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INDOOR ENVIRONMENTAL QUALITY OF THE WORKSPACE AND EMPLOYEES’ 

WELL-BEING 

 

ABSTRACT 

 

The relationship among environmental and social factors within the built environment 

and their influence on workers’ wellbeing is emerging as a new line of inquiry. Further, in light 

of the COVID-19 pandemic, several building standards and certification schemes are now 

increasing their focus on occupant’s health. Assessing the wellbeing of workers requires more 

than the traditional focus on measures of the social/managerial environment and include physical 

attributes of the workspace such as noise, thermal comfort, lighting, and air quality.   

For this study, the Flourishing Index (FI) assessed employees' complete wellbeing and 

examined possible associations with the workplace indoor environmental quality (IEQ), as well 

as effect modifiers and mediators of such association. IEQ sensors installed across office 

buildings were used for IEQ physical measurements while FI and indoor environmental quality 

satisfaction (IEQSat) were obtained through online surveys. 

First, we looked at employees’ IEQSat, IEQ physical measurements, and FI. Participants 

FI score was significantly associated with IEQSat. Participants FI scores increased 

approximately 20% for every 1-point satisfaction increase with workspace noise levels, overall 



iv 
 

air quality, thermal conditions, and natural light. In addition, satisfaction with office air quality 

decreased as CO2 levels increased (β= -0.169, 95% CI: -0.314, -0.025). Moreover, mediation 

analysis shows that workspace CO2 concentration has an indirect effect on FI, fully mediated by 

air quality satisfaction (β= -0.037, 95% CI: -0.078, -0.006). Full mediation or complete 

mediation is the case in which the exposure no longer affects the outcome variable after 

controlling for the mediator.  

Second, we looked at the large shifts in IEQ resulting from work setting changes to detect 

associations between IEQSat factors and wellbeing in panel data. We analyzed the impact of 

each IEQSat factor on distinct and comprehensive aspects of wellbeing. To do so, the study used 

fixed effects models, to control for time-invariant subject characteristics, and FI to assess 

wellbeing comprehensively.  

We found that all IEQSat factors are significantly associated with the FI, as well as the 

domains of “happiness and life satisfaction” (Happiness) and “mental and physical health” 

(Health). The strongest associations were between the aggregated index for IEQSat and 

Happiness (𝛽 = 0.45, 95% CI: 0.27, 0.64) and the aggregated index for IEQSat and Health (𝛽 = 

0.41, 95% CI: 0.22, 0.6).  Additionally, some IEQSat factors were significantly associated with 

other domains of FI, such as noise satisfaction with the FI domain of “Close social 

relationships”. As secondary analysis we explored the moderating effects of socio-demographics 

on Happiness and Health and found several interacting effects. The highest career levels (6+) 

modified the effect of noise satisfaction (𝛽 = 0.62, 95% CI: 0.11, 1.13) and air quality 

satisfaction (𝛽 = 0.47, 95% CI: 0.04, 0.89). For example, for every 1 unit increase in noise 

satisfaction, employees in the highest career level increased their FI by an additional .62 points, 

compared to the lowest career level group (the reference group). Moreover, the association 
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between thermal satisfaction and the Health domain was lower for males (𝛽 = -0.41, 95% CI: -

0.67, -0.15). 

Third, the COVID-19 pandemic redefined the spatial and temporal settings of work, 

forcing a massive shift to work from home. This study drew on data from two company-wide 

surveys conducted in the fall of 2019 and during the summer of 2021, in Bangkok, Thailand.  

Survey 1 represented pre-pandemic baseline data from all employees working in different office 

buildings while survey 2 captured responses from the same employees a year into COVID-19 

disruptions, most of them working from home (WFH) and some of them working from the 

office. We asked employees about IEQSat as well as job resources perception. 

The mediation analysis results showed that the effect of WFH on wellbeing, as measured 

with the FI, is fully mediated via noise satisfaction, air quality satisfaction, and sense of 

belonging at work. In the unadjusted models, the estimate of the natural indirect effect (also 

referred as indirect effect) of noise satisfaction as a mediator was 0.13 (95% CI: 0.04, 0.26). Air 

quality satisfaction as a mediator of the association between WFH and FI resulted in an indirect 

effect of 0.11 (95% CI: 0.03, 0.22). The estimate of the indirect effect for the sense of 

community at work mediator was marginally significant (significant at the 10% level). Sense of 

community at work mediated the association between WFH and FI with an indirect effect of 0.05 

(95% CI: -0.16, 0.01).    

Such results show the need to evaluate a comprehensive set of workplace factors when 

looking at the relationship of work and wellbeing. Future research should focus on a broad set of 

workplace factors and preferably use a longitudinal approach to detect cause-and-effect 

relationships.  
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INTRODUCTION 

 

With individuals in western societies spending around 90% of their time indoors[1] and 

climate change triggering outdoor environmental changes that affect the indoor environmental 

quality (IEQ) [2], the study of the role IEQ plays in human wellbeing is important for protecting 

the public’s health. The health impacts of IEQ are particularly important in occupational settings 

where workers spend over one-third of their waking hours.[3] While valuable information on the 

impacts of workplace IEQ conditions on employee health exists in the scientific literature, some 

relevant gaps still exist. Such gaps have limited companies’ implementation of strategies to 

improve employee wellbeing.  

First, there is more research needed focusing on the study of the associations between 

workplace IEQ physical measurement (IEQPhys) factors, office occupants' IEQ satisfaction 

(IEQSat) factors, and employees’ comprehensive wellbeing. Researchers recommend more focus 

be placed on understanding the effect of indoor environments on wellbeing and the specific 

environmental conditions that drive those effects.[4]  

There is extensive evidence linking noise, indoor air quality, temperature, and lighting to 

specific physical and psychological health outcomes. According to Altamonte et al. [5] and 

Hoisington et al. [6] such physical factors strongly influence occupant perception of built spaces. 

For example, Cedeño et al. found that higher indoor CO2 and PM2.5 levels were significantly 

associated with a decrease in performance of selective attention using Stroop test metrics.[7] 

Regarding noise, Di Blasio et al. found that irrelevant speech increases noise annoyance, 

decreases work performance, and increases symptoms related to mental health in open-plan 

offices.[8] Geng et al. examined thermal environment and occupant IEQ perception along with 
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productivity and found that maximum performance was achieved around 23° C and when 

participants felt neutral.[9] In a literature review of the effects of natural light,  Edwards and 

Torcellini conclude that a pleasant environment created by natural light is beneficial for the 

health, productivity, and safety of building occupants. [10] 

There is substantial evidence showing an association between the physical conditions of 

the work environment and with employee’s mental health, physical health, stress, and 

productivity. What has been missing is a validated, reliable, and straightforward way to measure 

workers’ overall wellbeing. The Flourishing Index  (FI) offers a standardized way to assess an 

individual’s and group/company/community wellbeing more comprehensively than other 

wellbeing related questionnaires.[11] The term flourishing, also referred to as complete human 

wellbeing, is defined as a state in which all aspects of a person's life are good.[12] VanderWeele 

aggregated five domains of human life to derive the FI measure, taking into account domains 

often included in other social wellbeing measures: happiness and life satisfaction, meaning and 

purpose, and close social relationships. This index further captures domains typically left out in 

other wellbeing assessment tools: mental and physical health and character and virtue.[13] The 

FI is a validated tool that is short enough for practical use that can be used to assess office 

employees' wellbeing.[14] [15] 

Second, the outbreak of the COVID-19 pandemic transformed the world’s everyday life, 

with substantial impact on people’s physical, mental, social, and financial welfare. One main 

change was a massive shift to working from home (WFH).[16] Such shift redefined the spatial 

and temporal settings of work, which have been found to be associated with aspects of 

employees wellbeing and productivity.[17] This workspace transformation created an urgency 
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and the opportunity of a natural experiment to strengthen the understanding of the relationship 

between work IEQ and employee FI, as well as each of its domains.  

Moreover, extensive literature has shown moderating effects of sociodemographic 

covariates with workspace IEQ on worker productivity and wellbeing.[18] A study by Cobaleda 

et al. found that individuals’ perception in office evaluations differ based on their age, gender, 

cultural background and personality.[19] For example, females reported higher dissatisfaction 

with noise at the office[20] and reported feeling colder than males.[21] Another study highlights 

that senior employees tend to give higher relevance to the available services at the office and 

have significant differences in preference of the indoor climate.[22] COVID-19 pandemic 

disruption changed work-life routines and presents a ‘natural experiment’ to examine the 

moderating effects of sociodemographic characteristics on the association between IEQSat and 

FI.  

Third, pre-COVID-19 pandemic research highlighted some beneficial effects of WFH on 

employees’ wellbeing due to the flexibility to combine professional and family life as well as the 

ability to adjust the spatial and temporal context of their physical environment to suit their 

needs.[23] However, because the COVID-19 pandemic pushed the adjustments suddenly and 

forcibly, the limits and inflexibilities could negate most of the advantages of WFH. There have 

been a few studies that have looked specifically at how WFH affected employees during the 

pandemic, and the results have been inconsistent. On one hand, some studies found that WFH 

can improve people’s wellness by lowering stress[17] and improving work–life balance.[24] On 

the other hand,  other studies yielded negative influences of WFH, such as increase in 

burnout[17] and a more sedentary behavior.[25] Additionally, Costa et al. show that, although 

home office workers reported being content with their work’s perceived quality and 
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performance, nearly a third of the participants also mentioned loneliness, mood swings, and sleep 

issues, all of which had an impact on their overall wellbeing.[26]  

If WFH can have either a positive or a negative impact on employee wellbeing, further 

evidence is needed to figure out the causal relationships and the factors driving such impacts. 

One pathway may be the workplace IEQSat, but other pathways are also present. Demerouti et 

al. define job resources as “those physical, social, or organizational aspects of the job that may 

do any of the following: (a) be functional in achieving work goals; (b) reduce job demands and 

the associated physiological and psychological costs; (c) stimulate personal growth and 

development”.[27] The pursuit of a work environment that makes employees feel cared for, 

respected, and treated fairly, has for long been a topic of discussion among managers and 

academics as a path to improve employee motivation and wellbeing.[28]  

With the COVID-19 pandemic workplaces changed and management responded. It is 

now possible to examine the implications and derive data-informed insights to inform decisions 

about post pandemic work policies and practices. To that end, IEQSat as well as perception of 

job resources offered by management are examined as employees shifted to working from home.   

In this chapter. We have presented the importance of understanding the relationship 

between the workspace IEQ and employee wellbeing. The COVID-19 pandemic presented a 

unique scenario for a natural experiment to explore such relationship in a longitudinal way. 

Therefore, this dissertation envisioned to better comprehend the impact of the workplace IEQ 

and job resources on wellbeing, the sociodemographic factors that can moderate such 

association, and the effects of a WFH shift can have. The chapters in this work are separated as 

future publishable papers with the following aims: 
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Chapter Aim 

Workspace Indoor Environmental Quality and 

Employee Wellbeing (Chapter 1) 

To examine the association between office 

employee’s FI and IEQ of the workspace, 

using IEQ satisfaction and IEQ physical 

measurements. 

 

 
Workspace Indoor Environmental Quality 

Satisfaction and Employee Wellbeing: 

Longitudinal Associations and Effect 

Modifiers (Chapter 2) 

 

 

To understand the effects of individual 

IEQ satisfaction factors on FI domains, as 

well as moderating effects of 

sociodemographic. 

 
 

Working from Home and Employee 

Wellbeing: Mediating Effects of Indoor 

Environmental Quality and Job Resources 

(Chapter 3) 

To test the impact of WFH on FI through 

the pathways of IEQ satisfaction and job 

resources perceptions. 
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1.1. Abstract 

The relationship among environmental and social factors within the built environment 

and their influence on workers’ health, productivity and wellbeing is emerging as a new line of 

inquiry. Further, in light of the COVID-19 pandemic, several building standards and certification 

schemes are now increasing their focus on occupant health. Assessing the wellbeing of workers 

requires more than the traditional focus on measures of the social/managerial environment and 

include physical attributes of the workspace such as noise, lighting, and air quality.   

For this study of knowledge workers, the Flourishing Index (FI) assessed employees’ 

complete wellbeing and examined possible associations with the workplace indoor 

environmental quality (IEQ). The FI is a validated tool developed by the Human Flourishing 

Program at Harvard’s Chan School of Public Health. We surveyed 574 employees from one 

company with workplaces in seven buildings located in downtown Bangkok. A sub analysis 

(n=243) was conducted for three buildings where sensors monitored IEQ during the time the 

survey was taken. 

Satisfaction with IEQ conditions was measured on a 5-point scale. Participants FI score 

was significantly associated with reported satisfaction with the physical conditions of the 

workspace. Participants FI scores increased approximately 20% for every 1-point satisfaction 

increase with workspace noise levels, overall air quality, thermal conditions, and natural light. 

For the subset, satisfaction with office air quality decreased as CO2 levels increased, falling 

0.169 for every one-standard deviation increase in CO2 levels.   

