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Abstract 

The coronavirus disease 2019 (COVID-19) pandemic has impacted the world economy in 
various ways. In particular, the drastic shift to telework has dramatically changed how people 
work. Whether the new style of working from home (WFH) will remain in our society highly 
depends on its effects on workers’ productivity. However, to the best of our knowledge, the 
effects of WFH on productivity are still unclear. By leveraging unique surveys conducted at 
four manufacturing firms in Japan, we identify the possible factors of productivity changes 
due to WFH. Our main findings are as follows. First, after ruling out the time-invariant 
component of individual productivity and separate trends specific to employee attributes, we 
find that productivity declined more for workers who worked from home than those who did 
not. Second, our analysis shows that poor WFH setups and communication difficulties are the 
major reasons for productivity losses. Third, we find that the mental health of workers who 
work from home is significantly better than that of workers who are unable to work from home. 
Our result suggests that if appropriate investments can be made in upgrading WFH setups and 
facilitating communication, WFH may improve productivity by improving employees’ health 
and well-being. 
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1. Introduction 

The coronavirus disease 2019 (COVID-19) pandemic has impacted the world economy in various 

ways. As one of the major changes, teleworking or working from home (WFH) has become 

widespread across countries. For example, Brynjolfsson et al. [1] suggest that in May 2020, 

approximately half of the workforce in the U.S. was WFH. Felstead and Rueschke [2] reported 

that in April 2020, the WFH percentage in the U.K. reached 43.1% and, in June 2020, remained 

high, 36.5%. Additionally, Eurofound [3] showed that in July 2020, nearly half of all employees 

in EU countries worked from home. For Japan, the Cabinet Office [4] reported that the WFH 

percentage was 34.5% at the end of May 2020, and Morikawa [5] reported that it was 

approximately 32% in June 2020 (see also Okubo [6], who reported a smaller figure: 17% in June 

2020). Regarding other countries, see Pouliakas [7] for Greece and Delaporte and Pena [8] for 23 

Latin American and Caribbean countries; both studies reported smaller figures. While the WFH 

percentages vary across countries, two common features are observed: (1) many people reported 

that during the crisis, it was their first time WFH (for example, see [2], [3] and [6]), and (2) the 

majority of workers WFH wished to continue the new working style if there were no COVID-19 

restrictions ( [2], [3] and [4]). This new global experience indicates that WFH may increase the 

welfare of workers, at least for those who are able to pursue their job at home (see Kroll and 

Nuesch [9], Bellmann and Hubler [10], and [11]). Although WFH may not be applicable to all 

occupations (see [12], [13], [14] and [11]), the experience of WFH during the crisis may lead to 

growth in teleworking even after the crisis abates ( [3]). 

This pandemic-driven WFH has dramatically changed people’s way of work, and it is 

crucial to sustain production during this ongoing crisis. Whether the new style will remain in our 

society highly depends on its effects on workers’ productivity. However, the effects of WFH on 

productivity are still unclear (OECD [15]). For example, based on a field experiment conducted in 

the call center of a Chinese firm, Bloom et al. [16] found that WFH had a positive effect on workers’ 

productivity and reduced turnovers. While the paper ( [16]) reporting evidence based on data 

collected before the COVID-19 pandemic, Emanuel and Harrington [17] also found a positive 

effect on the productivity of call center workers during the COVID-19 crisis. Analyzing not only 

specific workers but also broader occupations in the U.K., Felstead and Rueschke [2] indicated 

mixed results under COVID-19. Their paper showed that two-fifths of workers reported that they 

were able to complete as much work in June 2020 as they were able to complete six months earlier; 
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additionally, over a quarter of workers said that they accomplished more, while 30.2% said that 

their productivity had fallen. Additionally, Ipsen et al. [18] showed that among WFH workers in 

Denmark, 55% complete the same amount of work or more when WFH than when physically 

working at a workplace. They also reported that the majority of WFH workers indicated that they 

worked fewer hours, which suggests that WFH is more efficient and productive on a per-hour basis. 

On the other hand, Morikawa [5] showed that the mean WFH productivity relative to working at 

the usual workplace was approximately 60% to 70% in Japan, and 82% of workers reported a 

decline in productivity in a WFH environment during the COVID-19 crisis. 

Several studies have also reported both positive and negative effects of WFH on 

productivity, depending on skills, education, tasks or industry. For example, Etheridge et al. [19] 

reported that in the U.K., while workers who have increased their intensity of WFH reported 

substantial productivity increases, those who previously always worked from home, women and 

those in low-paying jobs suffered the worst average declines in productivity (see also [20], [21], 

[22]). The paper ( [19]) also reported that declines in productivity are strongly associated with 

declines in mental well-being. Using firm surveys, Bartik et al. [23] reported that employers think 

that there have been less productivity losses from remote working in better educated and higher-

paying industries. Dutcher [24] indicated that WFH may have positive effects on productivity in 

creative tasks but negative effects on productivity in dull tasks. In summary, although there has 

been a rapid accumulation of studies on WFH and productivity, the reported evidence is mixed, 

and we believe that additional evidence on when WFH is productivity-enhancing is needed. 

