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A B S T R A C T   

The COVID-19 pandemic required employees and businesses across the world to rapidly transition 
to work from home over extended periods, reaching what is likely the upper bound of telework in 
many sectors. Past studies have identified both advantages and disadvantages of teleworking. The 
pandemic experience offers a unique opportunity to examine employees’ experiences and per
ceptions of telework given the broad participation duration and extent. While employer strategies 
will play a major role in defining the future forms and adoption of telework, employee prefer
ences and constraints, such as access to appropriate technology to work from home or the home 
environment, are also going to be important factors. Using data from a U.S. representative sample 
of 318 working adults, this study uses a Multiple Indicator Multiple Cause Model (MIMIC) to un
derstand employee satisfaction with telework. The presented model links telework satisfaction 
with experienced and perceived benefits and barriers related to telework, and hence provide a 
causal structure to our understanding of telework satisfaction. We also present an ordered probit 
model without latent variables that help us understand the systematic heterogeneity in telework 
satisfaction across various socio-demographic groups. The results suggest younger and older aged 
individuals experienced/perceived lower benefits and higher barriers to teleworking compared to 
middle aged individuals. The results also suggest a disproportionate impact on Hispanic or Latino 
and Black respondents as well as on those with children attending online school from home. 
Accordingly, this study highlights important factors impacting telework adoption that employers 
and policy makers should consider in planning future work arrangements and policies in a post- 
pandemic world.  

* Corresponding author. 
E-mail addresses: dtahlyan@u.northwestern.edu (D. Tahlyan), MaherSaid@u.northwestern.edu (M. Said), masmah@northwestern.edu 

(H. Mahmassani), a-stathopoulos@northwestern.edu (A. Stathopoulos), joanwalker@berkeley.edu (J. Walker), sshaheen@berkeley.edu 
(S. Shaheen).  

Contents lists available at ScienceDirect 

Transportation Research Part A 

journal homepage: www.elsevier.com/locate/tra 

https://doi.org/10.1016/j.tra.2021.11.025 
Received 8 October 2021; Received in revised form 26 November 2021; Accepted 30 November 2021   

mailto:dtahlyan@u.northwestern.edu
mailto:MaherSaid@u.northwestern.edu
mailto:masmah@northwestern.edu
mailto:a-stathopoulos@northwestern.edu
mailto:joanwalker@berkeley.edu
mailto:sshaheen@berkeley.edu
www.sciencedirect.com/science/journal/09658564
https://www.elsevier.com/locate/tra
https://doi.org/10.1016/j.tra.2021.11.025
https://doi.org/10.1016/j.tra.2021.11.025
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tra.2021.11.025&domain=pdf
https://doi.org/10.1016/j.tra.2021.11.025


Transportation Research Part A 155 (2022) 387–402

388

1. Introduction 

One of the most impactful transformations triggered by the COVID-19 pandemic is the massive transition of employees and 
businesses to work from home. According to a U.S. survey conducted by Pew Research in October 2020 (Parker et al., 2020), while only 
20% of working adults reported working from home before the pandemic, the number of working adults that reported working from 
home during the pandemic had grown significantly to 71%. A key finding from this study is that workers were highly divided: only 
54% of working adults would like to work from home once the pandemic is over. This finding is significant; while several studies 
(Tavares, 2017, Ollo-López et al., 2020) have shown positive impact of the option to telework and of actual telework, the experience 
from the pandemic has been mixed for many. Thus, the extent of continued future adoption of telework when it is an available option 
remains an open question for employers and policy makers in a post-pandemic world. On the positive side of the argument, we note 
that the resources that corporations have spent during the pandemic to make teleworking easier, increased schedule flexibility, and 
inclusion aspects of telework may permanently change the way Americans expect to work, and this may lead to maintaining high levels 
of telecommuting (Igeltjørn and Habib, 2020, Bjursell et al., 2021). On the other hand, the current level of adoption may not be 
sustained in the wake of growing evidence related to decline in innovation and productivity (Miglioretti et al., 2021, Song and Gao, 
2020) and lack of clearly defined boundaries between work and private life (Lewis, 2017, Pluut and Wonders, 2020). This is further 
complicated by the fact that the pandemic forced organizations to suddenly adopt remote work, sometimes without providing em
ployees with the necessary skills and support to thrive in the remote work environment (Errichiello and Pianese, 2021). 

While we note that employer strategies will play a major role in defining the future forms and adoption of telework, employee 
preferences and constraints, such as access to appropriate technology or environment to work from home, are also going to be 
extremely important factors. Overall, there is consensus that different remote work models will persist and that hybrid forms of work 
will be sustained post COVID-19 pandemic (Gurchiek, 2021). Yet, there is a need for further research to understand employee per
ceptions, barriers and assets related to remote work, as well as the variation among different employee groups. The resulting 
behavioral insight will be an important input to establishing the forms and strategies to maintain productivity, worker well-being and 
company culture in a remote work world. 

The broad and durable nature of telework adoption during the pandemic across sectors and user-groups presents a rare and unique 
opportunity to study telework. Most studies prior to the pandemic treated teleworking as a choice, part of an intentional telework 
program from the employer’s end. Instead, analysis of remote work in the COVID-19 era needs to account for the fact that the pandemic 
broadly forced employers and workers to adopt telework for an extended period except for individuals for whom onsite presence was 
essential. 