In the past, the FI has been validated by exploring the associations between employees’ 

wellbeing and other work-related factors. This study furthers the use of the FI as applied to 

acoustical, air quality, thermal, and lighting conditions.   
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1.2. Introduction 

With individuals in western societies spending around 90% of their time indoors[1] and 

climate change triggering outdoor environmental changes that affect the indoor environmental 

quality (IEQ) [2], the study of the role IEQ plays in human wellbeing is important for protecting 

the public’s health. The health impacts of IEQ are particularly important in occupational settings 

where workers spend over one-third of their waking hours.[3] Moreover, evidence suggests a 

direct link between employees’ wellbeing and job performance.[29][13] There is research 

pointing out employees’ wellbeing and associated benefits in the workplace, such as employees’ 

reduced health risks and a decrease in absenteeism.[30] So, besides the fact that employee 

wellbeing is an important health outcome in and of itself, enhancing or promoting employee 

wellbeing is also strong for business.[31] A vast majority of the literature focuses on some 

factors that have proven to impact wellbeing, like the work itself and  social/managerial context; 

the work-home interface; purpose and meaning at work; and leadership, management, and 

supervision.[29][32] For example, it is known that the way employees are managed at work 

influences their wellbeing, which has led some companies to develop a set of management 

competencies.[33] Ucci and Godefroy recommend more focus be placed on understanding the 

effect of indoor environments on wellbeing and the specific environmental conditions that drive 

those effects.[4] 

Nowadays, there is extensive evidence linking noise, indoor air quality, temperature, and 

lighting to specific physical and psychological health outcomes is quite substantial. According to 

Altamonte et al. [5] and Hoisington et al. [6]  such physical factors strongly influence occupant 

perception of built spaces. Several studies have demonstrated the association of carbon dioxide 

and other indoor air pollutants, leading to the use of carbon dioxide concentration as one of the 
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generally accepted proxies for indoor air quality when in the presence of humans.[34]  For 

example, Cedeño et al. found that higher indoor CO2 and PM2.5 levels were significantly 

associated with a decrease in performance of selective attention using Stroop test metrics.[7] In 

another study, Allen et al. concluded that exposure to CO2 and VOCs at levels found in 

conventional office buildings were associated with lower scores in cognitive domains most 

closely related to other productivity measures.[35]  Regarding noise, Di Blasio et al. found that 

irrelevant speech increases noise annoyance, decreases work performance, and increases 

symptoms related to mental health in open-plan offices.[8] In a literature review,  Colenberg et 

al. conclude that high background noise and speech intelligibility in the workplace negatively 

affect physical and psychological well-being.[36] Geng et al. (2017) examined thermal 

environment and occupant IEQ perception along with productivity and found that maximum 

performance was achieved around 23° C and when participants felt neutral.[9] In a literature 

review of the effects of natural light,  Edwards and Torcellini (2002) conclude that a pleasant 

environment created by natural light is beneficial for the health, productivity, and safety of 

building occupants.[10] 

There is substantial evidence that the IEQ conditions of the work environment are 

associated with mental health, physical health, stress, and productivity. What has been missing is 

a validated, reliable, and straightforward way to measure workers’ wellbeing. The Flourishing 

Index offers a standardized way to assess an individual’s and group/company/community 

wellbeing more comprehensively than other wellbeing related questionnaires.[11] The term 

flourishing, also referred to as complete human wellbeing, is defined as a state in which all 

aspects of a person’s life are good.[12] VanderWeele aggregated five domains of human life to 

derive the FI measure, taking into account domains often included in other social wellbeing 
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measures: happiness and life satisfaction, meaning and purpose, and close social relationships. 

This index further captures domains typically left out in other wellbeing assessment tools: mental 

and physical health and character and virtue.[13] The FI is a validated tool that is short enough 

for practical use that can be used to assess office employees’ wellbeing.[14] [15] 

To our knowledge, no previous study simultaneously analyzes the associations between 

IEQ physical measurement (IEQPhys) factors, office occupants’ IEQ satisfaction (IEQSat) and 

their complete wellbeing. Therefore, this study examined the associations between office 

employees' IEQSat and wellbeing and aimed to identify which IEQ elements have an impact on 

office workers IEQSat.  

 

1.3. Materials and Methods 

1.3.1 Participants and Study Design 

Office employees working for an organization in Bangkok, Thailand, were invited to 

participate by completing the "Indoors Environmental Quality and Employee Wellbeing" survey. 

Recruitment consisted of sending out emails to all 821 employees of the organization, inviting 

them to participate in the study and providing a link to complete the survey. The online survey 

was developed and executed on the Qualtrics platform, with data collection taking place before 

COVID disruptions from September 11, 2019, to October 7, 2019. In addition, the company's 

communications department sent all employees an email a week earlier to encourage 

participation and inform them about the study goals.   

The survey was used as the instrument to assess employees' IEQSat with their workspace 

and wellbeing. The survey included questions on noise satisfaction, air quality satisfaction, 

thermal satisfaction, and natural light satisfaction in the workplace. The questionnaire had a 
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Flourishing Index section with ten questions to assess employees' wellbeing. Survey details are 

shown in the next section. The control variables included “Age”, “Gender”, and “Career Level” a 

company's internal tabulator. 

In total, 694 respondents answered the survey, out of which 579 were complete. All 

individuals with missing values from any FI, IEQSat, or control variables were excluded from 

the analysis. We used Z-scores for the Flourishing Index scores to detect outliers. A participant 

with a FI Z-score beyond +/- 3 was considered an outlier.[37]  Five participants were removed 

from the study, all with Z-scores below -3.  

Finally, we selected a subset of 243 full-time employees with assigned workspaces in any 

of the three buildings in which we had previously installed IEQ monitors. Such subset was used 

to analyze further possible correlations between employees’ IEQSat and workspace IEQPhys 

factors. 

Before data collection, the Harvard University Longwood Campus Institutional Review 

Board reviewed and approved all protocols for recruitment and participation. Participation in the 

study was voluntary and confidential, as indicated on the first page of the online survey and the 

email inviting the employees to participate. 

 

1.3.2 Measures 

Flourishing Index 

Participants completed the Flourishing Index included in the survey to measure complete 

wellbeing. The FI is a validated tool developed by the Human Flourishing Program at Harvard's 

Chan School of Public Health to assess complete wellbeing. The FI is obtained by averaging the 

scores from the five flourishing domains (happiness and life satisfaction, health, meaning in life, 
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character strengths, and social relationships). There are two questions per domain, and each of 

the questions is assessed on a scale of 0–10.[12] Table 1 shows the FI questions and scoring 

parameters used in the survey. 

Table 1.1. Flourishing Index questions per domain and scoring.a 

 
a Adapted from VanderWeele, "Reimagining Health—Flourishing." [11] 

 

IEQ Satisfaction 

 The survey included the following questions to reflect participants' satisfaction with the 

key environmental features in their workplace. The specific questions as displayed in the survey 

are:  

• "In general, how satisfied are you with the amount of natural light you receive in your 

workplace?" 

• "In general, how satisfied are you with the overall air quality at your workplace?" 

• "In general, how satisfied are you with the thermal conditions at your workplace?"  

• "In general, how satisfied are you with the noise level at your workplace?" 



13 
 

 Answer options are on a 5-point Likert scale that ranges from 1 (Very dissatisfied) to 5 

(Extremely Satisfied). We created the IEQSat Index as a proxy for individuals' overall 

satisfaction with the IEQ of their workspace. The IEQSat Index score is obtained by averaging 

the scores from each of the four IEQSat questions and results in a continuous total score of 1-5.   

 

Workspace IEQ Assessment  

In order to characterize the employees' workspace IEQ, eight Awair Omni monitors 

(Getawair, UK) were installed in three of the seven buildings with study participants. The three 

buildings with IEQ monitors are part of an old compound of buildings that share similar 

characteristics, since they were formerly designed for residential purposes and later adapted for 

business use. Each floor has an independent stairway, entrance, and mechanical ventilation 

systems.    

The monitors went through comprehensive performance evaluations and have been found 

to be suitable for measurement-based indoor environmental quality management.[38] Monitors 

were installed following Awair's Omni placement guidelines, so they are centrally located within 

the monitored space and placed within the "breathing zone" between 90 cm to 180 cm from the 

ground. [39] IEQ monitors were deployed among three buildings of the company's headquarters, 

with at least one monitor per floor.  

Each monitor has sensors that measure the following: carbon dioxide (CO2) (range: 400-

5,000 ppm), fine particulate matter (PM2.5) (range: 0-1,000 µg/m³), total volatile organic 

compounds (TVOCs) (range: 0-60,000 ppb), temperature (range: -40 to 125°C), ambient noise 

(signal to noise ratio: 61.5 dBA), and ambient light (range: 0.96 to 64,000 Lux). Monitors 

sampled every 10 seconds, and such measures were aggregated into 15-minute averages. To 
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characterize IEQ during work hours, data was further restricted to workdays (Monday to Friday) 

from 9:00 am to 5:00 pm, with 1:00 pm to 2:00 pm excluded since most employees leave the 

buildings for lunch during that hour. The monitors were deployed for five weeks from August 26 

to September 27, 2019. 

 

1.3.3 Statistical Analyses 

Statistical analyses started by examining associations among IEQSat and FI for all 

respondents, followed by an assessment of associations between IEQPhys and IEQSat factors. 

Subsequently, a mediation analysis was conducted for the indirect effects of CO2 levels on FI 

mediated by air quality satisfaction.   

For the statistical analysis, IEQSat was treated as an ordinal approximation of a 

continuous variable from the 5-point Likert scale.[40] Given that IEQSat variables come from 

Likert scales and therefore not normally distributed, all results were estimated using robust 

standard errors.[41]  

All descriptive statistics and analyses were performed using the open-source statistical 

computing environment R, version 4.2.1. The mediation analysis was conducted using the 

CMAverse package.[42] 

 

Wellbeing and IEQ Satisfaction 

Linear regression models were used to regress FI on IEQSat. This analysis was conducted 

for the full cohort (n=574) and for the subset of responders (n= 243) linked to IEQ monitors. 

Each fully adjusted model consisted of one equation. 

𝐹𝐼𝑖 = 𝛽0 + 𝛽1𝐼𝐸𝑄𝑆𝑎𝑡𝑖 + 𝛽2𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠𝑖 + 𝑒𝑖 
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where the 𝐹𝐼𝑖 term denotes the Flourishing Index score for subject i, and the term IEQSati is a 

continuous variable indicating the level of satisfaction of individual i for each of the IEQSat 

factors as well as the IEQSat Index. 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠𝑖  is a vector of control variables that includes 

Age and Gender to take into account demographic factors. It also includes the variable Career 

Level as a socio-economic level proxy. The career level is a company's internal tabulator.  

 

IEQ Satisfaction and IEQ Measurements (subset of employees)  

To explore correlations between IEQPhys and IEQSat factors, summary metrics 

computed for each workspace were used to fit into linear models. This analysis was performed 

only for a subset of responders (n= 243) linked to IEQ monitors. Each fully adjusted model is 

represented by the following equation. 

𝐼𝐸𝑄𝑆𝑎𝑡𝑖 = 𝛽0 + 𝛽1𝐼𝐸𝑄𝑃ℎ𝑦𝑠𝑖 + 𝛽2𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠𝑖 + 𝑒𝑖 

where the term IEQSati is continuous and indicates the level of satisfaction of individual i for 

each IEQ factor. The term IEQPhysi refers to the specific computed metric of each IEQ factor to 

which subject i was exposed during the previously defined period. 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠𝑖  is a vector of 

control variables that includes Age and Gender demographic factors. 

The first approach used the mean value of each IEQPhys factor. The IEQPhys values 

were standardized to make different IEQPhys factors metrics comparable. In a second approach, 

the analysis was repeated using metrics computed from the percentage of time that each 

parameter was below a defined threshold or within a defined range. Monitors sampled every 10 

seconds, and such measures were aggregated into 15-minute averages. Derived exposure 

variables, based on scientific guidance, are as follows: 
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• Percent time below 1,000 ppm for CO2 concentrations, based on research that shows 

moderate and statistically significant decrements in decision-making performance at 

those levels.[43]  

• Percent time below 10 µg/m3  for PM2.5 concentrations, based on the WHO Global Air 

Quality Guidelines interim targets recommendations for annual mean. [44]    

• Percent time below 500 ppb for TVOCs, based on the guideline set by the Leadership in 

Energy and Environmental Design (LEED).[45] 

• Percent time between 45-55 dB(A) for noise levels, based on the ANSI S12.2: American 

National Standard Criteria for Evaluating Room Noise.  

• Percent time between 24-29 °C for temperature, based on the Adaptive Comfort Model 

90% acceptability limits included in ASHRAE Standard 55.[46] 

• Percent time above 323 lux for illumination levels, based on the minimum lighting 

requirement value of 30 foot-candles (ftc) from OSHA Standard 1926.56. 

A third approach utilized for noise was the use of Statistical Noise Levels (Ln) values. 

The L10 value is the sound level exceeded for 10% of the time and takes account of any peaks of 

noise. The L90 is a value for the sound level exceeding 90% of the time of the measurement 

period and is considered to represent the background noise.[47]  

A new metric was derived to distinguish natural light from total light levels which would 

also include artificial indoor lighting. Examining temporal variability in lux values indicates the 

presence of natural light in the workspace. For this purpose, a light ratio metric was developed to 

indicate the likelihood of a natural light component. This indicator is expressed as the percent 

increase in the hourly baseline lux levels (25th percentile) during the daily maximum lux levels 

with respect to the minimum daily lux levels. 
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𝐿𝑖𝑔ℎ𝑡 𝑟𝑎𝑡𝑖𝑜 = 100 ∗
(25𝑡ℎ percentile lux𝑚𝑎𝑥 −  25𝑡ℎpercentile lux𝑚𝑖𝑛)

25th percentile lux𝑚𝑖𝑛
 

 

Wellbeing and CO2 Concentrations (subset of employees)  

To examine the indirect effects of CO2 on FI, we conducted a mediation analysis utilizing 

air quality satisfaction as a mediator while controlling for PM2.5 and TVOCs besides age, 

gender, and career level. We examined for a potential effect of mediation, regardless of the 

absence of a direct effect.[48] The significance of indirect and total effects was tested using 

bootstrapping procedures.[49] Figure 1 depicts the mediation approach. 

 
Figure 1.1. Mediation analysis approach. Diagram based on Young et. al. [50] 

 

1.4. Results 

1.4.1 Wellbeing and IEQ Satisfaction 

A demographic breakdown of the study population used in the statistical analysis is 

shown in Table 1.2. For reference, the company’s total workforce population (n=821) had the 

following demographic characteristics: 450 (55%) females and 371(45%) males; regarding age 

groups, the 20-29 years group had 140 (17%), the 30-39 years group had 364 (44%), the 40-49 

years group had 236 (29%), and the 50+ years group had 81 (10%). 
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Table 1.2. Characteristics of total (overall) respondents and the subset used for further analysis. 

 

To assess the contribution of each IEQSat factor to wellbeing for the total number of 

respondents (n=574), multiple regression analyses were conducted. In addition, the same analysis 

was performed for the sub-cohort (n=243) of employees linked to one of the eight installed IEQ 

monitors. Table 1.3 summarizes the estimates for the associations between the FI and each 

IEQSat factor. Every adjusted model included age, gender, and career level as covariates. 
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Table 1.3. Associations between Flourishing Index and each Indoor Environmental Quality feature for 

the total survey respondents (n=574) and the monitors' linked sub-cohort (n=243). 