In this study, we try to contribute additional evidence on the effects of WFH by using data 

from our original employee-level survey conducted in cooperation with four large listed 

manufacturing companies in Japan from April to June 2020. On April 7, 2020, the Japanese 

government declared a countrywide state of emergency. Although the state of emergency ended 

on May 25, the request for self-restraint on movement between prefectures was extended until 

June 19. In the meantime, the government asked firms to let workers work from home as much as 

possible.2 According to the panel survey conducted by the Japan Institute for Labour Policy and 

Training (JILPT) (2020), the number of WFH workers rapidly increased from early April and 

peaked in the second week of May 2020. It then started to decline after the state of emergency was 

                                                 
2 Prime Minister Shinzo Abe (at that time) asked firms to allow at least 70% of employees to work from home 
during a press conference on April 7. 
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lifted at the end of May and dropped significantly by the end of July. Notably, although the 

government declared a state of emergency, it was only on a request basis and was not mandatory; 

therefore, the final decision on whether to introduce WFH was made completely at the discretion 

of employers. Moreover, many Japanese firms allowed each workplace to individually decide 

whether to use WFH. Therefore, even in the same firm, while workers in some units worked 

entirely from home, workers in other units had to commute to the office even though both groups 

of workers performed similar tasks. The variations in WFH within the same company enable us to 

investigate whether there are productivity losses or gains due to WFH. However, because 

companies and division managers had the discretion to comply with or to defy the official request, 

the decision to opt for WFH may be endogenous if workers with specific unobserved traits or roles 

in the workplace tended to be chosen for WFH. We overcome this concern over endogeneity in 

two ways, which we explain as part of the empirical strategy in Section 3. 

The survey we use includes questions on subjective productivity and the perceived factors 

of productivity losses, allowing us to investigate the possible determinants of deteriorations in 

productivity. It also contains questions on mental health and the perceived advantages of WFH, 

making it possible to examine the relationship between WFH and workers’ mental health. 

Our major contributions are threefold. First, using employee survey data with high 

response rates, we exploit the heterogeneities among workers within the same companies. 

Specifically, we identify the effects of WFH on productivity within the same company and within 

the same occupation, which vary depending on the number of days spent WFH. Focusing on 

specific companies also allows us to exclude the differences in productivity among firms. For 

example, using firm panel data, Bloom et al. [25] reported evidence that productivity widely varies 

between firms and that the least productive firms have been disproportionately affected by 

COVID-19. Based on our analysis, workers who worked from home experienced a productivity 

decline compared with those who did not. Second, owing to the rich information available in our 

original surveys, we could identify the potential factors that determine deteriorations in 

productivity due to WFH. We find that poor WFH setups and communication difficulties are the 

major reasons for productivity losses. In addition, although the reasons above are common features 

of all occupations, we find that the major reasons that reduce productivity the most differ by 

occupation. Our findings provide managerial implications that are useful for designing desirable 

investments to improve the productivity of employees while WFH. Third, we complement our 
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findings by analyzing the impact of WFH on mental health. Since a lack of time series information 

on mental health prevents us from ruling out a time-invariant component of employees’ mental 

status, the findings here should be handled with reservation, we find that the mental health of WFH 

workers is significantly better than that of workers who are unable to work from home. In addition, 

our results imply that better concentration, less fatigue, and a shorter commute time may contribute 

to better mental health. Our result suggests that if appropriate WFH investments can be made, 

WFH may also improve productivity by improving employees’ health and well-being. 

The remainder of this paper is organized as follows. Section 2 describes our data, and 

Section 3 presents our quantitative methods. Section 4 explains the results, and Section 5 concludes. 

 

2. Data 

We use data retrieved from our original survey on WFH productivity during the COVID-19 

pandemic, which was conducted in cooperation with four listed manufacturing companies in Japan 

(Companies A, B, C, and D) from April to June 2020. Companies A, B, and D are chemical 

manufacturing companies, while Company C is an automobile manufacturing company. 

Companies A, B, and D  have approximately 8,000, 7,000, and 27,000 employees, respectively, 

while Company C has more than 30,000 employees on a consolidated basis. 

The survey was administered to both white- and blue-collar employees (Companies A, B, 

and D) or white-collar employees (Company C).3 The employees of Companies B and D also 

included those of subsidiary companies. All employees of the four companies were asked to 

complete the survey. The survey included questions on topics such as the number of days spent 

WFH per week, productivity (presenteeism; details will be explained in Section 2.1.1.) before and 

after the state of emergency, the perceived causes of productivity losses, the respondents’ mental 

health status (details will be explained in Section 2.1.2.), the perceived advantages of WFH, and 

the respondents’ occupation, job grade, division, and basic individual characteristics. The response 

rates were high across the companies, ranging from 72% to 91%. The total sample size was 24,175, 

which fell to 22,815 after excluding invalid responses. Because the survey asked about the 

                                                 
3 Hence, the Company C sample does not include production line workers, who regularly worked at the factory 
during the survey period, resulting in the smaller proportion of “no WFH” responses compared to the other 
companies. 
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respondents’ productivity level both before and after the state of emergency, our analyses could 

rule out the time-invariant component of individual productivity. 

The survey included a question on the number of days spent WFH per week during the 

reference period. We consolidated the answers into four categories based on the number of days 

spent WFH: none, once or twice, three or four times, and five times a week (i.e., exclusively WFH). 

Table 1 shows the percentage of employees who worked from home by the number of days worked 

from home per week on a company-by-company basis. It shows that among employees within the 

same company, there is variation in the number of days spent WFH. Moreover, the percentage of 

workers who completely worked from home, i.e., those who worked from home five days a week, 

ranged from approximately 8% to 22% across the four companies. On the other hand, the figures 

show that approximately 40% to 50% of employees of Companies A, B, and D and 10% of 

employees of Company C worked entirely at the office. Note that this share of employees not WFH 

is low for Company C because it asked only white-collar employees to complete the survey.   

 

2.1. Outcome variables 

2.1.1. Productivity 

In our survey, productivity was measured based on answers to the questions that are modified 

version of  the Health and Work Performance Questionnaire (HPQ), which is developed by the 

World Health Organization (WHO) and used to measure subjective productivity (presenteeism). 