In past research, telework has been considered as a means to reduce congestion and the environmental impact of the transportation 
sector for several decades (Lari, 2012, Matthews and Williams, 2005, Irwin, 2004, Larson and Zhao, 2017, Gareis and Kordey, 1999, 
Mokhtarian et al., 1995, Choo et al., 2005). Employee telework adoption has been tied to schedule flexibility (Shabanpour et al., 2018), 
worker age and educational attainment (Walls et al., 2007, Noonan and Glass, 2012), and interaction with the employer’s expectations 
(Brewer and Hensher, 2000). In terms of attitudes, telework adoption preferences are linked to both constraints (family effects, 
commuting, job suitability) as well as opportunities (interaction with co-workers) (Yen et al., 1994, Yen and Mahmassani, 1997, 
Mokhtarian and Salomon, 1997) 

A comprehensive understanding of the long-term viability of remote work and related spatially and temporally flexible work ar
rangements is still taking shape (Nayak and Pandit, 2021, Salon et al., 2021), and many of the earlier findings may need to be revisited 
in this new context. For example, earlier research suggests that attitudes may be more consistently important than sociodemographic 
status like presence of children (Mokhtarian and Salomon, 1997). Among the unique features shaping the COVID-19 telework situation 
is the frequent occurrence of multiple members of the same household teleworking simultaneously, including children attending 
school online. Overlapping telework arrangements potentially impose resource, time, and space restriction on individuals and 
increased work-life conflicts. 

In light of the above discussion, this study is focused at understanding the systematic heterogeneity and factors associated with 
telework satisfaction during the COVID-19 pandemic amongst a representative sample of working adults in the United States. We use 
data regarding self-reported telework satisfaction ratings, responses to several other questions related to benefits of and barriers to 
teleworking, and socio-demographics and contextual variables from a survey with 318 working adults. We employ a multiple indicator 
multiple cause (MIMIC) model capable of measuring both the direct and indirect impact (via the latent factors) of socio-demographic 
information on telework satisfaction, hence providing a causal structure to our understanding of the drivers of telework satisfaction. 
Our methodology relates telework satisfaction with the perceived/experienced benefits of and barriers to telework and thus helps in 
identifying factors that may impact telework frequencies in the future. It is known from prior work that satisfaction acts as an 
antecedent to future behavioral intentions (Oliver, 1980, Wang et al., 2020, Oliver and Linda, 1981, Bukhari et al., 2013, Allen et al., 
2020, de Oña, 2021b, de Oña, 2021a). A common structure in adoption studies is to frame use intentions from the perspective of 
perceived benefits and barriers, which, in turn, are driven by experiences (Ajzen, 1991, Zunft et al., 1999, Kadir et al., 2019, Pérez 
et al., 2002, Van Horn and Storen, 2000, Meroño-Cerdán, 2017). 

Given the novelty of the setting in which telework is experienced by workers, our chosen approach is to frame the MIMIC modeling 
around the identification of two latent variables: benefits and barriers. This underpins the three main contributions of this work, 
namely: defining benefits/barriers of remote work in the unique circumstances of the pandemic, revealing casual structures stemming 
from the experience during the pandemic, and finally uncovering the systematic differences by respondent features and household 
status. These findings can help employers determine how to balance employee well-being and aspirations for work flexibility, while 
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maintaining innovation and productivity. More broadly, insights about remote work intentions can aid urban and transport planners in 
making decisions related to mobility provision and urban design. 

The rest of the paper is structured as following. Section 2 presents the data available for this study, details of the conducted survey, 
and descriptive statistics of socio-demographic and attitudinal variables. Section 3 presents the mathematical formulation of the or
dered probit and MIMIC models. Section 4 presents the estimation results and is followed by summary, policy implications, and 
limitations of this study in Section 5. 

2. Data 

2.1. Survey 

The data used in this study comes from wave 5 of a 6-wave longitudinal online survey conducted between December 22, 2020 and 
March 08, 2021 in the United States, using Prolific’s panel of individuals aged 18 years or older (Palan and Schitter, 2018). A 
representative sample in terms of age, gender and ethnicity was recruited using a specialized filter. Although the survey was longi
tudinal, the data in this survey is extracted from a single wave in the series that focused on telecommuting experiences collected 
between February 22 and February 28, 2021. A detailed description of the survey design and response rate of the full longitudinal 
survey can be found in Tahlyan et al. (2021). The telework satisfaction and other related experience and perception questions, which 
are of primary interest to this study, were presented to 318 working adults and students in the survey. These questions were not asked 
to individuals who were either retired, out of work or unable to work and hence were excluded from this analysis. 