 
∗=p < 0.05; ∗∗=p < 0.01; ∗∗∗=p < 0.001 
aAdjusted for Age and Gender as demographic characteristics and Career Level as a socio-economic 

level proxy variable. 

CI=Confidence interval 

Each IEQSat factor was significantly associated with higher FI in the unadjusted and 

adjusted models. The association in the adjusted models was the strongest for noise satisfaction, 

followed by thermal satisfaction, then air quality satisfaction, and finally natural light 

satisfaction. In the full cohort analysis, we observe that for every one-point increment in noise 

satisfaction, the FI mean score increases by 0.295 (95% CI: 0.189, 0.402) points.   

 

1.4.2 IEQ Satisfaction and IEQ Physical Measurements (subset of employees) 

Figure 1.2 presents the distribution of the 15-minute averages for noise, CO2, PM2.5, 

TVOCs, temperature, and light variations across monitored workspaces during the same period. 

Monitor name code refers to the building and floor where the monitor is located. For example, 

the monitor in building 2, floor 1, is labeled as "B2F1". Employees participating in the study 

Model Type

Estimate       95% CI               Estimate 95% CI

Noise Sat. Unadjusted 0.295*** 0.189, 0.402 0.264** 0.095, 0.432

Adjusteda 0.294*** 0.188, 0.399 0.262** 0.097, 0.427

Air Quality Sat. Unadjusted 0.224*** 0.140, 0.308 0.180** 0.05, 0.310

Adjusteda 0.22*** 0.136, 0.304 0.168** 0.042, 0.294

Thermal Sat. Unadjusted 0.252*** 0.154, 0.349 0.180* 0.027, 0.333

Adjusteda 0.253*** 0.156, 0.350 0.196* 0.046, 0.346

Natural Light Sat. Unadjusted 0.173*** 0.088, 0.257 0.148* 0.017, 0.278

Adjusteda 0.173*** 0.089, 0.256 0.148* 0.017, 0.278

IEQ Index Unadjusted 0.378*** 0.257, 0.499 0.322*** 0.137, 0.507

Adjusteda 0.380*** 0.259, 0.501 0.326*** 0.149, 0.503

Flourishing Index (n=574) Flourishing Index (n=243)
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were linked to a monitor based on proximity (registered data from the closest monitor to the 

employee's workplace is the one assigned to the participant). 

 
Figure 1.2. Boxplots of 15-minute indoor measurements across the workday for 8 workspaces in 3 

buildings. 

 

When modeling the associations between IEQPhys and each mean IEQSat factor, the air 

quality parameters (CO2, PM2.5, and TVOCs) are significantly associated with employees' 
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IEQSat. Table 1.4 shows the associations between each standardized IEQPhys factor and its 

respective IEQSat factor. 

Table 1.4. Associations between each Indoor Environmental Quality satisfaction feature and mean Indoor 

Environmental Quality physical measures.  

 
∗=p < 0.05; ∗∗=p < 0.01; ∗∗∗=p < 0.001 

CI=Confidence interval 

The second approach consisted of fitting models to each satisfaction outcome using as the 

exposure metrics computed from the percentage of time that each parameter was below a defined 

threshold or within a defined range. The air quality parameters (CO2, PM2.5, and TVOCs) 

characterized in this way are significantly associated with employees' IEQSat. Table 1.5 shows 

the associations between each IEQPhys factor and its respective IEQSat factor. For example, for 

every 1% increase in the amount of time spent below 1,000 ppm of CO2 indoor concentration, 

employees' air quality satisfaction increases by 0.005 (95% CI: 0.001, 0.008) points. 

 

 

 

 

 

 

 

  

Noise Sat. Air Quality Sat. Thermal Sat. Natural Light Sat.

Estimate (95% CI) Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)

dB(A) 0.002 (-0.133, 0.136)

CO2 -0.169* (-0.314, -0.025)

PM2.5 0.184** (0.048, 0.321)

TVOC -0.185* (-0.326, -0.044)

°C 0.099 (-0.049, 0.247)

lux 0.047 (-0.127, 0.221)
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Table 1.5. Associations between each Indoor Environmental Quality satisfaction feature and percentage 

of time below an established threshold of IEQ physical measures. 

 
∗=p < 0.05; ∗∗=p < 0.01; ∗∗∗=p < 0.001 

CI=Confidence interval 

The extended approach for examining noise L90 and L10 and employees' noise satisfaction 

resulted in no statistically significant associations.  

For exploring employees' natural light satisfaction more directly, the derived light ratio 

metric based on light variability was used. The light ratio varied between 2.4, indicating that the 

office space was illuminated with electric lights, and 49 suggesting more daily lighting. The light 

ratio was significantly associated with employees reported natural light satisfaction. For every 1-

point increase in the light ratio in the workspace, the employee's natural light satisfaction score 

increased by 0.02 (95% CI: 0.005, 0.034). 

1.4.3 Wellbeing and CO2 Concentrations (subset of employees) 

Figure 1.3 shows that the correlation between measured CO2 and PM2.5 concentrations is 

negative. This may explain the previously described positive association between air quality 

satisfaction and PM2.5. In this case, we hypothesize that better ventilated workspaces (lower 

CO2) allow more outdoor air to enter the building.  PM2.5 concentration in Bangkok during 2019 

was more than 4.5 times the WHO annual air quality guideline value.[51] Previously published 

literature states that people’s perception of CO2 is more sensitive than that of PM2.5, and hence 

CO2 is usually used as a measure to evaluate air quality.[52] When including all air quality 

Noise Sat. Air Quality Sat. Thermal Sat. Natural Light Sat.

Estimate (95% CI) Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)

% dB(A) -0.002 (-0.035, 0.031)

% CO2 0.005* (0.001, 0.008)

% PM2.5 -0.022* (-0.043, -0.001)

% TVOC 0.049* (0.010, 0.088)

% °C 0.004 (-0.001, 0.009)

% lux 0.001 (-0.004, 0.005)
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related variables (CO2, TVOC, and PM2.5) plus covariates in a linear regression with air quality 

satisfaction as the outcome, only the CO2 association remains significant (β= -0.19, 95% CI: -

0.33, -0.05). 

   
*Shaded areas indicate 95% confidence intervals.  

**The tick marks on the x-axis are observed data points. 

Figure 1.3. Correlation between CO2 and PM2.5 concentrations in all buildings.  

No significant association was found between CO2 concentration and FI. Therefore, it 

was necessary to analyze if the mediator, air quality satisfaction, was related to the outcome, FI, 

after controlling for the predictor variable, IEQPhys.[53] Mediation analysis was used to obtain 

the portion of the total effect found to work through mediating variables, the natural indirect 

effect (NIE).[54] The NIE is the indirect effect of the exposure, CO2, on the outcome, FI, that 

goes through the mediator, air quality satisfaction. To estimate confidence intervals and 

significance levels for the entire indirect effect, the software uses bootstrapping procedures. 

Unstandardized indirect effects were computed for each of 1,000 bootstrapped samples, and the 

95% confidence, interval was computed by determining the indirect effects at the 2.5th and 
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97.5th percentiles. For the adjusted model for air quality the effect of CO2 on individual’s FI was 

fully mediated via air quality satisfaction. The NIE was -0.037 (95% CI: -0.078, -0.006).  

1.5. Discussion 

1.5.1 Wellbeing and IEQ Satisfaction 

The main objective of this study was to investigate whether there is an association 

between office workspace IEQ conditions -noise, air quality, thermal, and natural light 

satisfaction- and employees’ wellbeing. We found that higher IEQSat was associated with higher 

scores in the FI for every IEQSat factor. Such findings are consistent with other studies that have 

looked at associations between specific IEQ conditions and specific aspects of wellbeing.[55] 

For instance, Shan et. al found an association between air quality in educational buildings and 

students wellbeing quantified by sick building syndrome responses in questionnaires.[56] 

Kristiansen et. al reported associations between self-rated noise exposure and wellbeing 

indicators in schoolteachers.[57] In a longitudinal study, Lamb and Kwok reported that noise, 

thermal and light dissatisfaction adversely affect office workers wellbeing.[58]  

 

1.5.2 IEQ Satisfaction and IEQ Measurements (subset of employees) 

Additionally, we examined to what extent IEQPhys factors are associated with the 

employee's IEQSat factors. CO2, PM2.5, and TVOCs mean values were associated with 

respective IEQSat. Our CO2 and air quality satisfaction results are consistent with Park et. al 

study, which found that occupant satisfaction with overall air quality in the workspace is 

negatively associated to measured CO2 levels.[59] Our TVOCs and air quality satisfaction results 

are consistent with Zhang et. al results, which showed a negative correlation between employees 

air satisfaction and TVOCs levels.[60] Contrary to previous findings by Wu et. al that showed a 
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negative association between air quality satisfaction and PM2.5, our results show a positive 

correlation.[61] Such positive correlation of PM2.5 and air quality satisfaction may be explained 

by the strong negative correlation found between CO2 and PM2.5, as shown previously in figure 

3. The workspaces with lower CO2 due to higher ventilation rates may be allowing more outdoor 

infiltration due to poor air filtering systems or windows opening, leading to higher PM2.5. 

For the relationship between natural light satisfaction and the workspace lux levels, we 

developed the "light ratio" measure to capture the temporal variability in light across the 

workday as a proxy of access to natural light. Employees located in workspaces with a higher 

light ratio reported higher satisfaction with perceived natural light. Prior studies suggested that 

people are more satisfied in conditions that provided access to daylight and view.[62]  

Even though noise satisfaction and FI showed the strongest association, we did not find 

any association between noise satisfaction and dBA levels. This can be due to the fact that the 

installed noise sensors only register noise pressure, and noise satisfaction is more complex than 

that. For example, according to Schlittmeier and Liebl, the intelligibility of background speech 

significantly increased subjectively perceived annoyance.[63] Also, further investigation is 

needed into the different components of job characteristics and their role in employee noise 

satisfaction. [64] For example, there needs to be more attention on assessing what jobs/tasks are 

being performed within these spaces and how employees noise sensitivity varies according to it.    

No significant association was found for the relationship between employees' thermal 

satisfaction and mean office temperature, which varied between 23°C and 26°C. This is contrary 

to what Park et. al found in their post-occupancy evaluation and IEQ measurements study for 

office buildings.[65] According to Sikram et. al, in a study conducted in Thai office buildings, 

occupants reported feeling more comfortable at temperatures above 24 °C while developing a 
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series of adaptive behaviors (e.g., wearing a sweater) when feeling cold.[66] These two factors 

make it complicated to stablish an association between building temperature and employee 

thermal comfort. 

 

1.5.3 Wellbeing and IEQ Measurements (subset of employees) 

None of the key IEQPhys factors resulted significantly associated to the FI score. Then 

we discarded evaluating temperature, noise, and natural light models because they didn’t show 

significant associations between the exposure variable, IEQPhys, and the mediator, IEQSat. 

Subsequently, the mediation analysis applied to CO2 and FI, showed that the total effect of CO2 

on FI goes through air quality satisfaction. We are not aware of any other study with a similar 

finding.  

Despite its strengths, the study results are subject to certain limitations. First, our study 

mainly consists of self-reports, which may be subject to unmeasured confounding or 

misclassification due to self-report. Second, the study's cross-sectional nature does not allow for 

cause-and-effect conclusions. Third, the number of IEQ monitors installed may not have 

achieved the resolution necessary to assess individual exposures to the different IEQPhys factors 

Fourth, the potential influence of other individual characteristics of employees on wellbeing that 

were not taken into account in the models, such as preexisting conditions like asthma or wearing 

contact lenses.  

 

1.6. Conclusions 

By examining IEQSat from a survey and IEQPhys factors obtained from installed 

sensors, this study contributes to the understanding of the relationship between office workspace 
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IEQ conditions and employees' wellbeing. Noise level satisfaction was most strongly associated 

with self-reported flourishing, followed by thermal conditions satisfaction, then air quality 

satisfaction, and finally, natural light satisfaction. The magnitude of the estimates slightly 

decreased after adjusting for age, gender, and career level in the company, but the order stayed 

the same.  

Moreover, the study provides novel findings of the FI and its associations to IEQSat as 

well as the IEQPhys factors that can drive IEQSat. Results suggest the potential use of the FI as a 

simple and novel tool to assess office employees' wellbeing and workspace IEQ. The FI tool can 

potentially discern material differences among employees experiencing different indoor 

environmental conditions correlated with employee wellbeing measures. The study also shows 

that workspace CO2 levels directly affect employees' air quality satisfaction. 

We consider that this study adds to the evidence of the impacts on employees' wellbeing 

that office IEQ conditions may have. The study also accentuates the need for future efforts to 

focus on understanding the effect of indoor environments on wellbeing and the specific 

mechanisms that drive those effects.  Future research should also look at individual domains of 

the FI and associations with IEQ. Plenty of research shows that IEQ conditions affect physical, 

physiological, and psychological health, so it is reasonable to find associations with overall 

wellbeing. 
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2.1. Abstract 

The world-wide COVID-19 pandemic disrupted regular work routines resulting in office 

closures. Online meetings and internet communications facilitated working at home. Workplaces 

were dispersed and varied as employees adjusted. These ‘personalized’ adjustments created an 

opportunity to examine the effect of Indoor Environmental Quality (IEQ) factors on wellbeing. 

In this study of employees during COVID-19 restrictions, we investigate the association among 

reported satisfaction with several environmental features of their workspaces and their 

perceptions of personal wellbeing. Wellbeing is characterized using a standardized and validated 

tool, the Flourishing Index (FI). Fixed effects models, controlling for time-invariant subject 

characteristics, assessed the associations with reported satisfaction with environmental 

conditions.   

