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Abstract 

We use high-quality panel data that matched administrative data on the employment of persons with 

disabilities with financial information on Japanese firms to examine the causal effects of the 

employment of persons with disabilities on firms' financial indicators and productivity, that is, not 

only the average effect across firms, but also the heterogeneity across various firm types. First, in most 

cases, we find that the employment of persons with disabilities does not have a statistically significant 

effect on firm performance. This result is consistent with the manufacturing literature and we show 

that these trends also hold true for non-manufacturing firms. Second, we do not find an extensive or 

intensive margin of employment for persons with disabilities, as the increased employment of persons 

with disabilities has no impact on firm performance, regardless of whether a firm employed persons 

with disabilities at the beginning of the period of analysis. Third, we observe the benefit of employing 

persons with disabilities among medium-sized firms with subsidiaries that specialize in this type of 

employment. Specifically, sales, operating income, and net income per regular employee increase as 

the employment of persons with disabilities increases. 
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1. Introduction 
Disability is not a marginal phenomenon in many countries. Across the Organisation 

for Economic Co-operation and Development (OECD), one in seven people of working age 
regard themselves as having a chronic health problem or disability that hampers their daily 
life; this ratio is above one in five people in countries such as Estonia, Hungary, Denmark, 
and Finland (OECD, 2010). According to official statistics, the persons with disabilities are 
more likely to face educational and employment problems and form economically 
disadvantaged groups in each country (OECD, 2003, 2010). 

Many countries have adopted policies to encourage labor demand by prohibiting 
discrimination in the employment of persons with disabilities and/or requiring companies to 
employ a certain percentage of persons with disabilities to guarantee income-earning 
opportunities for this group. Mandatory employment quotas are used in some OECD countries, 
especially in the east, west, and south of Europe and Asia, to entice employers to retain or hire 
people with disabilities, or, alternatively, under some regulations, subcontract with companies 
with a significant share of workers with disabilities (OECD, 2010). A common characteristic 
among the different quota systems is that employers are required to fill a specific quota or pay 
a fine in lieu of meeting it. However, quota fulfillment (i.e., level of compliance) is still 
relatively low in most countries (Lalive et al., 2013). 

In a classic study, Welch (1976) discusses the theory of employment quotas in 
competitive labor markets, which is independent of the cause of discrimination (taste or 
statistical). If the quota for a certain job (e.g., a high-skilled job) is larger than the minority 
proportion with qualified skills, the quota system accompanied by an equal pay constraint 
increases production costs and can reduce employment for skilled individuals. Alternatively, 
a firm can mitigate costs by hiring unskilled minorities into the skilled category (“skill-
bumping”) to be able to hire more skilled workers. In the latter case, the quota system can 
increase the employment of an unqualified minority, but the firm’s profit will likely decline. 
Employment quotas are expected to increase the income of disadvantaged groups in exchange 
for reduced employment opportunities and firm profits for the non-disadvantaged groups. 
Moreover, the existence of imperfect competition and frictions in labor markets has recently 
been revealed (Lamadon et al., 2022). In imperfect labor markets, firms may have monopsonic 
power and equilibrium employment may be inefficiently low (Manning, 2005). Therefore, 
regardless of the nature of discrimination, employment quotas may lead to increased 
employment without impairing firm profits (Holzer and Neumark, 2000). In short, the 
theoretical predictions of employment quotas are ambiguous, meaning that their validity needs 
to be demonstrated through empirical studies. 

However, despite the many theoretical studies, the empirical studies on employment 
quotas remain limited (for race, Chay, 1998; for race and gender, Griffin, 1992; Miller and 
Segal, 2012; Miller, 2017; for natives and immigrants, Peck, 2017). A few studies on persons 
with disabilities examine the impact of employment quotas on the employment promotion of 
persons with disabilities and find neutral or positive effects (for Austria, Wuellrich, 2010; 
Lalive et al., 2013; for Japan, Mori and Sakamoto, 2018; for India, Prakash, 2020). Even fewer 
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studies have examined the impact of the employment of persons with disabilities on firm 
profits, reporting negative, neutral, or positive effects (Nagae, 2014; Mori and Sakamoto, 
2018; Jing et al., 2020). Previous studies have also shown mixed results regarding whether 
promoting the employment of people with disabilities impairs firm performance. Furthermore, 
these studies face challenges owing to data availability. Due to the limited availability of data 
matching the firms' employment status of persons with disabilities with their financial 
information, previous studies have been limited to specific regions, industries, or time points 
(Nagae, 2014; Mori and Sakamoto, 2018) or to firms that have voluntarily disclosed 
information (Jing et al., 2020). 
 In this study, we use high-quality data to overcome these challenges and examine the 
effects of promoting the employment of persons with disabilities on firm performance. Our 
data have several advantages: they contain high-quality information on employment and 
finance, they are panel data from multiple time points, allowing us to control for unobservable 
heterogeneity in firms, and they encompass firms from a wide range of industries and regions, 
allowing us to test whether the effect of employment on persons with disabilities is 
heterogeneous across production technologies. 
 The results are as follows. First, in most cases, the employment of persons with 
disabilities does not have a statistically significant effect on firm performance. This result is 
consistent with the findings of previous studies on manufacturing firms. We show that these 
trends also hold true for non-manufacturing firms. Second, we do not find an extensive or 
intensive margin of employment for persons with disabilities, or any impact of the increased 
employment of persons with disabilities on firm performance regardless of whether the firm 
employed persons with disabilities at the beginning of the analysis period. Third, among 
medium-sized firms with special subsidiaries that employ a large number of people with 
disabilities and create a suitable work environment for them, there are benefits for the 
employment of persons with disabilities; specifically, sales, operating income, and net income 
per regular employee increase as the employment of people with disabilities increases. 
 This paper is organized as follows. Section 2 outlines the institutional background of 
the employment of persons with disabilities in Japan. Section 3 describes the analytical 
methodology and data. Section 4 presents the results and discussion. Finally, Section 5 
concludes the paper. 
 
2. Institutional background 
 By nature, "disability" is an ambiguous concept. As such, this study focuses on the 
employment of persons with physical, intellectual, and mental/developmental disabilities 
certified under Japan's welfare system for persons with disabilities. Japan's employment policy 
for persons with disabilities has traditionally used an employment quota approach, whereby 
private companies with a certain number of employees are required to employ a certain 
percentage of employees with (officially certified) disabilities under the Act to Facilitate the 
Employment of Persons with Disabilities, revised in 1976. Initially, only persons with physical 
disabilities were covered. However, the scope of persons with disabilities subject to the 
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employment quota was subsequently expanded to include persons with intellectual disabilities 
in 1987 and those with mental disabilities in 2018. 
 According to the Ministry of Health, Labour and Welfare (MHLW), the employment 
quota system for persons with disabilities ensures that individuals with physical, intellectual, 
and mental disabilities have the same opportunities to become regular workers and at the same 
level as ordinary workers. This system sets the employment rate of persons with disabilities 
as a percentage of the number of regular workers (hereinafter, "legal employment rate") and 
obliges employers to achieve this rate. In counting the number of employees with disabilities, 
the degree of difficulty of employment varies depending on the type and degree of disability. 
Specifically, one person with a severe physical or intellectual disability is considered as 
employing two persons with physical or intellectual disabilities. Additionally, part-time 
workers (i.e., workers who work 20 hours or more but less than 30 hours per week) with severe 
physical or intellectual disabilities are counted as one person, and part-time workers with 
physical disabilities other than severe physical or intellectual disabilities are counted as 0.5 
persons. 
 Under the employment quota system, the legal employment rate is set at least every 
five years by considering the changes in the ratio of the workforce with disabilities to the total 
workforce, as to guarantee employment opportunities for persons with disabilities. Table 1 
shows the changes in the legal employment rate and size of the applicable business 
establishment since 2010, which is also the period analyzed in this study. By March 2021, the 
legal employment rate had increased to 2.3% for private companies, 2.6% for national and 
local governments, and 2.5% for prefectural boards of education. Private companies with 43.5 
or more employees were obliged to employ at least one person with a disability.1 
 
