominant theory revolves around 
noise having a detrimental impact on workers’ performance, psychol
ogy, and physiology [56], some studies found that an appropriate noise 
level matched to personal preferences can ease the anxiety that may 
result from silence. For instance, participants exposed to white noise at 
45 dB showed lower electrodermal activity levels, thus indicating lower 
stress levels than those exposed to silence [57]. 

Thermal conditions in the workplace represent another major 
environmental stressor for office workers. Several studies have exam
ined the effect of ambient air temperature in office settings on stress 
levels. For instance, Lan and Lian [58] found that participants presented 
more psychological tension and mood disturbance at 28 ◦C compared to 
21 ◦C. On the other hand, Sepehri et al. [59] showed that ambient 
temperatures below 22 ◦C can cause a substantial increase in respiration 
rate, electrodermal activity, and skin temperature, which indicates 
elevated stress. Given that thermal preferences vary among office 
workers, control over the temperature–whenever possible–is preferred 
to ensure comfortable work conditions and, as such, reduce the stress 
associated with adverse environmental stimuli [60]. 

Lighting has numerous components that impact office workers’ 
stress, each influencing physiological and psychological states differ
ently. Poor distribution of light on vertical surfaces can create glare on 
computer screens, which leads to uncomfortable work settings and 
increased stress levels among office workers [61]. Color-correlated 
temperature is a metric used to describe the color of the light emitted 
by a source in degrees of Kelvin, with low Kelvin values indicating a 
warm yellow/red color and high Kelvin values indicating white/blue 
colors [62]. The literature suggests that low levels of color-correlated 
temperature provide a sense of relaxation for office workers within 
their workspace [63]. Illuminance has been associated with visual 
comfort. A cross-sectional study that included 464 full-time office 
workers found that non-comfortable illumination levels (e.g., too bright) 
increased self-reported annoyance and stress levels [6]. Finally, studies 
have shown that workers prefer to work in offices with access to natural 
light instead of electric lighting. In an experimental study, Ergan et al. 
[64] found that participants exposed to natural light showed lower 
electrodermal activity levels and reported lower subjective stress levels 
compared to participants who were not subjected to natural light. 

Air quality has been identified as causing stress among office 
workers. In a laboratory study conducted by Choi et al. [65], partici
pants demonstrated high beta-wave activity in the temporal lobe when 
they were exposed to air pollutants suggesting high environmental stress 
levels. Furthermore, Tu et al. [66] found that when carbon dioxide 
concentration increased from 8000 to 12,000 ppm, participants reported 
higher rates of headache and fatigue along with an increase in blood 
pressure indicating a higher level of stress and arousal. Thus, proper 
ventilation is a necessity in office spaces. In a comparative analysis of 
four buildings with different ventilation systems, Kamaruzzaman and 
Sabrani [67] showed that high indoor air quality maintained through 
adequate ventilation systems reduces self-reported stress levels among 
office workers. 
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Table 2 
Studies examining the effect of IEQ parameters on the environmental stress of office workers.  

Paper Stress Assessment 
Method 

Physiological/ 
Behavioral Signals 

IEQ Parameters 
Under Study 

Type of Study Participant 
Number 

Results 

[70] Questionnaires – Lighting Experimental 24 High CCT (6500 K) reduces stress levels 
[71] Physiological HR Noise Experimental 25 Low-frequency multi-tonal noise, and low-frequency 

stationary noise with regular amplitude modulation results 
in increased heart rate 

[66] Physiological HR, BP IAQ, Temperature Experimental 30 Blood pressure increases at a CO2 level of 12,000 
[72] Physiological BP IAQ Experimental 22 When the operative temperature increased from below 

20.5 ◦C-25 ◦C, systolic blood pressure and diastolic blood 
pressure decreased 

[73] Questionnaires, 
Physiological 

HR IAQ Experimental 4 Elevated CO2 concentration leads to changes in heart rate 
variation, and an increase of peripheral blood circulation. 

[6] Questionnaire – IAQ, Temperature, 
Noise, Lighting 

Observational 464 Higher satisfaction levels of perceived air quality, thermal 
comfort, noise, and lighting, were significantly associated 
with a reduction in stress at work. 

[74] Physiological, 
Questionnaire 

HR, ST, EDA Lighting Experimental 15 There was no significant change in physiological stress 
indicators or subjective perceived stress between static 
lighting and dynamic lighting conditions 

[5] Questionnaire – Temperature, IAQ Observational 19 A ML model reached an 88% accuracy detecting stress using 
environmental temperature, humidity, air pressure, and 
CO2 data 

[58] Questionnaire – Temperature Experimental 21 Participants presented more psychological tension and 
mood disturbance at 28 ◦C compared to 21 ◦C 

[65] Physiological, 
Questionnaire 

BEA Temperature, IAQ, 
Noise 

Experimental 12 Occupants’ stress was maximized when they were exposed 
to a temperature of 30 C, odor irritants (VOCs) and to road 
traffic noises 

[63] Questionnaire – Lighting Experimental 56 2700K color-correlated temperature provides a sense of 
relaxation for office workers 

[75] Physiological HR, EDA Lighting Experimental 72 Participants showed a larger decrease in heart rate while 
exposed to a façade with non-uniform distribution of 
openings, in comparison to venetian blinds 

[76] Questionnaire – IAQ, Lighting Observational 779 Stress is associated with self-reported physical symptoms 
caused by the physical environment 

[77] Questionnaire – Noise Observational 128 Lower levels of ambient noise were found to buffer the 
negative impact of psychosocial job stress upon job 
satisfaction, well-being, or organizational commitment 

[49] Hormone test Cortisol, 
Catecholamines 

Noise Experimental 47 There was no statistically significant effect of noise on the 
stress hormones. 