2.2. Available variables in the data 

2.2.1. Telework satisfaction rating data 
On a 5-point Likert scale (very dissatisfied to very satisfied), individuals with full-time or part-time employment status and those who 

have not been working from an office in the past week (i.e. workers with at least some experience of working from home recently) were 
asked to rate their level of satisfaction with their telework experience using the following question: “How satisfied are you with your 
experience of working from home?” Individuals who are employed but have been working exclusively from an office (i.e., workers with 
no recent experience of working remotely) were instead asked to rate their expected level of satisfaction with teleworking in a hy
pothetical scenario1 where telework is a viable option using the following question: “Imagine you were asked to work from home. How 
satisfied do you think you would have been working from home?” Similar questions were asked to students with recent or no experience of 
working from home in the context of “attending classes from home”. In the telework satisfaction rating data, merely 2.52% (8 re
spondents) of the 318 individuals responded that they were or would have been very dissatisfied with teleworking. Hence, we converted 
the 5-point response scale to a 4-point scale by combining the “very dissatisfied” and “somewhat dissatisfied” response categories. 
Fig. 1 shows the distribution of reported telework satisfaction with about 74.21% individuals reporting they were or would have been 
somewhat or very satisfied with telework. This 4-point satisfaction response item is eventually used in the presented models as a 
dependent variable. 

2.2.2. Telework related experience, perception, and contextual data 
The study included questions on telework perceptions, experiences and other contextual variables related to household factors and 

COVID-19 concerns. This data was also collected for cases where telework was not an available option, such as essential workers. 
Questions asked to the respondents and the response distribution is presented in Table 1. Although the variables shown in Table 1 were 
measured on a 4- or 5-point scale, they were recoded to binary variables to reduce the complexity of estimated models, given the 
relatively small sample size2. As observed, a significant proportion of individuals did not agree with potential benefits related to 
telework like productivity gains or quality of life improvements. These findings are in line with the findings by the survey conducted by 
PwC (2021) in December 2020 in the U.S., however, it contrasts with the research by Baert et al. (2020) in Belgium where respondents 
mainly attribute positive characteristics to telework. These differences likely reflect the dynamic nature of telework experiences during 
the pandemic where while early experiences with telework were largely positive but more recent studies suggest a mixed experience. 
Furthermore, only about 15% of individuals reported lack of technology being a hindrance to telework given that the required 
technologies like a laptop or a webcam or access to internet have a significantly high market penetration in the U.S. 

1 From the data available to us, it is difficult to say whether this was truly a hypothetical scenario or not since the question specifically asked about 
work location in the “recent” weeks and no particular time frame was provided. It is possible that the respondent did telework in the early period of 
the pandemic or may have telework experience prior to the pandemic. Further, the hypothetical scenario version of the question was presented to 78 
out of 318 respondent and almost all of them were working exclusively on-site due to employer mandates (i.e., working from home was not an 
available option). Lastly, 59 of 78 individuals were essential workers.  

2 The 5 statements on a 5-point Likert scale were recoded to 1 if the respondent somewhat or strongly agreed with the statements or 0 otherwise. 
The statement on work location flexibility was recoded as 1 if there was partial or complete flexibility to choose work location and 0 otherwise. The 
statement on the job’s remote work suitability was recoded to 1 if the job was mostly or very suitable to remote work and 0 otherwise. Lastly, the 
COVID-19 related worry variable was recoded as 1 if the respondent reported being worried or very worried about potentially contracting the virus 
and 0 otherwise. 
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The data from these questions were used to first conduct an exploratory factor analysis, used as foundation to identify factors 
related to perceived benefit and barriers to telework incorporated into the final MIMIC model. The identification of these latent 
variables is anchored upon several existing studies on telework before and during the COVID-19 pandemic (Pérez et al., 2002, Baruch, 
2000, Tremblay and Thomsin, 2012, Morgan, 2004, Vayre, 2021). 

2.2.3. Socio-demographic data 
The survey also collected socio-demographic variables that are relevant to study variation in experiences and satisfaction with 

remote work. Fig. 2 presents the descriptive statistics of the socio-demographics used in this study. The variables include age, ethnicity, 
household location type (urban, rural, suburban), highest level of education, household setup type (living alone or with others), 
vehicle ownership status etc. Another important variable that we include in our analysis is whether or not an individual works in one of 
the following four remote work suitable industries: communications and information technology, educational services, media and 
communications, and professional and business services. 

3. Methodology 

To understand the drivers of satisfaction and heterogeneity in the self-reported telework satisfaction, we present two models based 
on the available data. The reference model is an ordered probit model controlling for socio-demographic variable effects on telework 
satisfaction levels. This model is useful to understand the heterogeneity in telework satisfaction across various socio-demographic 
groups. The second model is a MIMIC model with an ordered probit component relating socio-demographic information as well as 

Fig. 1. Distribution of reported telework satisfaction in the data.  

Table 1 
Distribution of telework related experience, perception, and contextual data.  

Indicator/Statement Abbreviated Variable Name Disagree Agree 

*I have been/would be more productive working from home. Work productivity gains  55.0%  45.0% 
Not needing to commute to work has improved/would improve my ability to work from home. Time savings due to not needing 

to commute  
28.6%  71.4% 

The option to work from home has improved/would improve my quality of life. Quality of life improvements  36.2%  63.8% 
Lack of technology like a laptop or a webcam has/would hinder my ability to work from home. Lack of appropriate technology  85.2%  14.8% 
Distractions from other household members have/would hinder my ability to work from home. Distraction from other household 

members  
61.6%  38.4% 

Indicate who determines their work location: the employer; there is partial flexibility in the 
determination of work location; or if there is complete flexibility. 

Work location flexibility  57.8%  42.2% 

Indicate level of suitability of the respondent’s job to remote work: not suitable at all; somewhat 
suitable; mostly suitable; very suitable. 