Reported satisfaction with all indoor environmental quality (IEQSat) factors are 

significantly associated with the FI, as well as the domains of ‘happiness and life satisfaction’ 

(Happiness) and ‘mental and physical health’ (Health). Responses to environmental conditions 

were aggregated into an overall satisfaction indicator, IEQSat Index which showed the strongest 

associations with the subdomains of FI, Happiness (𝛽 = 0.45, 95% CI: 0.27, 0.64) and Health (𝛽 

= 0.41, 95% CI: 0.22, 0.6).  Additionally, some individual IEQ factors were significantly 

associated with additional domains of FI, such as noise satisfaction with the FI subdomain of 

‘Close social relationships.’ The secondary analysis examined the moderating effects of 

sociodemographic on Happiness and Health, finding several interacting effects. For example, the 

highest career levels (6+) modified the effect of noise satisfaction (𝛽 = 0.62, 95% CI: 0.11, 1.13) 

and air quality satisfaction (𝛽 = 0.47, 95% CI: 0.04, 0.89). Additionally, the association between 

thermal satisfaction and Health was lower for males (𝛽 = -0.41, 95% CI: -0.67, -0.15).  
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This study provides a new and more holistic view of the relationships between indoor 

environmental conditions and various aspects of wellbeing comprising human flourishing.  

 

2.2. Introduction 

In response to the COVID-19 pandemic, workspaces transformed. Many employees 

shifted to working from home, others remained in offices with lower employee density, and 

others experienced new hybrid office-home configurations. This workspace transformation 

creates urgency in strengthening the understanding of the relationship between work 

environment and employee wellbeing. 

A growing number of studies have analyzed the built environment’s impact on specific 

aspects of wellbeing. [67] In particular, plenty of literature shows the impact of indoor 

environmental quality (IEQ) on physical health. Only recently, studies have analyzed the impact 

of IEQ on an expanded set of wellbeing aspects beyond physical health, including emotional 

wellbeing[68][69] as well as comfort and productivity.[70] Physical wellbeing refers to the 

physiological functioning while psychological wellbeing focuses on different factors such as 

self-acceptance, positive relations with others, purpose in life and personal growth.[71] 

Extensive literature shows sociodemographic factors moderating effects of workspace IEQ on 

worker productivity and wellbeing.[18] A study by Cobaleda et al. found that individuals’ 

perception in office evaluations differ based on their age, gender, cultural background and 

personality.[19] For example, females report higher dissatisfaction with noise at the office[20] 

and report feeling cooler more often than male worker.[21]  

Longitudinal studies examining associations between workspace IEQ and wellbeing, and 

they have found mixed results.[55] Additionally, studies have focused on limited and specific 
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aspects of wellbeing, typically physical and mental or psychological, rather than analyzing 

wellbeing holistically. 

Our study fills these gaps by taking advantage of a natural experiment created by the 

COVID-19 pandemic and a recently developed comprehensive measure of wellbeing, the 

Flourishing Index (FI). In particular, the large shifts in IEQ allows us to detect the association 

between IEQ satisfaction (IEQSat) with wellbeing using panel data, while controlling for time-

invariant subject characteristics. Additionally, the FI allows us to assess employee 

comprehensive flourishing as well as analyze the association between each IEQSat factor and 

domains of flourishing. To our knowledge, no previous study has analyzed the association 

between each IEQSat factor and FI domain, using panel data. 

The FI is a standardized, validated, and reliable tool to assess individuals and group 

wellbeing more comprehensively. Specifically, FI aggregates five domains of human life to 

derive the FI composite score. Three of the domains are often included in other wellbeing 

measures: happiness and life satisfaction, meaning and purpose, and close social relationships. 

The FI score captures two additional domains: mental and physical health, and character and 

virtue.[13] The FI scale is a short instrument, with two questions per domain, easing use and 

avoiding excessive costs.[15] Our study uses four factors of IEQSat: noise, air quality, thermal, 

and natural light satisfaction. The respective IEQ physical factors have been shown to strongly 

influence occupants’ perceptions of build spaces.[5][6] 

As secondary analysis, our study examines the moderating effects of sociodemographic 

characteristics on the association between IEQSat and FI, to reevaluate the effects of 

demographics in this natural experiment setting. 
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2.3. Materials and Methods 

2.3.1 Participants and Study Design 

The study population is comprised of office employees belonging to the same corporation 

in Bangkok, Thailand, which were invited to participate in this study by completing the "Indoors 

Environmental Quality and Employee Wellbeing" surveys 1 and 2. Recruitment consisted of 

sending out emails to all employees inviting them to participate in the study and providing a link 

to complete the surveys. The online surveys were developed and executed on the Qualtrics 

platform. In addition, the company's communications department sent all employees an email a 

week before each survey began to encourage participation and inform them about the study 

goals. Data collection for survey 1 took place before COVID-19 disruptions from September 11, 

2019, to October 7, 2019. Survey 2 was administered during the pandemic period from June 20, 

2021, to July 5, 2021, when the majority of employees were restricted to working from home.     

In total, 373 respondents completed both surveys. All individuals with missing values 

from any FI, IEQSat, or control variables were excluded from the analysis. To detect outliers, we 

used Z-scores for the Flourishing Index scores, calculated at the level of each survey. A 

participant with a FI Z-score beyond +/- 3, in either survey, was considered an outlier.[37]  Four 

participants were removed from the study, all with Z-scores below -3. The total population used 

in the statistical analysis was 369 employees.  

The repeated measures study design is a method in which results can be considered more 

reliable since it controls for participant variability between timepoints, in other words, it allows 

stronger causal inference.[72] More specifically, panel data allows you to control for time-

invariant factors that may be unobserved like for example cultural factors.[73] 
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Before data collection, the Harvard University Longwood Campus Institutional Review 

Board reviewed and approved all protocols for recruitment and participation. Participation in the 

study was voluntary and confidential, as indicated on the first page of the online surveys and the 

emails inviting the employees to participate. 

 

2.3.2 Data Collection 

 Flourishing Index 

Participants completed the Flourishing Index questionnaire included in both surveys to 

measure subjective wellbeing. The FI is a validated tool developed by the Human Flourishing 

Program at Harvard's Chan School of Public Health to assess complete wellbeing.[11] The FI is 

obtained by averaging the scores from the five flourishing domains. There are two questions per 

domain, and each of the questions is assessed on a scale of 0–10, where 0 corresponds to not 

satisfied and 10 completely satisfied.[12] The specific FI questions as displayed in the survey, 

and categorized by domain, are the following. 

Happiness and life satisfaction (Happiness) 

1. Overall, how satisfied are you with life as a whole these days? 

2. In general, how happy or unhappy do you usually feel? 

Mental and physical health (Health) 

3. In general, how would you rate your physical health? 

4. How would you rate your overall mental health? 
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Meaning and purpose (Meaning) 

5. Overall, to what extent do you feel the things you do in your life are worthwhile? 

6. I understand my purpose in life. 

Character and virtue (Character) 

7. I always act to promote good in all circumstances, even in difficult and challenging 

situations. 

8. I am always able to give up some happiness now for greater happiness later. 

Close social relationships (Relationships) 

9. I am content with my friendships and relationships. 

10. My relationships are as satisfying as I would want them to be. 

The FI was used to measure flourishing among workers since it is a tool that can be used 

easily to track changes over time. It also allows for contextual determinants of flourishing, and 

the policies that promote it to be explored. 

 

IEQ Satisfaction 

 The surveys included the following questions to reflect participants' satisfaction with the 

key environmental factors in their workplace. The specific questions used in the survey ask for a 

subjective response to: 

• Noise satisfaction: "In general, how satisfied are you with the noise level at your 

workplace?" 
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• Air quality satisfaction: "In general, how satisfied are you with the overall air quality at 

your workplace?" 

• Thermal satisfaction: "In general, how satisfied are you with the thermal conditions at 

your workplace?"  

• Natural light satisfaction: "In general, how satisfied are you with the amount 

of natural light you receive in your workplace?" 

Answer options are on a 5-point Likert scale that ranges from 1 (Very dissatisfied) to 5 

(Extremely Satisfied). For the statistical analysis, IEQSat was treated as an ordinal 

approximation of a continuous variable from the 5-point Likert scale.[40] Furthermore, we 

created the IEQSat Index as a proxy for individuals' overall satisfaction with the IEQ of their 

workspace. Research suggests that people's perceptions of indoor environmental conditions may 

be holistic, meaning that dissatisfaction with one set of IEQ factors may affect the perception of 

the whole environment.[74] The IEQSat Index score is obtained by averaging the scores from 

each of the four IEQSat questions and results in a continuous total score of 1-5.   

 

Covariates 

VanderWeele proposes four prominent pathways to human flourishing: work, family, 

education, and religiosity.[12] Each pathway has been associated with the various domains of the 

FI and may confound the associations of interest between FI and IEQSat.[75] The covariates 

described below were used in the statistical analysis as proxies for the four pathways as well as 

age and gender. 

To proxy work, the survey used career level, the company’s internal tabulator, which was 

grouped by levels 1-2, 3-5, and 6+. 
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For family, the survey included the question “What is your marital status?”. Answer 

options were married, widowed, divorced, separated, non-married partner, and single, never 

married. 

For education, the survey included the question “What is the highest degree or level of 

school you have completed?”. Answer options were less than high school, high school or 

equivalent, college degree, and graduate school. 

For religiosity, the survey included the question “To what level, do you consider yourself 

to be religious?”. Answer options were not religious, slightly religious, moderately religious, and 

very religious. 

Religiosity, education, and marital status covariates were only available in survey 2, and 

we noted instances of missing data for the covariates of age, gender, and level. Therefore, we 

used the simplifying assumption that this information did not change between survey waves and 

filled gaps with information from the respective non-missing survey.  We confirmed no conflicts 

in information between survey 1 and 2 for non-missing data points. 

Collapsing or combining covariates categories is a common practice used to create fewer 

categories. According to Rutkowski et al., the two main reasons for collapsing data are 1) to 

include substantive motives or 2) when a category is infrequent.[76] For the statistical analysis, 

some categories of the following covariates were merged: 

• Marital status: Given that we only had 7 observations for “Divorced” and 3 for 

“Separated”, we merged these categories with “Single, never married”, to create a 

combined category for “Single” individuals. We did not receive any responses for 
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“widowed”. The remaining categories for marital status were “Married” and “Non 

married partner.” 

• Education level: Given that we only had 7 observations for the “High school or 

equivalent” category, we merged this category with the “College degree” category, to 

create a new one for “Below graduate school”. We did not receive any responses for 

“Less than high school”. The remaining category was “Graduate school”. 

• Religiosity: given that we only had 10 instances of “Very religious”, we merged this 

category with “Moderately religious” to create a new “Religious” category. Other 

religiosity categories were “Not religious” and “Slightly religious”. 

 

2.3.3 Statistical Analyses 

Primary and secondary analyses were performed. Given that IEQSat variables use Likert 

scales and therefore not normally distributed, all results were estimated using robust standard 

errors.[41] All statistical analyses were performed using the open-source statistical computing 

environment R, version 4.2.1. Tests of significance were two-sided. 

 

Primary Analysis 

A fixed effect regression approach was used to estimate the effect of the IEQSat Index on 

FI for the same individuals at two points in time, thus controlling for personality and other time-

invariant factors that may influence both, an individual's FI and IEQSat, as well as capturing the 

fixed time effects. The model specification is:  

𝐹𝐼𝑖𝑡 = 𝛽𝐼𝐸𝑄𝑆𝑎𝑡𝑖𝑡 + 𝛼𝑖 + 𝛿𝑡 + 𝜖𝑖𝑡       (1) 
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where 𝐹𝐼𝑖𝑡 denotes the Fl for individual i at time t, corresponding to the first or second survey, 

𝐼𝐸𝑄 is the composite measure for IEQSat, 𝛼𝑖 represents the unobserved time-invariant individual 

effect, modeled as one intercept for each subject, 𝛿𝑡 represents the shift of the intercept between 

survey 1 and 2, and 𝜖𝑖𝑡 is the error term. 

In addition to the fixed effects model regressing FI on IEQSat, described above, separate 

fixed effects models were performed for each FI domain as the dependent variable and each 

IEQSat factor as the independent one. The resulting set of models can be expressed as follows: 

𝐹𝐼𝑑𝐷𝑖𝑡 = 𝛽𝐹𝑖𝑡 + 𝛼𝑖 + 𝛿𝑡 + 𝜖𝑖𝑡       (2) 

where 𝐹ID denotes the FI domain and F the IEQSat factor.  

 

Secondary Analysis 

To further explore the associations of IEQSat factors and specific FI domains, we focused 

on the two FI domains that had the strongest effects, Happiness and Health. First, the primary 

fixed effects model was implemented with Happiness as the dependent variable and expanded to 

include interactions between each IEQSat factor and sociodemographic covariates (age, gender, 

career level, marital status, education, and religiosity). A separate regression was used for each 

IEQSat factor and sociodemographic characteristic covariate. Second, a set of similar regressions 

were re-performed using Health as the outcome.  

𝐹𝐼𝐷𝑖𝑡 = 𝛽𝐹𝑖𝑡 × 𝐶𝑖𝑡 + 𝛼𝑖 + 𝛿𝑡 + 𝜖𝑖𝑡        (3) 

where 𝐹𝐼𝐷 denotes the FI domain (Happiness or Health), and 𝐶𝑖𝑡 each of the sociodemographic 

covariates. 
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 Multiple Testing 

To account for multiple testing, the Bonferroni correction was applied to the significance 

level, compensating for multiple comparisons by dividing the significance level by the number of 

comparisons. However, the Bonferroni correction yields conservative inference, accommodating 

even worst case correlation structures[77], and may impose a particularly severe penalty when 

the sample is small to medium-sized, or when many tests are being conducted.[78] Therefore, the 

results obtained after the Bonferroni correction were not the ones used for interpretation. 

Nevertheless, the result tables show the different types of cutoffs that could be used to interpret 

the results by marking the p-values cutoffs, with and without the Bonferroni corrections. 

 

2.4. Results 

2.4.1 Participants Characteristics 

Table 2.1 summarizes participants’ sociodemographic, specifically gender, age group, 

career level, education, marital status, and religiosity, FI means for each survey, and IEQSat 

means for each survey. The data displayed in Table 1 corresponds to the collapsed categories 

from the information collected directly from the surveys. The mean FI score increased 0.17 

points from survey 1 to survey 2, while IEQSat increased by 0.47. 