[78] Questionnaire – Noise Observational 145 Enhanced acoustical conditions (absorbing tiles & wall 
absorbents) were associated with lower cognitive stress 

[50] Hormone test Cortisol, 
Catecholamines 

Noise Experimental 38 Hearing impaired participants showed higher stress 
hormone levels during the high noise compared to the low 
noise condition 

[79] Questionnaire – IAQ, Noise, 
Lighting 

Observational 1830 The results indicate that poor air quality and noise affect the 
mental state of office workers and increase their stress 

[80] Physiological, 
Questionnaire 

Cortisol, BP, HR IAQ Experimental 10 Inhaling emissions of volatile constituents from cedar timber 
showed no significant effect on the psychological and 
physiological factors 

[64] Physiological, 
Questionnaire 

BEA, EDA, BP, MT Lighting Experimental 40 Poor lighting leads to increased psychophysiological stress 
arousal 

[81] Physiological, 
Behavioral 

BEA, HR, MT, ST, 
EDA, BP 

Temperature, Noise Experimental 35 In the presence of high noise levels, the rise in air 
temperature aggravated the mean value of 
neurophysiological responses. 

[54] Hormone test, 
physiological 

Cortisol, HR, BP Noise Experimental 59 Working during speech background noise leads to elevated 
HRV LF/HF ratio with time and increased cortisol levels 

[57] Physiological EDA Noise Experimental 39 White noise level at 45 dB resulted in reduced electrodermal 
activity in comparison to ambient noise and white noise at 
65 dB 

[59] Physiological BP, HR, ST, EDA Temperature Experimental 24 Blood pressures, heart rate, galvanic skin response, and 
respiration rate increased as the air temperature decreased 

[82] Physiological BEA, HR Noise Experimental 12 Heart rate and heart rate variability increased significantly 
in a louder noise condition 65 dB(A), in comparison to a 45 
dB condition. 

[83] Physiological, 
Hormone test 

MT, BP, HR, Cortisol Noise Experimental 10 Simulated open-plan office noise at 65 dB has no effect on 
the physiological state of people 

[84] Physiological, 
Hormone test 

HR, BP, Cortisol Noise Experimental 10 Reductions in HRV (LF and RMSSD) were observed during 
noise exposure. No significant changes in blood pressure, 
salivary cortisol or amylase were observed. 

[85] Questionnaire – Lighting Experimental 64 There was an association between reduced job stress severity 
and direct lighting 

[86] Questionnaire – Temperature Observational 46 Perceived thermal comfort was associated with employees’ 
stress 

[87] Questionnaire – Lighting Experimental 90 There was no difference in job stress between a parabolic 
downlighting system and a ceiling suspended, lensed- 
indirect up lighting system 

(continued on next page) 
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Finally, studying environmental stress relative to IEQ among office 
workers should not be restricted to traditional office spaces. A recent 
study that investigated the influence of IEQ on workers’ well-being 
during the work-from-home period due to the COVID-19 pandemic 
concluded that mental stress, rumination, and worry were predicted by 
low satisfaction levels with noise and indoor air quality [68]. Further
more, Bergefurt et al. [69] found that while working from home, low 
levels of stress were significantly predicted by higher satisfaction with 
indoor thermal conditions. 

2.4. How does interior design affect office workers’ environmental stress 
levels? 

To answer this question, a literature review using the PRISMA 
framework [37] was performed to examine the effect of interior design 
on occupants’ stress levels. Web of Science and PubMed databases were 
searched for articles published in peer-reviewed journals, books, and 
conference proceedings. The searches did not include any time re
strictions. The following query (office OR workplace) AND (*stress*) 
AND (design* OR indoor). Each article’s title and abstract were screened 
based on their relevance to the effect of different interior design pa
rameters on the environmental stress of office workers. 104 articles were 
relevant. Next, a full paper screening was performed. Only papers pre
senting causal or correlational analysis on the influence of interior 
design parameters on human stress in the office environment were 
included in our review. Forward and backward snowballing methodol
ogy was also applied to capture papers missed by the initial search. The 
final number of articles included to answer this question was 29. A 
standardized form was used to gather information from each paper. 
Table 3 presents a summary of these findings and key considerations are 
summarized below. 

Finishing materials and furniture are primary components of the 
interior design of office spaces linked to workers’ environmental stress 
levels. Visual stimulation from wood wall panels has been found to 
result in lower tension and fatigue compared to non-wooden indoor 
environments, such as white steel panels or painted plaster [89] When 
working in wooden rooms, workers show lower heart rate and heart rate 
variability, which indicates a more relaxed state [7]. In a similar study, 
salivary cortisol concentration was lower in workers engaging in an 
office-like environment with oak wood furniture than when engaging in 
spaces with non-wood furniture [90]. Uncomfortable chairs and work
stations are considered ergonomic stressors, and low satisfaction with 
the workstation’s ergonomic setup is associated with elevated levels of 
distress [79]. Among all office furniture studies, sit-stand desks have 
been a predominant focus of recent investigations on the perceived 
stress levels of workers, mostly failing to identify any difference between 
effects on stress levels between standard and sit-stand office desks [91, 
92]. 

