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Abstract

:

Telecommuting has reached unprecedented levels in Japan, previously established due to the sudden outbreak of the COVID-19 pandemic; however, there is a lack of in-depth research on telecommuting frequency from the perspective of the post-pandemic era. Hence, this study investigated the relationship between employees’ expected levels of telecommuting allowed by the company and their preferred telecommuting frequency after the pandemic using an ordered response probit model with a correlation effect. Data were collected through an online questionnaire in three major metropolitan areas of Japan; the questionnaire included questions on sociodemographic, commuting, household, and work-related characteristics. The findings revealed that work-environment characteristics are prime factors influencing both expected and preferred telecommuting frequency; therefore, a telecommuting-oriented work environment is crucial for bridging the gap between employees and employers regarding telecommuting. Also, the results indicated that the preferred level of telecommuting is unattainable probably due to a lack of support from the company. Finally, a gap was identified between the expected telecommuting frequency that companies would allow and the preferred telecommuting frequency. This study provides implementations to achieve a work environment better adapted to the post-pandemic era and contributes to the establishment of future traffic forecasting models that enable effective mobility management through telecommuting.
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1. Introduction


The development of information and communication technology (ICT) has led to telecommuting becoming an alternative way to work worldwide. The number of employees working elsewhere rather than in traditional offices is increasing. According to related surveys, the number of weekly telecommuters increased by 3.21% between 2001 and 2017 [1,2]. After the first confirmed case of COVID-19 was reported in Wuhan, China, in December 2019, the pandemic disseminated widely around the world [3,4]. Subsequently, the World Health Organization (WHO) declared the COVID-19 outbreak a severe pandemic that caused challenges for healthcare systems, the workforce, and transportation sectors. To avoid the spread of the virus, travel restrictions imposed by governments and office closures conducted by companies led to an unprecedented level of telecommuting in many parts of the world. In the United States, the number of employees working from home increased from 8% in February to 35% in May 2020 [5]. Similar growth patterns were observed in European countries. For example, up to 50% of workers telecommuted during the pandemic in the Netherlands and Switzerland [6,7]. Telecommuting has reshaped the travel behavior and daily routines of employees by releasing the spatial and temporal constraints associated with work; consequently, these pandemic-induced increases in telecommuting have led to dramatic changes in travel demands and mobility in metropolitan areas.



This massive spread of telecommuting is likely to have a long-term effect, reshaping commuting and travel behavior among employees in the post-pandemic era. Studies investigating the intention to telecommute have shown that workers will continue to adopt telecommuting in the post-epidemic future and even telecommute more frequently than they did during the epidemic [8,9,10,11,12]; however, there remains uncertainty regarding how telecommuting behavior will evolve in the post-pandemic future. Most employees who want to continue telecommuting are probably motivated by its advantages in promoting work–life balance, reducing commuting time and costs, and facilitating flexibility in scheduling activities. Transportation planners may promote telecommuting as an effective travel-demand management tool owing to its potential benefits in reducing traffic congestion, vehicle miles traveled, and vehicle emissions. Additionally, the government has taken the opportunity to implement telecommuting reforms in order to increase women’s employment in the workforce; however, telecommuting adoption is subject to certain constraints, including the availability of telecommunication infrastructure, productivity, and work suitability [13,14]. From the perspective of travel demand forecasting and the development of a more resilient and sustainable city, exploring the scale at which telecommuting will grow in the post-epidemic era is critical.



Although telecommuting is a rather complex choice-making process, previous studies have explored the factors influencing telecommuting frequency using different discrete choice models; most have focused on the pre-pandemic period. One of the objectives of this study was to examine the factors affecting employees’ telecommuting frequency in the post-pandemic phase. To obtain a more comprehensive analysis of telecommuting behavior, this study analyzed two types of post-pandemic telecommuting frequency. The first is the telecommuting frequency that employees expect to achieve within a company’s policy; the second is the preferred frequency, which is the telecommuting frequency that employees want to implement. Another objective of this study was to analyze factors that affect employees’ expectations and preferences toward telecommuting frequency, including socio-demographics, household attributes, trip-related and job-related characteristics, and work-environment characteristics. In addition, telecommuting usage was relatively low in Japan among developed countries before the pandemic. The onset of the pandemic created unprecedented opportunities for employees to telecommute; however, the constraints set by corporate systems further determine whether telecommuting will continue in the post-pandemic era or return to pre-pandemic levels. Therefore, from the perspective of better understanding travel demand and telecommuting policy reform, a further objective of this study is to discuss the gap between the expectations and preferences of employees regarding telecommuting frequency.



Data were obtained from a web-based survey conducted in three major metropolitan areas of Japan from November to December 2020. As the data were collected during a period after the outbreak began, employees experienced the merits and demerits of telecommuting for a reasonably extended period, resulting in a clear perception of and plan for post-pandemic telecommuting behavior. The results of this study will provide useful insights into commuting behaviors, travel demands, and telecommuting policies in a society in which telecommuting is widespread. The reshaped commuting trends caused by the post-pandemic diffusion of telecommuting may have a significant impact on transportation policy and urban network planning in the coming years.