Our productivity measurement was conducted based on two-stage questions following the WHO-

HPQ. The first item asked respondents the following retrospective question: “(o)n a scale from 0 

to 10 where 0 is the worst job performance anyone could have at your job, 5 is the performance 

of average workers, and 10 is the performance of a top worker, how would you rate your usual 

job performance (in the one-year period) before the declaration of the state of emergency?”4 This 

item aimed to determine the average level of productivity of individual employees in the pre-

COVID-19 period. The second question asked respondents to also apply a "0 to 10" scale to grade 

their overall job performance since a specific reference date, which varied by company. Taking 

the difference between the answers to these two questions, we calculated the changes in 

                                                 
4 In the questionnaire used for Company A, the phrase “in the one-year period” in the parentheses was not included. 
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productivity before and after the state of emergency.5 Regarding Company D, the simplified 

University of Tokyo version of the one-item presenteeism scale (Presenteeism-UT), which aimed 

to reduce the number of questions based on the HPQ, was used. For Company D, the employee 

survey was conducted twice, first in early March 2020 before the state of emergency was declared 

and again in April 2020. Therefore, unlike the other companies for which presenteeism before the 

state of emergency was evaluated in a retrospective manner, for Company D, presenteeism was 

measured at two time points—before and after the state of emergency.6 

We use this presenteeism measure as one of our main outcome variables. Higher values 

indicate less presenteeism (i.e., higher productivity). 

 

2.1.2. Mental health index 

Another main outcome variable of this paper is employees’ mental health. In the survey, we asked 

respondents to “(p)lease answer the following questions concerning your health since [the start 

date of the reference period]” along with the following three questions about workers’ mental 

health: “I have been depressed,” “I have felt weary or listless, ” and “I have felt worried or insecure.” 

The respondents were asked to choose from four options: “almost always,” “often,” “sometimes,” 

and “almost never.” We coded these responses on a 1 to 4 scale and reduced the total scores from 

the three questions into one dimension by using correspondence analysis; this one dimension was 

used as the mental health index. Correspondence analysis reduces the dimension of scales among 

a set of qualitatively similar categorical variables (see, for instance, [26]). Higher values indicate 

better mental health. Note that this variable is not available for Company A. 

 

                                                 
5 We shall note that while some previous literature evaluate productivity when working from home, we measure total 
productivity before and after the declaration of the state of emergency regardless of the number of days working from 
home. 
6 Specifically, the Presenteeism-UT asked employees to “Suppose that 100% is your work performance when you are 
neither sick nor injured. Please evaluate your current work performance.” For the April survey, the question was 
changed to “Suppose that 100% is your work performance when you are neither sick nor injured before the state of 
emergency. Please evaluate your current work performance after April 8.” We standardized the responses to a 0-10 
scale by dividing by 10. 
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2.2. Covariates of interest 

2.2.1. Perceived factors of deteriorations in productivity 

The survey also asked respondents who worked from home during the reference period to choose 

potential factors that caused declines in their productivity. Specifically, the respondents were asked 

the following multiple-choice question: "what factors, if any, do you think lower productivity 

when working from home?" The choices were “the inability to retrieve data from outside of the 

office because of security,” “the inability to use exclusive equipment that is available only at the 

office,” “poor WFH setups (e.g., do not have own office space),” “lack of articulate orders and/or 

poor support from superiors,” “poor workplace communication,” “poor communication with 

clients,” “fatigue from an excessive workload,” “not feeling well physically (stiff shoulders, back 

pain, etc.),” “feeling mentally under the weather,” and “having distractions or responsibilities to 

deal with (such as kids who want attention, nursing care for parents, and other family 

responsibilities).” 

In the survey, we also asked WFH employees another multiple-choice question about 

workers’ perceived advantages of WFH. Specifically, we asked, “While working from home, did 

you find any advantages of WFH, if any?” The choices were “no distractions and a quiet 

environment that facilitates a greater focus on work,” “can avoid frequent and/or unnecessary 

conversations with coworkers,” “free from stress caused by annoying relationships with 

coworkers and bosses,” “improvement in IT skills,” “zero commuting and saving time on getting 

ready for work,” “being able to wear casual clothes,” “less fatigue and having a healthier 

condition,” “eating healthier meals,” “spending more time exercising,” “reducing alcohol 

consumption,” “having extra time for sleep and rest,” “less smoking,” “having extra time with 

family and friends,” “the ability to fit in household chores, parental care, and extra time with kids,” 

“better family relationships,” and “finding new hobbies due to the constraints on going out.” 

 

2.2.2. Functional roles 

Using the occupational classification of each employee, we categorized the employees into four 

functional roles: corporate, sales, R&D, and production. Production included not only blue-collar 

employees who engage in the production process but also white-collar employees who manage 

production and quality control. In the following, we divide our observations into subsamples by 
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these four categories to investigate whether the possible causes that reduce WFH productivity may 

differ across functional roles. 

 

Table 2 presents the descriptive statistics of each company. 

3. Empirical strategy 

3.1. Main model 

We are interested in identifying the impact of the individual’s WFH status on the outcome variable 

(𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖) for individual i at division j at time t. We start with a simple linear model: 

 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 =  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝛽𝛽 + 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝛾𝛾 +  𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖 (1) 

where 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖 is the number of days spent WFH per week or a vector of dummies (wfh2d, wfh4d, 

wfh5d); 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 is a vector of individual and division-specific characteristics; and 𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖  is an error term. 

