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Findings 

The COVID-19 outbreak posed a considerable risk to the health of people in the 
US and across the world. To reduce its spread, various companies in America 
adopted a range of preventive measures, such as telework, for the majority of their 
workforces. Considering that these measures have disproportionate effects on 
individuals, this study examined the potential relationship between socio-
economic characteristics and telework status in the United States through mixed 
logit models developed in this research. Results indicated that telework status was 
significantly associated with the majority of the variables used in the models, 
namely, age, gender, educational status, marital status, difficulty with expenses, 
household size, work type, and anxiety. 

1. Questions 
The spread of COVID-19 posed significant health risks in the US and across 
the world. To reduce this spread, companies and state authorities adopted 
various preventive measures early in the pandemic. For instance, many US state 
governments implemented stay-at-home orders, and many companies allowed 
employees to work remotely. Regardless of the effectiveness of these preventive 
measures, they are likely to exert disproportionate effects on individuals with 
different sociodemographic characteristics. A review of the literature reveals 
that many studies (Askitas, Tatsiramos, and Verheyden 2020; Bonaccorsi et al. 
2020; Jiao and Azimian 2021; Martin et al. 2020; Molloy et al. 2020; Ozili 
2020; Saha, Barman, and Chouhan 2020) have assessed the socioeconomic 
effects of the pandemic over the past year. However, few ones (Kazekami 2020; 
Shi et al. 2020) have examined the potential relationship between 
socioeconomic characteristics and telework status during the pandemic. Such 
information is vital to navigating the current critical situation, as it can inform 
planners and decision makers about how to effectively support neglected 
groups. 

2. Methods 
Data were collected through the Household Pulse Survey (US Census, 2020), 
which was conducted by the US Census Bureau to measure the social and 
economic effects of the pandemic. The bureau randomly selected a limited 
number of addresses from across the US to represent the entire population, 
and these residents received a link to the online survey via email, text, or both. 
The questionnaire was meant to collect information on respondents’ 
education, demographic characteristics, and transportation use. The survey 
was conducted in three phases. Phase 1 ran from April 23 to July 21, 2020; 
phase 2 from August 19 to October 26, 2020; and phase 3 from October 
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28 to March 1, 2021. Each phase yielded multiple datasets, each of which 
contains information collected biweekly from more than 70,000 participants. 
In this study, we aimed to utilize the latest datasets for each phase, as they 
capture the latest changes in individuals’ travel behaviors for the corresponding 
phase. However, as the phase 1 questionnaire did not collect information on 
individuals’ telework status, we instead used data from the earliest phase 2 
dataset (104,024 participants from August 19–31). Additionally, we used the 
latest datasets from phase 2 (85,350 participants from October 14–26) and 
phase 3 (73,858 participants February 17–March 1) in the analysis. Table 1 
provides the summary statistics of the variables used Models 1, 2, and 3. 
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Table 1. Summary Statistics of the Variables Used in Models 1, 2, and 3 

Variables Variables 
Model 1 Model 1 Model 2 Model 2 Model 3 Model 3 

Frequency %) Frequency %) Frequency %) 

Dependent variables 
Telework Status Telework Status 
1 If an individual substituted some or all of their typical in-person work for telework because of the coronavirus pandemic. 
0 otherwise (base) 

45,567 (43.2) 
58,458 (56.8) 

38,231 (44.8) 
47,119 (55.2) 

31,938 (43.2) 
41,920 (56.8) 

Independent variables 

Age Age 
Age 18–35 (base) 
Age 35–50 
Age 50–65 
Age ≥ 65 

17,591 (13.4) 
29,674 (25.4) 
30,057 (29.6) 
26,702 (31.6) 

14,952 (17.5) 
26,416 (31.0) 
24,957 (29.2) 
19,025 (22.3) 

9,913 (13.4) 
18,719 (25.4) 
21,895 (29.6) 
23,331 (31.6) 

Gender Gender 
Male (1 if male, 0 otherwise) 
Female (base) 

42,869 (40.1) 
61,155 (59.9) 