Job’s remote work suitability  45.0%  55.0% 

Indicate level of worry (on a 4-point scale of not at all to very worried) about potentially contracting 
the COVID-19 virus. 

Worried regarding contracting 
COVID-19  

61.6%  38.4%  

* First five statements measured on a 5-point Likert scale (strongly disagree to strongly agree). 
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latent variables with self-reported telework satisfaction. The model provides a causal structure to our analysis for understanding 
telework satisfaction. Mathematical details related to both models are presented in the following sections. 

3.1. Ordered probit model 

An ordered probit model (Washington et al., 2020) consists of a latent variable (sometimes also referred to as a latent propensity) y* 

such that: 

y* = zγ + u (1)  

where z is a vector of exogenous variables, γ is a vector of estimable parameters and u is standard normally distributed error term. The 

Fig. 2. Descriptive Statistics of socio-demographic variables available in the data.  
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latent propensity function y* is related to the reported J − point response item y (4-point scale satisfaction rating this case) in the 
following manner: 

y =

⎧
⎨

⎩

1 if y* ≤ ψ1
j if τj− 1 < y* ≤ τj∀j∊(2,⋯, J − 1)
J if τJ− 1 ≤ y*

(2)  

where τj (j = 1, 2,⋯, J − 1) are estimable thresholds dividing the propensity function. Note here that to ensure model identification, 
either τ1 or a constant in y* can be estimated and the other parameter should be fixed to zero. Given the above equations, probability 
P(y) of observing the self-reported satisfaction rating y is written as: 

P(y) =

⎧
⎨

⎩

Φ(τ1 − z’γ)
Φ
(
τj − z’γ

)
− Φ

(
τj− 1 − z’γ

)
∀j∊(2,⋯, J − 1)

1 − Φ(τJ− 1 − z’γ)
(3)  

where Φ(⋅) is standard normal cumulative distribution. 

3.2. MIMIC model 

The MIMIC model used in this study falls in the category of a generalized structural equation model with categorical data as it takes 
into account the binary nature of the indicators used for measuring the latent variables. (Muthén, 1984). The MIMIC model consists of 
an ordered probit component and relates socio-demographic information to perceived/experienced3 benefits of and barriers to tele
work satisfaction and to telework satisfaction itself. Similar to other structural equation models, the presented model consists of two 

Fig. 2. (continued). 

3 Note here that we use to perceived / experienced terminology here instead of just experienced due to presence of individuals in the data with no 
telework experience, for example, essential workers. While using the experienced benefits or barriers is more relevant for individuals who had at 
least some telework experience during the pandemic, for individuals with no experience of telework during the pandemic, our data only reflects 
their perception of telework which may not be formed by personal experiences. 
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components: 1) a structural model, capturing the inter-relationship between different latent variables and the relationship between 
socio-demographic information and latent variables; 2) a measurement model, capturing the relationship between continuous latent 
variables and their observed indicators (all of which are categorical in this study) (Skrondal and Rabe-Hesketh, 2005). 

3.2.1. Structural model 
The structural model defines the inter-relationships between continuous latent variables and the relationship between the latent 

variables and observed socio-demographic information. In its general form, the structural model can be written as: 

η = α+Bη+ΓX+ ∊ (4)  

where η is a vector of latent variables, α is a vector of intercepts, B is matrix of parameters governing the relationship between latent 
variables, Γ is a matrix of regression parameters representing the relationship between observed socio-demographic information and 
latent variables and ∊ is a vector of error terms. 

3.2.2. Measurement model 
The measurement model specifies the relationship between the latent variables and its indicators using the following equation: 

y* = ν+Λη+KX + μ (5)  

where y* is a vector of continuous latent variables (assuming that the indicators are categorical), ν is a vector of intercepts, Λ is a factor 
loading matrix and μ is a vector of measurement errors, and K is the regression parameter matrix defining the relationship between y* 

and X. The relationship between y* and the observed response to the indicator can be defined as in equation (2) since the indicators are 
assumed to be ordered categorical in nature. 

Fig. 3 presents the structure of the MIMIC model used in this study. The indicators for each of the latent variables were determined 
following an exploratory factor analysis that allowed for polychoric correlations (Holgado–Tello et al., 2010). In the MIMIC model, the 
structural equation relates the socio-demographic information with the identified latent variables (i.e., benefits of and barriers to 
telework), the measurement equations relate each latent variable with their indicators, and the telework satisfaction response pro
pensity is related with the latent variables and the socio-demographic information using an ordered probit type model. All models in 
this paper are estimated using the R programming package lavaan (Rosseel, 2012), which uses mean and variance adjusted weighted 
least square (WLSMV) procedure (Suh, 2015). WLSMV estimator is the most appropriate estimator for non-normal data and makes 
minimum assumptions about the distribution of the observed variables (Allen et al., 2020, Bollen, 1989). 