The remainder of this paper is organized as follows: Section 2 provides a brief review of the literature on telecommuting frequency. Section 3 presents the experimental design of the survey, the descriptive statistics of the sample, and the model structure used for estimation. The main findings of this analysis are summarized in Section 4. Finally, the conclusions and implications for policymakers and the transportation sector are discussed in Section 5.




2. The Literature Review


Telecommuting can shift the travel priorities of employees and reshape their daily tasks and lifestyles; therefore, exploring the level of telecommuting is important for a better understanding of travel and a more accurate representation of how employees plan and schedule their activities. To address these issues, research on telecommuting choices, preferences, and frequency has been of significant interest for over three decades. Owing to the limitations of the low adoption rate of telecommuting and the conduction of surveys, early research was mostly quantitative and aggregate analyses based on small sample sizes of stated preference (SP) surveys (see, for example, Bernardino et al. [15]; Drucker and Khattak [16]; Sullivan et al. [17]). Later studies focused on empirical analyses to identify the effects of personal, household, work-related, and built-environment characteristics on telecommuting choices and frequency.



Pouri and Bhat [18] established a joint model to investigate the choice and weekly frequency of home-based telecommuting in the New York Metropolitan area using data conducted from a revealed-preference (RP) survey. These findings suggest that individual and household demographics, as well as the occupational characteristics of employees, significantly impact their telecommuting frequency. The correlation between unobserved factors affecting the choice and frequency of telecommuting is also underlined. In a more recent study, telecommuting choice and frequency were analyzed jointly with a copula-based model using data from the Chicago Regional Household Travel Inventory [19]. In this study, the telecommuting choice was estimated using a binary choice model, while its frequency was analyzed using an ordered response model. The empirical results identified a relationship between several demographic and work-related variables and telecommuting frequency. In addition to explanatory variables such as sociodemographic characteristics and commuting time, which have been explored in previous studies, Tang et al. [20] focused primarily on examining the impact of residential neighborhood-built environment (BE) factors on telecommuting frequency. The study developed a multinomial logit (MNL) model to estimate telecommuting frequency using data from a survey of eight neighborhoods in Northern California and pointed out the associations between built environment variables and the frequency of working at home. Singh et al. [21] further explored telecommuting frequency from a supply perspective (i.e., the telecommuting options offered by employers). The study proposed a joint trivariate model including a generalized ordered response (GOR) model to analyze the precise count of telecommuting days per month using data from the 2009 National Household Travel Survey conducted in the San Francisco Bay area to estimate the option, choice, and frequency of telecommuting. Several studies examining the impact and consequences of telecommuting adoption on trips, vehicle miles traveled, and environmental emissions have also applied ordered logit or probit models to estimate the factors affecting telecommuting frequency [22,23].



Although telecommuting adoption grew steadily prior to the COVID-19 outbreak, many employees had not experienced it; as a result, either the sample of surveys on telecommuting was relatively small or the perception of their preference for telecommuting lacked a practical basis. The Coronavirus disease (COVID-19) pandemic has dramatically changed this situation, driving telecommuting to an unprecedented level in many countries. The aforementioned literature on telecommuting adoption and frequency is from the period prior to the pandemic outbreak. Because some employees were forced to telecommute during the pandemic, to avoid the spread of the virus, much of the subsequent research also focused on telecommuting usage in a COVID-19 pandemic context. With the global spread of COVID-19, several surveys on telecommuting usage have been conducted in different countries, and a pandemic-induced rise in telecommuting usage has been observed in the Netherlands, Switzerland, Australia, and the United States (see, for example, Beck et al. [5]; de Haas et al. [7]; Shamshiripour et al. [24]; Zhang et al. [25]). Eurofound [26] reported that about 48% of employees in European countries were telecommuting to some degree during the pandemic. A similar pattern of dramatic telecommuting growth facilitated by the pandemic was also observed in Asian regions, such as China (e.g., Sun et al. [27]; Ma et al. [28]) and South Korea (e.g., Ha [29]). In addition, since the outbreak began, numerous studies have been conducted in many developing countries on the impact of telecommuting on transportation, commuting, and mobility (see, for example, Anwari et al. [30]; Bhaduri et al. [31]; Dandapat et al. [32]; Ivanova et al. [33]).