Personal control over the indoor environment moderates the psy
chological stress associated with negative environmental stimuli. Most 
studies in this area have focused on the consequences of privacy and 

work satisfaction based on control of an ergonomic office setup, as these 
factors relate to workers’ psychological stress [93]. Paciuk [94] postu
lated that a work environment should be adjustable and provide the 
worker with the flexibility to adapt to different work needs, re
quirements, and conditions. To that end, Huang et al. [95] found that 
providing office workers with control over the ergonomic settings of 
their workstations allowed them to use their workspace more effec
tively, resulting in better performance, environmental satisfaction, and 
communication with their peers. These positive outcomes were associ
ated with reduced psychological stress reactions. In another study, 
Robertson and O’Neill [96] demonstrated that more adjustable features 
in a workstation resulted in enhanced group collaboration, decreased 
stress, and limited physical health problems. 

Office interior color is another factor that can influence workers’ 
moods and stress levels. This influence is thought to be based on syn
esthesia, which occurs when people experience one of their senses 
through another [97]. For instance, some color-related literature argues 
that red is often associated with anger, aggression, and anxiety, while 
blue is associated with tranquility and calmness [98]. Such conclusions 
were further supported by an experimental study by Kwallek et al. [99] 
that showed office workers who worked in a red room had higher anx
iety and stress levels than those who worked in a blue room. Another 
study examining virtual work environments showed that incorporating 
dark-colored surfaces increased stress levels [64]. 

Office layout choices relative to a workspace’s physical and social 
use are also important. Open-plan offices are often associated with 
increased noise levels, lack of privacy, and inability to control the indoor 
environment [100], all of which tend to be related to increased envi
ronmental stress levels. For instance, Sander et al. [88] showed that the 
auditory environment of open-plan offices reduces psychological 
well-being compared to a quieter, private office acoustic environment. 
Furthermore, Rashid et al. [101] argue that uncontrollable visual and 
physical work settings in open-plan offices negatively affect employees 
by decreasing their concentration and increasing their stress levels, thus 
leading to degraded productivity. These results were further supported 
by Haapakangas et al. [102] who found that work distractions caused by 
the layout of open-plan offices are a central source of environmental 
stress. Similarly, sharing the workspace with other adults or children 
while working from home during the COVID-19 pandemic was consid
ered a major environmental distractor associated with stress [103]. 

Finally, access to natural views and nature integration in office 
spaces are two interior design parameters that have benefits in moder
ating and reducing office workers’ stress levels while working. These 
effects have been supported by the stress reduction theory [104], which 
states that exposure to natural elements leads to a positive emotional 
state and promotes recovery by easing the alert state following a 
stressful situation. More insights about this theory are discussed in 
question 5. 

Table 2 (continued ) 

Paper Stress Assessment 
Method 

Physiological/ 
Behavioral Signals 

IEQ Parameters 
Under Study 

Type of Study Participant 
Number 

Results 

[67] Questionnaire – IAQ Observational 394 High indoor air quality maintained through adequate 
ventilation systems reduces self-reported stress levels among 
office workers 

[88] Questionnaire, 
Physiological, 
Behavioral 

HR, EDA, Facial 
expressions 

Noise Experimental 40 Open plan office noise reduces the psychological stress, 
increases heart rate, and increases phasic skin conductance 

[68] Questionnaire – IAQ, Temperature, 
Noise, Lighting 

Observational 988 Low satisfaction with indoor air quality and noise predicts 
higher levels of mental stress, rumination, or worry 

[69] Questionnaire – IAQ, Temperature, 
Noise, Lighting 

Observational 393 Low levels of stress were significantly predicted by higher 
satisfaction with indoor thermal conditions 

HR: Heart Rate, BP: Blood Pressure, ST: Skin Temperature, EDA: Electro-Dermal Activity, BEA: Brain Electrical Activity, MT: Muscle Tension, RR: Respiration Rate. 
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Table 3 
Studies examining the effect of interior design parameters on the environmental stress of office workers.  

Paper Stress Assessment 
Method 

Physiological/ 
Behavioral Signals 

Interior Design 
Parameters Under 
Study 

Study Type Participant 
Number 

Results 

[7] Physiological BP, EDA, HR, ST Finishing Material Experimental 20 When working in wooden rooms, workers show lower heart 
rate and heart rate variability, which indicates a more relaxed 
state 

[90] Physiological HR, Cortisol Furniture Experimental 61 Salivary cortisol was lower in workers engaging in an office- 
like environment with oak wood furniture than when engaging 
in spaces with non-wood furniture 

[105] Physiological EDA, HR Distance to 
Window 

Experimental 32 Decreases in physiological stress levels were found when 
participants were closer to the window 

[106] Questionnaire – Natural Views Experimental 86 The reports from participants regarding perceived stress level 
did not show a significant difference between having and not 
having a window with natural views 

[107] Physiological, 
Questionnaire 

BEA, HR, EDA Natural Views Experimental 30 Viewing green space through a high-rise window resulted in a 
significant increase in alpha wave power and a significant 
decrease in the skin conductance. 

[99] Questionnaire – Colors Experimental 36 Office workers who worked in a red room had higher anxiety 
and stress levels than those who worked in a blue room 

[89] Physiological, 
Questionnaire 

BP Finishing Material Experimental 14 Visual stimulation from wood wall panels has been found to 
result in lower tension and fatigue compared to non-wooden 
indoor environments 

[108] Physiological, 
questionnaire 

MT, BP, BEA Natural Views, 
Biophilic Design 

Experimental 38 When neither the window view nor the indoor plants were 
shown, participants suffered the highest degree of tension and 
anxiety 

[95] Questionnaire – Personal Control Observational 89 Providing office workers with control over the ergonomic 
settings of their workstations reduced psychological stress 

[109] Questionnaire – Biophilic Design Experimental 385 Window scenes and the presence of indoor plants can 
significantly reduce the psychophysiological arousal 