Table 1. Changes in the employment quota system since 2010 

Year Legal 

employment 

rate for private 

firms (%) 

Minimum firm 

size subject to 

the obligation to 

employ persons 

with disabilities 

(persons) 

Minimum firm 

size eligible to pay 

the levy and 

receive the grant 

(persons) 

Other changes 

2010 1.8 56 More than 200 

(July) 

A short-term worker (20–30 

hours) is counted as 0.5 of a 

regular employee. 

2011 1.8 56 More than 200  

2012 1.8 56 More than 200  

2013 2.0 50 More than 200  

2014 2.0 50 More than 200  

 
1 In practice, for industries where it is difficult to employ persons with disabilities due to the nature of the work, a certain 
percentage is deducted when calculating the number of employees, thereby reducing the obligation to employ such persons. 
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2015 2.0 50 More than 100 

(April) 

 

2016 2.0 50 More than 100 The implementation of the 

Act for Eliminating 

Discrimination against 

Persons with Disabilities 

and the revised Act to 

Facilitate the Employment 

of Persons with Disabilities 

2017 2.0 50 More than 100  

2018 2.2 45.5 More than 100 Added people with mental 

disabilities to the calculation 

base of the legal 

employment rate 

2019 2.2 45.5 More than 100  

2020 2.2 45.5 More than 100  

2021 2.3 43.5 More than 100  

2022 2.3 43.5 More than 100  

Source: Compiled based on the websites of the Ministry of Health, Labour and Welfare (MHLW) of Japan  

(https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/koyou_roudou/koyou/shougaishakoyou/index.html, last accessed 

November 17, 2023) and the Japan Organization for Employment of the Elderly, Persons with Disabilities, and Job Seekers 

(https://www.jeed.go.jp/disability/koyounohu/index.html, last accessed November 17, 2023). 

 
Figure 1 shows the employment status of persons with disabilities in private sector 

establishments subject to the employment rate system as of June 1 of each year. The number 
of employees with disabilities has tripled, from 200,000 in the late 1980s to more than 600,000 
in recent years. Since the number of employees in Japan also increased during this period, the 
increase in the actual employment rate has been relatively slow. However, at present, the rate 
is slightly below the legal employment rate (2.3%) at 2.25%.  
 
 
 
 
 
 
 
 
 
 
 
 

https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/koyou_roudou/koyou/shougaishakoyou/index.html
https://www.jeed.go.jp/disability/koyounohu/index.html
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Figure 1. Employment situations of persons with disabilities 
(i) Number and employment rate of persons with disabilities 

 

 
(ii) Proportion of companies achieving the legal employment rate 

 
Source: Ministry of Health, Labour and Welfare (2022) 

 
 Another feature of the employment situation of persons with disabilities is that many 
companies, mainly small- and medium-sized ones, have not achieved the legal employment 
rate. Moreover, approximately half of the companies subject to the employment rate system 
have not achieved the legal employment rate at any given time (see Figure 1(ii)). This may be 
because the employment rate system for persons with disabilities is designed to achieve a 
certain number of employees with disabilities in the society as a whole, allowing each 
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company to adjust the number of employees with disabilities according to its own industry 
and characteristics as long as this objective is achieved (Tsuchihashi and Oyama, 2008).  
 Japan's employment quota system imposes an obligation on companies above a 
certain size to employ a certain percentage of people with disabilities. Employers who have 
not yet achieved the legal employment rate are required to pay a levy (Nohukin) in proportion 
to the number of persons with disabilities they are short on, whereas employers that employ 
persons with disabilities in excess of the employment rate are entitled to receive a grant 
(Choseikin) in proportion to the excess.2  We refer to this as the levy–grant system. The 
number of levies and grants as well as the scale of establishments to which the system applies 
have changed over time. Under the current system, the levy amount is 50,000 yen per month 
for each disabled person below the quota, and the grant amount is 27,000 yen (29,000 yen 
from April 1, 2023) per month for each disabled person above the quota. The size of the 
establishments to which the levy–grant system was applied changed from more than 300 
workers until 2010 to more than 200 workers after 2010, followed by more than 100 workers 
after 2015.3 
 Therefore, the levy–grant system, which imposes a tax on employers who fall below 
the legal employment rate and subsidizes employers who exceed it, has been evaluated as a 
type of income redistribution among employers (Morozumi, 2017) or as an adjustment of the 
economic burden between firms that comply with the employment rate and those that do not 
(Tsuchihashi and Oyama, 2008). Therefore, each firm may realize the optimal amount of 
employment of persons with disabilities from the perspective of profit maximization under the 
levy–grant system and considering their own production technology. 
 In principle, the Japanese employment quota system also includes measures that 
consider company characteristics. For example, under the system, a large company with many 
employees is obliged to employ more disabled employees. Therefore, if a company establishes 
a subsidiary that gives special consideration to the employment of persons with disabilities 
and meets certain requirements, it can calculate its actual employment rate by deeming persons 
with disabilities employed by the subsidiary to be employed by the parent company as a 
special exception (special subsidiary system). 4  Such a special subsidiary must meet the 
following requirements: (1) employ five or more persons with disabilities, accounting for 20% 
or more of all employees; (2) employ 30% or more persons with severe physical, intellectual, 
or mental disabilities; and (3) have sufficient ability to properly manage the employment of 
persons with disabilities by improving facilities for persons with disabilities or by assigning 
full-time instructors. Owing to these requirements, the number of special subsidiaries is small. 
According to the "Employment Status of Persons with Disabilities," published by the MHLW, 

 
2 Additionally, small companies that are obligated to employ persons with disabilities but are not required to comply with the 
legal employment rate may receive a Reward (Hoshokin) based on the number of employees with disabilities they employ in 
excess of a certain number. 
3 For companies with less than 100 regular workers to which the grant does not apply, the reward will be paid according to the 
actual number of employees with disabilities. Specifically, if the annual total number of persons with disabilities employed in a 
month exceeds a certain number (4% of the annual total number of regular workers in a month or 72 persons, whichever is 
greater), a reward of 21,000 yen will be paid for each person with disabilities in excess of that number. 
4 For a description of special subsidiaries, see MHLW, "Outline of the 'Special Subsidiary' System” 
(https://www.mhlw.go.jp/content/11600000/000523775.pdf, last accessed January 15, 2024). 

