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This work investigates how occupational mobility, after a professional rehabilitation process, affects the
hourly wages of workers who are inserted in the formal job market in the commerce, services and indus-
try sectors of Brazil. For that purpose, a data panel was used with individual information from the Annual
List of Social Information (Relação Anual de Informações Sociais- RAIS) for the period of 2007 to 2016. The
methodology used was the Staggered Difference in Differences and dynamic treatment effects, through
an event study design. The results show a positive effect of occupational mobility on hourly wages in
the sectors analyzed, however, this effect is decreasing in the period after the professional change.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

In the World Report on Disability 2011, produced jointly by the
World Health Organization (WHO) and the World Bank, rehabilita-
tion is defined as the process that helps individuals with functional
limitations to interact with their environment, based on a set of
measures. In other words, it is a way to recover the individual’s
social well-being.

Professional rehabilitation is the practice that aims to reinte-
grate into the job market the worker who is temporarily prevented
from exercising their professional activities due to some accident
or illness at work, unrelated or not. According to the Brazilian
Statistical Yearbook of Social Security (Previdência, 2015, p. 539),
professional rehabilitation: ‘‘it is a service that aims to provide
insured persons who are partially or totally disabled for work,
regardless of need, and for people with disabilities the means for
their re-education or professional and social rehabilitation, for
their participation in the labor market and in the context in which
they live”.
In Brazil, the legislation for such rehabilitation, due to work
accidents, is from the 1940s and was published before the norms
established by the International Labor Organization (ILO). The
Work Accident Reform Law, of 1944 (Brasil, 1944, Decreto No.
7036/1944), was intended for professionals who had suffered an
accident at work, as a way to enable them to continue their career
in their original job or in activities related to their physical condi-
tions. During this period, professional rehabilitation was intended
to provide physiotherapy services, orthopedic and reconstructive
surgeries, as well as education in schools dedicated to adult
education).

Although the rehabilitation process is important for the work-
er’s return to the job market, that person is often unable to readjust
to normal daily activities after suffering an accident/illness. The
same logic applies to their income, as the time in a given occupa-
tion can interfere with their remuneration, that is, the greater
the experience in a given occupation, the higher the wages should
be (Ben Halima, 2005). Thus, the rehabilitated worker may face dif-
ficulties to re-enter the job market, as this individual considers
their reservation wage after the intervention.

Thus, an interesting question is to investigate how the wages of
workers, who previously did not have functional limitations and
received professional rehabilitation, were affected. Therefore, the
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objective of this work is to evaluate the effects of occupational
mobility for workers in the sectors of commerce, services and pro-
duction of industrial goods and services, who were reinserted in
the job market after a process of professional rehabilitation in
Brazil.

For this purpose, microdata from the Annual Social Information
Report (Relação Anual de Informações Sociais - RAIS) are used, which
allow the monitoring of the same individual over the years. Thus, it
is possible to observe the occupational mobility of the worker who
has gone through the rehabilitation process or not, while control-
ling for the unobserved characteristics of time-invariant workers.
The period of analysis is from 2007 to 2016, since 2007 is the year
in which RAIS started to identify the worker’s condition in relation
to the disability and the type of disability that this person may
have, including whether that person is rehabilitated or not.

With this large period of time, it is possible to carry out an anal-
ysis with a greater number of workers who had to leave their jobs,
due to accident or illness, and return to the job market as a reha-
bilitated worker.

In addition, the Difference in Differences (DID) method is used
with various periods of time, with variation in treatment time
and dynamic effects of treatment, through the study of events,
which allows us to evaluate how occupational mobility affects
the remuneration for hours of work of rehabilitated professionals,
exploring the staggered nature of the sequential process of rehabil-
itation of Brazilian workers. Furthermore, two types of mobility
were considered, immediate mobility and non-immediate mobility
after rehabilitation. Therefore, this research aims to contribute to
the literature on the subject, which has not yet been widely stud-
ied in the Brazilian economic literature.

The main limitation for the execution of this work refers to the
lack of information regarding the degree of disability of workers, as
the RAIS does not allow the identification of causes related to the
type, degree and nature of the disability responsible for the reha-
bilitation of Brazilian workers. Seeking to minimize differences
among groups and data limitations, occupational mobility was
considered in terms of specific occupations, given that, although
it is not possible to observe the exact nature of the workers’ dis-
ability before the intervention, each specific occupation requires
a set of skills and functions that homogenize the groups in the
pre-treatment.