𝑤𝑤𝑤𝑤ℎ2𝑑𝑑𝑖𝑖, 𝑤𝑤𝑤𝑤ℎ4𝑑𝑑𝑖𝑖, and 𝑤𝑤𝑤𝑤ℎ5𝑑𝑑𝑖𝑖 indicate the number of days spent WFH per week, i.e., “once or 

twice,” “three or four times,” and “five times (exclusively),” respectively. The reference is none 

(zero WFH days). A vector of dummies (wfh2d, wfh4d, wfh5d) is used when we suspect a nonlinear 

relationship between the frequency of WFH and the outcome. 

This study used different identification strategies for the presenteeism and mental health 

variables. For presenteeism, our survey asked for a subjective assessment of productivity in March 

(i.e., prior to the declaration of the state of emergency) and in April or May (i.e., after the 

declaration), and we had one observation point for mental health. We first explain our approach to 

the former in this section and to the latter in the next section. 

We can identify 𝛽𝛽 using ordinary least squares (OLS) if the WFH term is orthogonal to the 

error term, conditional on individual characteristics. This assumption is likely to be violated if 

workers with specific unobserved traits or roles in the workplace tend to be chosen for WFH. If 

companies are more likely to allow more productive workers to work from home, the estimated β 

will be overestimated. Likewise, if less productive workers volunteer to work from home 
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disproportionately more often than more productive workers, then the estimate for β will be 

underestimated. 

In our case, the shock to WFH adoption was mostly exogenous. Similar to the context of 

previous studies on the impact of WFH after the pandemic, the declaration of a state of emergency 

in Japan had a large and less expected impact on WFH adoption. According to Table 1, quite a 

large number of workers worked from home owing to the government’s request in April. More 

than half of the employees in our sample worked from home at least once a week. Importantly, 

however, the government’s WFH request was not mandatory. Because companies and division 

managers had the discretion to comply with or to defy the official request, the decision to opt for 

WFH may still be endogenous. 

We overcome this concern over endogeneity in our subjective productivity measure in two 

ways. First, we take the first difference in equation (1) to rule out unobserved time-invariant 

individual and division-specific characteristics in the error term, which are correlated with factors 

affecting the WFH choice. 

 ∆𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 =  ∆𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝛽𝛽 +  ∆𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝛾𝛾 + ∆𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖  (2) 

where ∆ is the first-difference operator. 

As a result, our main sample is reduced to a cross-section of the first-differenced outcome 

variable. ∆𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖 is the difference in the number of days spent WFH during the period between the 

two surveys. For Company A, information on the number of days spent WFH before April is 

lacking. We replace ∆𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖 with 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖 under the assumption that a very small number of employees 

worked from home for a limited number of days before April. 

As shown below, most covariates in 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 do not have much time series variation, which 

means that most values in ∆𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖  are zero. Additionally, although time-invariant individual and 

division-specific characteristics are ruled out by taking the first difference, they might still 

contribute to selection bias because they are likely to be correlated with time-varying 

unobservables that affect both the WFH choice and the outcome. For these reasons, we replace 

∆𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 with 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 in equation (2). Thus, our baseline model is as follows: 

 ∆𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 =  ∆𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝛽𝛽 +  𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝛾𝛾 + ∆𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖  (3) 
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In particular, we include the following terms as 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 : a female dummy, age category 

dummies, and dummies for job grades and divisions. Including dummies for job grades and 

divisions in equation (2) essentially allows us to control for separate trends across different job 

levels and divisions. Controlling for such trends is important in the analysis of WFH after the 

pandemic because a worker’s occupation and functional and technical roles within the organization 

could correlate with her superior’s WFH choice for her. In other words, by including dummies for 

job grades and divisions, the coefficient β is identified mainly based on the variation within the 

division and job level where the variation in WFH is primarily caused by the preference and 

management style of the worker’s supervisor, which is less likely to be correlated with the worker’s 

productivity. 

To the extent that our estimation model controls for the selection bias arising from such 

endogenous adoption of WFH, the estimate of β represents the causal impact of WFH adoption. 

One cause for concern is that some employees were transferred across divisions during the 

reference period. However, their functional roles rarely changed after the transfer, and the effect 

of the division within the same functional role was not expected to differ substantially. 

Another issue that we encounter is that the measurement of presenteeism is not necessarily 

consistent with the measurement of WFH. In the default questionnaire that we used, presenteeism 

was assessed for a one-year period before the declaration of the state of emergency, while the 

frequency of WFH was assessed for a one-week period in early March. The measurement period 

for the two is consistent for the question asked for the post-declaration period. To mitigate the bias 

due to this time inconsistency, we add 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖 as a control in some specifications. That is, we estimate 

the following: 

 ∆𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 =  ∆𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝛽𝛽1 +  𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝛽𝛽2  +  𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝛾𝛾 + ∆𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖     (4) 

 

3.2. Model for mental health 

As discussed above, for our mental health variable, we have one observation point. Thus, taking 

the first difference is not feasible. We argue that for mental health, endogeneity bias is less of a 

concern for two reasons. First, it is unlikely that workers with a specific mental health condition 



12 
 

tend to be chosen for WFH because a person’s mental health condition is not known to her 

supervisor until it has deteriorated so much that her doctor’s recommendation of sick leave or a 

job transfer is submitted. Even if the supervisor knows her subordinate’s mental health condition 

before it becomes this bad, it is not a priori obvious whether choosing WFH will be good or bad 

for her health. Second, we have precise information about workers’ workplace and job level, which 

can be used to account for the technical or operational reasons underlying the WFH choice. 

Including division dummies and job level dummies as controls also helps us to control for 

variations in mental health conditions across occupations and job levels, thus mitigating the 

endogeneity bias with regard to WFH. 