  



40 
 

Table 2.1. Characteristics of the surveys study population. 

 

2.4.2 Primary Analysis 

The primary analysis consisted of 30 regressions, each involving one of the IEQSat 

factors or the IEQSat Index as the independent variable and one of the FI domains or the 
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composite FI as the dependent variable. Table 2.2 shows the results of this set of panel fixed 

effects models, with FI and its domains (outcome variables) as columns and IEQSat Index and 

IEQSat factors (independent variables) as rows. 

All IEQSat factors are significantly associated with composite FI, Happiness, and Health. 

The strongest associations were between the IEQSat Index and Happiness (𝛽 = 0.45, 95% CI: 

0.27, 0.64) and the IEQSat index and Health (𝛽 = 0.41, 95% CI: 0.22, 0.6).  Additionally for 

overall FI, the strongest associations were with the IEQSat Index (𝛽 = 0.29, 95% CI: .15, 0.43), 

noise (𝛽 = 0.22, 95% CI: 0.11, 0.33) and natural light satisfaction (𝛽 = 0.14, 95% CI: 0.05, 0.23), 

which are significant even after the Bonferroni correction. When using Happiness as the 

outcome, additional associations were with noise (𝛽 = 0.30, 95% CI: 0.15, 0.44), air quality (𝛽 = 

0.28, 95% CI: 0.15, 0.44), and natural light (𝛽 = 0.23, 95% CI: 0.11, 0.35). When Health was the 

outcome, the associations with noise (𝛽 = 0.28, 95% CI: 0.13, 0.42) and air quality (𝛽 = 0.26, 

95% CI: 0.13, 0.39) satisfaction were significant even after the Bonferroni correction.  

Additionally, some IEQ factors were significantly associated with additional domains of 

FI: Meaning and Relationships. For example, noise satisfaction was significantly associated with 

Relationships even after the Bonferroni correction (𝛽 = 0.25, 95% CI: 0.1, 0.39).  
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Table 2.2. Longitudinal associations between Flourishing Index domains and each Indoor Environmental 

Quality satisfaction factor. 

 
 *p < .05 before Bonferroni correction, **p < .01 before Bonferroni correction, ***p < .05 after 

Bonferroni correction (the p value cutoff for Bonferroni correction is p = 0.05/30 tests = 0.0017). 

 

2.4.3 Secondary Analysis 

The secondary analysis tested interactions between IEQSat factors and covariates with a 

series of regressions, first on Happiness and then Health. For Happiness, Table 2.3 shows the 

results of a set of separate panel fixed effects models that were used to regress Happiness on ach 

IEQSat factor, interacted with the sociodemographic covariates of gender, age, and career level. 

The education, marital status, and religiosity covariates are not displayed in Table 2.3 because no 

interaction resulted significant. The statistically significant interactions are displayed in Figure 

2.1. 

The strongest effect modifier was career level, in particular the interactions between the 

6+ career level and noise satisfaction (𝛽 = 0.62, 95% CI: 0.11, 1.13) and the 6+ career level and 

air quality satisfaction (𝛽 = 0.47, 95% CI: 0.04, 0.89). Next, the strongest effects were between 

the 45+ age group and noise satisfaction (𝛽 = 0.43, 95% CI: 0.02, 0.84), the 45+ age group and 

air quality satisfaction (𝛽 = 0.35, 95% CI: 0.06, 0.63), and the 35-44 age group and air quality 

Exposure

Flourishing 

Index

(95% CI)

Happiness

(95% CI)

Health

(95% CI)

Meaning

(95% CI)

Character

(95% CI)

Relationships

(95% CI)

IEQS Index
0.29***

(0.15, 0.43)

0.45***

(0.27, 0.64)

0.41***

(0.22, 0.6)

0.23*

(0.04, 0.42)

0.09

(-0.07, 0.25)

0.25**

(0.08, 0.42)

Noise 

Satisfaction

0.22***

(0.11, 0.33)

0.3***

(0.15, 0.44)

0.28***

(0.13, 0.42)

0.19**

(0.05, 0.32)

0.11

(0, 0.22)

0.25***

(0.1, 0.39)

Air Quality 

Satisfaction

0.15**

(0.05, 0.24)

0.28***

(0.15, 0.41)

0.26***

(0.13, 0.39)

0.12

(-0.01, 0.26)

0.01

(-0.1, 0.11)

0.06

(-0.06, 0.18)

Thermal 

Satisfaction

0.11*

(0, 0.21)

0.17*

(0.03, 0.31)

0.16*

(0.02, 0.3)

0.08

(-0.06, 0.21)

0.06

(-0.05, 0.18)

0.07

(-0.05, 0.19)

Nat. Light 

Satisfaction

0.14***

(0.05, 0.23)

0.23***

(0.11, 0.35)

0.18**

(0.06, 0.3)

0.11*

(0, 0.23)

0.02

(-0.08, 0.12)

0.16**

(0.05, 0.28)
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satisfaction (𝛽 = 0.27, 95% CI: 0.01, 0.53). For thermal satisfaction, only the interaction with the 

male gender (𝛽 = -0.29, 95% CI: -0.58, -0.01) was statistically significant, and we found no 

interactions between demographics and light satisfaction.   
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Table 2.3.  Interaction of Indoor Environmental Quality satisfaction factors with Gender, Age, and Career 

Level to predict Flourishing Index domain of Happiness. 

 
*p < .05 before Bonferroni correction, **p < .01 before Bonferroni correction, ***p < .05 after 

Bonferroni correction (the p value cutoff for Bonferroni correction is p = 0.05/24 tests = 0.002). 

Note: Subject intercepts are omitted from the regression output for compactness of table. 

 

Noise Sat. regressions with interactions

Noise Satisfaction 0.28*** (0.12, 0.44) 0.09 (-0.18, 0.35) 0.05 (-0.3, 0.41)

Shift between Survey 1 and Survey 2 0.14 (-0.04, 0.33) 0.13 (-0.06, 0.32) 0.11 (-0.08, 0.31)

Interactions with Noise Sat.

Gender

Male 0.03 (-0.28, 0.34)

Age Group

35-44 years old 0.22 (-0.1, 0.55)

45+ years old 0.43* (0.02, 0.84)

Career Level

3-5 0.18 (-0.21, 0.57)

6+ 0.62* (0.11, 1.13)

Air Quality Sat. regressions with interactions

Air Quality Satisfaction 0.31*** (0.16, 0.46) 0.06 (-0.15, 0.27) 0.01 (-0.31, 0.33)

Shift between Survey 1 and Survey 2 0.03 (-0.19, 0.25) 0.02 (-0.2, 0.24) 0 (-0.22, 0.22)

Interactions with Air Quality Sat.

Gender

Male -0.08 (-0.31, 0.15)

Age Group

35-44 years old 0.27* (0.01, 0.53)

45+ years old 0.35* (0.06, 0.63)

Career Level

3-5 0.28 (-0.06, 0.62)

6+ 0.47* (0.04, 0.89)

Thermal Sat. regressions with interactions

Thermal Satisfaction 0.29*** (0.11, 0.47) 0.22 (-0.04, 0.48) 0.13 (-0.28, 0.53)

Shift between Survey 1 and Survey 2 0.18 (-0.01, 0.37) 0.18 (-0.02, 0.37) 0.18 (-0.01, 0.37)

Interactions with Thermal Sat.

Gender

Male -0.29* (-0.58, -0.01)

Age Group

35-44 years old -0.14 (-0.46, 0.18)

45+ years old 0.08 (-0.31, 0.48)

Career Level

3-5 0.02 (-0.41, 0.45)

6+ 0.18 (-0.39, 0.74)

Nat. Light Sat. regressions with interactions

Nat. Light Satisfaction 0.28*** (0.13, 0.43) 0.17* (0, 0.34) 0.1 (-0.11, 0.32)

Shift between Survey 1 and Survey 2 0.13 (-0.07, 0.33) 0.12 (-0.07, 0.32) 0.12 (-0.08, 0.32)

Interactions with Nat. Light Sat.

Gender

Male -0.14 (-0.37, 0.1)

Age Group

35-44 years old 0.08 (-0.17, 0.33)

45+ years old 0.08 (-0.21, 0.38)

Career Level

3-5 0.11 (-0.15, 0.37)

6+ 0.3 (-0.07, 0.67)

Happiness

(95% CI)
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Figure 2.1. Statistically significant interaction effects of different Indoor Environmental Quality factors 

and sociodemographic covariates on Flourishing Index domain of Happiness. 
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For Health, Table 2.4 shows the results of a set of separate panel fixed effects models that 

were used to regress Health on each IEQSat factor, interacted with sociodemographic covariates 

gender, age, and career level. The education attainment, relationship status, and religiosity 

covariates are not displayed in Table 2.4 because no interaction resulted significant. Figure 2.2 

shows the statistically interactions. 

The strongest effect modifier was gender. In particular, the strongest effects were the 

interaction between the male gender and thermal satisfaction (𝛽 = -0.41, 95% CI: -0.67, -0.15) 

and between the male gender and air quality satisfaction (𝛽 = -0.26, 95% CI: -0.48, -0.05).  
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Table 2.4. Interaction of Indoor Environmental Quality satisfaction factors with Gender, Age, and Career 

Level to predict Flourishing Index domain of Health (Mental and Physical).  

 
*p < .05 before Bonferroni correction, **p < .01 before Bonferroni correction, ***p < .05 after 

Bonferroni correction (the p value cutoff for Bonferroni correction is p = 0.05/24 tests = 0.002). 

Note: Subject intercepts are omitted from the regression output for compactness of table. 

 

Noise Sat. regressions with interactions

Noise Satisfaction 0.34*** (0.16, 0.53) 0.09 (-0.13, 0.31) 0.1 (-0.22, 0.41)

Shift between Survey 1 and Survey 2 0.11 (-0.06, 0.28) 0.11 (-0.06, 0.28) 0.09 (-0.08, 0.27)

Interactions with Noise Sat.

Gender

Male -0.17 (-0.45, 0.1)

Age Group

35-44 years old 0.24 (-0.06, 0.54)

45+ years old 0.29 (-0.06, 0.64)

Career Level

3-5 0.18 (-0.18, 0.54)

6+ 0.33 (-0.1, 0.76)

Air Quality Sat. regressions with interactions

Air Quality Satisfaction 0.36*** (0.2, 0.52) 0.1 (-0.13, 0.34) 0.29 (-0.06, 0.64)

Shift between Survey 1 and Survey 2 0.01 (-0.18, 0.2) 0 (-0.19, 0.19) 0 (-0.19, 0.19)

Interactions with Air Quality Sat.

Gender

Male -0.26* (-0.48, -0.05)

Age Group

35-44 years old 0.22 (-0.07, 0.5)

45+ years old 0.21 (-0.08, 0.51)

Career Level

3-5 -0.06 (-0.43, 0.32)

6+ 0.04 (-0.39, 0.46)

Thermal Sat. regressions with interactions

Thermal Satisfaction 0.33*** (0.14, 0.52) 0.17 (-0.06, 0.4) 0.29 (-0.07, 0.65)

Shift between Survey 1 and Survey 2 0.15 (-0.03, 0.32) 0.15 (-0.03, 0.32) 0.15 (-0.02, 0.33)

Interactions with Thermal Sat.

Gender

Male -0.41** (-0.67, -0.15)

Age Group

35-44 years old -0.05 (-0.36, 0.27)  

45+ years old 0.07 (-0.27, 0.42)

Career Level

3-5 -0.17 (-0.57, 0.23)

6+ -0.1 (-0.61, 0.41)

Nat. Light Sat. regressions with interactions

Nat. Light Satisfaction 0.23** (0.07, 0.4) 0.11 (-0.11, 0.32) 0.18 (-0.05, 0.42)

Shift between Survey 1 and Survey 2 0.12 (-0.06, 0.3) 0.11 (-0.07, 0.29) 0.11 (-0.07, 0.29)

Interactions with Nat. Light Sat.

Gender

Male -0.12 (-0.35, 0.1)

Age Group

35-44 years old 0.11 (-0.16, 0.38)

45+ years old 0.11 (-0.2, 0.42)

Career Level

3-5 -0.03 (-0.31, 0.24)

6+ 0.14 (-0.23, 0.52)

Health

(95% CI)



48 
 

 
Figure 2.2. Statistically significant interaction effects of different Indoor Environmental Quality factors 

and sociodemographic covariates on Flourishing Index domain of Mental and Physical Health. 

 

2.5. Discussion 

Using a panel data approach, this study confirmed statistically significant effects of all 

IEQSat factors on Happiness and Health, also identified by cross-sectional studies. In particular, 

we found that the IEQSat factors with the strongest associations were satisfaction with overall 

IEQ, noise, air quality, and natural light. Other studies found similar positive associations. 

Related to the impact on happiness, Jamrozik et al. reported participants feeling less happy in 

office scenarios with higher noise levels.[74] Also, Dolan and Laffan indicate that air pollution 

adversely affects how people report their level of happiness.[79] Moreover, Morales and 

Navarrete found that natural lighting conditions significantly impact people’s perceptions of 

happiness.[80] Related to the impact on health, Di Blasio et al. found that irrelevant speech noise 

in the workspace increases symptoms related to mental health and wellbeing.[8] Additionally, 

there is extensive literature reporting acute and chronic health effects associated with exposure to 

indoor air pollutants in office environments.[81]  
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This study also found new evidence of IEQSat factors impacting additional domains of 

FI, not previously analyzed. In particular, the overall IEQ, noise, and natural light satisfaction 

impact the domains of Meaning and Relationships. The strongest associations were between 

overall IEQSat and Relationships and noise satisfaction with Relationships. Our study also 

demonstrates that the associations between IEQSat factors and earlier discussed Happiness and 

Health persist in a pandemic setting. 

As secondary analysis, this study identified the moderating effect of demographics. The 

interaction between age and air quality satisfaction on Happiness is supported by Sakellaris et al. 