[110] Hormone test, 
physiological 

HR, Cortisol Office Layout Observational 60 Individuals in old offices had lower HRV at night, and a larger 
rise in cortisol upon awakening compared with those in 
renovated (more illuminance, lower noise) office spaces 

[111] Questionnaire – Natural Views Observational 931 Office workers with forest views reported lower job stress in 
comparison to workers without the forest views 

[79] Questionnaire – Furniture Observational 1830 Uncomfortable chairs and workstations are considered 
ergonomic stressors, and is associated with elevated levels of 
distress 

[64] Physiological BEA, EDA, BP, MT Colors Experimental 40 Dark-colored surfaces in an office space increased stress levels 
[96] Questionnaire, 

Interviews 
– Personal Control Experimental 40 More adjustable features in a workstation resulted in enhanced 

group collaboration, decreased stress, and limited physical 
health problems 

[112] Physiological BEA, EDA, BP Biophilic Design Experimental 30 Viewing blue and purple flowers resulted in a significant 
increase in alpha relative waves, and a significant increase in 
parasympathetic nervous activity. 

[113] Physiological, 
Questionnaire 

HR, EDA, BP Biophilic Design Experimental 100 Biophilic indoor environments had consistently better 
recovery responses after stressor compared to those in the non- 
biophilic environment. 

[114] Physiological, 
Questionnaire 

HR, EDA, BP Biophilic Design Experimental 28 Biophilic elements led to a drop of 8.6 mmHg in systolic and 
3.6 mmHg in diastolic blood pressure resulting in reduced 
stress 

[8] Physiological, 
Questionnaire 

BP, BEA Biophilic Design Experimental 50 Observing indoor ornamental plants in a working environment 
for 5 min can decrease mental stress by enhancing brainwave 
activity and lowering anxiety. 

[115] Physiological, 
Questionnaire 

HR Biophilic Design Experimental 63 Gazing intentionally at nearby plants on a daily basis in the 
work environment can reduce the psychological and 
physiological stress of office workers. 

[116] Physiological HR Biophilic Design Experimental 24 Active interaction with indoor plants reduces psychological 
stress and results in reduction of total log [LF/(LF + HF)] 

[117] Physiological HR, BP Office Layout Observational 231 Workers in open bench seating experienced lower perceived 
stress at the office than those in cubicles 

[118] Physiological HR, BP, SC Biophilic Design Experimental 30 Biophilic interventions reduces physiological (heart rate, 
blood pressure) and psychological stress 

[119] Questionnaire – Biophilic Design Observational 565 A greater amount of indoor nature contact at work was 
significantly associated with less job stress 

[88] Questionnaire, 
Physiological, 
Behavioral 

HR, EDA, Facial 
expressions 

Office Layout Experimental 40 The auditory environment of open-plan offices reduces 
psychological well-being compared to a quieter, private office 
acoustic environment 

[91] Hormone test, 
Physiological 

HR, Cortisol Furniture Experimental 18 No differences in stress noted between standard and sit-stand 
office desks 

[92] Questionnaire – Furniture Experimental 18 No differences in stress noted between standard and sit-stand 
office desks 

[102] Questionnaire – Office Layout Observational 158 Work distractions caused by the layout of open-plan offices are 
a central source of environmental stress 

[103] Questionnaire – Office Layout Observational 209 Sharing the workspace with other adults or children while 
working from home was considered a major environmental 
distractor associated with stress 
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2.5. How can nature contact reduce stress or promote stress recovery 
among office workers? 

In addition to removing direct environmental stressors, it is also 
important to dedicate efforts toward environmental solutions that pro
mote stress recovery, that is, assisting workers in returning to baseline 
psychophysiological conditions after experiencing a stressor. Stress 
Reduction Theory (SRT), proposed by Ulrich et al. [104] suggests that 
nature-related settings can facilitate stress recovery. This theory is 
supported by evolutionary perspectives suggesting that our early human 
ancestors have formed a predisposition towards natural elements such as 
plants and water to help them survive. However, human-nature inter
action is greatly limited in contemporary social life due to urbanization 
and modern lifestyle [120]. As people spend 90% of their time indoors 
[121], new efforts have been made to incorporate natural features into 
buildings. This concept, known as biophilic design, provides building 
occupants with essential exposure to nature. Building professionals 
–practitioners and researchers– aware of its importance have been 
pushing toward adopting biophilic design in office spaces [16]. The 
literature provides a range of studies discussing biophilic design’s pos
itive effects on workers’ cognitive performance, health, and well-being 
[120]. More specifically, research shows that nature contact can 
actively help office workers recover from work stress [122]. 

Biophilic design includes many naturistic features (e.g., lighting, 
fresh air, water, plants, animals) and can be achieved through visual, 
auditory, and olfactory stimuli [120]. For example, biophilic office en
vironments with stress recovery effects can be created by visual stimuli, 
including not only live plants but also greenery scenes displayed through 
projection and artworks [123,124]. Auditory stimuli can be achieved by 
playing ambient sounds, such as wind, streams, birds, and chirping 
crickets [125,126]. Olfactory stimuli can reduce stress but are less often 
incorporated in the biophilic design of office spaces [120]. Aroma
therapy using essential oils is widely used for olfactory interventions in 
other settings [127]. For example, lavender has been reported by many 
researchers as a sedative odor with the capability to reduce mental 
stress, demonstrated by decreased heart rate and skin conductance 
[128]. Other scents, such as odors from herbs, fruits, flowers, leaves, and 
woods, can support stress reduction, considering the pleasantness, 
happiness, and calmness induced by the scent [129]. 