In addition to the aggregation analysis of telecommuting adoption and the exploration of telecommuting characteristics, several studies have provided quantitative analyses of telecommuting behavior covering during the pandemic as well as the post-pandemic period, considering preferences toward telecommuting. A recent study used binary logit models to explore factors affecting telecommuting in Vietnam during and after the COVID-19 era [34]. The results indicated that issues such as distractions and data-access constraints were the main factors hindering employees from telecommuting during the pandemic. Gender, commuting distance, the presence of children in the household, and attitudinal factors were the main indicators of future telecommuting adoption. On a similar note, Nguyen and Armoogum [4] used the same dataset to examine the role gender played in telecommuting preferences from a post-epidemic perspective. The findings show that women are more likely to have positive perceptions of telecommuting before and after the pandemic. Another study examined telecommuting frequency during the pandemic and analyzed the factors influencing telecommuting after the pandemic using data collected in India [35]. Factors such as the working environment at home, household responsibilities, distraction by other household members, and network connectivity were identified as having an impact on telecommuting frequency during the pandemic. The results also indicate that socioeconomic characteristics and activity-travel patterns during the pandemic are key parameters affecting future decisions on telecommuting adoption. Also, studies focusing on major metropolitan areas in Japan have identified a number of demographic and work-related variables that affect telecommuting frequency based on data collected during the pandemic by applying an ordered probit model [36].



Based on the above literature review, there is a lack of in-depth research on telecommuting frequency from the perspective of the post-pandemic era. Factors affecting post-pandemic preferences for telecommuting frequency have not been identified. If increased levels of telecommuting are the “new normal” in a post-pandemic world, exploring telecommuting frequency in a society where telecommuting is widespread has important implications for strategic transportation models that predict transportation demand and simulate network traffic. On the one hand, many employees are willing to continue telecommuting in the post-pandemic era. On the other hand, with the release of mobility restrictions, advances in telecommunications technology, and the emergence of coworking spaces, a hybrid work model that combines telecommuting and office-based work is the trend after the pandemic [37,38,39]. Therefore, to better understand work scheduling and implement better telecommuting innovations, it is imperative to examine the factors that influence telecommuting frequency after the pandemic. In addition, the expected frequency with which a company will allow employees to telecommute in the aftermath of the pandemic may differ by industry. To better propose telecommuting policies that adapt to the post-pandemic period, it is also vital to explore the telecommuting frequency from both the employer’s and industry’s perspectives. Peters et al. [40] used a 2001 Work and Information Technology Survey in the Netherlands to investigate whether an employee is offered the opportunity to telecommute by the employer and whether the employee is willing to telecommute; however, this study ignores the important dimension of the frequency of telecommuting. Later, Singh et al. [21] estimated a joint model of three dimensions—option, choice, and frequency of telecommuting—which indicate that ignoring the employer’s perspective may lead to incorrect conclusions regarding the behavioral processes governing telecommuting decisions. However, the pandemic has rapidly accelerated the use of telecommuting and may result in changes in employer attitudes and policies toward telecommuting. Both studies cannot draw timely conclusions about the stage of the pandemic. More recent studies have discussed various aspects of the challenges of telecommuting in the post-pandemic era, as well as considerations, from an employer’s perspective (e.g., Hajal [41]; Mohammadi et al. [42]). For example, companies need to propose policies that meet the different needs of their employees, practice trust-based leadership, and consider issues such as the mentality of their employees [43]. Yet, these studies did not use empirical research to examine the frequency of telecommuting in the post-epidemic phase from the employer’s perspective. Also, previous studies have failed to examine the gap between the frequency of telecommuting preferred by employees and that expected by organizations. These insights will contribute to improving telecommuting policies in the post-pandemic era to create a better work environment that meets both business interests and employee needs. Therefore, this study fills this research gap by comprehensively examining the factors affecting both the expected and preferred telecommuting frequency of employees after the pandemic.




3. Data and Method


3.1. Design of Experiment, Questionnaire, and Survey


To understand how the pandemic has reshaped people’s telecommuting behaviors and their post-pandemic expectations, a web-based questionnaire survey was conducted from November 26 to 2 December 2020 in three major metropolitan areas in Japan. The survey consisted of the following sections: socio-demographics, commuting- and work-related information, household structure, and telecommuting frequency. The telecommuting frequency of employees was collected for three periods: before the pandemic (before October 2019); in November 2020, when the pandemic was severe in Japan; and long after the pandemic, when people returned to normal life after effective vaccines and medications were available.



The survey on post-pandemic telecommuting frequency incorporated two components: an expected and a preferred frequency. On the one hand, the respondents were asked to answer what their expected telecommuting frequency will be, considering their companies’ policies and culture. On the other hand, the respondents were asked to indicate their preference for telecommuting frequency after the pandemic without considering their companies’ policies and culture in the stated preference question. Both expectations and preferences for telecommuting frequency were measured on a 6-point scale: five times a week (no office commutes at all), four times a week, three times a week, twice a week, once a week, and never (commutes to the office every day). The four two-level factors applied in the experimental design for the stated preference survey are listed in Table 1. Based on the orthogonal Taguchi array, eight combinations of the four factors representing the eight hypothesized scenarios were obtained, and one scenario was randomly selected and presented to each respondent. Figure 1 illustrates how one of the hypothesized scenarios was presented to the respondents in the questionnaire.