 For these two reasons, estimating equation (1) using OLS will allow us to make causal 

interpretations, although we still cannot rule out the possibility of some bias due to selection. 

Therefore, as a robustness check, we also estimate a model with sample selection bias. 

 

3.3. Analysis using the WFH sample 

Some survey questions, such as the item asking about the perceived factors of productivity declines, 

were asked only to workers who worked from home during the reference period. Furthermore, the 

answer to the question is likely to be correlated with the frequency of WFH. Therefore, the OLS 

estimates of equation (3) for presenteeism or equation (1) for mental health are biased if 

𝐸𝐸[∆𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖|𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖, ∆𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖, 𝑑𝑑 = 1] ≠ 0 

or 

𝐸𝐸[𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖|𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖, 𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖, 𝑑𝑑 = 1] ≠ 0, 

respectively, where 𝑑𝑑 denotes a dummy for WFH at least one day a week. 

 Given our previous discussion, we predict that the OLS estimates of the first-difference 

equation for presenteeism might be biased due to selection if unobservable factors that separate 

trends of presenteeism are correlated with the decision to work from home. On the other hand, the 

OLS estimate of equation (1) for mental health is unlikely to be biased if the decision to work from 

home is uncorrelated with mental health, conditional on individual characteristics and divisions. 

To investigate our predictions, we have estimated both OLS and type II Tobit model (models with 

sample selection biases)  
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4. Results 

4.1. Frequency of WFH and productivity 

First, we estimate equation (2) without control variables to observe how the frequency of WFH 

affects productivity. The results are shown in Table 3. The coefficient estimates of the difference 

in the number of days spent WFH (the WFH dummies for Company A) are significantly negative 

for all companies. In summary, the results indicate that workers who worked from home 

experienced declines in productivity compared with those who did not. This adverse effect was 

considerably large for Company D, which may have resulted from the fact that the survey was 

conducted in late April, two weeks after the declaration of the state of emergency. At that time, 

many employees were forced to work from home without full preparation, which may have 

temporarily resulted in a large decline in productivity. 

 Table 4 shows the full model including other explanatory variables(equation 4). For 

Company B, the first difference of the WFH days becomes statistically insignificant. On the other 

hand, although the magnitude of the estimates decreases, the frequency of WFH still negatively 

affects productivity for Company D even after controlling for various individual and job 

characteristics. Note that the level of WFH dummies are negative for both Companies B and D. 

As for Company C, the magnitude of the first difference becomes even larger. However, the WFH 

dummy of 5 days is positive and statistically significant. We will reconsider this in the subsample 

analysis below. 

The full model offers another causal parameter worth mentioning. The productivity losses 

are greater for employees in their 30s, 40s, and 50s in Companies A, C, and D. Young workers are 

not significantly affected by the shift to WFH presumably because (1) they are more familiar with 

online communication and recent information technology than their older counterparts and (2) they 

are assigned more specialized or solo tasks requiring less coordination; thus, their productivity is 

less constrained by WFH. These results may provide evidence that, on average, employees 

experienced declines in productivity from WFH. Below, we investigate what factors caused such 

declines in productivity. 

 

4.2. Causes of productivity losses 

To identify the causes underlying the productivity losses, we add as explanatory variables the 

responses to the question of what factors the respondents perceived as causing their productivity 
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to decline.7 Here, the sample is restricted to those who worked from home at least one day per 

week after the state of emergency. Any factors that are strongly correlated with productivity losses 

should be the main mechanism underlying the drop in productivity. Table 5 reveals two important 

common channels. First, “poor WFH setups” have a significantly negative coefficients for all 

companies, and “the inability to retrieve data from outside the office” is also negatively correlated 

with changes in productivity for Companies A and B. These results indicate that the lack of 

sufficient infrastructure for WFH hinders employee performance. Second, “poor workplace 

communication” and “poor communication with clients” are significantly negative for almost all 

companies. This result implies that new communication applications such as social networking 

services (SNSs), chat apps and conference calls cannot easily replace traditional communication 

methods such as face-to-face communication or phones and their role in meeting spontaneous, 

simultaneous or urgent needs for communication. The significance of the coefficients of the other 

variables varies across companies. We shall also note that “having responsibilities (childcare 

and/or nursing care)” is also negative and statistically significant for Companies A and C. During 

the state of emergency in April to May, a number of children did not attend school because of 

closures. Also, many daycare centers for elders have closed in order to avoid cluster infection of 

COVID-19. Those closures have caused temporary loss of productivity for workers who needed 

to take care of their family members while working from home.  

Tthe first difference of WFH days and the WFH dummies become either statistically 

insignificant or at least their magnitude becomes small when we control for the causes. These 

results imply that WFH per se does not necessarily deteriorate workers’ productivity and that 

declines in productivity while WFH can be ameliorated by addressing those undesirable factors. 

In particular, the infrastructure for WFH can be relatively easily improved by appropriate IT 

investment or by financial support provided by companies to their employees to establish a better 

work environment at home. In the long run, further technological development of IT security and 

communication devices and learning by doing among workers will help find efficient ways to 

communicate within and across companies. 

                                                 
7 For Company D, slightly different wording was used for some questions, but what was being asked was 
essentially the same. However, a few questions were not available. Accordingly, “the inability to retrieve data” 
and “having responsibilities (childcare and/or nursing care)” are missing for Company D. 
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To deal with sample selection bias, we also estimated type II Tobit models (the maximum 

likelihood estimator and Heckman's two-step estimator) to address potential selection into WFH 

as a robustness check. The estimation results did not provide evidence of selection bias and were 

qualitatively the same as the OLS estimation results. 