https://www.mhlw.go.jp/content/11600000/000523775.pdf
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the number of special subsidiaries in 2022 (June 1) was 579, and the number of persons with 
disabilities employed by these subsidiaries was 43,857. 
 According to the MHLW, the advantages of special subsidiaries include the 
following: (1) they can secure jobs and create a work environment that considers the 
characteristics of disabilities, thereby fully drawing out the abilities of persons with 
disabilities; (2) they can increase the workplace retention rate, improve productivity, and 
centralize capital investment when accepting persons with disabilities; and (3) they can set 
different working conditions from those of the parent company, thereby enabling flexible 
employment management. This suggests that, for companies with special subsidiaries, the 
employment of persons with disabilities may have a positive impact on performance in terms 
of productivity and employment costs. 
 Based on this employment system for persons with disabilities in Japan, some studies 
use firm microdata to examine the relationship between the employment of persons with 
disabilities and corporate profits. For instance, Nagae (2014) uses financial data and the 
number of employees with disabilities from listed companies whose headquarters were located 
in Tokyo from 2003 to 2010. The results show that, when a firm achieves the legal employment 
rate for persons with disabilities, its productivity does not change significantly, while its 
operating profit ratio declines compared to when it does not achieve this rate. Nagae (2014) 
concludes that the current levy and grant amounts are insufficient and do not equalize the 
burden of hiring people with disabilities across companies. Mori and Sakamoto (2018) analyze 
the Employment Status of Persons with Disabilities in manufacturing firms in 2008 using 
disclosure and firm financial data. Their results show that the levy–grant system contributes 
to the promotion of the employment of disabled workers and that the number of employees 
with disabilities has no statistically significant relationship with firm profits, regardless of 
whether the levy and grant are considered. Therefore, they conclude that employment of 
persons with disabilities does not necessarily decrease firms' profits. 
 However, the results of previous studies are limited to specific industries and time 
points, such as Nagae (2014) for listed companies whose headquarters are located in Tokyo 
and Mori and Sakamoto (2018) for the manufacturing industry at one point in time (2008). In 
other words, these studies did not examine the heterogeneity of the effect of the employment 
of persons with disabilities according to industry, firm size, or the actual employment of 
persons with disabilities. As such, we use high-quality panel data: administrative data 
collected based on Japan's employment policy for persons with disabilities and financial 
information from credit surveys of private firms. In principle, administrative data cover all 
firms that are obligated to employ persons with disabilities. Financial information merged with 
administrative data cover a wide range of companies, including unlisted companies. Therefore, 
this study examines not only the average effect of the employment of persons with disabilities 
on Japanese firms, but also the heterogeneity of the effect by type of firm, such as industry 
and size, as well as the effect of special subsidiaries that specialize in the employment of 
persons with disabilities. 
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3. Analytical methods and data 
3.1 Analytical methods 
  Our analytical framework follows that of the empirical studies that examine the 
impact of specific worker compositions, such as the ratio of workers by age, on firm output 
(Crépon et al., 2002; Mahlberg et al., 2013). First, we assume that a firm’s production 
technology can be represented by the Cobb–Douglas production function in Eq. (1): 

𝑄𝑄𝑖𝑖 = 𝐴𝐴𝐾𝐾𝑖𝑖𝛼𝛼𝐿𝐿𝑖𝑖
∗𝛽𝛽,       (1) 

where firm i combines its capital input (𝐾𝐾𝑖𝑖) and labor input (𝐿𝐿𝑖𝑖) with given technology level 
𝐴𝐴 to produce output 𝑄𝑄𝑖𝑖. Next, we decompose total labor input 𝐿𝐿𝑖𝑖∗ of a firm into the weighted 
sum of two types of employees: employees without disabilities, 𝐿𝐿𝑖𝑖0 , and employees with 
disabilities, 𝐿𝐿𝑖𝑖1 . That is, we assume 𝐿𝐿𝑖𝑖∗ = 𝜆𝜆𝑖𝑖0𝐿𝐿𝑖𝑖0 + 𝜆𝜆𝑖𝑖1𝐿𝐿𝑖𝑖1 , with 𝜆𝜆𝑖𝑖0  and 𝜆𝜆𝑖𝑖1  denoting the 
individual productivity parameters. Rearranging the terms yields the following expression for 
the total labor input: 

𝐿𝐿𝑖𝑖∗ = 𝜆𝜆𝑖𝑖0𝐿𝐿𝑖𝑖0 + 𝜆𝜆𝑖𝑖1𝐿𝐿𝑖𝑖1 = 𝜆𝜆𝑖𝑖0𝐿𝐿𝑖𝑖 �1 + �𝜆𝜆𝑖𝑖1
𝜆𝜆𝑖𝑖0
− 1� 𝐿𝐿𝑖𝑖1

𝐿𝐿𝑖𝑖
�. 

Taking the logarithm of both sides, we obtain: 

𝑙𝑙𝑙𝑙(𝐿𝐿𝑖𝑖∗) = 𝑙𝑙𝑙𝑙(𝜆𝜆𝑖𝑖0) + 𝑙𝑙𝑙𝑙(𝐿𝐿𝑖𝑖) + 𝑙𝑙𝑙𝑙 �1 + 𝛾𝛾𝑖𝑖
𝐿𝐿𝑖𝑖1
𝐿𝐿𝑖𝑖
�,    (2) 

where 𝜆𝜆𝑖𝑖0 indicates the productivity of the non-disabled and 𝛾𝛾𝑖𝑖 = 𝜆𝜆𝑖𝑖1 𝜆𝜆𝑖𝑖0⁄ − 1 the relative 
productivity difference between employees with disabilities and those without disabilities. We 
further assume the productivity differential to be constant across firms, that is, 𝛾𝛾𝑖𝑖 ≡ 𝛾𝛾 and 
assume constant returns to scale, 𝛼𝛼 + 𝛽𝛽 = 1 . By taking the logarithms of Eq. (1) and 
substituting 𝑙𝑙𝑙𝑙(𝐿𝐿𝑖𝑖∗) (in Eq. (2)) into Eq. (1) yields: 
 
𝑙𝑙𝑙𝑙(𝑄𝑄𝑖𝑖) = 𝛼𝛼𝑙𝑙𝑙𝑙(𝐾𝐾𝑖𝑖) + (1 − 𝛼𝛼)𝑙𝑙𝑙𝑙(𝜆𝜆𝑖𝑖0) + (1 − 𝛼𝛼)𝑙𝑙𝑙𝑙(𝐿𝐿𝑖𝑖)  

+(1 − 𝛼𝛼)𝑙𝑙𝑙𝑙 �1 + 𝛾𝛾 𝐿𝐿𝑖𝑖1
𝐿𝐿𝑖𝑖
� + 𝑙𝑙𝑙𝑙(𝐴𝐴).    (3) 

Letting 𝑙𝑙𝑙𝑙(𝜆𝜆𝑖𝑖0) be constant term 𝑐𝑐, subtracting 𝑙𝑙𝑙𝑙(𝐿𝐿𝑖𝑖) from both sides, and applying the 
approximation ln (1 + 𝑥𝑥) ≈ 𝑥𝑥, which holds with 𝑥𝑥 ≪ 1, the output per employee for each 
firm is given by: 

ln �𝑄𝑄𝑖𝑖
𝐿𝐿𝑖𝑖
� = 𝑐𝑐 + 𝛼𝛼𝑙𝑙𝑙𝑙 �𝐾𝐾𝑖𝑖

𝐿𝐿𝑖𝑖
� + (1 − 𝛼𝛼)𝛾𝛾 �𝐿𝐿𝑖𝑖1

𝐿𝐿𝑖𝑖
�. 