3.2. Sample Formation and Descriptive Statistics


The study sample was obtained from MACROMILL, an online research company. A prescreening of 10,000 employees (excluding self-employed employees) in three major metropolitan areas of Japan was conducted in five phases. The data collection process is shown in Figure 2. The first stage involved identifying the distribution of their work locations. Particularly, employees whose workplaces were within a 50 km radius of the city center of Tokyo’s 23 special wards, Osaka City, and Nagoya City, were selected. Screening questions for controlling the sample of respondents aged 25 years or older with more than one year of experience in their current workplace and working five days per week were implemented in the second phase. The purpose was to eliminate the effect of unstable work status on employees’ telecommuting options. To avoid bias in telecommuting preferences arising from the supply side, the third stage confirmed whether the respondents in the sample had telecommuting options. The age distribution of participants was determined in the fourth step. The proportion of employees in each age group with telecommuting options obtained in the third phase was multiplied by the census age distribution to obtain the sample size for each age group. Finally, the ratio of employees in Tokyo, Osaka, and Nagoya was set at 2:1:1 to maintain consistency with the census data.



Questionnaire surveys were administered to 2045 eligible employees after the pre-screening was completed. After removing erroneous and outlier data, a sub-sample of 1820 employees was used. Among them, 1163 (64%) were telecommuters who had telecommuted at least once a week before or during the pandemic, whereas 657 employees (36%) reported no previous telecommuting experience. Table 2 presents the age distribution of the survey sample compared to the census data of employees in the Tokyo, Osaka, and Nagoya metropolitan areas. The age distribution of the respondents in this study was consistent with the census, indicating that the results can be applied to the working population in these three metropolitan areas. Table 3 presents the definitions of the explanatory variables used in the estimation and their statistical attributes.



To provide a more comprehensive estimate of telecommuting behavior in the post-pandemic era, we first analyzed the expected and preferred telecommuting frequency of employees at the aggregate level. Figure 3 shows that employees’ expectations and preferences differ across frequency levels. Almost half (48%) of the employees expected to telecommute after the pandemic, while only 15% reported a preference for telecommuting; in addition, workers’ expectations and preferences for frequent telecommuting (i.e., complete telecommuting during the week without commuting to the office) differed after the pandemic. Employees were conservative in their expectations and plans for post-pandemic telecommuting. In terms of their preferences for telecommuting, 85% were willing to telecommute after the pandemic at a certain frequency per week. Therefore, a joint analysis of both the expected and preferred frequency is necessary to identify the factors influencing telecommuting levels in the post-pandemic era.




3.3. Method


Previous studies have utilized a number of methodological approaches to analyze telecommuting frequency before the outbreak of the pandemic in different regions, including ordered probit or logit models, multinomial logit (MNL) models, binary logit models, and generalized ordered responses (GOR) [18,19,21,22,23]. With respect to post-pandemic telecommuting frequency, respondents were first asked to report their expectations of telecommuting frequency. The SP questions collected preferences for telecommuting frequency in different work environment settings.



An ordered probit model was applied, and the ordinal dependent variable was telecommuting frequency (i.e., no telecommuting, one, two, three, four, or five times a week). To investigate the differences in the influence of various variables on the two types of telecommuting frequency, the thresholds were shared. Additionally, considering the unobservable similarity between the expected and preferred telecommuting frequency answered by the same respondent, a common random term was introduced into these ordered probit models to account for the correlation.



The ordered probit model is an extension of the binary probit model, which assumes that the error term follows a standard normal distribution [44]. In the first step, the unobserved latent variable    y  l i  ∗    of the telecommuting frequency type  l  (where 1 refers to expectation and 2 refers to preference) for each individual  i  is as follows:


   y  l i  ∗  =   x   l i  ′    β  l  +  u i  +  ε  l i    



(1)




where     β  l    is the vector of the parameters to be estimated;     x   l i     is a vector of explanatory variables;    ε  l i     is the error term for each type of telecommuting frequency, which is normally distributed with a zero mean. The standard deviation of either error term can be set to 1 without loss of generality. In this study, the standard deviation    σ 1    of error term    ε  1 i     for the expected telecommuting frequency is set to 1. The ratio of the standard deviation    σ 2    of error term    ε  2 i     to    σ 1    is estimated as   σ ′  .    u i    represents the unobserved common random component in both types of frequency and is assumed to follow a normal distribution with a zero mean and variance of  σ . In the ordered probit model, both the expected and preferred telecommuting frequency are assumed to be observed as frequency levels    y  l i    :


   y  l i   =       0     i f    y  l i  ∗  ≤  μ 1                            1     i f    μ 1  <  y  l i  ∗  ≤  μ 2        2     i f    μ 2  <  y  l i  ∗  ≤  μ 3       ⋮      J     i f    μ J  <  y  l i  ∗                             



(2)




where    μ 1  , ⋯ ,    μ J    are thresholds to be estimated;  J  is the number of telecommuting frequency levels, which is 6 in this study (0, once a week, twice a week, three times a week, four times a week, and five times a week). Note that these thresholds were shared between both types of telecommuting frequency in this study. The probability that an individual  i  answers a certain frequency for a type of telecommuting frequency  l  can be calculated using the following equation:


      P    y  l i   = 0 |  u i    =   ∫   − ∞    μ 1  −   x   l i  ′    β  l    ϕ    ε  l i     d  ε  l i   = Φ    μ 1  −   x   l i  ′    β  l  −  u i          P    y  l i   = 1 |  u i    =   ∫    μ 1  −   x   l i  ′    β  l     μ 2  −   x   l i  ′    β  l    ϕ    ε  l i     d  ε  l i   = Φ    μ 2  −   x   l i  ′    β  l  −  u i    − Φ    μ 1  −   x   l i  ′    β  l  −  u i          P    y  l i   = J |  u i    =   ∫    μ J  −   x   l i  ′    β  l   ∞  ϕ    ε  l i     d  ε  l i   = 1 − Φ    μ J  −   x   l i  ′    β  l  −  u i         



(3)




where   ϕ  ·    and   Φ  ·    are the density and cumulative functions of the standard normal distribution, respectively. The joint probability of the two types of telecommuting frequency is represented as the product of each probability. Considering the common random component    u i    as a randomly simulated variable, the unconditional log-likelihood that an individual  i  answers the expected telecommuting frequency  m  and the preferred telecommuting frequency  k , respectively, can be defined as


     log L (   β  1  ,   β  2  , σ |  y  1 i   ,    y  2 i   ,   x   1 i   ,   x   2 i   )      =   ∑   i = 1  N  ln P    y  1 i   = m |  u i    ∗ P    y  2 i   = k |  u i    ∗ f    u i  | σ       



(4)




where   f   · | σ     is the density function of the normal distribution with standard deviation  σ . The parameters     β  1   ,     β  2   ,   σ ′  ,  σ , and    μ j    (  j = 1 ,   2 ,   … ,    J ) are estimated by the maximum simulated likelihood procedure using the Monte Carlo method with 250 Halton draws regarding the random component    u i   .





4. Model Estimation Results and Discussion


The estimated results of the expected and preferred telecommuting frequency are presented in Table 4. All variables were introduced into the model to investigate the indicative insights they provided.



4.1. Effects of Personal and Household Attributes


Although both were significant, the estimates associated with gender revealed different signs between the expected and preferred telecommuting frequency. This suggests that female employees may prefer telecommuting frequently but are less likely to expect frequent telecommuting after the pandemic. This partly reflects the fact that the working environment in Japan is less favorable for women; in particular, companies may discourage them from telecommuting. This finding is somewhat consistent with previous studies indicating that gender does not have a significant effect on the frequency of telecommuting, as women have less access to telecommuting options than men [19,45]. Also, Japanese women play a major role in fulfilling family obligations, and telecommuting enables them to manage their careers alongside their family responsibilities [46]; therefore, they valued the opportunity to telecommute. However, women are relatively dominant in industries that rely on their physical presence in the workplace, such as sales and services. Companies provide fewer telecommuting opportunities because of productivity and practical concerns. The outbreak has forced industries that do not lend themselves to telecommuting to look for additional telecommuting opportunities; however, their telecommuting use is likely to approach pre-pandemic levels. The post-pandemic workplace must be designed to take advantage of telecommuting to better balance women’s domestic and working responsibilities. Examples include the adoption of a work style that combines telecommuting with office work.



Additionally, age had a significant effect on the preferred frequency of telecommuting, whereas its impact on the expected frequency was statistically insignificant. Younger workers under 29 years of age might be willing to perform frequent telecommuting after the pandemic, whereas senior workers over 60 years of age are less likely to engage in frequent telecommuting in the post-pandemic period. This could be attributed to the low diffusion of telecommuting in Japan, as most employees began to avail themselves of telecommuting only following the outbreak of the pandemic. This finding is consistent with those of several studies conducted prior to the pandemic. Singh et al. [21] indicated that older workers are more likely to be in powerful positions, thereby requiring a physical presence in the workplace, whereas younger people have a higher propensity for a free and diverse working culture created by telecommuting. Furthermore, the massive expansion of telecommuting in Japan caused by the outbreak was abrupt, and it is unknown whether certain companies will continue to adopt telecommuting after the outbreak. As a result, the post-pandemic telecommuting plans of both younger and senior employees are closely tied to the future direction of company policy.



Given the potential benefits of telecommuting, younger female employees are inclined to frequently telecommute after the pandemic; however, there is a barrier between their expected and preferred telecommuting frequency because their plans to telecommute are likely to lack support from company policies. Employers should propose further approaches to sustain telecommuting from the perspective of strengthening the labor market.



Regarding household characteristics, the presence of preschool children is associated with both high expectations and preferred telecommuting. The presence of preschool children is usually associated with increased family responsibilities and reduced mobility [47]. In addition, income and car ownership have no significant effect on preferred telecommuting frequency. The results indicate that mid- to high-income employees are more likely to frequently telecommute. Their industry or position probably allows greater flexibility in the workplace. For those with cars, the company is less likely to offer frequent telecommuting opportunities. This is perhaps because they have more commuting options than those without cars.