35,120 (41.2) 
50,230 (58.8) 

29,615 (40.1) 
44,243 (59.9) 

Ethnicity Ethnicity 
White (1 if an individual is white, 0 otherwise) 
Non-white (base) 

84,584 (82.4) 
19,440 (17.6) 

70,505 (82.6) 
14,845 (17.4) 

60,848 (82.4) 
13,010 (17.6) 

Education Education 
No degree (1 if an individual has no degree, 0 otherwise) 
Associate degree (1 if an individual has an associate degree, 0 otherwise) 
Bachelor’s degree (1 if an individual has a bachelor’s degree, 0 otherwise) 
Graduate degree (base) 

36,681 (34.2) 
10,858 (10.6) 
30,748 (29.4) 
25,737 (25.8) 

28,968 (33.9) 
8,874 (10.4) 
25,529 (20.9) 
21,979 (25.8) 

25,244 (34.2) 
7,850 (10.6) 
21,732 (29.4) 
19,032 (25.8) 

Marital status Marital status 
Married (1 if married, 0 otherwise) 
Other marital status (1 if divorced/separated/widowed, 0 otherwise) 
Never married (base) 

59,826 (59.1) 
22,110 (22.8) 
22,088 (18.1) 

49,562 (58.1) 
18,528 (20.2) 
17,260 (21.7) 

43,620 (59.1) 
16,875 (22.8) 
13,363 (18.1) 

Difficulty with expenses Difficulty with expenses 
A little difficult (1 if paying household expenses in the past 7 days was a little difficult, 0 otherwise) 
Somewhat difficult (1 if paying household expenses in the past 7 days was somewhat difficult, 0 otherwise) 
Very difficult (1 if paying household expenses in the past 7 days was very difficult, 0 otherwise) 
Other (1 if unknown or not reported, 0 otherwise) 
Not difficult at all (base) 

22,151 (21.2) 
15,271 (14.9) 
10,042 (9.6) 
2,175 (3.6) 
54,385 (50.7) 

17,622 (20.7) 
12,409 (14.5) 
8,542 (10.0) 
1,631 (1.9) 
45,146 (52.9) 

15,652 (21.2) 
11,032 (14.9) 
7,089 (9.6) 
3,660 (3.6) 
37425 (50.7) 

Household size Household size 
HH ≤ 2 (1 if household size is 2 or less, 0 otherwise) 
HH > 2 (base) 

54,792 (56.3) 
49,232 (43.7) 

45,691 (53.5) 
39,659 (46.5) 

41,570 (56.3) 
32,288 (43.7) 

Work type Work type 
Government (1 if working in government sector, 0 otherwise) 
Private (1 if working in private sector, 0 otherwise) 
Other (1 if unknown or not reported, 0 otherwise) 
Self-employed (base) 

11,613 (10.2) 
35,972 (31.6) 
48,641 (51.1) 
7,798 (7.1) 

9,381 (11.0) 
29,664 (34.8) 
39,521 (46.3) 
6,784 (7.9) 

7,552 (10.2) 
23,356 (31.6) 
37,768 (51.2) 
5,182 (7.0) 

Annual household income Annual household income 
<$50,000 
$50,000 to $100,000 
>$100,000 (Base) 
Other 

23,267 (22.7) 
26,567 (25.4) 
31,743 (30.2) 
22,447 (21.7) 

18,946 (22.2) 
21,690 (25.4) 
26,824 (31,4) 
17,890 (21.0) 

16,796 (22.7) 
18,793 (25.4) 
22,277 (30.2) 
15,992 (21.7) 

Anxiousness Anxiousness 
Several days 
More than half the days 
Nearly every day 
Other 
Not at all (base) 

29,885 (27.2) 
11,711 (10.0) 
14,999 (14.0) 
14,977 (15.2) 
32,452 (33.6) 

24,391 (28.6) 
9,589 (11.2) 
13,385 (15.7) 
12,069 (14.1) 
25,916 (30.4) 

20,098 (27.2) 
7,416 (10.0) 
1,0331 (14.0) 
11,218 (15.2) 
24,795 (33.6) 



Given the categorical nature of our outcome variable (telework status) and the 
presence of state-level unobserved heterogeneity, we fitted three mixed logit 
models (with random effect terms) to each of the three datasets. Generally, 
developing a model with random effect terms is beneficial, as random effect 
terms can capture the impacts of unmeasured factors (Azimian et al. 2021; 
Washington, Karlaftis, and Mannering 2010). An example of such a factor in 
this study is the effect of state policies on travel behaviors. 