Our empirical analysis uses longitudinal data on firms. Therefore, the structural model 
introducing observation point t is formulated as follows: 
 

ln �𝑄𝑄𝑖𝑖𝑖𝑖
𝐿𝐿𝑖𝑖𝑖𝑖
� = 𝑐𝑐 + 𝛼𝛼𝑙𝑙𝑙𝑙 �𝐾𝐾𝑖𝑖𝑖𝑖

𝐿𝐿𝑖𝑖𝑖𝑖
� + (1 − 𝛼𝛼)𝛾𝛾 �𝐿𝐿𝑖𝑖𝑖𝑖1

𝐿𝐿𝑖𝑖𝑖𝑖
� + 𝜃𝜃𝑖𝑖 + 𝜙𝜙𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑡𝑡,   (4) 

where 𝜃𝜃𝑖𝑖 is the time-invariant firm fixed effect and 𝜙𝜙𝑡𝑡 is the time effect.   
Ideally, we should estimate equation (4); however, because data on fixed assets, such 

as capital 𝐾𝐾 are available only for a subset of firms, we omit ln(𝐾𝐾/𝐿𝐿) in the main analysis. 
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However, as shown in Appendix 1, we confirm that the estimation results using this variable 
for the sample for which ln(𝐾𝐾/𝐿𝐿)  is available do not differ from the main results. 5 
Regarding the actual employment rate of persons with disabilities (𝐿𝐿𝑖𝑖𝑡𝑡1/𝐿𝐿𝑖𝑖𝑡𝑡), when we utilize 
the instrumental variable method with this variable as an endogenous variable, we use the 
number of employees legally assigned to persons with disabilities as instruments, which vary 
across firms, instead of the legal employment rate, which does not vary across firms. Therefore, 
we use the actual number of employees with disabilities ( 𝐿𝐿𝑖𝑖1𝑡𝑡 ) instead of the actual 
employment rate of persons with disabilities (𝐿𝐿𝑖𝑖𝑡𝑡1/𝐿𝐿𝑖𝑖𝑡𝑡). We then separately control for 𝑙𝑙𝑙𝑙(𝐿𝐿𝑖𝑖𝑡𝑡) 
as firm size (i.e., the denominator of the actual employment rate of persons with disabilities). 
The actual estimation model for the baseline analysis is as follows: 

ln �𝑄𝑄𝑖𝑖𝑖𝑖
𝐿𝐿𝑖𝑖𝑖𝑖
� = 𝑐𝑐 + 𝛿𝛿𝐿𝐿𝑖𝑖𝑡𝑡1 + 𝜂𝜂ln(𝐿𝐿𝑖𝑖𝑡𝑡) + 𝜃𝜃𝑖𝑖 + 𝜙𝜙𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑡𝑡.    (5) 

As for financial performance indicator 𝑄𝑄𝑖𝑖𝑡𝑡, we use sales and net income as the basis, 
as well as operating income, recurring profit, and total factor productivity (TFP), although the 
number of observations is smaller due to the differences in data sources. Variables other than 
TFP are converted to regular employees.  

To estimate Eq. (5), we use a variety of estimation methods. First, we present pooled 
ordinary least squats (OLS) estimates that ignore firm fixed effects (𝜃𝜃𝑖𝑖). When firm fixed 
effects are not considered, the relationship between the employment of persons with 
disabilities and productivity is identified based on cross-sectional variation. Next, we 
introduce firm fixed effects (𝜃𝜃𝑖𝑖). In this case, the relationship is identified as average within-
firm variation. The introduction of firm fixed effects addresses the potential spurious 
correlation between the employment of persons with disabilities and productivity but does not 
solve all problems. This is because there remains a concern that changes in disability 
employment are not exogenous to changes in productivity. For example, unobservable 
negative productivity shock may cause a firm to stop hiring people with disabilities. To address 
potential endogeneity bias, we conduct an analysis in which the number of employees with 
disabilities assigned to each firm was used as an instrumental variable (i.e., the fixed effects 
instrumental variable method).6 

We consider heterogeneity based on firm characteristics. First, the analysis targets 
firms with subsidiaries that give special consideration to the employment of people with 
disabilities. As discussed in Section 2, the advantages of special subsidiaries include: (1) the 
ability to fully determine the abilities of persons with disabilities by securing jobs and creating 
a work environment that considers the characteristics of their disabilities, (2) the ability to 
increase the workplace retention rate and productivity and centralize capital investment when 
accepting persons with disabilities, and (3) the ability to enable flexible employment 
management by setting different working conditions from those of the parent company. This 

 
5 For details, see Appendix 1. 
6 We also use the generalized method of moments (GMM) with the lagged level variable of the employment of persons with 
disabilities as the instrumental variable (van Ours and Stoeldraijer, 2011; Cardoso and Varejão, 2011). However, the validity of 
the instrumental variable is questionable due to Hansen's J test, among others. Therefore, we analyze the number of quotas for the 
employment of persons with disabilities as the instrumental variable. 
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means that the employment of persons with disabilities has advantages in terms of productivity 
and employment costs, especially for companies with a relatively large number of persons 
with disabilities in special subsidiaries, whose employment may have a positive impact on the 
overall performance of the company. 

Second, we examine whether firms employed persons with disabilities at the 
beginning of the analysis period. If hiring persons with disabilities involves fixed costs, such 
as the development of internal rules and capital investment, then the cost of hiring persons 
with disabilities may be higher for firms that have not previously employed persons with 
disabilities than for those that have. 7  Morozumi (2017) points out that reasonable 
accommodation for hiring persons with disabilities, as stipulated in Japan in 2011, includes 
fixed costs for installing ramps and handrails that are accessible to people with and without 
disabilities, as well as quasi-fixed costs for customizing the workplace for each individual 
with a disability. Therefore, in addition to the baseline analysis, we separate the firms that 
employed no persons with disabilities from those that employed one or more such persons at 
the beginning of the analysis period. 
 Third, we consider heterogeneity by industry sector. This may occur between 
manufacturing and other industries that actively accept people with disabilities. Therefore, we 
estimate separately for the manufacturing and non-manufacturing industries. 

In addition, the employment status of persons with disabilities differs depending on 
firm size. One caveat of this analysis is that the ratio of the number of workers with disabilities 
to the total number of employees is marginal, and the impact may be difficult to determine, 
especially for large firms (Mori and Sakamoto, 2018). Therefore, in addition to the analysis 
for the whole sample, we also analyze firm sizes with more than 200 employees but less than 
or equal to 1,000 and those with more than 1,000 employees. Hereafter, we refer to the former 
as medium-sized and the latter as large firms. 
 