 
4.3. Subsample analysis of causes 

We now take a closer look at the causes of productivity losses by conducting subsample analysis. 

We divide the sample into four based on functional roles, i.e., corporate, sales, R&D, and 

production, and we estimate the model presented in Section 4.3. Tables 6-9 present the main results. 

Once again, the factor that is fairly common to all four functional roles is “poor WFH setups,” the 

coefficient estimates are significantly negative for most cases. Apparently, it may be more 

important for corporate and R&D jobs since the estimates are all significant, except in the case of 

Company A, where the estimates are significant only at the 10% level. 

Now, we turn to the specificity of each functional role. For corporate jobs and sales jobs, 

“poor workplace communication” and “poor communication with clients” have significantly 

negative effects on productivity across companies, which is consistent with the intuition that 

corporate jobs and sales jobs intensively involve engagement in coordination and organization 

both within and outside the company. This result is reasonable considering the nature of the tasks 

undertaken by employees who hold these roles. For sales jobs and R&D jobs, the coefficient 

estimate for “the inability to retrieve data” is significantly negative for Companies A and B, and 

the coefficient estimate for “the inability to use exclusive equipment” is significantly negative for 

Companies A and C. Once again, these results are reasonable since workers engaged in R&D tend 

to engage with confidential information such as patents. For production jobs, the estimate for “poor 

workplace communication” is significantly negative, except in the case of Company B, and this 

result is also fairly consistent with the duties and tasks of workers holding such jobs. 

Across functional roles, there is a common factor of productivity losses, i.e., “poor WFH 

setups,” which calls for comprehensive support for all occupations to improve the WFH conditions 

that employees face. In addition, our results indicate that the most important factor in improving 

WFH productivity differs by occupation, suggesting that employers should recognize that the 

optimal investment priorities may differ across occupations. 
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4.4. Frequency of WFH and mental health 

We next study the relationship between mental health and WFH by estimating equation (1). Table 

10 shows the results obtained from the regression of 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚_ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑖𝑖 on 𝑤𝑤𝑤𝑤ℎ2𝑑𝑑𝑖𝑖, 𝑤𝑤𝑤𝑤ℎ4𝑑𝑑𝑖𝑖, and 

𝑤𝑤𝑤𝑤ℎ5𝑑𝑑𝑖𝑖 , controlling for individual and job characteristics. Overall, employees’ mental health 

seems to have a positive association with the frequency of WFH.8 As one caveat, unlike the 

estimates for presenteeism, which were based on two time points, the evidence may be too weak 

to establish a causal relationship since the dependent variable is simply cross-sectional. It may be 

the case that more specialized jobs allow more frequent WFH and job autonomy, which help to 

maintain good mental health, causing a spurious correlation between the two. Notably, however, 

even when we estimate sample selection models, we confirmed that the results are qualitatively 

the same, implying that selection is presumably innocuous after controlling for the respondents’ 

job grades, divisions, and occupations. 

 

 

4.5. Benefits of WFH 

To identify what factors contribute to improvements in mental health, we estimate equation (1), 

adding as explanatory variables the responses to the question of what factors the respondents 

perceived as advantages of WFH and restricting the sample to those who worked from home after 

the state of emergency.9 The factors that have a strong association with better mental health, 

conditional on individual and job characteristics, should be the main benefits of WFH. Two 

potential benefits emerge from the results shown in Table 11. First, the coefficient of “facilitates 

a greater focus on work” is significantly positive across companies. Second, “less fatigue and 

having a healthier condition” and “zero commuting and saving time” are significantly associated 

with better mental health for Companies C and D, although a similar pattern cannot be observed 

for Company B. Notably, “having extra time for sleep and rest” is significant for Company D. 

These results suggest that WFH eliminates the need to commute to work, which can be stressful 

for employees, and in this regard, time savings also enable employees to gain extra health benefits 

                                                 
8 Our mental health score calculated from correspondence analysis is highly correlated with the simple sum of 
the total Likert-based scales (the correlation coefficient is approximately 0.95 across firms). We also confirmed 
that even when we use the Likert-based scores, our regression results remain qualitatively the same. 
9 Notably, we estimated a sample selection model for mental health, but the evidence of selection bias was weak, 
and the estimates remained substantially identical. 
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such as additional sleep and rest. Additionally, due to fewer interruptions that would normally 

occur at the workplace, WFH allows for a quieter environment that can facilitate a greater focus 

on work. Although undesirable aspects of WFH are oftentimes emphasized by business 

practitioners, WFH may improve productivity by improving employees’ health and well-being. 

This benefit due to the longer rest period enabled by WFH should have the same impact as 

shorter working hours. In fact, in the literature, there is some evidence of the benefits of shorter 

working hours. Using data on women working in manufacturing plants to produce artillery shells 

for the British military during the First World War, Pencavel [27] found that the hours-productivity 

profile exhibits a concave, nonmonotonic shape, implying that having a longer rest period could 

improve productivity when workers work excessive hours. Similarly, using single-company data 

on Japanese construction design projects, Shangguan et al. [28] showed that team productivity and 

the quality of work improved when working hours were reduced during the great recession. 

 

5. Concluding remarks 

Using unique data retrieved from our original survey conducted in cooperation with four 

manufacturing companies in Japan, we investigated the determinants of the quality of WFH under 

the COVID-19 pandemic. Specifically, we examined the effects of WFH on employees’ 

productivity and mental health. Using employee survey data with high response rates, we identified 

the effects of WFH on productivity and mental health within the same company and within the 

same occupation. Focusing on specific companies also allowed us to exclude the differences in 

productivity among firms. 