In this study, the relations with air quality and noise were higher in the older occupants group 

(over 55 years-old).[82] Additionally, we found that the strongest effects on Happiness were the 

interactions between career level and air quality and career level and noise. For Health, the 

strongest effect was the interaction between gender and thermal satisfaction. This result builds on 

the literature that stablishes significant differences in thermal comfort between genders. 

Specifically, females tend to express more dissatisfaction than males in the same thermal 

environments.[83] Interestingly, our findings demonstrate that these changes in satisfaction 

impact Health. 

In addition to strengthening the understanding of the associations between IEQSat factors 

and FI domains, this study yields some further implications. First, it validates the effectiveness of 

FI, despite being a short instrument, in discerning material differences among employees 

experiencing different indoor environmental conditions and that scores correlated with 

employees’ well-being measures.  
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Moreover, this study identifies new areas of research. In particular, it raises questions 

about how different office configurations, such as open office spaces, and work settings, such 

home, office, or hybrid office-home, impact IEQ and FI.  

A key strength of this study is the longitudinal nature of the data set which allows us to 

control for time-invariant subject characteristics. A limitation of the study is the cultural 

homogeneity of the study population, impacting its generalizability. Also, all participants had a 

secure financial situation during both surveys and financial stability has been associated to FI in 

previous studies.[84] Self-reported data on IEQSat may  also represent a limitation, since recall 

bias is expected to be present in the participants’ answers.  

 

2.6. Conclusion 

The study provides a new insight into the relationship between employees IEQSat of the 

workplace and their overall FI, as well as specific FI domains. Our findings show that the highest 

association with employees’ overall FI was noise satisfaction, followed by air quality, natural 

light, and thermal satisfaction. The same effects order was found for the associations with 

Happiness and the Health domains.   

The study shows that the effect of IEQSat on the FI Happiness domain vary by gender, 

age, and career level. Also, the effect of IEQSat on Health depend on gender. 

 

 

  



51 
 

3. CHAPTER 3: Working from Home and Employee Wellbeing: Mediating Effects of 

Indoor Environmental Quality and Job Resources 

 

Authors 

Pablo Taddei1,2, Laura Uguccioni3, Flora Xu1, Brent Coull1, Jarvis Chen1, Eileen McNeely1, John 

D. Spengler1, and Jose Guillermo Cedeño Laurent4 

 

Affiliations 

1 Harvard T.H. Chan School of Public Health, Boston, MA, USA 

2 Harvard Graduate School of Arts and Sciences, Cambridge, MA, USA 

3Columbia Graduate School of Arts and Sciences, New York, NY, USA 

4 Rutgers School of Public Health, Piscataway, NJ, USA 

 

Authors contributions 

Conceptualization and study design, P.T., J.C., and L.U.; Manuscript draft, P.T.; Software and 

data curation, P.T., L.U., and F.X.; Data analyses and results interpretation, P.T., B.C., Y.C., 

J.G.C.L, and L.U.; Provided critical revision of the manuscript, B.C., E.M., J.D.S., and J.G.C.L.  

  



52 
 

3.1. Abstract 

The COVID-19 pandemic disrupted our lives in many ways, one of them was to force a 

massive shift to work from home. Such shift redefined the spatial and temporal settings of work, 

which have been found to be associated with aspects of employees’ wellbeing and productivity. 

This study drew on data from two company-wide surveys conducted in the fall of 2019 

and during the summer of 2021, in Bangkok, Thailand.  Survey 1 represented pre-pandemic 

baseline data from all employees working in different office buildings while survey 2 captured 

responses from the same employees, most of them working from home (WFH) and some of them 

working from the office. We asked employees about indoor environmental quality satisfaction as 

well as job resources perception. To quantify wellbeing, we employed the Flourishing Index (FI), 

a trustworthy and quantitative indicator that could be compared based on various treatments 

adopted by the organization. 

The mediation analysis results showed that the effect of WFH on wellbeing is fully 

mediated via noise satisfaction, air quality satisfaction, and sense of community at work. In the 

unadjusted models, the estimated natural indirect effect (NIE) of noise satisfaction as a mediator 

was 0.13 (95% CI: 0.04, 0.26). Air quality satisfaction as a mediator of the association between 

WFH and FI resulted in an indirect effect of 0.11 (95% CI: 0.03, 0.22). On the other hand, the 

NIE estimate for the sense of community at work mediator showed an opposite, marginally 

significant (significant at the 10% level) effect. Sense of community at work mediated the 

association between WFH and FI with an NIE of -0.05 (95% CI: -0.16, 0.01).    

These results indicate that the relationship between ‘work’ and ‘wellbeing’ is a complex 

interplay of physical conditions and psycho-social factors, which oppose each other. Future 
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research should focus on a broad set of workplace factors and preferably use a longitudinal 

approach to detect cause-and-effect relationships. 

 

3.2. Introduction 

The outbreak of the COVID-19 pandemic transformed the world’s everyday life, with 

substantial impact on people’s physical, mental, social, and financial welfare. In an effort to 

mitigate transmission of the virus, governments and employers required their non-essential 

workers to remain at home. So for the first time in over a century, many societies experienced a 

massive shift to Working from Home (WFH).[16] Such shift redefined the spatial and temporal 

settings of work, which have been found to be associated with aspects of employees wellbeing 

and productivity.[17] This study explores the effects of a shift to WFH on employee’s 

Flourishing Index (FI) by analyzing a longitudinal dataset from two surveys; the first one took 

place in September 2019 and the second one in July 2021. All participants were knowledge 

workers located in Bangkok, Thailand and employed for the same organization.     

Thailand experienced several waves of the COVID-19 pandemic since 2020. As COVID-

19 infections first began to be reported in early 2020 around the world, many countries 

responded by closing places such as schools and workplaces to help contain the spread of the 

virus.[85] Thailand’s first national lockdown was enacted by the end of March 2020, with a 

second lockdown during December 2020. After cases surged in April 2021, the government 

implemented tighter containment measures in the capital that lasted until the end of August 

2021.[86]  

Pre- COVID-19 pandemic studies showed that WFH environments increased employees' 

productivity and well-being.[87] Research highlighted the beneficial effects of WFH on 
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employees’ wellbeing may be enhanced by the flexibility to combine professional and family life 

as well as the ability to adjust the spatial and temporal context of their physical environment to 

suit their needs.[23] However, because the COVID-19 pandemic pushed the adjustments 

suddenly and forcibly, the limits and inflexibilities could negate most of the advantages of WFH. 

There have been a few studies that have looked specifically at how WFH affected employees 

during the pandemic, and the results have been inconsistent. On one hand, some studies found 

that WFH can improve people's wellness by lowering stress[17] and improving work–life 

balance.[24] On the other hand,  other studies yielded negative influences of WFH, such as 

increase in burnout[17], more sedentary behavior[25], and decreased productivity.[26] 

Additionally, Costa et al. show that, although home office workers reported being content with 

their work's perceived quality and performance, nearly a third of the participants also mentioned 

loneliness, mood swings, and sleep issues, all of which had an impact on their overall 

wellbeing.[26]  

This study explores the potential mediating effect of the workplace indoor environmental 

quality (IEQ) satisfaction and job resources perception on the relationship between WFH and 

employees FI. Demerouti et al. define job resources as “those physical, social, or organizational 

aspects of the job that may do any of the following: (a) be functional in achieving work goals; (b) 

reduce job demands and the associated physiological and psychological costs; (c) stimulate 

personal growth and development”.[27] There is extensive literature linking IEQ factors such as 

noise, indoor air quality, thermal comfort, and natural lighting, to specific physical and 

psychological health outcomes.[5][6] Moreover, IEQ factors are found to play important roles in 

influencing workers’ comfort, which in turn impacts their satisfaction with the workplace.[88] 

According to Kamaruzzaman et al., insights gained from questionnaire-based surveys can 
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sufficiently aid in identifying necessary adjustments and improvements that could benefit both 

the occupants and buildings efficiently.[89] Regarding the job resources, this study benefits from 

conceptual approach developed by Weziak-Bialowolska et al., in which they present a model 

with three paths that can affect employees wellbeing: job resources, job demand, and resources 

in life.[13] In a later study, the same group of researchers confirmed that higher satisfaction with 

job resources leads to better work outcomes.[90] The pursuit of a more caring work environment 

with better job resources perception that makes employees feel cared for, respected, and treated 

fairly, has for long been a topic of discussion among managers and academics as a path to 

improve employee motivation and wellbeing.[28]  

According to Seligman and Csikszentmihalyi, positive psychology refers to the study of 

positive human function and flourishing on various levels of life, including physical, personal, 

relational, institutional, cultural, and global dimensions.[91] When examining work-related 

outcomes, researchers often use outcomes, such as productivity, concentration, stress, sleep 

quality, and mental health as proxies to measure wellbeing.[92] VanderWeele proposed the scale 

of Flourishing Index (FI) in 2017, which incorporated five domains in regards to human 

flourishing, including happiness and life satisfaction, mental and physical health, meaning and 

purpose, character and virtue, and close social relationships.[12] The FI is a validated tool short 

enough for practical use that can be utilized to assess office employees' wellbeing as done in this 

study.[14] The FI offers a standardized way to assess an individual’s and 

group/company/community wellbeing more comprehensively than other wellbeing related 

questionnaires.[11] 

The objective of this study is to use a comprehensive approach to analyze the effect of 

WFH on employees’ wellbeing through the mediating effect of IEQ satisfaction (IEQSat) and 
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job resources perception based on longitudinal data collected from participants that shifted to 

WFH and others that continued working from the office. To our knowledge, no previous study 

has used a mediation analysis approach on the role that IEQSat and job resources perception play 

in altering the overall impact of WFH on employees FI. Exacerbated by the COVID-19 

pandemic, navigating the future as it unfolds places a premium on evidence-based and data-

informed insights to inform decision-making. Therefore, our study was designed to examine 

both, joint and individual IEQSat factors as well as job resources perception, aiming to study 

whether they have a mediating effect on the effect of WFH and people’s wellbeing. 

 

3.3. Materials and Methods 

3.3.1 Participants and Study Design 

The study population is comprised of office employees belonging to the same corporation 

in Bangkok, Thailand. Recruitment consisted of sending out emails to all employees inviting 

them to participate in the study and providing a link to complete the surveys. The online surveys 

were developed and executed on the Qualtrics platform. Data collection for survey 1 took place 

before COVID-19 disruptions from September 11, 2019, to October 7, 2019. During that time, 

there were two types of employees, the ones that worked from one of the company’s offices and 

the ones considered mobile. Because of the nature of their job activities, mobile workers had 

flexible schedules and did not have an assigned or fixed office spot. Survey 2 was administered 

during the pandemic period from June 20, 2021, to July 5, 2021, with all employees either 

working from their home or from a fixed workplace in the company’s office space. There was no 

mobile workers category during survey 2.  
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The total number of respondents on survey 1 was 574 and on survey 2 was 601, though 

the population was not the same. Due to the COVID-19 pandemic, the employee’s population 

varied from survey 1 to survey 2. Some employees had to leave the company after survey 1 and 

some employees were hired in the interim before survey 2 was distributed. Despite such 

population fluctuations, the demographics percentages of the participants that answered both 

surveys and the participants that were able to answer either survey 1 or survey 2 were similar, as 

shown in supplemental Table S3.1.       

A total of 373 respondents completed both surveys. All individuals with missing values 

from any FI, IEQSat, or control variables were excluded from the analysis. We used Z-scores for 

the Flourishing Index scores to detect outliers. A participant with a FI Z-score beyond +/- 3 was 

considered an outlier.[37]  Four participants were removed from the study, all with Z-scores 

below -3. We then removed the subgroup of employees that were mobile workers during survey 

1 to capture the shift from working in the office to WFH. The final population used in the 

statistical analysis was 297 employees, including the essential workers group who remained 

working from the office and the employees’ group that shifted to WFH mode.  

The repeated measures study design is considered more reliable since it controls for 

participant variability between timepoints, in other words, it allows stronger causal 

inference.[72] More specifically, panel data allows to control for time-invariant factors that may 

be unobserved.[73] 

Before data collection, the Harvard University Longwood Campus Institutional Review 

Board reviewed and approved all protocols for recruitment and participation. Participation in the 

study was voluntary and confidential, as indicated on the first page of the online surveys and the 

emails inviting the employees to participate. 
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3.3.2 Data Collection 

Flourishing Index Difference 

Participants completed the Flourishing Index included in both surveys to measure 

subjective wellbeing. The FI is a validated tool developed by the Human Flourishing Program at 

Harvard's Chan School of Public Health to assess complete wellbeing.[11] The FI is obtained by 

averaging the scores from the five flourishing domains (happiness, health, meaning, character, 

and relationships). There are two questions per domain, and each of the questions is assessed on 

a scale of 0–10.[12] The specific FI questions as displayed in the survey are: 

Happiness and life satisfaction (Happiness) 

1) Overall, how satisfied are you with life as a whole these days? 

2) In general, how happy or unhappy do you usually feel? 

Mental and physical health (Health) 

3) In general, how would you rate your physical health? 

4) How would you rate your overall mental health? 

Meaning and purpose (Meaning) 

5) Overall, to what extent do you feel the things you do in your life are worthwhile? 

6) I understand my purpose in life. 

Character and virtue (Character) 

7) I always act to promote good in all circumstances, even in difficult and challenging 

situations. 

8) I am always able to give up some happiness now for greater happiness later. 
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Close social relationships (Relationships) 

9) I am content with my friendships and relationships. 

10) My relationships are as satisfying as I would want them to be. 

 

For this study, the FI difference was used as the outcome of interest. The FI difference is 

obtained by subtracting FI in survey 1 from FI in survey 2. The FI difference was used to 

measure flourishing change among workers since it is a tool that can be used easily to track 

changes over time.  

 

IEQ Satisfaction Difference 

 The two surveys included the following questions to reflect participants' satisfaction with 

the key environmental factors in their workplace. The questions as displayed in the survey are:  

• "In general, how satisfied are you with the amount of natural light you receive in your 

workplace?" 

• "In general, how satisfied are you with the overall air quality at your workplace?" 

• "In general, how satisfied are you with the thermal conditions at your workplace?"  

• "In general, how satisfied are you with the noise level at your workplace?" 