4.2. Effects of Commuting Characteristics


The effects of most trip-related variables on expected telecommuting frequency are statistically insignificant. In terms of preferred frequency, employees with longer commuting times and higher commuting costs favor higher levels of telecommuting after the pandemic. In regions with high commuting pressure, employees’ preference for telecommuting also reflects their potential to alleviate traffic problems. From workers’ perspectives, telecommuting serves as an effective mobility management tool that relieves commuting stress. This finding is also in line with some pre-pandemic reports that the time spent commuting has a positive effect on telecommuting frequency [23]. Therefore, it is vital for the transport sector to seize the opportunity for the rapid spread of telecommuting in Japan as a result of the pandemic and ensure its implementation in the post-pandemic era.



Moreover, this study included a broader range of commuting variables compared to previous studies that primarily discussed the effects of one-way commuting distance and workplace parking fees on telecommuting frequency [19,21,48]. The results reveal that employees who commute by railway are inclined to telecommute frequently after the pandemic, whereas those who commute by bus are reluctant to engage in high levels of telecommuting. This may be a consequence of the strong, long-term reliance of workers in Japan’s metropolitan railway areas. In addition, Liang et al. [36] noted that in the Tokyo, Osaka, and Nagoya metropolitan areas, railway congestion is a serious issue, with more than half of the commuters experiencing some degree of physical contact with other passengers. In regions where railways are the main mode of commuting, the spread of telecommuting in the aftermath of the pandemic deserves strong support from the standpoint of benefiting commuters and addressing transport issues. It is worth noting that the congestion levels on railways have no significant effect on telecommuting frequency, whereas the congestion levels on buses positively affect telecommuting frequency. The reasons for this need to be explored, given that public transport plays an important role in urban commuting.



In summary, from an employee’s perspective, commuting-related variables are key factors affecting employees’ post-pandemic telecommuting preferences. For Japan’s major metropolitan areas, with heavy commuting pressure and extreme dependence on rail transportation, the coming era of telecommuting seems to be a boon in solving these problems for commuters; however, as policy designers and providers, employers appear to take little account of employees’ commuting issues when deciding the level of telecommuting that they expect employees to implement after the pandemic. The gap between demand and supply further illustrates the need for companies to coordinate their employees’ needs when developing telecommuting policies in the post-pandemic era; meanwhile, from the standpoint of mitigating commuting problems, transportation departments must take advantage of this rapidly growing use of telecommuting as an effective tool for managing mobility and creating a more efficient traffic network.




4.3. Effects of Job-Related and Work-Environment Characteristics


In terms of industry sectors, the results show that IT professionals tend to telecommute at a high level after the pandemic, and their organizations expected them to do so. This is in line with several previous studies that show that employees in the IT industry are offered more telecommuting options and are more inclined to telecommute [18,19,49]. Among all industries, IT is the most favorable for telecommuting in terms of job content. Both employees and companies benefit from telecommuting. To anchor the continued growth of telecommuting in the post-pandemic era, governments and IT companies should be geared toward developing more secure telecommuting technologies and building more efficient telecommuting facilities.



Looking at industries other than IT, employees in the retail, real estate, education, and healthcare industries had no significant preference for frequent telecommuting. Since the nature of work in these industries is less conducive to telecommuting, employers are less likely to allow employees to telecommute frequently after the pandemic because of productivity and profitability concerns. Owing to the limitations of the questionnaire, the telecommuting flexibility variable was collected only from the SP survey. In general, work-environment characteristics have a significant impact on both expected and preferred telecommuting frequency. The results suggest that in the post-pandemic era, the flexibility of telecommuting options, the availability of space dedicated to telecommuting, and access to telecommuting facilities may encourage frequent telecommuting. To sustain the scale of pandemic-induced telecommuting, telecommuting-oriented work environments must be created and developed. Additionally, companies with telecommuting-friendly work environments are likely to offer opportunities for frequent telecommuting in the post-epidemic era. To expand telecommuting, a work environment that facilitates it is the key to bridging the gap between providers and users. Organizations should put more effort into providing better, more feasible, and more convenient telecommuting environments for employees.




4.4. Random Effects and Correlations


As shown in Table 4, the scale parameter introduced into the error term of the latent variable, indicating the preferred frequency, is significantly greater than one. This means that the unobserved heterogeneity exists between the latent variables indicating expected and preferred frequency. In addition, the significant standard deviation of common random term  σ  shows the correlation between them. The correlation coefficient  ρ  could be calculated as follows:


     ρ =   c o v    u i  +  ε  1 i   ,  u i  +  ε  2 i         v a r    u i  +  ε  1 i         v a r    u i  +  ε  2 i         =   v a r    u i        v a r    u i  +  ε  1 i         v a r    u i  +  ε  2 i             =    σ 2       σ 2  + 1      σ 2  +  σ  ′ 2           



(5)







The calculated correlation coefficient is 0.44. Since a statistically significant correlation is identified between the error terms, estimating the expected and preferred frequency independently would ignore the difference between them.