3. Findings 
As shown in Table 2, except for ethnicity, which was only significant in Model 
1, all other variables were found to be significant in all three models. 
Additionally, the direction and magnitude of the relationships are consistent. 
The results show that the age variable, grouped as 35–50, 50–65, and ≥65, 
was negatively associated (significant at the .05 level), implying that adults 35 
years or older were less likely to work from home than those younger than 35. 
Men also exhibited a lower likelihood of working from home than women. 
Similarly, individuals without graduate degrees were less likely to telework 
during the pandemic than those with such credentials. As for marital status, 
while being married was found to be insignificant in the models, reporting 
an “other marital status (divorced, separated, widowed)” was found to be 
significantly negatively related, suggesting that such individuals were less likely 
to work from home than those who had never been married. Individuals who 
reported some degree of financial difficulty were also less likely to telework 
compared with those who didn’t. In addition, the likelihood of working from 
home was lower for those in households with one or two people than for those 
in larger households. 
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Table 2. Parameter Estimates in Models 1, 2, and 3 (Base outcome= Not teleworking). 

Models Models Model 1 (Early Phase 2) Model 1 (Early Phase 2) Model 2 (Late Phase 2) Model 2 (Late Phase 2) Model 3 (Late Phase 3) Model 3 (Late Phase 3) 

Variables Coef. Coef. Odds Ratio Odds Ratio p-value p-value Coef. Coef. Odds Ratio Odds Ratio p-value p-value Coef. Coef. Odds Ratio Odds Ratio p-value p-value 

Constant Constant 1.435* 4.198 0.000 1.453* 4.276 0.000 1.571* 3.707 0.000 

Age Age 

Age 35–50 -0.208* 0.812 0.000 -0.237* 0.789 0.000 -0.226* 0.794 0.000 

Age 50–65 -0.359* 0.698 0.000 -0.491* 0.612 0.000 -0.355* 0.618 0.000 

Age ≥ 65 -1.229* 0.293 0.000 -1.512* 0.220 0.000 -1.227* 0.223 0.000 

Age 18–35 (base)    

Gender Gender 

Male -0.090* 0.914 0.000 -0.044* 0.957 0.010 -0.063* 0.960 0.001 

Female (base) 

Ethnicity Ethnicity 

White -0.049* 0.952 0.015 -0.008 0.992 0.733 -0.021 0.948 0.378 

Non-white (base) 

Education Education 

No degree -1.366* 0.255 0.000 -1.301* 0.272 0.000 -1.215* 0.274 0.000 

Associate degree -1.143* 0.319 0.000 -1.136* 0.321 0.000 -1.013* 0.323 0.000 

Bachelor’s degree -0.377* 0.686 0.000 -0.369* 0.691 0.000 -0.308* 0.692 0.000 

Graduate degree (base)    

Marital status Marital status 

Married 0.011 1.011 0.060 0.040 1.041 0.091 0.031 1.040 0.241 

Other marital status -0.245* 0.783 0.000 -0.125* 0.882 0.000 -0.198* 0.882 0.000 

Never married (base)    

Difficulty with expenses Difficulty with expenses 

A little difficult -0.054* 0.948 0.007 -0.053* 0.948 0.017 -0.116* 0.954 0.000 

Somewhat difficult -0.292* 0.747 0.000 -0.307* 0.736 0.000 -0.317* 0.743 0.000 

Very difficult -0.691* 0.501 0.000 -0.660* 0.517 0.000 -0.622* 0.527 0.000 

Other -0.316* 0.729 0.000 -0.27* 0.763 0.000 -0.373* 0.801 0.000 

Not at all (base)    