4. Estimation results 

4.1. Exploratory factor analysis 

We began the exploratory factor analysis with the Kaiser – Meyer – Olkin (KMO) test (Kaiser, 1970, Kaiser and Rice, 1974) of 
sample adequacy and the Bartlett’s test of sphericity (Bartlett, 1937) using the 8 indicator variables. A KMO value of 0.66 (minimum 
acceptable value 0.6) and Bartlett’s K squared value of 50.371 (degrees of freedom = 7 and p-value = 1.22*10− 8) showed that the data 
is appropriate for a factor analysis. Table 2 presents the results from a 2-factor solution with varimax rotation from an exploratory 
factor analysis (EFA) conducted using the available telework related experience, perception, and contextual variables. The COVID-19 
related concern variable has been excluded from the presented solution since it had a small loading value on the 2-factor and 3-factor 
solutions attempted. Hence, we include the COVID-19 worry related variable directly into the ordered probit part of the model4. 
Admittedly, some loadings are lower than the generally accepted cutoff values, but we decided to keep the corresponding indicators 
given that they were extremely important aspects (Hoffman, 2021, Landon-Murray and Anderson, 2021). The two identified latent 
variables were named as 1) Telework Benefits and 2) Barriers to Telework. Overall, the 2-factor solution explains 52.7% of the common 
variance in the 7 indicators with 2 cross-loadings across the factors. Given that cross-loadings are reasonably high, we decided to keep 
these to explicitly account for cross-correlations in the final MIMIC model while defining the latent variables. Given the increasing 
concerns regarding the use of Cronbach’s α for measuring internal consistency reliability in non-continuous data (McNeish, 2018), we 
use ω total measure of composite reliability proposed by McDonald (1999), McDonald (1970). The ω are estimated using the psych R 
programing package (Revelle, 2013) and were found to be 0.77 and 0.58 for factor 1 and factor 2, respectively, which showcases 
reasonable reliability for the identified factors. 

4 Despite the risk of endogeneity, since we do not have the longitudinal measures of both satisfaction and COVID-19 concerns to resolve the 
complexity of simultaneous effects, we determined that this variable is a relevant factor during the time of the pandemic where individuals with 
higher COVID-19 concern might feel more satisfied with telework. Notably, removing this variable from the presented models did not change the 
remaining parameter estimates or their statistical significance. Capturing COVID-19 concerns and related risk-avoidance or tolerance behaviors 
remains an important avenue for further research. 
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4.2. Estimation results 

4.2.1. Model of socio-demographic determinants of telework satisfaction 
Table 3 presents the results from the ordered probit model with socio-demographic information but without latent variables. This 

model helps to gain a fundamental understanding of the distribution of satisfaction across the respondents in the data. According to the 
R2 value (Hair et al., 2011, Hair et al., 2012), the presented model explains 21.9% of the variance in the latent propensity function of the 
telework satisfaction equation. Note that the typically reported log-likelihood based fit measures are not available here since the model 
has been estimated using the WLSMV estimator instead of maximum likelihood estimator. 

As seen in Fig. 4, there is a parabolic relationship between telework satisfaction and age. Specifically, results indicate that while 
middle aged individuals were more satisfied with teleworking, the satisfaction was lower for younger and older individuals. As re
ported by some news articles (Atlantic, 2020), this might be related to either loss of networking and mentoring opportunities that 

Fig. 3. Structure of the MIMIC Model.  

Table 2 
Results from the exploratory factor analysis.  

Indicator Factor Loadings 

Factor 1 
(Telework Benefits) 

Factor 2 
(Barriers to Telework) 

Work productivity gains 0.816 – 
Job’s remote work suitability 0.576 − 0.815 
Time savings due to not needing to commute 0.680 – 
Quality of life improvements 0.852 – 
Lack of appropriate technology – 0.454 
Distraction from other household members – 0.267 
Work location flexibility 0.319 − 0.649 
ω total  0.77 0.58 

% of common variance explained by two factors = 52.7% 
rotation = varimax 
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younger individuals benefit from in the early stages of their careers or to lack of proper remote working conditions at their homes as 
many younger individuals often live in shared apartment. For older individuals, the lower satisfaction may be related to higher position 
ranks, echoing findings in Carillo et al. (2021) where managers adjusted less well to telework than non-managers, related to the 
difficulty of managing teams in the uncertain environment. Lower satisfaction of older workers may also be associated with challenges 
to use technology as a primary work tool. Results also suggest that the satisfaction was lower for individuals with at least an un
dergraduate degree and for households with children attending school virtually from home. A likely reason for presence of children 
attending school from home impacting satisfaction is that it may strain individual’s attention span (DeFilippis et al., 2020, Alexander 
et al., 2021). Furthermore, telework satisfaction for individuals with a graduate degree was marginally higher than for individuals with 
just an undergraduate degree, but the corresponding parameter was not highly significant. However, we decided to retain this 
parameter to control for the effect of having a graduate education, given the consistent importance of this variable in past research. 

Hispanic or Latino respondents reported higher satisfaction with teleworking compared to other ethnic groups. A conjecture is that 
Hispanic or Latino respondents tend to be overrepresented in work requiring in-person activities, which are less telework friendly, even 
before the pandemic (Cerullo, 2020). Hence, their reported satisfaction is higher when they were given a hypothetical situation of 
teleworking being an available option or when their employers were forced to give telework as an option. Individuals living in sub
urban areas also reported higher satisfaction with teleworking compared to both rural and urban residents, potentially related to 
several factors including relocating to suburban areas since telework was possible5 or to not needing to commute to work anymore 
(Bowman, 2020, Wu and Melgar, 2021, Sheffey, 2021). Lastly, the model also suggests higher satisfaction amongst individuals who 
were more worried about contracting the COVID-19 virus. This result suggests that satisfaction with remote work can also be driven by 
factors external to the nature of the work and household environment, to encompass concerns about viral exposure. 