 We present four findings. First, we confirmed that frequent WFH is associated with 

decreased productivity. In our interpretation, most workers experienced declines in productivity, 

probably due to their inadequate preparation for WFH under the sudden shock of the pandemic. 

 Second, to confirm our interpretation, we identified the possible factors of productivity 

losses during pandemic-driven WFH. Our estimation results suggest that the major contributors to 

deteriorations in productivity are poor WFH setups and poor communication at the workplace and 

with clients. These results imply that companies may enhance employees’ productivity by 

investing in their WFH setups at home and communication tools. 

 Third, we also examined the heterogeneity across types of jobs. We categorized 

occupational categories into four functional roles, i.e., corporate, sales, R&D, and production. We 
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have found that poor WFH setups are one of the major causes of productivity losses across the 

four occupation types. However, there are also several important causes that are specific to certain 

occupations. For corporate jobs and sales jobs, poor workplace communication and poor 

communication with clients seem to be the most crucial. For sales and R&D jobs, the lack of access 

to crucial information and exclusive equipment appear to contribute to productivity losses. Our 

findings provide managerial implications that are useful for designing desirable investments to 

improve employees’ productivity while WFH. 

 Fourth, our results show that WFH is associated with better employee mental health. Our 

regression results suggest that workers benefit from a greater focus on work with a quieter 

environment, less fatigue, and additional time for sleep and rest as a result of the time saved by 

cutting commuting time. While more emphasis tends to be placed on the drawbacks of WFH, our 

result suggests that WFH may improve productivity by improving employees’ health and well-

being. To that end, let us introduce the answers to the question regarding WFH used in the 

Company A surveys. The question asked, “(a)fter the situation returns to normal, how often do 

you prefer to work from home?” Among 1,381 employees who worked from home, only 7.2% 

answered “none,” while 52.3% and 22.0% answered “1-2 days per week” and “3 days or more per 

week,” respectively. These results suggest that these workers might have realized the advantages 

of WFH, and they are in line with the results of Eurofound’s questionnaire survey ( [3]) conducted 

with workers in EU member states. When asked for their WFH preference if there were no 

COVID-19 restrictions, 32% of all respondents expressed a wish to work from home a few days a 

week, 13% indicated that they would like to work from home every day, and only 22% of the 

respondents did not wish to work from home. The WFH style may take root around the world as 

a new working style. 

Under these circumstances, companies should not dismiss remote working out of hand as a 

work arrangement option because of lower productivity compared with in-office work. Rather, 

they need to conduct a detailed analysis of the causes of the productivity gap, make the 

infrastructure improvements that are necessary for increasing WFH productivity, and send a clear 

message from top management that WFH can be a productivity booster.10 Such changes will create 

                                                 
10 For example, Fujitsu announced that it would allow their employees to freely choose where they work, and reduce 
the floor area of existing offices in Japan by 50% by 2023. The company instead provide a monthly payment of 5,000 
yen as a subsidy for environment maintenance costs for working from home. This decision saves a large costs of office 
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opportunities for people who have been unable to work full-time or work as regular employees—

that is, employees who are supposed to be willing to make business trips or accept workplace 

transfers—because of time constraints resulting from life circumstances, such as having to raise 

children or care for elderly individuals or individuals suffering from illness or a disability. In a 

way, WFH may be an option that can be used to take full advantage of the workforce's talents that 

could be wasted without such arrangement.  

 

 

References 

 
[1]  E. Brynjolfsson, J. J. Horton, A. Ozimek, D. Rock, G. Sharma and H.-Y. TuYe, "COVID-

19 and Remote Work: An Early Look at US Data," NBER Working Paper No. 27344, 2020, 
DOI 10.3386/w27344.  

[2]  A. Felstead and D. Reuschke, "Homeworking in the UK: before and during the 2020 
lockdown," WISERD Report, Cardiff: Wales Institute of Social and Economic Research, 
2020, https://wiserd.ac.uk/publications/homeworking-uk-and-during-2020-lockdown.  

[3]  Eurofound, "Living, working and COVID-19," COVID-19 series, Publications Office of 
the European Union, Luxembourg, 2020, 
https://www.eurofound.europa.eu/publications/report/2020/living-working-and-covid-19. 

[4]  The Cabinet Office, "Survey on Changes in Attitudes and Behavior Under the Influence of 
the Novel Coronavirus (in Japanese)," The Government of Japan, 2020, 
https://www5.cao.go.jp/keizai2/manzoku/pdf/shiryo2.pdf. 

[5]  M. Morikawa, "Productivity of working from home during the COVID-19 pandemic: 
Evidence from an employee survey," Covid Economics, vol. 49, pp. 123-147, 2020, 
https://cepr.org/file/9658/download?token=dK8-3_E9.  

[6]  T. Okubo, "Spread of COVID-19 and telework: Evidence from Japan," Covid Economics, 
vol. 32, pp. 1-25, 2020, https://cepr.org/file/9252/download?token=UvHyo3s6.  

[7]  K. Pouliakas, "Working at Home in Greece: unexplored potential at times of social 
distancing?," IZA DP No. 13408, 2020, 
https://www.iza.org/publications/dp/13408/working-at-home-in-greece-unexplored-
potential-at-times-of-social-distancing.  

[8]  I. Delaporte and W. Peña, "Working from home under covid-19: Who is affected? evidence 
from latin american and caribbean countries," CEPR COVID Economics, vol. 14, 2020.  

[9]  C. Kroll and S. Nuesch, "The effects of flexible work practices on employee attitudes: 
evidence from a large-scale panel study in Germany," The Internati onal Journal of Human 
Resource Management, vol. 30, no. 9, pp. 1505-1525, 2019, 
http://dx.doi.org/10.1080/09585192.2017.1289548.  