3.2 Data 

We merge the two datasets for the analysis. First, we use the Report on Employment 
Status of Persons with Disabilities of the MHLW, which is managed by 47 prefectural labor 
bureaus under the jurisdiction of the MHLW and was obtained by making a disclosure request 
to each of them. Employers above a certain size (e.g., 50 or more regular workers in 2013) are 
required to report the employment status of the workers with disabilities to the Public 
Employment Security Office in their respective jurisdictions as of June 1 each year. 

The analysis covers firms with more than 200 regular workers as of 2013. This is 
because, as shown in Table 1, firms with fewer than 200 regular workers were affected by the 
2015 changes in the levy–grant system. 

These data include the name of the firm, address, industrial classification, number of 
regular workers, legal employment obligations of persons with disabilities, number of workers 

 
7 Peck (2017) evaluates the Nitaqat Program, which implemented employment quotas for native workers in Saudi Arabia, finding 
that it has a negative impact on firm survival. In particular, that the negative impact of employment quotas is larger for firms that 
did not originally employ Saudi nationals, suggesting that there are large fixed costs associated with hiring quota-eligible 
workers. 
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with disabilities, actual employment rate of persons with disabilities, and number of workers 
with disabilities in shortage. However, the number of employees by degree and type of 
disability is not available because individuals can be identified. 

The analysis period is from 2013 to 2019. However, the 2013 data for the Oita 
Prefecture were unavailable because of the expiration of the retention period for administrative 
documents. 

Second, we use Tokyo Shoko Research’s (TSR) Corporate Information File and 
Financial Information File. The Financial Information File contains variables related to 
corporate profits, such as sales, operating income, recurring profit, and net income, as well as 
other variables that are sufficient to calculate TFP.8 However, the Corporate Information File 
only provides information on sales and net income, which are variables related to firm profit. 
However, the Financial Information File is more prone to missing data for smaller firms and 
the sample is nearly 30% smaller compared to the Corporate Information File. Sales and net 
income are analyzed using the Corporate Information File, which has a large sample size, 
whereas operating income, recurring profit, and TFP are analyzed using data from the 
Financial Information File. Although most firms have a 12-month fiscal period, some firms 
have a 6-month or 3-month fiscal year. For this reason, flow variables, such as sales and net 
income, are divided by the number of months in the fiscal year, and the value per month is 
used.9 The financial indicators could be zero. In addition, the operating income, recurring 
profits, and net income may be negative. If any of these variables is non-negative, we add 1 
and take the logarithm. If a variable is negative, we negate it, add 1, take the logarithm, and 
then negate the logarithm again. 
  As the Report on Employment Status of Persons with Disabilities and the TSR do not 
have a common ID for each observation, we merge firms by matching firm names and 
addresses. In the analysis, both the Report on Employment Status of Persons with Disabilities 
and the TSR are limited to firms without errors or missing values due to input errors. We also 
limit our analysis to commercial enterprises, such as joint stock companies (Kabushiki Gaisha), 
limited liability companies (Yugen Gaisha, Godo Gaisha), limited partnership companies 
(Goshi Gaisha), and general partnership companies (Gomei Gaisha). 
  Table 2 shows the descriptive statistics. By firm size, all financial performance 
indicators are greater for large firms (more than 1,000 employees) than for medium-sized 
firms (more than 200 but less than or equal to 1,000 employees). 

Figure 2 illustrates the average number of workers with disabilities. In general, the 
number of workers with disabilities increased over the study period. According to company 
size, in Figure 2(i), more persons with disabilities are employed in large firms than in medium-
sized ones. Figure 2(ii) shows that firms with special subsidiaries employ more persons with 
disabilities than all firms. Figure 2(iii) presents a large gap in the number of workers with 
disabilities between companies that employed no workers with disabilities at all as of 2013, 

 
8 TFP is calculated as the residual of the production function (TFP 1) and measured as the difference between the aggregate 
production and labor and capital inputs (TFP 2). The specific derivation is explained in Appendix 2. 
9 Since the Financial Information File occasionally has parts where the values are 1/1,000 of those in the Corporate Information 
File, the data are corrected by multiplying the relevant parts by 1,000. 
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the beginning of the analysis period, and companies that employed at least one worker with a 
disability. Comparing manufacturing firms that have actively employed people with 
disabilities in the past with non-manufacturing firms, Figure 2(iv) shows that the 
manufacturing industry has been more receptive to people with disabilities. 
 
Table 2 Descriptive statistics 
(i) All 

 
 
(ii) Medium-sized firms: more than 200 to 1,000 employees 

 
 
(iii) Large firms: more than 1,000 employees 

 
Note: “Log TFP 1” is calculated as the residual of the production function; “Log TFP 2” is measured as the difference between 

total output and labor and capital inputs. See the Appendix 2 for further details. 
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Figure 2 Number of employees with disabilities 
(i) Firm size 

  

(ii) Companies with special subsidiaries 
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(iii) Whether the company employs people with disabilities 

  

(iv) Manufacturing and non-manufacturing 

  
Note: SS in (ii) indicates a special subsidiary. 
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4 Results 
4.1 Baseline Results 

Table 3 presents the results of the study. Regarding the number of persons with 
disabilities, the OLS results show that the coefficient is negative and statistically significant 
in all cases, except for TFP, regardless of firm size. However, the magnitude of the negative 
relationship with each outcome when the estimated coefficients indicate an increase of 1,000 
persons with disabilities is -8.1% for sales per regular employee, -7.5% for net income per 
regular employee, -7.8% for operating income per regular employee, -7.5% for recurring 
profits per regular employee, and -9.5 or -14.1% for TFP. Given that the average number of 
employees with disabilities per firm is approximately 20, these results are economically 
insignificant. However, there are differences depending on firm size, with a larger negative 
coefficient for medium-sized firms. 

Second, when firm fixed effects are considered, the coefficients are positive or 
negative, and, in all cases, they are not statistically significant. For medium-sized firms, the 
coefficients for operating income (gross profit minus selling and administrative expenses, 
including grants) and recurring income (operating income minus non-operating income, 
including grants and rewards) become negative but are still not statistically significant. 
Therefore, the negative correlation between the number of persons with disabilities and firm 
performance is spurious because of the unobservable heterogeneity across firms. 

To account for unobservable shocks across firms, the sign and magnitude of the 
estimated coefficients are, in many cases, similar to those of the fixed effects estimation results 
when using the quota number of employees with disabilities based on the number of adjusted 
regular workers at each time point as the instrumental variable. Thus, when we consider the 
unobservable heterogeneity across firms, the changes in the number of workers with 
disabilities do not have statistically significant effects on firm performance. 
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Table 3 Results of disability employment and firm productivity 
(i) All 

 

 
(ii) Medium-sized firms: more than 200 to 1,000 employees 
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(iii) Large firms: more than 1,000 employees 

  
Note 1: Cluster standard errors for each firm level are shown between parentheses. 

Note 2: OLS: ordinary least squares; FE: fixed effects; FEIV: fixed effects instrumental variables. 