4.2.2. MIMIC model 
Table 4 presents the ordered probit component of the MIMIC model, which is an extension of the model presented in the previous 

subsection. This model now includes latent variables which were not included in the previous model. To provide a more causal 
structure to the model and capture heterogeneity in the latent variables, socio-demographic information was included in both the 
ordered probit component as well as the structural model where significant, as presented in Table 5. However, preference was given to 
include socio-demographic information in the structural model when a parameter was significant in only one model components. 
Hence some of the socio-demographic variables – like age – do not appear in the ordered probit component of the MIMIC model but 
rather have an indirect impact on satisfaction via the latent variables. Table 5 presents the results from the structural model and 
Table 6 presents the results from the measurement model. Furthermore, Fig. 5 presents a path diagram with all statistically significant 
paths, as well as various model fit measures typically reported in the structural equation models. 

4.2.2.1. Model fit. As can be seen from Table 4, the R2 value of the ordered probit model with latent variables is 0.648, which is a 
significant improvement from the value of 0.219 reported earlier in the model without latent variables. Moreover, the typically re
ported structural equation based fit measures (see Fig. 5) are within the acceptable ranges except SRMR. For example, the acceptable 
range for TLI and CFI is of greater than 0.95 and both satisfy this criterion. The model is acceptable if the upper bound of 90% 
confidence interval of RMSEA is below 0.08, which is satisfied in our model as well. While SRMR is slightly above the acceptable 
threshold of 0.08, SRMR tends to be higher in models with smaller sample sizes and with greater complexity (Kenny, 2015). Given that 
the inclusion of latent variables significantly improves the R2 in the ordered probit component and that the typically reported 
structural equation model fit measures are all within the acceptable ranges, the presented model’s results are believed to be 
trustworthy. 

4.2.2.2. Ordered probit model of telework satisfaction. As can be seen from Table 4, there is an intuitive link between satisfaction and 
the latent variables. Namely, individuals which rank higher on telework benefits also report higher satisfaction, and vice versa for 
barriers. Furthermore, the results related to COVID-19 related worry, level of education and Hispanic or Latino ethnicity remained the 
same as in the earlier model. It is noted that a few of the variables, like age, which were earlier present in the ordered probit model, are 
now more appropriately included in the structural component of the overall model, suggesting an indirect effect on telework satis
faction. This indicates that age was structurally correlated with benefits of and barriers to telework variables rather than being a direct 
causal factor driving telework satisfaction. 

4.2.2.3. Structural model. Table 5 presents the estimation results from the structural model that captures the heterogeneity in the 
latent variables included in the ordered probit component. For the telework benefits, we found that these were higher for individuals 
living in suburban areas and individuals without access to a vehicle. Further, the experienced/perceived benefits were lower for Black 
individuals, individuals living alone, and individuals with children attending school from home. Lastly, age had a non-linear impact on 

5 Several independent data sources point out to a significant relocation across regions in the U.S. during the pandemic. For example, a study by 
Zillow, which is a major online real estate marketplace company in the U.S., reported about 11% of American moved during the pandemic of which 
about 75% did so due to reasons like moving closer to family. Another two studies that use data from United States Postal Service (USPS) found a 
significant increase movement for individuals from big cities to suburban areas. The studies also found a 27% increase in temporary movers in 2020 
compared to the same time-period in 2019. Even in our own data where we asked some of the respondents whether they moved since the beginning 
of the pandemic, 69 out of 418 (~16.5%) reported doing so. 
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the experienced/perceived benefits as shown for the satisfaction probit model. Regarding households without a vehicle, higher 
telework satisfaction is expected since many of these individuals are potentially transit users, pedestrians, bicyclists, carpoolers etc. for 
whom telework potentially is a way to save commute time and to reduce COVID-19 exposure by not using transit or other shared modes 
(Barbieri et al., 2021). Furthermore, lower satisfaction for individuals living alone is likely associated with the issue of social isolation 
and emotional well-being (Fingerman et al., 2021). Interestingly, we found that individuals with Black ethnicity perceived/experi
enced lower benefits of telework. This is potentially due to several factors including individuals with Black ethnicity being 

Table 3 
Ordered probit model of telework satisfaction with only socio-demographic information.  

Variable Parameter Estimate t-statistic 

Age (in years) 0.091  3.800 
Age2 (in years squared) − 0.001  − 3.128 
Hispanic or Latino indicator 0.653  1.991 
Suburban household indicator 0.324  2.462 
At least an undergrad degree indicator − 0.334  − 2.215 
Graduate degree indicator 0.214  1.185 
Presence of at least one child attending school from home indicator − 0.594  − 3.812 
Worried about contracting COVID indicator 0.291  2.059 
Thresholds 
τ1 |τ2  0.990  1.881 
τ2 |τ3  1.454  2.747 
τ3 |τ4  2.429  4.458 
Fit Measures 
No. of estimated parameters 11 
No. of observations 318 
R2 (for ordered probit component)  0.219  

Fig. 4. Variation of telework satisfaction as a function of respondent’s age.  
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disproportionately employed in less telework friendly job sectors (Cerullo, 2020), or not experiencing much productivity gains or 
quality of life improvements as a results of the telework due to lack of access to necessary resources and environment at home. 