 Answer options were on a 5-point Likert scale that ranges from 1 (Very dissatisfied) to 5 

(Extremely Satisfied). For the statistical analysis, IEQSat was treated as an ordinal 

approximation of a continuous variable from the 5-point Likert scale.[40] Then, the IEQSat 

difference was obtained for each of the four IEQ factors. The IEQSat difference is calculated by 

subtracting each IEQSat factor in survey 1 from its respective IEQSat factor in survey 2.   
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Job Resources Perception 

 The second survey included a set of questions asking employees to compare specific job 

resources perception pre and during the pandemic. The question used for job resources 

perception in the survey was: 

• How has the COVID-19 pandemic affected your work… (Compare to before the 

pandemic) 

o …my workload? 

o …my job security?   

o …my sense of belonging or community at work?  

o …management's helpfulness and support? 

 Answer options for each job resources perception were: Significantly Decreased, Slightly 

Decreased, No Change, Slightly Increased, and Significantly Increased. For the statistical 

analysis, job resources perceptions were treated as an ordinal approximation of a continuous 

variable from the 5-point Likert scale, assigning values that ranged from -2 (significantly 

decreased) to 2 (significantly increased).   

 

Covariates 

VanderWeele proposes four prominent pathways to human flourishing: work, family, 

education, and religiosity.[12] Each pathway has been associated with the various domains of the 

FI and may confound the associations of interest between FI and IEQSat.[75] The data analysis 

was performed for two types of models, the unadjusted and the adjusted for marital status, 

educational attainment, and religiosity as proxies for the previously mentioned pathways. The 
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demographics age, gender, and career level were also used in the adjusted models. Career level is 

a company's internal tabulator. 

Collapsing or combining covariates categories is a common practice used to create fewer 

categories. According to Rutkowski et al., the two main reasons for collapsing data are 1) to 

include substantive motives or 2) when a category is infrequent.[76] For the statistical analysis, 

the marital status categories of "Divorced", "Separated", and "Single, never married" were 

merged into “Single". Education categories “College degree" and "High school or equivalent" 

were merged into "Below graduate school". Religiosity categories "Moderately religious" and 

"Very religious” were merged into “Religious”. 

 

3.3.3 Statistical Analyses 

The statistical analysis involved the assessment of the effects of a shift to WFH on 

employees’ FI, either directly or indirectly through the hypothesized mediating effects of IEQSat 

and job resources perception. First, the total effect of WFH on employees’ FI was obtained. 

Next, each IEQ factor (noise, air quality, thermal, and natural light) and job resources perception 

(workload, job security, belonging and work community, and management’s helpfulness and 

support) was evaluated as a potential mediator. Finally, for the selected potential mediators, 

causal mediation analysis was conducted to estimate the natural direct effects (NDE) and the 

natural indirect effects (NIE), both separately and jointly at the IEQSat and job resources 

perception levels. We examined for a potential effect of mediation, regardless of whether a total 

effect is detected.[93]  

The use of differences between survey 1 and 2 in FI, IEQSat, and job resources 

perception was employed to control for personality and other time-invariant factors that may 
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influence both, an individual’s FI and the individual’s IEQSat or job resources perceptions. For 

FI and each IEQ factor, the difference was obtained by subtracting the respective survey 1 

variables from their corresponding survey 2 variables. Instead, for the job resources variables, 

the survey 2 participants’ response to questions about the change in job resources perception was 

used. All statistical analyses were performed using the open-source statistical computing 

environment R, version 4.2.1. 

 

Total Effect, Outcome, and Mediators Regressions 

The total effect of the shift from WFH on FI can be specified as follows: 

Δ𝐹𝐼𝑖 = 𝛼 + 𝛽𝑊𝐹𝐻𝑖 + 𝜃𝐶𝑖 + 𝜖𝑖      (1) 

where Δ𝐹𝐼𝑖 denotes the change in FI between the two surveys for individual i, 𝐻𝑖 represents the 

binary shift to WFH treatment, 𝐶𝑖 corresponds to a vector of demographic characteristics for 

individual i, and 𝜖𝑖 is the error term. 

The outcome regressions are represented in equation 2, in which the change in FI is 

regressed on the change in each IEQSat factor and job resources perception in S2, controlled by 

the shift to WFH: 

Δ𝐹𝐼𝑖 = 𝛼 + 𝛽1Δ𝑀𝑖 + 𝛽2𝑊𝐹𝐻𝑖 + 𝜃𝐶𝑖 + 𝜖𝑖     (2) 

where Δ𝑀𝑖 represents the change between surveys for each one of the four IEQ factors and four 

job resources perception variables for individual i, 𝐶𝑖 corresponds to a vector of demographic 

characteristics for individual i, and 𝜖𝑖 is the error term. One regression for each factor was 

performed. 

The mediator regressions are represented in equation 3, in which the change in each IEQ 

factor and each job resource is regressed on the shift to WFH: 
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Δ𝑀𝑖 = 𝛼 + 𝛽𝑊𝐹𝐻𝑖 + 𝜃𝐶𝑖 + 𝜖𝑖      (3) 

One regression for each IEQ factor and for each job resources perception was performed. 

 

Mediator Selection 

To operationalize IEQSat and job resources perceptions, representative IEQ factors and 

job resources perceptions were selected. The selection was based on the strength of the 

association between the shift to WFH and each potential mediator, and the strength of the 

association between the potential mediator with the FI outcome. The requirements for a variable 

to be considered a potential mediator are a) a significant association between the exposure and 

the mediator and b) a significant association between the mediator and the outcome.[94] 

Therefore, any of the IEQ factors and job resources perceptions that did not fit these criteria was 

not considered a potential mediator. The selected potential mediators were noise satisfaction, air 

quality satisfaction, and sense of community at work. 

 

Mediation Analysis 

A regression-based causal mediation approach was used to estimate the direct effect, 

indirect effect, total effect, and proportion mediated.[95] For all mediation analysis, the 

following assumptions were made: no unmeasured exposure-outcome confounders, mediator-

outcome confounders, or exposure-mediator confounders as well as no mediator-outcome 

confounders affected by the exposure given the set of covariates included in the model.[94] 

Moreover, after formal testing, no evidence of exposure-mediator interactions in multivariate 

linear regression models was found. Therefore, the absence of exposure-mediator interactions 

was assumed. Mediation analysis standard errors and confidence intervals were calculated using 
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the bootstrap method with 1000 simulations. All mediation analyses were conducted using the 

CMAverse package version 0.1.0.[42] Figure 3.1 depicts the mediation approach used. 

 
Figure 3.1 Mediation analysis approach. Diagram generated by CMAverse package. 

In figure 3.1, the exposure (A) is the shift to WFH, the outcome (Y) is the change in FI, 

and the mediator (M) represents the change in the selected potential mediators noise satisfaction, 

air quality satisfaction, and sense of community at work. Each mediator was analyzed separately, 

and a joint mediation was performed for air quality and noise satisfaction. 

All mediation analyses were run first unadjusted and then adjusting for all the covariates 

described in section 3.3.3 as an approach that captures time-varying effects of demographic 

characteristics. 

 

3.4. Results 

Table 3.1 shows the demographic characteristics of the employees, the FI mean change 

from survey 1 to survey 2, and the changes in IEQSat and job resources perception. The data 

displayed in Table 1 corresponds to the merged categories derived from the information 

collected directly from the surveys. The mean score of FI from survey 1 to survey 2 for the 

employees that shifted to WFH increased 0.23 points while the mean FI for those who stayed 
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working from the office slightly decreased by -0.05 points. Relative to the group who remained 

at the office, the employees that shifted to WFH were composed of slightly more women, older 

people, higher career level professionals, and married people. The largest difference between 

groups was for education level, with a higher percentage of people with graduate degrees shifting 

to WFH. 

Table 3.1. Characteristics of employees in longitudinal dataset, stratified by workplace location during 

survey 2. 

 



66 
 

 

The mean effect for the WFH treatment on FI was 0.28 (95% CI: -0.09, 0.65), not 

statistically significant, so no total effect (Eq. 1) was detected. For the adjusted model, the total 

effect was 0.33 (95% CI: -0.08, 0.71). 

In the outcome regressions (Eq. 2) analyses, all IEQSat factors are positively associated 

with FI (Table 3.2). The associations are statistically significant at the 5% conventional levels. 

One regression per IEQSat factor was conducted. The strongest association is between noise 

satisfaction and FI, with every one-point increase in noise satisfaction resulting in a .22 increase 

in FI. When adjusting for all demographics covariates (Table 3.3), noise and air quality 

satisfaction remain statistically significant.   
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Table 3.2. Results of multivariable regression analyses of difference in FI per each one point increase in 

IEQ satisfaction factor, controlling for work location shift from office to home. 

 
 *p < .05, **p < .01, ***p < .001 

CI=Confidence interval 

 

Table 3.3. Results of multivariable regression analyses of difference in FI per each one point increase in 

IEQ satisfaction factor, controlling for work location shift from office to home and all demographics 

covariates. 

 
*p < .05, **p < .01, ***p < .001 

CI=Confidence interval 

(1) (2) (3) (4)

Intercept
-0.03                    

(-0.36, 0.3)

-0.07                         

(-0.4, 0.26)

-0.07                       

(-0.4, 0.27)

-0.08                     

(-0.42, 0.25)

Noise Satisfaction 

Difference

0.22***                           

(0.11, 0.32)

Air Quality Satisfaction 

Difference

0.13*                     

(0.03, 0.24)

Thermal Satisfaction 

Difference

0.12*                 

(0.01, 0.22)

Natural Light Satisfaction 

Difference

0.10*                     

(0.002, 0.2)

Working from Home
0.15                      

(-0.22, 0.52)

0.17                         

(-0.21, 0.55)

0.24                         

(-0.13, 0.62)

0.26                       

(-0.12, 0.63)

Flourishing Index Difference

(95% CI)

(1) (2) (3) (4)

Intercept
-0.35                        

(-0.84, 0.14)

-0.34                         

(-0.84, 0.15)

-0.36                           

(-0.86, 0.13)

-0.40                           

(-0.90, 0.10)

Noise Satisfaction 

Difference

0.21***                      

(0.11, 0.32)
 

Air Quality Satisfaction 

Difference

0.11*                      

(0.01, 0.22)

Thermal Satisfaction 

Difference

0.10                         

(0, 0.21)

Natural Light Satisfaction 

Difference

0.09                      

(-0.01, 0.19)

Working from Home
0.22                      

(-0.17, 0.6)

0.23                     

(-0.16, 0.63)

0.28                      

(-0.11, 0.67)

0.28                     

(-0.11, 0.68)

Flourishing Index Difference

(95% CI)
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In the outcome regressions (Eq. 2) analyses for job resources perception, sense of 

community at work is positively associated with FI, significant at the conventional 5% level 

(Table 3.4). One regression per job resource was conducted. A one point increase in sense of 

community at work is significantly associated with a 0.18 increase in FI. The mean effects show 

that workload is negatively related to FI, while job security and management’s helpfulness and 

support increase FI. Such associations are not statistically significant. When adjusting for all 

demographics covariates (Table 3.5), sense of community at work remains statistically 

significant.    

Table 3.4. Results of multivariable regression analyses of difference in FI per each one-point increase in 

Job Resources, controlling for work location shift from office to home. 

 
*p < .05, **p < .01, ***p < .001 

CI=Confidence interval 

 

 

 

 

 

 

 

 

 

(1) (2) (3) (4)

Intercept
-0.03                      

(-0.39, 0.34)

-0.02                         

(-0.36, 0.31)

-0.09                          

(-0.43, 0.25)

-0.07                           

(-0.41, 0.28)

Workload Difference
-0.03                               

(-0.21, 0.14)

Job Security Difference
0.20                         

(-0.01, 0.41)

Sense of Community at 

Work Difference

0.18*                       

(0, 0.36)

Management's Support 

Difference

0.04                        

(-0.14, 0.21)

Working from Home
0.27                        

(-0.1, 0.65)

0.28                     

(-0.09, 0.66)

0.33                     

(-0.05, 0.71)

0.29                       

(-0.09, 0.66)

Flourishing Index Difference

(95% CI)
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Table 3.5. Results of multivariable regression analyses of difference in FI per each one point increase in 

Job Resources, controlling for work location shift from office to home and all demographic covariates. 

 
*p < .05, **p < .01, ***p < .001 

CI=Confidence interval 

 

In mediator regressions (Eq. 3) analyses for IEQSat factors, a shift to WFH is 

significantly associated with noise satisfaction and air quality satisfaction (Table 3.6). One 

regression for each IEQSat factor was conducted. The strongest association is between shift to 

WFH and air quality satisfaction, meaning that for those employees who shifted to WFH during 

survey 2, their satisfaction with air quality in the workplace increased by 0.82 pints in 

comparison to those who kept working from the office. When adjusting for all demographics 

covariates (Table 3.7), noise and air quality satisfaction remain statistically significant.   

 

 

 

 

(1) (2) (3) (4)

Intercept
-0.37                  

(-0.88, 0.15)

-0.36                         

(-0.86, 0.14)

-0.40                     

(-0.90, 0.10)

-0.39                      

(-0.90, 0.12)

Workload Difference
-0.03                          

(-0.21, 0.15)

Job Security Difference
0.15                      

(-0.07, 0.36)

Sense of Community at 

Work Difference

0.18*                     

(0, 0.37)

Management's Support 

Difference

0.01                       

(-0.17, 0.19)

Working from Home
0.31                        

(-0.09, 0.7)

0.31                       

(-0.08, 0.7)

0.35                      

(-0.04, 0.75)

0.32                     

(-0.08, 0.71)

Flourishing Index Difference

(95% CI)
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Table 3.6. Results of linear regression analyses of the difference in IEQ satisfaction for a shift of work 

location from office to home. 

 
*p < .05, **p < .01, ***p < .001 

CI=Confidence interval 

 

Table 3.7. Results of linear regression analyses of the difference in IEQ satisfaction for a shift of work 

location from office to home adjusting for all demographic covariates. 