                                                 
rents and commute expenses. If many firms follow such a move, the design of urban office spaces as well as the way 
workers work would change drastically. 



20 
 

[10]  L. Bellmann and O. Hubler, "Job Satisfaction and Work-Life Balance: Differences between 
Homework and Work at the Workplace of the Company," IZA DP No. 13504, 2020, 
https://www.iza.org/publications/dp/13504/job-satisfaction-and-work-life-balance-
differences-between-homework-and-work-at-the-workplace-of-the-company.  

[11]  J. M. Barrero, N. Bloom and S. J. Davis, "Why Working From Home Will Stick," BFI 
WORKING PAPER, 2020, https://bfi.uchicago.edu/wp-
content/uploads/2020/12/BFI_WP_2020174.pdf.  

[12]  J.-V. Alipour, O. Falck and S. Schuller, "Germany’s Capacities to Work from Home," IZA 
DP No. 13152, 2020, https://www.iza.org/publications/dp/13152/germanys-capacities-to-
work-from-home.  

[13]  J. I. Dingel and B. Neiman, "How many jobs can be done at home?," Journal of Public 
Economics, vol. 189, pp. 1-8, 2020, https://doi.org/10.1016/j.jpubeco.2020.104235.  

[14]  M. Hatayama, M. Viollaz and H. Winkler, "Jobs' amenability to working from home: 
Evidence from skills surveys for 53 countries," Covid Economics, vol. 19, 2020, 
https://cepr.org/file/9088/download?token=c6oU20eH.  

[15]  OECD, "Productivity gains from teleworking in the post COVID-19 era: How can public 
policies make it happen?," OECD, Paris, 2020. 

[16]  N. Bloom, J. Liang, J. Roberts and Z. J. Ying, "Does Working from Home Work? Evidence 
from a Chinese Experiment," The Quarterly Journal of Economics, vol. 130, no. 1, p. 165–
218, 2015, doi:10.1093/qje/qju032.  

[17]  N. Emanuel and E. Harrington, "“Working” Remotely? Selection, Treatment, and the 
Market Provision of Remote Work," 2020, 
https://scholar.harvard.edu/files/eharrington/files/remote_work.pdf. 

[18]  C. Ipsen and K. Kirchner, "Experiences of Working from Home in Times of COVID-19: 
International survey conducted the first months of the national lockdowns," 2020, 
DOI:10.11581/dtu:00000085. 

[19]  B. Etheridgey, T. Li and Y. Wang, "Worker Productivity during Lockdown and Working 
from Home: Evidence from Self-Reports," ISER Working Paper Series No. 2020-12, 2020, 
https://www.iser.essex.ac.uk/research/publications/working-papers/iser/2020-12.  

[20]  A. Adams-Prassl, T. Boneva, M. Golin and C. Rauh, "Inequality in the Impact of the 
Coronavirus: Shock: Evidence from Real Time Surveys," Journal of Public Economics, 
vol. 189, pp. 1-33, https://doi.org/10.1016/j.jpubeco.2020.104245, 2020.  

[21]  A. Adams-Prassl, T. Boneva, M. Golin and C. Rauh, "Work That Can Be Done from 
Home: Evidence on variation within and across occupations," 2020. 

[22]  T. Alon, M. Doepke, J. Olmstead-Rumsey and M. Tertiltc, "The Impact of COVID-19 on 
Gender Inequality," Covid Economics, vol. 4, pp. 62-85, 2020.  

[23]  A. W. Bartik, Z. B. Cullen, E. L. Glaeser, M. Luca and C. T. Stanton, "What jobs are being 
done at home during the COVID-19 crisis? Evidence from firm-level surveys," NBER 
Working Paper No. w27422, 2020, https://www.nber.org/papers/w27422.  

[24]  E. G. Dutcher, "The effects of telecommuting on productivity: An experimental 
examination. The role of dull and creative tasks," Journal of Economic Behavior & 
Organization, vol. 84, pp. 355-363, 2012, http://dx.doi.org/10.1016/j.jebo.2012.04.009.  



21 
 

[25]  N. Bloom, P. Bunn, P. Mizen, P. Smietanka and G. Thwaites, "The Impact of Covid-19 on 
Productivity," NBER Working Paper No. 28233, 2020, 
https://www.nber.org/papers/w28233.  

[26]  S. Yamaguchi, Y. Asai and R. Kambayashi, "How does early childcare enrollment affect 
children, parents, and their interactions?," Labour Economics, vol. 55, pp. 56-71, 2018.  

[27]  J. H. Pencavel, "The Productivity of Working Hours," Economic Journal, vol. 125, no. 
589, p. 2052–2076, 2015.  

[28]  R. Shangguan, J. DeVaro and H. Owan, "Enhancing Team Productivity through Shorter 
Working: Evidence from the Great Recession," Working Paper, 2020.  

[29]  Eurofound, "Living, working and COVID-19," Publications Office of the European Union, 
Luxembourg, 2020. 

  
 



22 
 

Table 1. The proportion of workers working from home 
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Table 2. Descriptive statistics 
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Table 3. Regression of productivity changes on WFH 
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Table 4. Regression of productivity changes on WFH with controls 
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Table 5. Regression of productivity changes on the perceived factors of productivity losses 
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Table 6. Subsample analysis (corporate) 
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Table 7. Subsample analysis (sales) 
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Table 8. Subsample analysis (R&D) 
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Table 9. Subsample analysis (production) 
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Table 10. Regression of mental health on WFH frequency 
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Table 11. Regression of mental health on the perceived advantages of WFH 
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