5. Conclusions and Policy Implementations


The COVID-19 pandemic outbreak was a catalyst for the massive spread of telecommuting on a global scale. And as the widespread availability and maturity of modern information and communication technologies (ICT) and the benefits of telecommuting become more widely recognized, a dramatic shift has occurred in how organizations and employees view work and the role of the physical office. The spread of telecommuting in the metropolitan areas of Japan has reshaped the travel demands and priorities of employees. These changes have persisted in the post-pandemic era. This study attempts to capture the factors that affect telecommuting frequency from both employees’ and companies’ perspectives. Data were collected through an online questionnaire administered in the Tokyo, Osaka, and Nagoya metropolitan areas. An ordered probit model with random effects was used to estimate both expected and preferred telecommuting frequency among 1820 employees.



First, the results revealed a gap between expected and preferred telecommuting frequency. While younger female employees are more likely to telecommute after the pandemic, company policies hindered their plans to telecommute. In addition, the preferred telecommuting frequency is significantly associated with commuting characteristics, whereas employers rarely consider them when offering telecommuting options. Therefore, bridging the gap between expectations and preferences is a top priority in the telecommuting era. The findings also show that IT professionals are most likely to telecommute post-pandemic with organizational support. Finally, this study identifies work-environment characteristics as prime factors influencing both expected and preferred telecommuting frequency.



Our findings have several implications. For theoretical implications, this study deepens the understanding of the level of telecommuting in the post-pandemic era. Previous research on telecommuting frequency has mostly been conducted in a Western context, resulting in limited generalizability. Accelerated by the emergence of advanced telecommunications technologies and the COVID-19 pandemic, telecommuting has spread dramatically and will continue after the pandemic in Japan; therefore, it is necessary to understand what factors influence the frequency of telecommuting in the Japanese context to strengthen the literature and external validity. On a practical side, as the continued use of telecommuting in the post-pandemic era is a mainstream shift, it should be in line with broader societal trends. First of all, the conflict between family and work that women face in the labor market is a social problem that needs to be addressed urgently. Telecommuting is a good opportunity to solve this issue. In addition, younger workers increasingly expect a more flexible and liberated work environment, which telecommuting can provide. Therefore, employers and policymakers should undertake reforms to increase the participation of women and younger workers in the telecommuting market. For the transportation sector, the establishment of effective traffic networks and supply systems for the post-pandemic telecommuting era are essential. Regarding managerial implications, the nature of different industries must be considered when expanding telecommuting usage. For example, companies can adopt hybrid working arrangements that combine telecommuting and traditional office work. Governments should continue to develop safer telecommuting technologies and more efficient teleworking facilities. Organizations should be aware that a telecommuting-friendly work environment is key to bridging the gap between employees and employers in terms of telecommuting usage levels.



The novelty of this study lies in exploring both expectations and preferences regarding telecommuting frequency after the pandemic in three major metropolitan areas of Japan. This knowledge will contribute to a better working environment and can be drawn upon by other large metropolitan areas facing similar management and transportation issues. Despite the significance of our study, there are also some limitations and directions for future research worth noting. First, the data applied in this paper were collected at the beginning of the COVID-19 outbreak, and the analysis conducted is to provide a preliminary identification of the main factors that affect the frequency of telecommuting in a post-pandemic phase. As such, a post-pandemic survey is essential to provide data to support future research for a more accurate and timely estimate of telecommuting adoption levels. Second, previous research has shown that the telecommuting decision process is more of a medium- to long-term plan [50,51]; however, due to the limitations of our survey, the investigation of telecommuting frequency in this study is in a short-term scope, which may also lead to bias. For this reason, future studies could estimate the factors affecting telecommuting frequency by conducting a long-term trajectory survey of telecommuting behavior. Finally, although this study examined the frequency of telecommuting from the employer’s perspective, it was analyzed indirectly through the expected frequency of employees. Therefore, future research efforts can be directed toward analyzing the expected telecommuting frequency from the employer’s perspective by using data collected from the telecommuting questionnaire that is directly responded to by employers.
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Figure 1. Example of a hypothesized scenario in SP survey (factor levels are shown underlined). 
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Figure 2. Flow Chart of Data Collection Process. 
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Figure 3. Expected and preferred telecommuting frequency of the sample (n = 1820). 
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Table 1. Factors and levels set in the experiment design.
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Aspects

	
Factors

	
Level 1

	
Level 2






	
Commuting condition

	
Congestion level on bus or on railway

	
Same level as before pandemic

	
Sufficient distance from other passengers (1–2 m and more)




	
Telecommuting environment condition

	
Highly secure Internet services and web conferencing systems at home

	
Provided free of charge by the company

	
Not provided by the company

(this factor is not shown)