Household size Household size 

HH ≤ 2 -0.360* 0.698 0.000 -0.272* 0.762 0.000 -0.411* 0.762 0.000 

HH > 2 (base)   

Work type Work type 

Government 0.843* 2.323 0.000 0.919* 2.507 0.000 0.825* 2.517 0.000 

Private 0.346* 1.414 0.000 0.325* 1.384 0.000 0.253* 1.388 0.000 

Other -0.427* 0.653 0.000 -0.412* 0.662 0.000 -0.563* 0.667 0.000 

Self-employed (base)    

Annual household income Annual household income 

<$50,000 -1.374* 0.253 0.000 -1.402* 0.246 0.000 -1.298* 0.250 0.000 

$50,000 to $100,000 -0.659* 0.517 0.000 -0.684* 0.505 0.000 -0.624* 0.507 0.000 



Models Models Model 1 (Early Phase 2) Model 1 (Early Phase 2) Model 2 (Late Phase 2) Model 2 (Late Phase 2) Model 3 (Late Phase 3) Model 3 (Late Phase 3) 

>$100,000 (Base) 

Other -0.650* 0.522 0.000 -0.702* 0.496 0.000 -0.643* 0.507 0.000 

Anxiousness Anxiousness 

Several days 0.423* 1.527 0.000 0.428* 1.534 0.000 0.430* 1.545 0.000 

More than half the days 0.513* 1.670 0.000 0.528* 1.696 0.000 0.518* 1.719 0.000 

Nearly every day 0.627* 1.873 0.000 0.631* 1.879 0.000 0.570* 1.925 0.000 

Other 0.254* 1.289 0.000 0.259* 1.296 0.000 0.226* 1.165 0.000 

Not at all (base)          

Random-effects parameters Random-effects parameters 
State (Number of groups: 51) 
Std.(Constant) 0.262 - - 0.251 - - 0.245 - - 

Log likelihood -55313.979 -45328.352 -39157.755 

Wald Test chi2(25) = 20,740.64 Prob > chi2 = 0.000 chi2(25) = 17,376.64 Prob > chi2 = 0.000 chi2(25) = 14,919.75 Prob > chi2 = 0.000 

LR test vs. logistic model chibar2(01) = 591.63 Prob > chi2 = 0.000 chibar2(01) = 591.63 Prob > chi2 = 0.000 chibar2(01) = 423.12 Prob > chi2 = 0.000 

Note: * denotes variables significant at 5%. 



Figure 1. Random Effect Estimates from Model 1 (Early Phase 2) 

With regard to work type, those employed by the government or the private 
sector were more likely than self-employed individuals to engage in telework. 
Individuals earning an annual income less than $100,000 were less likely than 
those earning more to work from home. Lastly, individuals who experienced 
anxiety were more inclined to work from home than those who didn’t. 

The most important component for drawing implications is the random effect 
term, which captures the variation across states. Figures 1, 2, and 3 show the 
estimated random effects across the US for early phase 2, late phase 2, and late 
phase 3, respectively. The states highlighted in orange and red have positive 
values, implying that unobserved factors in those states likely incline residents 
to work from home. The situation is reversed in light and dark green states, 
which have negative values. In addition, comparing Figures 1 and 2 reveals that 
between early and late phase 2, the direction of the random effect values for 
North Carolina and Ohio changed from negative to positive, while that for 
Maine changed from positive to negative. Lastly, between late phase 2 and late 
phase 3, the random effect terms for four states (Alaska, Maine, Wisconsin, and 
New Mexico) changed from negative to positive, which could have resulted 
from state and company policy changes in those states. 
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Figure 2. Random Effect Estimates from Model 2 (Late Phase 2) 

Figure 3. Random Effect Estimates from Model 3 (Late Phase 3) 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 

International License (CCBY-SA-4.0). View this license’s legal deed at https://creativecommons.org/

licenses/by-sa/4.0 and legal code at https://creativecommons.org/licenses/by-sa/4.0/legalcode for more 

information. 
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