For the barriers to telework6, we found that the barriers were higher for essential workers and lower for individuals in remote work 
friendly industries. This highlights that the nature of the work tasks/telework friendliness of the job is a highly important factor driving 
barriers to telework. Additionally, the barriers were higher for individuals with presence of a child attending school from home and 
were lower for higher income households (who potentially are in higher ranks in their jobs). Lastly, perceived/experienced telework 
barriers varied parabolically with age, with higher barriers for younger and older individuals and lower barriers for middle-aged 
individuals. 

4.2.2.4. Measurement model. Table 6 presents the results from the measurement model with standardized parameters estimated to 
measure the two latent variables. The signs of all the parameters are intuitively correct, providing more confidence in the results. For 
benefits our results echo the importance of saving commute time, which was a leading factor supporting remote work productivity in 
Shamshiripour et al. (2020). Considering barriers, the importance of remote work suitability reflects earlier telework research 

Table 4 
Ordered Probit Component of the MIMIC Model.  

Variable Parameter Estimate t-statistic 

Hispanic or Latino indicator 0.597  1.926 
At least an undergraduate degree indicator − 0.375  − 2.300 
Graduate education indicator 0.180  0.960 
Presence of at least one child attending school from home indicator − 0.186  − 1.338 
Worried about contracting COVID indicator 0.280  1.924 
Latent Variables 
Experienced/perceived telework benefits 0.816  10.958 
Experienced/perceived barriers to telework − 1.033  − 2.023 
Thresholds 
τ1  0.721  1.278 
τ2  1.205  2.118 
τ3  2.202  3.766 
Fit Measures 
No. of estimated parameters in entire model 39 
No. of observations 308 
R2 (for ordered probit component)  0.648 

Note: Income information was missing for 10 individuals in the data, hence the number of observations dropped to 308 instead of 318 in this 
model. However, this did not alter the results significantly. 

Table 5 
Structural component of the MIMIC model.  

Variable Parameter Estimate t-statistic 

Experienced/perceived telework benefits 
Black ethnicity  − 0.464  − 2.429 
Living alone  − 0.372  − 2.049 
Presence of at least one child attending school from home  − 0.294  − 1.918 
No vehicle household  0.308  1.370 
Age (in years)  0.083  3.397 
Age^2 (in years squared)  − 0.001  − 3.191 
Suburban household  0.249  1.961 
Experienced/perceived telework barriers 
Essential worker  0.298  2.225 
Remote work suitable industry  − 0.190  − 2.048 
Presence of at least one child attending school from home  0.146  1.811 
Age (in years)  − 0.022  − 1.734 
Age^2 (in years squared)  0.0002  1.396 
Household Income (in $10,000)  − 0.006  − 1.171  

6 In earlier drafts of this paper, it was suggested to us to incorporate a dummy or interaction variable representing whether an individual was 
given a potentially hypothetical situation on telework or not so that differences in satisfaction levels or benefits and/or barrier latent variables or the 
two groups can be captures. However, since almost all individuals in the hypothetical group were working on-site due to employer set mandates (i.e. 
had no work location flexibility) and large portion of them were essential workers or from non-telework friendly industries, this variable was highly 
correlated the variables already present in the barriers structural model and hence was dropped from presented model. However, our analysis 
suggests that the respondents who were given a hypothetical situation regarding telework perceived/experienced higher barriers, which makes 
sense since they didn’t have work location flexibility. 
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(Mokhtarian and Salomon, 1997) while location flexibility is likely a new feature shaped by the notable professional and personal 
uncertainty surrounding the pandemic work policies (Carillo et al., 2021). As previously discussed, although some loadings are smaller 
in magnitude than the generally acceptable values, they were retained in the model because they captured important information and 
had intuitively plausible signs. 

5. Summary, policy Implications, and limitations 

Using data from a U.S. representative sample (based on gender, age and ethnicity variables) of 318 working adults, this study uses a 
multiple indicator multiple cause model (MIMIC) to understand individual’s satisfaction with telework. The study also presents an 
ordered probit model without the latent variables, which reveals systematic heterogeneity in telework satisfaction. The MIMIC model 
consists of an ordered probit component relating socio-demographic information and perceived/experienced telework benefits and 
barriers to telework satisfaction. Additionally, we anchor the modeling on personal, work, and household environment factors that 
help disentangle structural differences in how people experienced remote work. 

The results from the ordered probit model without latent variables suggests that the telework satisfaction was higher for middle 
aged individuals compared to younger and older individuals, Hispanic or Latino respondents, respondents with less than an under
graduate degree, and respondents with higher levels of concern about contracting the COVID-19 virus. On the other hand, satisfaction 
was found to be lower for individuals with children attending school virtually from home. The results from the MIMIC model confirms 
the ordered probit reference findings, namely that Hispanic or Latino ethnicity, education level, presence of an online-schooling child 
and worry related to contracting the COVID-19 virus are the main factors to drive satisfaction. Age, however, is now included in the 
structural component of the MIMIC model, revealing instead an indirect impact on satisfaction. The model also suggests a positive 
impact of telework related benefits and negative impact of barriers to telework. Epidemic-induced telework benefits can be associated 
with several demographic and household factors, namely: it is lower for individuals with Black ethnicity, those living alone or with 
presence of at least one child attending online school from home. The benefits were found to be higher for individuals without a vehicle 
and those who are suburban dwellers. Lastly, the barriers to telework were found to be most pronounced for essential workers and 
those with a remote-schooled child in the household. On the other hand, barriers were found to be lower for individuals employed in 
remote work suitable jobs and those with higher household income. A non-linear impact of age was also found to be a significant factor 
for both benefits and barriers latent variables. 