	
Flexibility in telecommuting

	
Managed by the company

	
Not managed by the company




	
Availability of free satellite office

	
Provided by the company near a station closest to your home

	
Not provided by the company











 





Table 2. Age distribution of respondents compared with census.
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	Social Demographics
	Sample
	Census





	Age:
	
	



	25–29
	9.6%
	10.8%



	30–34
	11.5%
	11.7%



	35–39
	12.8%
	12.5%



	40–44
	12.5%
	12.4%



	45–49
	17.1%
	16.0%



	50–54
	13.3%
	12.8%



	55–59
	11.4%
	12%



	>60
	11.6%
	11.8%










 





Table 3. Descriptive statistics of the variables used in the model estimation.
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	Variables
	Description
	% or Mean
	Std. Dev.





	Person demographics
	
	
	



	Gender: female
	1: if respondent is male; 0: o/w
	30.49%
	n/a



	Age: younger
	1: if respondent is less than 29 years old; 0: o/w
	8.19%
	n/a



	Age: senior
	1: if respondent is more than 60 years old; 0: o/w
	9.62%
	n/a



	Household characteristics
	
	
	



	Number of preschoolers
	Number of children aged ≤ 6
	0.17
	0.47



	Income
	1: if the annual household income is more than 8 million yen; 0: o/w
	41.43%
	n/a



	Car ownership
	1: if the household owns a car; 0: o/w
	61.15%
	n/a



	Commuting characteristics
	
	
	



	Commuting time
	Average time spend on commuting per day (mins)
	52.36
	24.18



	Commuting cost
	out-of-pocket commuting cost per day (yen)
	25.26
	145.40



	Parking cost
	out-of-pocket parking cost per month (yen)
	6736.54
	11,577.28



	Commuting mode: railway
	1: if the main mode of commuting is by railway; 0: o/w
	87.53%
	n/a



	Commuting mode: bus
	1: if the main mode of commuting is by bus; 0: o/w
	13.63%
	n/a



	Congestion level on bus
	1: if congestion level on the railway is over 100%; 0: o/w
	18.79%
	n/a



	Job-related characteristics
	
	
	



	IS: IT
	1: if the respondent is in IT industry; 0: o/w
	19.45%
	n/a



	IS: Retail
	1: if the respondent is in wholesale and retail trade industry; 0: o/w
	12.64%
	n/a



	IS: Estate
	1: if the respondent is in real estate industry; 0: o/w
	3.90%
	n/a



	IS: Education
	1: if the respondent is in education and learning support industry; 0: o/w
	2.47%
	n/a



	IS: Medical care and welfare
	1: if the respondent is in medical care and welfare industry; 0: o/w
	1.65%
	n/a



	Work-environment characteristics
	
	
	



	Telecommuting flexibility
	1: if flexibility in telecommuting is not managed by the company; 0: o/w
	SP data
	n/a



	Telecommuting facilities
	1: if highly secure Internet services and web conferencing systems at home are provided free of charge by the company; 0: o/w
	SP data
	n/a



	Dedicated telecommuting space
	1: if space is available at home to concentrate on telecommuting; 0: o/w
	SP data
	n/a



	Mobile office availability
	1: if free satellite office provided by the company is near home; 0: o/w
	SP data
	n/a







Note: IS refers to the industrial sector. The congestion level of the railway/bus is calculated by dividing the number of passengers by the passenger capacity, and a congestion level of 100% implies a certain level of physical contact among passengers.













 





Table 4. Bivariate ordered probit model estimation results.






Table 4. Bivariate ordered probit model estimation results.





	

	
Expectations

	
Preference




	
Explanatory Variables

	
Estimates

	
t-Value

	
Estimates

	
t-Value






	
Constant

	
-

	
-

	
1.92

	
7.70 ***




	
Person demographics

	

	

	

	




	
Gender: female

	
−0.198

	
−2.63 ***

	
0.477

	
5.34 ***




	
Age: younger

	
0.0119

	
0.074

	
0.236

	
1.71 *




	
Age: senior

	
−0.177

	
−1.2

	
−0.296

	
−2.37 **




	
Household characteristics

	

	

	

	




	
Number of preschoolers

	
0.24

	
2.57 ***

	
0.127

	
1.59 *




	
Income

	
0.228

	
2.46 ***

	
−0.0110

	
−0.14




	
Car ownership

	
−0.154

	
−1.71 *

	
−0.0186

	
−0.22




	
Commuting characteristics

	

	

	

	




	
Commuting time

	
0.00208

	
1.06

	
0.00360

	
2.14 **




	
Commuting cost

	
−0.0168

	
−0.538

	
0.0724

	
2.57 ***




	
Commuting mode: railway

	
0.162

	
1.19

	
0.198

	
1.69 *




	
Commuting mode: bus

	
−0.232

	
−1.30

	
−0.182

	
−1.50 *




	
Congestion level on bus

	
0.242

	
2.44 ***

	
0.2