Furthermore, the analysis focuses on workers related to the sec-
tors of Commerce, Services and Industry, to minimize possible
effects of sectoral characteristics on the rehabilitation process. To
compare the groups before the intervention, the difference of
means test was used, in which the homogeneity between the
groups was verified. In addition, the data imposed additional lim-
itations, such as the impossibility of capturing the effect of com-
pany characteristics and the workers’ family context in the
rehabilitation process.

The main results of the estimates indicate a positive effect of
occupational mobility on wages per hour worked, considering
the sectors of commerce and services and the production of indus-
trial goods and services, but this effect decreases in the post-
treatment period. What can be inferred, in general, is that workers
belonging to the treatment group probably sought more educa-
tional qualifications and switched to activities that may require
more specific knowledge, which is confirmed by descriptive statis-
tics. Therefore, these changes in the level of education and in the
type of occupation may explain the positive effect on wages per
hour worked obtained in the Staggered DID. However, even after
this increase in human capital accumulation by rehabilitated work-
ers, there is evidence of a drop in hourly wages when compared to
the control group.

This work is organized into four sections, including this intro-
duction. While a brief literature review is presented in section 2,
2

the methodology and database are presented in the third section.
The results can be seen in section four, followed by the concluding
remarks in section five.
2. Brief literature review

Although it is not researched as often as some other topics, the
analysis of the income and wages of individuals with disabilities,
whether comparing with those who do have a disability, or com-
paring the same individual before and after a disability or accident,
has several contributions throughout the years. In this section, we
briefly compile some of the more relevant contributions, both con-
sidering the international literature as a whole, and specifically
works which analyzed Brazil.

One early analysis of income differentials in individuals with
and without disabilities is from DeLeire (2001). Using data from
the Survey of Income and Program Participation for the United States
from1984 to 1993, the author suggests that the wage gap between
individuals with work limitations and those without such limita-
tions is due to the discrimination effect.

Another contribution is from Longui, Nocoletti, and Platt (2012)
who, using the UK Labour Force Survey from 1997 to 2008, analyzed
the difference in wages for men with disabilities after the Disability
Discrimination Act (DDA) passed in the United Kingdom. Wage dif-
ferences were estimated in the mean and in the different quantiles
of the wage distribution into which it is broken down into three
parts: 1) differences due to the characteristics of workers and type
of work. 2) differences due to the characteristics of the worker’s
health and 3) differences due to discrimination. According to the
authors, much of the differences observed is associated with pro-
ductivity issues.

Gunderson and Lee (2016), using data from the Participation
and Activity Limitation Survey, analyzed wage discrimination for
people with disabilities in Canada for the year 2006. The method-
ology involves breaking down the wage gap between individuals
with disabilities, who are not limited in the performance of their
work, and a comparison group of people without disabilities. The
authors found that people with disabilities receive about 10% less
than those without disabilities.

Some authors sought to examine the effects of programs which
promote the inclusion of individuals with disabilities in the job
market. Button (2017) evaluated the impact of the Prudence Kay
Poppink (PKP) Act on the employment of individuals with disabili-
ties. This law from California expands the antidiscrimination law in
the United States, also assuring rights for those with less severe
disabilities. Using data from the Current Population Survey Annual
Social and Economic Supplement and the Differences-in-Differen
ces-in-Differences method, the author finds that the PKP Act
increased employment for those individuals or, at least, assured
there was no job loss.

Bae, Oh, Park, Roh, and Won (2019) sought to analyze changes
in worker income in South Korea, particularly those in the con-
struction sector of the country, who experienced industrial acci-
dents according to their ‘‘return to work” status. The authors
used data from the fifth Panel Study of Workers’ Compensation
Insurance. A repeated measure analysis of variance (ANOVA)
method was used to compare annual differential incomes before
and after the industrial accident, and a linear mixed model was
used to investigate the changes in income from before to after
the industrial accident according to the industry and return-to-
work status. The authors find that construction industry workers
exhibited greater incomes before the accident, and showed signif-
icant decrease in their incomes after the industrial accident.
Regression analysis for assessing changes in income after the
industrial accident showed that a comparison by industry revealed



1 It should be noted that the data from RAIS does not allow the identification of the
causes related to the type of disability responsible for the rehabilitation of the
Brazilian workers, however, it is possible to identify the specific occupations before
and after the rehabilitation process, and, thus, considering that a specific occupation
accommodates workers with similar characteristics, it is understood that it is possible
to make a comparison between the treatment and control groups.