Overall, three important take-aways emerged from the presented analysis. First, benefits and barriers to telework are dispropor
tionately distributed across age groups. For younger individuals, this may be related to loss of networking opportunities that they need 
to advance in their careers or maybe related to the younger individuals mostly being employed in jobs that are not suitable for 
telework. For older individuals, the issue might be related to workplace anchoring, difficulty of managing their teams in more senior 
positions, and possible technology limitations in performing usual work activities. A second important finding is the evidence for 
inequity along the lines of racial/ethnic identity. Our findings are in line with other reports that Black and Hispanic or Latino in
dividuals are disproportionately impacted in term of not being able to telework (Cerullo, 2020). Third, the presence of children 
attending online school is a consistently important factor impacting telework satisfaction. This is not surprising since several recent 
studies have pointed to negative impact of the pandemic on working parents with younger children (Feinberg et al., 2021, Patrick 
et al., 2020). 

Table 6 
Measurement component of the MIMIC model (standardized parameters).  

Variable Parameter Estimate t-statistic 

Experienced/perceived telework benefits 
Work productivity gains  0.882 — 
Time savings due to not needing to commute  0.691 8.905 
Quality of life improvements  0.832 11.537 
Job’s remote work suitability  0.440 7.416 
Work location flexibility  0.237 3.155 
Experienced/perceived barriers to telework 
Lack of appropriate technology  0.318 — 
Distraction from other household members  0.215 1.550 
Job’s remote work suitability  − 0.845 − 2.301 
Work location flexibility  − 0.670 − 2.214 
Thresholds 
Work productivity gains |τ1   1.636 2.675 
Time savings due to not needing to commute |τ1   0.879 1.342 
Quality of life improvements |τ1   1.298 2.109 
Job’s remote work suitability |τ1   3.306 4.197 
Work location flexibility |τ1   1.842 2.558 
Lack of appropriate technology |τ1   0.552 0.639 
Distraction from other household members |τ1   − 0.195 − 0.271 

— t-statistic not available since the parameter was fixed for identification. 
τ1: first thresholds for the binary indicator measurement model. 
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From a policy standpoint, our results suggest several implications for employers and policy makers in planning for the pandemic 
and post-pandemic periods. For employers who plan to adopt a hybrid or remote workplace in the long run, our study highlights 
several core factors that shape barriers and benefits of telework that can be used for communication and promotion of future efforts (e. 
g., the benefits of commute time savings). Furthermore, the causal structure of the model reveals the diverse experiences of different 
employer segments with regard to barriers and benefits. These insights can be used to design worker support strategies (e.g., on-site 
school/day-care pods assisting with challenges of inconsistent schooling access). If remote work were to become a norm at least for 
positions or tasks where physical presence is not necessary, employers must ensure support that is mindful of the diverse experiences 
and circumstances of workers, including the more complex non-linear effects such as those related to worker age. For younger em
ployees, a hypothesis is that higher barriers or lower benefits are perceived due to lack of networking opportunities that they need to 
excel and advance in their careers. Employers could alleviate these by creating an environment to facilitate networking opportunities 
like organizing mandatory on-site days at regular intervals or hosting online networking hours. For older individuals who might 
perceive high barriers and lower benefits to teleworking potentially due to difficulty with technology, employers must invest in 
providing technology support. Concerns about social isolation, especially for workers for whom work provides an important envi
ronment for social interaction may also need to be addressed. 

On the other end, if employers opt to have an in-person/office-centric plan for the future, creating a safe working environment will 

Fig. 5. Path diagram for the MIMIC model.  
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be important to phase in the return to the office since our results indicates a positive relationship between telework satisfaction and 
COVID-19 related worry. This could potentially be achieved by clear policies on social distancing, masking, and vaccination. As 
employers seek to determine the appropriate mix of telework and in-person presence, the factors identified in this study could assist in 
bringing out the positive features of each mode while mitigating some of the negative aspects. As a broader implication for public 
agencies planning for transportation and other infrastructure, it is important to thoroughly gauge the extent to teleworking in the post 
pandemic era, since basing future policies solely on trends during the pandemic could be erroneous (Hensher et al., 2021). 

Some limitations of this study are worth mentioning here. First, for at least for some of the respondents, the satisfaction data was 
related to a hypothetical scenario of teleworking, and results could potentially be impact by the hypothetical bias (Hensher, 2010). 
Second, our study uses a relatively small sample size and additional insights could potentially be derived from a larger sample. Third, 
our study provides only a snapshot in time in an otherwise dynamic process; it would be important to examine the longer-term impacts 
of telework on both employees and employers, particularly with regard to factors such as productivity, creativity and worker retention, 
as well as personal satisfaction, work-life balance and happiness. The results presented in this study highlight important factors 
impacting telework satisfaction and provide insights for employers and policy makers to help design future telework policies. 
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