Note 3: “Log TFP 1” is calculated as the residual of the production function; “Log TFP 2” is measured as the difference 

between total output and labor and capital inputs. See the Appendix 2 for further details. 

 
4.2 Heterogeneity of effects by firm type 

So far, we have found no statistically significant relationship between the 
employment of persons with disabilities and firm performance for firms with more than 200 
employees. Next, we examine the heterogeneity of the effect of employment of persons with 
disabilities by firm type, taking advantage of the fact that the data in this study cover a wide 
range of firms. 

First, we focus on firms that employ a relatively large number of persons with 
disabilities in their special subsidiaries and manage their employment considering persons 
with disabilities. The estimation results are presented in Table 4. First, an interesting fact when 
compared to the results for all firms in Table 3, no negative correlation is observed between 
the number of workers with disabilities and firm performance in the OLS estimation results. 
Furthermore, according to the estimation results that allow for heterogeneity, such as fixed 
effects and unobservable shocks, for large firms, the coefficient is statistically significant at 
the 10% significance level for net income per regular employee, but not for all other outcomes. 
Meanwhile, the results of the analysis for medium-sized firms show that, although there are 
only 30 firms with special subsidiaries, financial indicators such as sales, net income, and 
operating income, which indicate profit from the main business per regular employee, increase 
as the number of employees with disabilities increases, while the recurring profit per regular 
employee and TFP are not statistically significantly affected. 
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Table 4 Results for companies with special subsidiaries 
(i) All 

  
 
(ii) Medium-sized firms: more than 200 to 1,000 employees 
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(iii) Large firms: more than 1,000 employees 

  
Note 1: Cluster standard errors for each firm level are shown between parentheses. 

Note 2: OLS: ordinary least squares; FE: fixed effects; FEIV: fixed-effects instrumental variables. 

Note 3: “Log TFP 1” is calculated as the residual of the production function; “Log TFP 2” is measured as the difference 

between total output and labor and capital inputs. See the Appendix 2 for further details. 

 
Second, to consider the quantitative size of the employment of persons with 

disabilities, we distinguish between firms that did not employ persons with disabilities and 
those that employed at least one person with disabilities at the beginning of the analysis period 
in 2013. Table 5 shows the estimated results for firms that did not employ persons with 
disabilities, and Table 6 the estimated results for firms that employed at least one person with 
disabilities. Because almost all large firms have employed at least one person with a disability 
since 2013, Table 5 shows only the results for medium-sized firms with more than 200 but 
less than or equal to 1,000 employees. 

Among the medium-sized firms that did not employ any persons with disabilities as 
of 2013, according to the OLS estimation results in Table 5, none of the coefficients are 
statistically significant. However, there is a statistically significant negative correlation 
between the subsequent variation in the number of workers with disabilities and the recurring 
profit per regular employee based on the results of fixed effects considering unobservable 
heterogeneity across firms. However, when firms’ unobservable shocks are considered using 
instrumental variable methods, the coefficients become statistically insignificant. This 
suggests that firms that start employing persons with disabilities are likely to be small in terms 
of profit after considering the levies and grants of the employment promotion system for 
persons with disabilities; further, the extensive margin of employment of persons with 
disabilities, that is, the profit and cost effects of employing persons with disabilities for the 
first time, are not found, on average. By contrast, Table 6 shows that the results for firms that 
employed at least one person with a disability as of 2013 are consistent with the results for all 
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firms in Table 3. In other words, although the OLS shows a negative correlation between the 
number of employees with disabilities and firm performance, the effect of the number of 
workers with disabilities is not statistically significant when firm heterogeneity is considered. 
 
Table 5 Results for medium-sized firms that did not employ people with disabilities at all in 
2013 

 
Note 1: Cluster standard errors for each firm level are shown between parentheses. 

Note 2: OLS: ordinary least squares; FE: fixed effects; FEIV: fixed-effects instrumental variables. 

Note 3: “Log TFP 1” is calculated as the residual of the production function; “Log TFP 2” is measured as the difference 

between total output and labor and capital inputs. See the Appendix 2 for further details. 

 
Table 6 Results for firms that employed at least one person with a disability (2013 baseline) 
(i) All 
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(ii) Medium-sized firms: more than 200 to 1,000 employees 

 
 
(iii) Large firms: more than 1,000 employees 

 
Note 1: Cluster standard errors for each firm level are shown between parentheses. 

Note 2: OLS: ordinary least squares; FE: fixed effects; FEIV: fixed-effects instrumental variables. 

Note 3: “Log TFP 1” is calculated as the residual of the production function; “Log TFP 2” is measured as the difference 

between total output and labor and capital inputs. See the Appendix 2 for further details. 

 
Third, we focus on the differences in effects across industries. Tables 7 and 8 show 

the estimated results for manufacturing and non-manufacturing industries, respectively. Most 
of the results are similar to those in Table 3, with the coefficient on the number of workers 
with disabilities being statistically insignificant. For the non-manufacturing industry, although 
the coefficients are positive and statistically significant at the 10% level under the fixed effects 
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and instrumental variable methods, they are not statistically significant when analyzed by firm 
size. 
 
Table 7 Results for manufacturing 
(i) All 

 
 
(ii) Medium-sized firms: more than 200 to 1,000 employees 
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(iii) Large firms: more than 1,000 employees 

 
Note 1: Cluster standard errors for each firm level are shown between parentheses. 

Note 2: OLS: ordinary least squares; FE: fixed effects; FEIV: fixed-effects instrumental variables. 

Note 3: “Log TFP 1” is calculated as the residual of the production function; “Log TFP 2” is measured as the difference 

between total output and labor and capital inputs. See the Appendix 2 for further details. 

 
Table 8 Results for non-manufacturing 
(i) All 
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(ii) Medium-sized firms: more than 200 to 1,000 employees 

 
 
(iii) Large firms: more than 1,000 employees 

 
Note 1: Cluster standard errors for each firm level are shown between parentheses. 

Note 2: OLS: ordinary least squares; FE: fixed effects; FEIV: fixed-effects instrumental variables. 

Note 3: “Log TFP 1” is calculated as the residual of the production function; “Log TFP 2” is measured as the difference 

between total output and labor and capital inputs. See the Appendix 2 for further details. 

 
4.3 Discussion 

Figure 3 summarizes the estimated effect of the number of workers with disabilities 
on financial performance using the instrumental variable method. 

First, for all firms with more than 200 employees, the OLS results show an apparent 
negative correlation between the number of workers with disabilities and firm performance; 
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however, when unobservable heterogeneity is considered, the negative effect of the 
employment of workers with disabilities on firm performance is not statistically significant. 
These trends do not differ significantly by industry sector, such as manufacturing or non-
manufacturing. This result is consistent with Mori and Sakamoto (2018), who use data from 
the manufacturing industry in 2008, but is somewhat different from Nagae (2014), who uses 
data from a panel of listed firms whose headquarters are located mainly in Tokyo in the 2000s. 

Our results suggest that firms that employ a large number of people with disabilities 
and those that do not may exhibit heterogeneous corporate behavior, such as the pursuit of 
profit. In addition, the lack of a causal relationship between the number of workers with 
disabilities and firm profits at the individual firm level suggests that each firm may have 
achieved an optimal employment level after factoring in the levies and grants for the 
employment of disabled workers. 