Although biophilic design can be beneficial, there are potential 
limitations and negative consequences. Visual and auditory stimuli may 
interrupt office workers’ tasks and disturb productivity or workflow. 
Olfactory stimuli added to an environment can negatively impact indoor 
air quality, and certain scents that may help some workers feel less 
stressed may harm others, such as those with sensitivities to fragrances 
[130]. In an ongoing experimental study by our research team, we found 
that the stress recovery effect of bergamot scent depends on gender; the 
change in heart rate variability revealed that bergamot scent increased 
stress among males but not among females [131]. Particular elements of 
a natural scene may also determine the effect on stress; for example, a 
moderate density of tree cover may be better for stress recovery than low 
or high density [132]. However, like the effect of scent, this may also 
vary across individuals; while an inverted-U shape stress recovery 
function was observed for men, there was no relationship between the 
density of tree cover and stress recovery among women. 

Most studies examining sensory experiences have focused on one 
stimulus at a time for stress recovery, disregarding the fact that humans 
perceive their surroundings as a multisensory experience. Hedblom et al. 
[133] argue that incorporating olfactory stimuli into auditory and visual 
features enhances the overall stress recovery effects due to the potential 
multisensory benefits. Similarly, other researchers show that adding 
birds or water sounds to visual nature features can strengthen the re
covery effects of human-nature interactions [49,134]. 

2.6. How can virtual spaces assist in understanding and reducing 
environmental stress? 

The recent pandemic forced many organizations and workers to 
conduct work remotely from their homes to control the spread of the 
virus. In their study, Xiao et al. [135] suggest that a successful 
work-from-home strategy necessitates a healthy separation between the 
home environment and its distractions while still working at home. 
Remote, telework, and hybrid work arrangements are likely to continue. 
There is a need for a solution that appropriately supports these emerging 
work arrangements that separate home life from work life while 
providing social interaction and collaboration opportunities with 
co-workers. One solution is the use of virtual workspaces. Virtual Reality 
(VR) creates an immersive experience allowing workers to, perceptually 
and psychologically, leave their physical home environment and enter 
their virtual office space [136]. The Metaverse made headlines in 2021 
following the pandemic work disruption. The Metaverse office is a vir
tual office space that mimics the physical office space, where office 
workers can virtually meet, work, and collaborate [137]. 

Like the physical space, the virtual space can have significant psy
chophysiological effects on office workers [138]. Researchers have been 
studying how the architectural design of virtual spaces can affect envi
ronmental stress. VR enables researchers to manipulate architectural 
components that are not easily adjustable in a physical office space (e.g., 
walls, color, finishing material). For instance, Yeom et al. [139] tracked 
the psychological and physiological responses of 27 subjects when the 
wall in their VR environment changed from non-green to small and large 
green wall conditions. The results showed that the small green wall 
condition resulted in lower self-reported stress levels and decreased 
electrodermal activity compared to the large green wall condition. 

Importantly, VR allows for examining the combined effects of mul
tiple IEQ and interior design features on the environmental stress 
experience. For instance, Ergan et al. [140] used VR to show that spaces 
with natural daylight, accompanied by a standard level of luminance 
and bright colors on the interior walls led to relaxation, reduced elec
trodermal activity, and more stable heart rate variability. In another 
example, Zhang et al. [141] examined the simultaneous effect of room 
size, ceiling height, light temperature, visual complexity, room layout 
symmetry, window-to-wall ratio, window aspect ratio, finish color 
scheme, and spatial alignment, by creating 32 VR rooms with different 
design attributes. The authors used the Perceived Restorativeness Scale 
(PRS) by Hartig et al. [142] to subjectively assess the stress recovery 
capacity of the different VR rooms. Their results suggest that the main 
effects of window aspect ratio, room size, and light temperature and the 
2-way interaction effects of ceiling height with window-to-wall ratio, 
room size with finish color scheme, room size with visual complexity, 
and light temperature with window aspect ratio were significantly 
beneficial to the recovery experience. 

VR also provides a reliable method for nature access. 3-D simulated 
virtual environments allow office workers to engage in an immersive 
experience of nature [133]. Several studies have examined the effec
tiveness of virtual offices with biophilic design features in reducing 
stress among office workers [113,118]. The results suggest that virtual 
offices with plants, water, biomorphic materials and shapes, nature 
views through windows, natural lights, furniture, and decorations with 
patterns analog to nature help reduce work stress. Yin et al. [143] 
replicated a real biophilic office environment into virtual reality and 
found that the virtual office can trigger similar psychological and 
physiological responses as the real office. 

HR: Heart Rate, BP: Blood Pressure, ST: Skin Temperature, EDA: Electro-Dermal Activity, BEA: Brain Electrical Activity, MT: Muscle Tension, RR: Respiration Rate. 
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2.7. What personal and demographic factors impact environmental stress 
among office workers? 

A plethora of research studies have examined relationships among 
environmental discomfort, unhealthy indoor conditions, and environ
mental stress [59,75,80,144]. Workers’ characteristics are critical to 
how the physical office environment is perceived as comfortable or 
healthy and, as such, the overall environmental stress experience [5, 
145]. Mahbub and Zimring proposed a conceptual framework explain
ing that stress develops when individual needs for comfort and health 
are thwarted by offices’ environmental features [13]. This framework 
accounts for personal differences and suggests that motives, attitudes, 
and demographic factors present a moderating effect between individual 
needs and environmental stress. Despite the lack of studies examining 
the direct relationship between personal characteristics and environ
mental stress, several researchers have investigated the impact of indi
vidual factors on comfort, health, and physiological responses. 