 
*p < .05, **p < .01, ***p < .001 

CI=Confidence interval 

 

In mediator regressions (Eq. 3) analyses for job resources perception, a shift to WFH is 

significantly associated with sense of community at work (Table 3.8). One regression for each 

job resource was conducted. For those employees who had shifted to WFH when survey 2 took 

place, their sense of community at work decreased by 0.28 points in comparison to those who 

kept working from the office. When adjusting for all demographics covariates (Table 3.9), sense 

of community at work becomes marginally significant.   

 

 

Noise 

Satisfaction 

Difference 

(95% CI)

Air Quality 

Satisfaction 

Difference 

(95% CI)

Thermal 

Satisfaction 

Difference 

(95% CI)

Natural Light 

Satisfaction 

Difference 

(95% CI)

Intercept
-0.11                         

(-0.47, 0.26)

0.14                        

(-0.23, 0.51)

0.12                   

(-0.24, 0.49)

0.32                     

(-0.07, 0.7)

Working from Home
0.60**                       

(0.2, 1.0)

0.82***                     

(0.4, 1.23)

0.30                      

(-0.11, 0.71)

0.23                      

(-0.2, 0.65)

Noise 

Satisfaction 

Difference 

(95% CI)

Air Quality 

Satisfaction 

Difference 

(95% CI)

Thermal 

Satisfaction 

Difference 

(95% CI)

Natural Light 

Satisfaction 

Difference 

(95% CI)

Intercept
-0.15                        

(-0.69, 0.39)

-0.36                         

(-0.91, 0.19)

-0.21                          

(-0.75, 0.34)

0.15                    

(-0.41, 0.72)

Working from Home
0.45*                    

(0.03, 0.87)

0.71**                        

(0.28, 1.14)

0.32                      

(-0.11, 0.75)

0.33                    

(-0.11, 0.77)
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Table 3.8. Results of linear regression analyses of the difference in job resources for a shift of work 

location from office to home.  

 
*p < .05, **p < .01, ***p < .001 

CI=Confidence interval 

 

Table 3.9. Results of linear regression analyses of the difference in job resources for a shift of work 

location from office to home adjusting for all demographic covariates. 

 
*p < .05, **p < .01, ***p < .001 

CI=Confidence interval 

 

Mediation analysis was conducted using two groups of mediators and FI difference as the 

outcome (Table 3.10). Noise satisfaction and air quality satisfaction represented the IEQ factors 

group and sense of community at work represented the job resources perception group.  

For the unadjusted models, the pathway including the two IEQ factors mediators jointly 

showed a significant NIE (0.17 points; 95% CI: 0.05, 0.32) on FI when shifting to WFH. The 

NIEs for the one-at-a-time analyses of noise and air quality satisfaction were positive and 

significant. Noise satisfaction as a mediator of the association between WFH and FI with an NIE 

of 0.13 (95% CI: 0.04, 0.26). Air quality satisfaction as a mediator of the association between 

Workload 

Difference                                  

(95% CI)

Job Security 

Difference 

(95% CI)

Sense of 

Community at 

Work 

Difference 

(95% CI)

Management's 

Support 

Difference 

(95% CI)

Intercept
0.81***               

(0.59, 1.03)

-0.14                         

(-0.32, 0.04)

0.21                         

(-0.01, 0.43)

0.44***                      

(0.21, 0.66)

Working from Home
-0.21                      

(-0.45, 0.04)

-0.01                           

(-0.22, 0.19)

-0.28*                          

(-0.52, -0.04)

-0.18                           

(-0.43, 0.07)

Workload 

Difference                                  

(95% CI)

Job Security 

Difference 

(95% CI)

Sense of 

Community at 

Work 

Difference 

(95% CI)

Management's 

Support 

Difference 

(95% CI)

Intercept
0.65***                 

(0.33, 0.98)

-0.19                          

(-0.47, 0.08)

0.09                        

(-0.23, 0.4)

0.37*                       

(0.04, 0.7)

Working from Home
-0.26*                     

(-0.51, 0)

0.05                        

(-0.16, 0.27)

-0.22                             

(-0.47, 0.03)

-0.15                        

(-0.4, 0.11)
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WFH and FI with an NIE of 0.11 (95% CI: 0.03, 0.22). The estimate of the NIE for the sense of 

community at work mediator was marginally significant (significant at the 10% level). Sense of 

community at work mediated the association between WFH and FI with an NIE of -0.05 (95% 

CI: -0.16, 0.01). 

For the fully adjusted models (controlling for age, gender, level, marital status, 

religiosity, and educational attainment), the pathway including the two IEQ factors mediators 

jointly showed a significant NIE (0.12 points; 95% CI: 0.002, 0.27) on FI when shifting to WFH. 

The noise satisfaction pathway as a mediator of the association between WFH and FI with an 

NIE showed an NIE of 0.1 (95% CI: 0.01, 0.22). Air quality satisfaction as a mediator of the 

association between WFH and FI showed an NIE of 0.08 (95% CI: 0.01, 0.18). Sense of 

community at work mediated the association between WFH and FI with a not significant NIE of 

-0.04 (95% CI: -0.13, 0.01). 

Table 3.10.  Results of causal mediation analysis estimating the effects of shift to working from home on 

employees’ Flourishing Index. 

 
*p < .05, **p < .01, ***p < .001 

CI=Confidence interval 

Model Mediator Type

Natural Direct 

Effect                            

(95% CI)

Natural Indirect 

Effect                         

(95% CI)

Total

Effect

(95% CI)

Proportion

Mediated                 

(95% CI)

Unadjusted 0.11 (-0.29, 0.51) 0.17** (0.05, 0.32) 0.28 (-0.14, 0.68) 0.59 (-3.44, 5.53)

Adjusted 0.2 (-0.22, 0.58) 0.12* (0.002, 0.27) 0.31 (-0.13, 0.68) 0.38 (-2.29, 2.4)

Unadjusted 0.15 (-0.25, 0.54) 0.13*** (0.04, 0.26) 0.28 (-0.14, 0.68) 0.46 (-2.83, 4.62)

Adjusted 0.22 (-0.19, 0.6) 0.10* (0.01, 0.22) 0.31 (-0.13, 0.68) 0.31 (-1.69, 2.18)

Unadjusted 0.17 (-0.23, 0.56) 0.11** (0.03, 0.22) 0.28 (-0.14, 0.68) 0.39 (-2.52, 4.13)

Adjusted 0.23 (-0.19, 0.6) 0.08* (0.01, 0.18) 0.31 (-0.13, 0.68) 0.26 (-1.85, 1.73)

Unadjusted 0.33 (-0.08, 0.72) -0.05 (-0.16, 0.01) 0.28 (-0.14, 0.68) -0.18 (-3.18, 1.66)

Adjusted 0.35 (-0.07, 0.74) -0.04 (-0.13, 0.01) 0.31 (-0.13, 0.68) -0.13 (-1.48, 0.8)

Joint mediation by 

Noise and Air Quality 

Satisfaction

Noise Satisfaction

Air Quality 

Satisfaction

Sense of Community 

at Work

Model 1

Model 2

Model 3

Model 4
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3.5. Discussion 

This study is among the first to provide evidence of the effects of WFH on FI through the 

mediating pathways of IEQSat and job resources perceptions. Specifically, we observed a 

statistically significant indirect positive effect through air quality and noise satisfaction and a 

marginally significant adverse indirect effect through sense of community and belonging (Table 

3.10). These results are consistent with previous studies that showed a positive association 

between WFH and IEQSat,[96] in particular with air quality[97] and noise.[98] Additionally, the 

results showing a negative association between WFH and the job resources of sense of 

community, align with Will-Zocholl’s statement “the reason given for employees coming to the 

office is often that they want to feel part of a community”.[99] 

Although this study did not detect a statistically significant association between WFH and 

other IEQSat factors, there are other studies that have identified an increased satisfaction with 

natural light as a result of the shift to WFH during the Covid-19 pandemic.[96] Similarly, there 

are studies that have found significant associations between WFH and changes in some job 

resources perceptions that our results did not show. For example, Wu & Chen indicate that WFH 

caused an average 3 hour workload increase per week on all participants. It is possible that this 

study was underpowered to detect such associations.[100] Limitations of power also likely 

contributed to uncertainty in estimating the mediating effect of job resources perceptions in the 

fully adjusted models. Regarding the study’s non-significant results of the total effect of WFH on 

FI, it is likely due to the opposite direction of several contributing factors. For example, in a 

systematic review conducted by Crawford, he reports that wellbeing is affected by WFH in a 

negative way through work meaningfulness while work-family balance contributed in a positive 

way.[101] 
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This study extends existing research in several ways. First, to the author’s knowledge, it 

is the first study to perform mediation analysis to estimate the indirect effects of WFH on 

wellbeing through IEQSat and job resources perceptions. Additionally, it analyzes the impact on 

a broad definition of wellbeing rather than specific aspects of wellbeing.  Further, it uses panel 

data fixed effects models to reinforce the findings from cross-sectional studies.[102] [103] [98] 

[97]  

A practical implication of this study is providing companies with tools to design 

improved work settings and company policies. For example, efforts to balance hybrid home-

office arrangements, or improve the WFH experience through programs to enhance a sense of 

work community. Additionally, this study raises new research questions about the characteristics 

of employees and job tasks that affect the WFH experience and its impact on FI. For example, 

different employees may experience different tradeoffs between the needs of job resources 

perceptions and IEQSat. Similarly, other studies found that work and personal characteristics 

(such as amount of teamwork, experience with remote work, and having children at home) may 

affect employee’s wellbeing.[102] 

The study also has limitations. First, unlike the IEQ variables, the job resources 

perception variables were based on survey 2 responses only, rather than representing true 

changes in employee responses. This limitation was partially compensated by phrasing the 

survey questions as changes. Another limitation was the non-random selection between the 

groups selected to WFH and to remain in the office, raising concerns about the presence of 

differences between the groups that may be associated with both the exposure and mediator. 

These potential issues are partially address by the work location selection process performed by 

management and based on whether the employee performed essential work, rather than based on 
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individual preferences. Further, the use of differences in mediators and the outcome allowed to 

control for time-invariant differences between individuals. Additionally, the adjustment for 

covariates shows that the mediating effect of IEQSat is robust to time-varying demographic 

effects. Instead, the mediating effect of job resources are more vulnerable to the demographics 

adjustment and loses statistical significance, despite maintaining a similar mean indirect effect. 

One more limitation relates to the generalizability of findings, due to two aspects of the 

study. The population surveyed were knowledge workers employed by the same Thai company. 

Nevertheless, the results are consistent with studies conducted in different geographical areas 

such as in California [98] and Italy.[102] Second, the timing of the study limits the extrapolation 

of results beyond the COVID-19 pandemic setting. Nevertheless, this setting is also a strength of 

the study, as limited studies identify the impact of WFH on FI during this unique period. 

Additionally, the large scale WFH shift, based on company policies rather than individual 

preferences, provide a unique opportunity to study the effect of WFH while minimizing self-

selection bias. Moreover, the separating out of the pathways through which WFH affects FI 

allows, with some caution, a development of an understanding of the effects that may last 

beyond the pandemic. 

 

3.6. Conclusion  

The COVID-19 pandemic accelerated the need of research and data analysis about the 

effects of the abrupt transition to working from home that millions of employees all over the 

world went through. In this study we found that several factors contributed to the effect that a 

shift to WFH had on employee’s wellbeing. Noise and air quality satisfaction increased for those 

who shifted to WFH, and such increase had a positive effect on wellbeing. On the other hand, 



76 
 

when shifting to WFH, employees’ sense of belonging to a community at work dropped, leading 

to a decrease in employees wellbeing. 

This study demonstrates the need to evaluate a comprehensive set of workplace factors 

when looking at the relationship of work and wellbeing. Future research should focus on a broad 

set of workplace factors and preferably use a longitudinal approach to detect cause-and-effect 

relationships. 
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THESIS CONCLUSIONS  

 

The first study, Chapter 1: “Workspace Indoor Environmental Quality and Employee 

Wellbeing” analyzed associations between IEQPhys factors, IEQSat factors, and FI. A novel 

finding is that IEQSat impacts FI. Additionally, it found that IEQPhys factors affect IEQSat 

factors. Moreover, mediation analysis showed that workspace CO2 concentration has an indirect 

effect on FI, fully mediated by air quality satisfaction. 

 The second study, Chapter 2: “Workspace Indoor Environmental Quality Satisfaction and 

Employee Wellbeing: Longitudinal Associations and Effect Modifiers” leveraged a natural 

experiment setting created by the COVID-19 pandemic to confirm that IEQSat impacts FI using 

a fixed effects panel data model. Additionally, it expanded the analysis in two ways. First it 

analyzed the effect of individual IEQSat factors on each FI domain. Next, it examined modifier 

effects of sociodemographic characteristics.  It found that all IEQSat factors are significantly 

associated with the overall FI, as well as the domains of Happiness and Health. Moreover, some 

IEQSat factors were significantly associated with Meaning and Relationships. We also found 

that gender, age, and career level modified the effect of several IEQSat factors. 

 Finally, the third study, Chapter 3: “Working from Home and Employee Wellbeing: 

Mediating Effects of Indoor Environmental Quality and Job Resources” analyzed the 

increasingly relevant role of WFH, focusing on its effect on IEQSat and job resources, thereby 

also impacting FI. Through mediation analysis, we found that shifting to WFH allows employees 

to improve their IEQSat, in particular satisfaction with noise and air quality, resulting in an 

increase in FI. However, WFH also reduces job resources perceptions, specifically with a sense 

of belonging to a work community, lowering FI. These opposing pathways of the impact of 
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WFH on FI demonstrate the need to comprehensively evaluate workplace factors when designing 

home or hybrid office-home environments. 

 In conclusion, this dissertation introduces the importance of IEQSat in impacting several 

FI domains, including the extensively researched Happiness and Health and ones of emerging 

importance, Meaning and Relationships. It also illustrates the complexities of affecting the work 

environment to impact FI. When designing IEQ conditions and hybrid office-home 

environments, companies and other organizations must consider sociodemographic interactions 

and the sometimes opposing demands of IEQ and other workplace factors.  
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SUPPLEMENTAL MATERIAL 

 

Chapter 3  

 

Table S3.1. Characteristics of the participants that answered both surveys and the participants that were 
able to answer either survey 1 or survey 2. 
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