However, this result may be due to the fact that the legal employment rate of persons 
with disabilities is only around 2%, which is a marginal effect of employment quotas in terms 
of the overall production activities of firms.10  In fact, as a new finding of this study, in 
medium-sized firms with more than 200 but up to 1,000 employees who have special 
subsidiaries that specialize in the employment of persons with disabilities, financial indicators 
such as sales, net income, and operating income, which indicate profit from the main business 
per regular employee, increase with the number of workers with disabilities, whereas the 
recurring profit per regular employee and TFP have no statistically significant effect. 
Specifically, examining the 30 medium-sized firms with special subsidiaries analyzed in this 
study, relatively fewer burdensome tasks related to the parent company’s production activities 
were assigned as special subsidiary tasks, and the majority of these tasks included partial 
manufacturing operations, product packaging, and food material preparation. These tasks are 
considered to be those in which people with disabilities are relatively good at, in that the work 
content is not complex or sophisticated, and the required outcomes and rough processes of the 
outcomes are easy to set in advance (Nakajima, 2018). This finding suggests that economies 
of scale exist in firms that produce goods and services that match persons with disabilities by 
employing them on a large scale. 

Finally, comparing firms that did not employ any persons with disabilities with those 
that employed at least one such person in 2013, the beginning of the analysis period, the effect 
of employment of persons with disabilities is not statistically significant for either group, 
although the error in the estimated coefficient of employment of persons with disabilities 
tended to be larger for the former group. Therefore, we find no evidence of an extensive 
margin of impact of the employment of persons with disabilities on firms’ profits or costs, on 
average. 
 
 
 

 
10 By contrast, Peck (2017) reports that, in Saudi Arabia, the effect of quota employment on the majority—quota employment of 
its own citizens with high employment costs—has a significant impact on firm profits and survival. 
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Figure 3 Effects on productivity of employing people with disabilities 
(i) Medium-sized firms: more than 200 to 1,000 employees 

  

(ii) Large firms: more than 1,000 employees 

  
Note 1: This figure shows the results of the analysis using the fixed effects instrumental variable method. 

Note 2: The error bars indicate 95% confidence intervals calculated using cluster standard errors at each firm level. 
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Note 3: “operating” indicates operating income and “recurring” indicates recurring profit. In addition, sales, net income, 

operating income, and recurring profits per regular employee are included. 

Note 4: “Log TFP 1” is calculated as the residual of the production function; “Log TFP 2” is measured as the difference 

between total output and labor and capital inputs. See the Appendix 2 for further details. 

 
5. Conclusions 

This study examined the impact of employment of persons with disabilities on firm 
productivity. According to previous theoretical studies and empirical analyses, the impact of 
the employment of persons with disabilities on firm productivity is controversial. In addition, 
data availability is limited in Japan, as the analysis of high-quality data is desired. This study 
used high-quality panel data: administrative data collected based on Japan's employment 
policy for persons with disabilities and financial information collected through credit surveys 
of private firms. We examined the causal effects of the employment of persons with disabilities 
on firms' financial indicators and productivity, not only the average effect across firms, but 
also the heterogeneity across various firm types. The results are as follows. 

First, the employment of people with disabilities does not significantly affect firm 
performance in many cases. This is consistent with the findings of Mori and Sakamoto (2018), 
who use manufacturing industry data for a single time point. The analysis in this study showed 
that these trends were observed not only in the manufacturing industry but also in non-
manufacturing industries. Second, a new finding is that, among medium-sized firms with 
special subsidiaries specializing in the employment of persons with disabilities, the higher is 
the employment rate of persons with disabilities, the higher are the sales, operating income, 
and net income per regular employee, indicating that gains from the employment of persons 
with disabilities are accrued. Finally, we could not find an extensive or intensive margin of 
employment for persons with disabilities at the beginning of the analysis period, since there 
was no impact of the increased employment of persons with disabilities on the financial 
indicators and productivity of firms, regardless of whether they employed persons with 
disabilities. 

The fact that the number of persons with disabilities does not affect the profit margin, 
although there is a disparity in the number of workers with disabilities among firms, suggests 
that firms may have achieved optimal employment levels after factoring in the current levies 
and grants. However, there is a possibility that this result is due to the fact that the ratio of 
persons with disabilities in the labor market and the legal employment rate are marginal 
(around 2 %) and that persons with disabilities have not been able to develop jobs in which 
they have a comparative advantage. 

One policy and business implication is consolidating people with disabilities in 
special subsidiaries, where the cost of hiring people with disabilities is low, to minimize costs 
to the company. However, this argument, which emphasizes the efficiency of employment for 
people with disabilities, is fraught with problems. This is because of the idea of normalization, 
in which people with disabilities are present in the general workplace as a norm. Further 
discussion is desirable among researchers, policymakers, and stakeholders regarding the type 
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of policies that should be implemented for the future employment of people with disabilities. 
There are, of course, remaining issues in this study. We were unable to consider the 

impact of the type and degree of disability on firms' production activities due to data 
limitations. Future studies should analyze these aspects as well. 
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Appendix 1 
For Eq. (4), derived from the Cobb–Douglas production function, we also estimate 

the following model using the actual number of people with disabilities and the total number 
of employees, which constitute the actual employment rate of people with disabilities: 
 

Ln �𝑄𝑄𝑖𝑖𝑖𝑖
𝐿𝐿𝑖𝑖𝑖𝑖
� = 𝑐𝑐 + 𝛼𝛼𝑙𝑙𝑙𝑙 �𝐾𝐾𝑖𝑖𝑖𝑖

𝐿𝐿𝑖𝑖𝑖𝑖
� + 𝛿𝛿𝐿𝐿𝑖𝑖𝑡𝑡1 + 𝜂𝜂ln(𝐿𝐿𝑖𝑖𝑡𝑡) + 𝜃𝜃𝑖𝑖 + 𝜙𝜙𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑡𝑡.    (A.1.1) 

 
To estimate this model, we use only data for firms included in TSR's financial 

information file for which information on total fixed assets is available. The results for the 
effect of the employment of persons with disabilities on productivity are essentially unchanged 
from the results of the estimation in Eq. (5), which does not include the capital variable. 
 
Table A.1 Results including all companies 
(i) All 

 
 
(ii) Medium-sized firms: more than 200 to 1,000 employees 

 
 
(iii) Large firms: more than 1,000 employees 
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Table A.2 Results for companies with special subsidiaries  
(i) All 

 
 
(ii) Medium-sized firms: more than 200 to 1,000 employees 

 
 
(iii) Large firms: more than 1,000 employees 

 
 
Table A.3 Results for medium-sized firms that did not employ people with disabilities at all in 
2013 
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Table A.4 Results for firms that employ at least one person with a disability (2013 baseline) 
(i) All 

 
 
(ii) Medium-sized firms: more than 200 to 1,000 employees 

 
 
(iii) Large firms: more than 1,000 employees 

 
 
Table A.5 Results for manufacturing 
(i) All 
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(ii) Medium-sized firms: more than 200 to 1,000 employees 

 
 
(iii) Large firms: more than 1,000 employees 

 
 
Table A.6 Results for non-manufacturing 
(i) All 

 
 
(ii) Medium-sized firms: more than 200 to 1,000 employees 
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(iii) Large firms: more than 1,000 employees 

 
Note 1: Cluster standard errors for each firm level are shown between parentheses. 