Gender and/or biological sex may be important demographic fac
tors that contribute to different experiences in the physical office space 
[146]. Self-report of stress, comfort, and other factors may be influenced 
by gender, such as the fact that women are socialized to be more 
comfortable expressing negative emotions than men (except anger), and 
they can experience additional stress from engaging in emotional sup
pression. In addition to differential experiences (or reporting) of stress 
based on gender, Havenith and Middendorps [147] argue that differ
ences in responses to temperature (i.e., heat strain) could also (at least in 
part) be caused by differences in physiology based on biological sex. 
They report that psychophysiological responses to warm and cold are 
related to the percentage of body fat and the surface-to-mass ratio. This 
sex difference may also impact other physiological measures, such as 
pulse rate. In one study, females exhibited significantly lower pulse rate 
during cold stress in comparison to a thermally comfortable state, while 
male pulse rates did not exhibit any changes with temperature variation 
[148]. Gender also affects the environmental stress caused by noise and 
lighting. Abassi et al. found that the noise-induced stress effect in 
women was more intense than in men. Their results showed that a 
combination of increased noise level and workload resulted in increased 
LF/HF (a frequency domain HRV metric) compared to men indicating 
higher stress [149]. In another study, it was found that women showed 
significantly lower heart rate levels compared to men when placed in a 
room with an illuminance of 325 lux and a color temperature of 3400 K 
[150]. Future work examining environmental stress in office settings 
must measure biological sex and gender to arrive at nuanced un
derstandings and conclusions. 

Age is another demographic factor that affects environmental stress 
experiences. Older individuals prefer higher ambient temperatures due 
to their lower activity level and metabolic rate compared to young 
adults [151]. Carrillo et al. [152] found that during a heat wave, older 
individuals showed less change in heart rate variability compared to 
young individuals. Their analysis suggests that the younger age group 
experienced greater sympathetic activity during the heat stress period 
than the older group, suggesting higher physiological stress. High illu
mination in offices was found to induce physiological arousal among 
older employees but resulted in a relaxing atmosphere for young office 
workers [153]. Another study found that cortisol levels were increased 
among old individuals compared to the young when exposed to 
blue-enriched white light [98]. 

Other personal factors, such as thermal adaptation and personality, 
have been found to affect the perception of the indoor thermal envi
ronment. Luo et al. [154] have shown that subjects living in a cold 
climate presented a decreased range of physiological responses when 
exposed to cold indoor environments, indicative of the physiological 
acclimatization to this thermal stressor. Clothing level is another factor 
that affects the thermal sensation. Usually, differences between gender 
in terms of thermal comfort, have been explained in terms of clothing 
differences. For example, this fact has pushed the Government of Japan 

to introduce cool biz and warm biz initiatives in 2005 allowing office 
occupants to wear flexible clothing in summer and winter [155]. 

Kallio et al. [5] concluded that extroverted office workers are more 
likely to be stressed by uncomfortable IEQ. Other research has demon
strated that introverted workers care primarily about privacy and per
sonal space [156], while extroverted workers appreciate and feel less 
pressured by direct communication with co-workers than introverted 
workers; thus, extroverted workers do better in open-plan offices [157]. 
Lastly, in a controlled laboratory experiment, in a low-intensity noise 
environment, neurotic (personality dimension) participants felt more 
noise annoyance and more distress than non-neurotic individuals [158]. 

In summary, studies have demonstrated the significance of de
mographics and personal factors such as gender, age, and personality in 
shaping the environmental stress experience. However, more research 
remains necessary to determine the interaction effect among these fac
tors on the environmental stress level of office workers. 

2.8. How can office environments assist people with sensory processing 
differences in reducing environmental stress? 

Sensory processing disorder is defined as “a disruption in the orga
nization of sensory input, which shapes our perception of the world and 
impacts our responses to it” [159]. Statistics show that 5%–16.5% of the 
general population have some type of sensory processing disorder [160]. 
Such occurrences are even higher among the neurodivergent popula
tion, such as individuals with ASD (Autism Spectrum Disorder) or ADHD 
(Attention Deficit Hyperactivity Disorder) [160]. Unfortunately, the 
neurodivergent population remains significantly underrepresented in 
the workplace with a low employment rate [161,162], and the lack of a 
supportive physical work environment is a major cause [163]. 

People with sensory processing differences usually find it chal
lenging to adapt to the work environment in a typical office space [164]. 
Failing to cope with the environmental stimuli can cause alarm and 
stimulation leading to distress. People with sensory differences can feel 
overwhelmed by coworkers, agitated by uncontrollable noise, annoyed 
by bright or flickering lights, startled by the texture of their surround
ings, or even uncomfortable with intense odors [165]. Clements-Croome 
et al. [166] argue that designing better indoor environments requires a 
comprehensive analysis of the multi-modal sensory relationship be
tween occupants and their spaces. In a recent study conducted by Can
iato et al. [167], it was found that uncomfortable acoustic conditions 
significantly increased environmental stress among individuals with 
ASD. Other environmental parameters (thermal and visual conditions 
and indoor air quality) were less disturbing but also induced environ
mental stress. Furthermore, the authors highlighted that acoustic 
sensitivity depended on the severity of autism, which was higher when 
the autism severity was higher. 

Several accommodations can be made to create inclusive offices 
where people with sensory differences can thrive. These accommoda
tions can reduce the distress associated with environmental stimuli 
[168]. For instance, providing indoor break rooms in workspaces to 
disconnect from uncomfortable environmental conditions can facilitate 
the recovery of personal resources (mood, fatigue, arousal) and hence 
decrease the stress level [169]. To help people with fragrance sensitivity, 
it is recommended to maintain good indoor air quality through proper 
ventilation and air purification systems [170]. People with a sensitivity 
to light should have access to personalized lighting control systems to 
adjust the brightness and color temperature to their preferences. When it 
comes to noise, installing sound absorption panels or sound masking 
systems is important to reduce annoyance caused by distracting sounds 
[171]. On the other hand, utter silence can also be disturbing for some. 
In fact, research shows that people with sensory differences show higher 
cognitive capabilities and are less stressed when exposed to white noise 
[172]. 

Despite the extensive research conducted around sensory processing 
disorders and a substantial number of studies examining the effect of the 
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physical workspace on the general population, systematic research that 
links both areas remains limited [164]. However, the debate around 
redesigning the physical workspace to include people with sensory dif
ferences is now gaining importance. 

2.9. How can technologies be leveraged to establish stress-recovery smart 
offices? 

The concept of smart spaces has been gaining traction in the last 
decade. Smart indoor environments are equipped with technological 
systems to automatically adjust indoor environmental settings to opti
mize a particular goal [173]. In office settings, researchers have focused 
on establishing automated systems that control personal equipment (e. 
g., fans, windows, blinds, heaters) to maximize comfort among office 
workers [174] or reduce energy consumption [175]. However, an op
portunity exists to establish smart offices that aim at lowering work and 
environmental stress among office workers through the lens of the stress 
reduction theory. 

With the rapid technological advancements, researchers strive to use 
Machine Learning (ML) models for a scalable, continuous, accurate, 
automated, and early detection of stress. ML algorithms employ math
ematical computations to analyze physiological and behavioral data and 
identify the stress levels of an office worker. The main goal of these 
algorithms is to maximize the accuracy of the stress detection model, i. 
e., the ability of the model to identify a stressed worker correctly. The 
literature provides a wide range of studies that have successfully 
established ML automated systems for stress detection purposes [176]. 

These systems can be installed to inform smart offices about the 
appropriate indoor environmental intervention necessary to maintain a 
non-stressful work environment. When the worker feels relaxed, there 
might be no need for environmental intervention. However, when the 
worker is stressed, this system could identify the necessary adjustments 
that bring the worker to a relaxed state. These adjustments –as per the 
stress reduction theory– promote nature contact through auditory (e.g., 
bird sounds, wind sounds, waterfalls, leaves rustling) [125], visual (e.g., 
nature videos, images) [177], or olfactory (e.g., bergamot, wood, grass) 
stimuli [129]. It is important to underscore the opportunities for 
personalization. 

To our knowledge, only one attempt has been made to establish such 
a comprehensive framework. Zhao et al. [178] have presented a 
responsive office that can change its ambiance driven by a group of 
physiological sensors. The office was equipped with a projector where 
different nature scenes were presented according to the personal pref
erences of the worker to restore their stress levels. Additionally, a sound 
system would emit nature sounds to help with recovery. Their results 
show that the responsive office helped office workers double the speed 
of high-stress recovery compared to the baseline condition. 

Nevertheless, such systems are difficult to deploy using the “one size 
fits all” approach to the office environment targeted interventions. 
Personal preferences must be taken into consideration when adjusting 
the indoor environment. Therefore, feedback about the adjustments is 
crucial for effective results; if the worker feels that the adjustments were 
not satisfactory, they should be allowed to send feedback to the auto
mated system signaling that the latest adjustments did not meet their 
expectations for stress recovery. The AI system might look for other 
suitable adjustments by processing this feedback. In summary, the smart 
office can coevolve with the worker to adapt the workspace in a way that 
reduces environmental and work stress and promotes productivity 
through the appropriate interventions, as depicted in Fig. 2. 

2.10. What are the future directions and challenges of environmental 
stress research in offices? 

Despite the research efforts reviewed in this paper, the building 
community lacks well-established design guidelines focused on mini
mizing workplace environmental stress or promoting recovery. General 

healthy building guidelines (e.g., WELL standard [179]) exist, but they 
lack comprehensive design strategies for stress and focus on the overall 
physical, mental, and social well-being of building occupants. To that 
end, interdisciplinary joint efforts between psychologists, architects, 
engineers, and work management professionals are required to integrate 
these research findings into tangible design and operational standards 
that aim at reducing environmental stress and overall work-related 
stress among office workers. Furthermore, in their review of the built 
environment’s effect on mental health, Hoisington et al. [180] argue 
that the general U.S. policy does not fully consider the mental health 
consequences of office space design. Thus, there is a need to engage 
policymakers in the discussion about potential stress-recovery effects of 
the indoor built environment and promote stress-oriented design 
guidelines for buildings in general and offices more specifically. Finally, 
designing stress-recovery smart offices necessitates the expertise of data 
scientists and information technology professionals to establish the 
necessary technological infrastructure and control systems for real-time 
data collection, storage, analysis, and response generation. 

To establish these guidelines, we need a more in-depth analysis of the 
effect of indoor environmental conditions on workers’ stress levels. 
Tables 2 and 3 show that experimental studies are dominant compared 
to real-world observational studies. However, despite their importance, 
controlled experimental studies might not fully represent realistic office 
work, and results from these experiments might not generalize well to 
actual office environments. For instance, lab studies do not reflect on 
prolonged exposure to environmental stressors but rather focus on 
creating intense conditions over short periods. Also, participants are 
usually assigned predesigned tasks to perform during these experimental 
procedures, which do not mimic the dynamics and complexity of office 
work, hence failing to accurately examine the interplay between office 
work and the effect of environmental stressors. In contrast, observa
tional studies allow for mapping the effects of environmental stressors 
over longer periods and under more ecologically valid office work 
conditions. However, as seen in Tables 2 and 3, all observational studies 
rely on the subjective assessment of stress; questionnaires are the most 
convenient means of data collection, whereas collecting objective data 
through sensors requires more resources and might be challenging, 

Fig. 2. Stress-recovery smart office framework.  
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especially for longitudinal studies, nevertheless conducting these 
observational studies might be crucial to understand stress in 
workspaces. 