Note 2: OLS: ordinary least squares; FE: fixed effects; FEIV: fixed-effects instrumental variables. 

Note 3: “Log TFP 1” is calculated as the residual of the production function; “Log TFP 2” is measured as the difference 

between total output and labor and capital inputs.  

 
Appendix 2 

TFP can be derived in two ways. First, TFP is calculated as the residual of the 
production function. Assume the following Cobb–Douglas type production function: 
 

𝑌𝑌 = 𝐴𝐴𝐾𝐾𝛼𝛼𝐿𝐿1−𝛼𝛼 (A.2.1), 
 
where 𝑌𝑌  represents value-added, 𝐾𝐾  capital stock, 𝐿𝐿  labor input, and A is TFP. 𝑌𝑌  is the 
sum of operating income, directors’ compensation, salaries and allowances, provision of 
bonuses, retirement benefits, provision of retirement benefits, legal welfare expenses, welfare 
expenses, miscellaneous salaries, depreciation and amortization, taxes, and dues multiplied by 
the output deflator by industry. There are 20 industries (by major classification) and we apply 
a deflator that fits each industry. The Cabinet Office National Accounts of Japan11 are used 
as the output deflator; otherwise, the TSR is used. 𝐾𝐾 is the real value obtained by multiplying 
TSR’s total fixed assets by the capital formation deflator from the Cabinet Office’s National 
Accounts. 𝐿𝐿 is obtained by multiplying the total number of employees in the TSR by the 
working hours from the Monthly Labour Survey by the MHLW.12 As firm-level data do not 
exist for labor hours, we use industry averages instead. As in the case of the output deflator 
above, we use the corresponding labor hours for each of the 20 industries. 

Taking the logarithm of both sides of Eq. (A.1) and rearranging it, TFP (natural 
logarithm) can be expressed as in Eq. (A.2). Therefore, TFP (natural logarithm) can be 
calculated by estimating the production function and obtaining the regression coefficients for 
capital stock and labor input. If 𝑌𝑌 is non-negative, we add 1 and take the logarithm of the 
variable as it is. If 𝑌𝑌 is negative, the variable is negativized, 1 is added, the logarithm of the 
variable is taken, and the logarithm of the variable is negativized again: 

 
11 https://www.esri.cao.go.jp/jp/sna/data/data_list/kakuhou/files/2020/2020_kaku_top.html, last accessed March 7, 2024 
12 https://www.e-stat.go.jp/stat-search/files?page=1&query=産業別労働時間指数
&layout=dataset&toukei=00450071&tstat=000001011791&stat_infid=000032185240&metadata=1&data=1, last accessed 
March 7, 2024 
 

https://www.esri.cao.go.jp/jp/sna/data/data_list/kakuhou/files/2020/2020_kaku_top.html
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ln𝐴𝐴 = ln𝑌𝑌 − 𝛼𝛼ln𝐾𝐾 − (1 − 𝛼𝛼)ln𝐿𝐿. (A.2.2) 
 

However, production factors such as capital, labor, and value-added are simultaneous, 
but OLS does not provide a consistent estimator. To solve these problems, we need to control 
for the shocks that affect productivity, which are unobservable to analysts but observable to 
management. Olley and Pakes (1996) propose an estimation method that addresses this 
problem using capital investment as a proxy measure for productivity shocks. However, this 
approach is not feasible when the sample includes a large number of firms that have not made 
capital investments. Levinsohn and Petrin (2003) use a method with intermediate inputs as a 
proxy indicator for productivity shocks. In this study, intermediate inputs are defined as the 
TSR cost of sales plus selling, general, and administrative expenses minus personnel costs 
(executive compensation, salaries and allowances, provision for bonuses, retirement benefits, 
provision for retirement benefits, legal welfare expenses, welfare expenses, and miscellaneous 
salaries) and depreciation.13 

Second, we use the methods employed by Fukao and Kwon (2006) and Kwon et al. 
(2008). The initial point in time is 2013, and the log TFP level of firm 𝑖𝑖 at time 𝑡𝑡 relative to 
the log TFP level of the industry-representative firm is defined as follows: 
 

ln𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖,𝑡𝑡 = (ln𝑌𝑌𝑖𝑖,𝑡𝑡 − ln𝑌𝑌𝑡𝑡������) − 1
2

(𝑆𝑆𝐿𝐿 𝑗𝑗,𝑡𝑡 + 𝑆𝑆𝐿𝐿𝑡𝑡�����)(ln 𝐿𝐿𝑖𝑖,𝑡𝑡 − ln 𝐿𝐿𝑡𝑡������) − 1
2

(𝑆𝑆𝐾𝐾 𝑗𝑗,𝑡𝑡 + 𝑆𝑆𝐾𝐾𝑡𝑡�����)(ln𝐾𝐾𝑖𝑖,𝑡𝑡 −

ln𝐾𝐾𝑡𝑡������) + (ln𝑌𝑌𝑡𝑡������ − ln𝑌𝑌𝑇𝑇������) − 1
2

(𝑆𝑆𝐿𝐿𝑡𝑡����� + 𝑆𝑆𝐿𝐿𝑇𝑇�����)(ln 𝐿𝐿𝑡𝑡������ − ln 𝐿𝐿𝑇𝑇������) − 1
2

(𝑆𝑆𝐾𝐾𝑡𝑡�����+ 𝑆𝑆𝐾𝐾𝑇𝑇�����)(ln𝐾𝐾𝑡𝑡������ − ln𝐾𝐾𝑇𝑇�������) , 

(A.2.3) 
 
where 𝑇𝑇𝑇𝑇𝑇𝑇  is the total factor productivity, 𝑌𝑌  the value added, 𝐿𝐿  the labor input, 𝐾𝐾  the 
capital stock, 𝑆𝑆𝐿𝐿 the labor cost share, and 𝑆𝑆𝐾𝐾 the capital cost share. 𝑇𝑇 denotes the base 
year (2013). 𝑗𝑗 represents the industry and 𝑖𝑖 the firm. The upper bars indicate the average 
values for each year. In this case, the factors of production are labor and capital. The first, 
second, and third terms on the right side of Eq. (A.3) represent the deviation in the logarithm 
of the TFP level between firm 𝑖𝑖 at time 𝑡𝑡 and the representative firm at that time. The fourth, 
fifth, and sixth terms represent the deviation in the logarithm of the TFP level between the 
representative firm at time 𝑡𝑡 and the representative firm at the initial time. The TFP measured 
in this way not only captures the cross-sectional productivity distribution but also changes in 
the TFP distribution over time by considering the changes in the TFP of the representative 
firms over time. Unlike TFP measurements that use production function estimation, it also has 
the advantage of allowing for different factor inputs across firms and imperfect competition 
in the product market. The method of creating each variable is the same as that defined above 
for the method used to calculate TFP as the residual of the production function. 
 
 

 
13 We refer to Nishihata and Yamamoto (2021). 
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