Furthermore, none of the studies presented in Tables 2 and 3 
examined the effect of the duration or frequency of environmental 
exposure on the environmental stress experience. On that note, several 
research questions can be posed: How do repetitive and long exposures 
to environmental stressors affect the psychophysiological state of office 
workers? Do adaptation and personal resilience play a role in limiting 
the negative impact of long and repetitive exposures to environmental 
stressors? To answer these questions, future research should perform 
intervention studies in real offices; researchers can monitor the envi
ronmental settings (e.g., temperature, lighting) over long periods while 
tracking office workers’ psychophysiological indicators in real-time. 
These studies could also help us understand the interrelation between 
work stress and environmental stress. 

More research is needed to understand how personal and de
mographic factors impact environmental stress among office workers. In 
most of the studies presented in Tables 2 and 3, the authors discuss their 
results but end up mentioning that a major limitation of their work is 
that they are missing the analysis of personal characteristics. A primary 
reason could be that the study of personal differences usually necessi
tates a large number of participants to cover all possible variations and 
reach sufficient statistical power. Also, some populations (e.g., people 
with ASD or ADHD) require special accommodations during data 
collection to ensure they are not overwhelmed by the environmental 
conditions, which makes it difficult to conduct these studies. 

Most studies focus on one environmental factor rather than studying 
the interaction effect of multiple IEQ or design parameters on stress. 
With the recent technological advancements, machine learning tech
niques offer a powerful tool to solve this problem. Using low cost sen
sors, researchers can collect data about the indoor office environment 
and apply machine learning methods to map the indoor environmental 
conditions (IEQ and interior design attributes) to the stress state of a 
worker. To our knowledge, only one study applied such a framework 
[5]. Thus, future research should focus on understanding the indoor 
environment’s collective effect on office workers’ stress. Additionally, 
results from Tables 2 and 3 show that IEQ parameters and interior design 
characteristics are studied separately, however an interactive effect 
between these categories could exist. For example, some materials or 
choice of furniture/carpeting can affect air quality, and the perception 
of IEQ parameters can change with colors or selection of materials 
(wood, vs. metal). Thus, researchers should consider studying the 
interplay effect of IEQ and interior design parameters on environmental 
stress among office workers. 

The literature presents numerous studies that have investigated the 
effect of nature contact via visual, auditory, and olfactory stimuli on the 
work stress of office workers. However, limited attention has been 
allocated to comparing the recovery effects of these different sensory 
stimuli [54]. In addition, future research directions should examine the 
optimal means to integrate recovery interventions without interrupting 
the work. For office workers, preferable stress recovery strategies would 
be those that do not hinder their work progress, especially with the 
pressure of tight deadlines and demanding workload. Therefore, a stress 
recovery environment that does not sacrifice office workers’ produc
tivity should be prioritized. Finally, limited attention has been allocated 
to developing assistive office environments for people with sensory 
difference and sensory disorders. Therefore, future studies with empir
ical data should be conducted to better understand how the indoor office 
environment affects this population. 

Lastly, the literature mainly focused on studying stress among office 
workers working in traditional office spaces. However, the pandemic 
demonstrated the feasibility of working from home, with companies and 
organizations aiming to define the work, workforce, and workplace in a 
new system that recognizes the work as a set of tasks to be achieved 
rather than linking it with a specific location. Thus, future research 

should not limit the study of work and environmental stress to tradi
tional office spaces but identify how workers’ stress varies across 
different workplaces, including virtual workspaces. Additionally, the 
COVID-19 pandemic will have drastic effects on the way we design our 
spaces (e.g., ventilation rates, office spaces distribution, finishing ma
terials, etc.). Thus, researchers should investigate how these changes 
affect occupants’ environmental stress and determine the best design 
practices that reduce environmental stress and transmission of indoor 
diseases. 

Built on what preceded, it is crucial to investigate the economic 
implications of environmental stress at the worker and organization 
levels. Thus, future research directions should aim to better quantify the 
associated financial losses by considering the impact of environmental 
stress on workers’ productivity and absenteeism. On that note, re
searchers should perform a return-on-investment analysis to determine 
the financial feasibility of any solution aiming at reducing environ
mental stress. 

3. Conclusion 

The topic of healthy buildings has recently been gaining momentum, 
even more so during the COVID-19 pandemic. There is particular in
terest in the effect of buildings on the environmental stress of occupants. 
More specifically, companies and researchers are considering how the 
indoor environment of office spaces affects office workers’ stress. As 
outlined in this paper, there is growing evidence that suboptimal IEQ 
and interior design conditions in office spaces result in increased envi
ronmental stress. However, different groups perceive these indoor 
conditions uniquely; gender and/or biological sex, age, and sensory 
needs are personal factors that affect the preferences towards the indoor 
environment and thus can affect environmental stress, but more work 
needs to be done to understand the unique contribution of each factor. 

There remain several challenges and opportunities for environ
mental stress research in offices. Our literature analysis shows a need to 
better understand how different IEQ and interior design conditions 
interact to impact environmental stress. Future research should consider 
how to better design and operate office spaces to reduce environmental 
stress. Stress-oriented design approaches based on the stress reduction 
theory represent a promising solution. However, an interdisciplinary 
effort that brings together building scientists, biomedical scientists, 
psychologists, work management professionals, policymakers, engi
neers, and data scientists would help to establish standardized stress- 
oriented office design and operation guidelines and thereby optimize 
future offices to promote stress reduction and recovery. 
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