2 The Brazilian Work and Social Security Card (Carteira de Trabalho e Previdência
Social- CTPS) can be issued from the age of 14, but the registration of activities for
young people between 14 and 16 years of age can only be done as a minor apprentice.
In view of this, it was decided to consider the minimum age of 16 years.

3 It is important to note that the employers themselves report these data.
4 The General Price Index – Internal Availability (Índice Geral de Preços –

Dispobilidade Interna – IGP-DI) is an index that measures the price variation of the
Brazilian economy within a certain period.
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a significantly greater reduction in income in the construction than
service industry. A comparison by work status revealed signifi-
cantly greater decreases in income in the reemployment and
non-return to work groups than among those who returned to
their original work (Bae et al., 2019).

The authors find that construction industry workers exhibited
greater incomes before the accident, and showed significant
decrease in their incomes after the industrial accident. Regression
analysis for assessing changes in income after the industrial acci-
dent showed that a comparison by industry revealed a significantly
greater reduction in income in the construction than service indus-
try. A comparison by work status revealed significantly greater
decreases in income in the reemployment and non-return to work
groups than among those who returned to their original work (Bae
et al., 2019).

Kambourov, Manovskii, and Plesca (2020) argue, while analyz-
ing workers going through a training program, that wages of par-
ticipants in employer-sponsored training increase substantially,
while wages of participants in government-sponsored training
hardly change. In their view, there is a potential selection issue,
where most of the government-sponsored trainees went through
an occupational change, while most participants in employer-
sponsored training are ‘‘occupation stayers”. The work’s empirical
analysis is based on data from the National Longitudinal Survey
of Youth 1979 (NLSY79). The NLSY79 is, according to the authors,
the only US dataset that asks questions pertaining to participation
in both employer and government training. Thus, it allows the con-
struction of the individuals’ job histories, including occupational
tenure and occupational mobility, and to control for individual
fixed effects.

The authors use propensity score matching and Ordinary Least
Squares regressions, and find that occupational mobility and gov-
ernment training are conditionally independent. As a result, the
authors evaluate the effect of training on the human capital of par-
ticipants by studying separately the samples of occupational stay-
ers and occupational switchers. On both samples, the results show
a substantial positive effect of training on workers’ human capital.
The magnitude appears to be similar for the participants in
employer and government-sponsored training programs.

In Brazil, Castro, Moreira, and Silva (2019) sought to assess dis-
crepancies in wages of individuals with disabilities in the Brazilian
job market. Using the methodology featured in DeLeire (2001), and
also data from the Brazilian National Health Survey (Programa
Nacional de Saúde - PNS), for 2013, the authors found as a result
the existence of a wage gap between individuals with disabilities
and people who do not have disabilities, which can be explained
by both the endowment (productivity) effect and the discrimina-
tion effect.

Becker (2019), on the other hand, assessed the effect of disabil-
ity on employment and hourly wages in Brazil, using the same data
from the previous work, for the same period. As a methodology, the
author used the decomposition of the differences in remuneration
in the quantiles of the wage distribution, and three groups were
considered: non-disabled individuals, those who have disabilities
and limitations in terms of work activities, and those with disabil-
ities but without such limitations. The main results of that work
suggest that the observable characteristics explain, for the most
part, the wage differences between the groups of non-disabled
and people with disabilities who did not have limitations in rela-
tion to those who have disabilities with limitations in some of
the higher quantiles. According to Becker (2019), this result may
be related to the fact that employers have a preference in allocating
individuals who do not have functional limitations to positions
that pay higher wages, as a way of complying with the Brazilian
quota law, without having to make considerable changes in the
physical structures of the business or the work routines.
3

3. Data and methodology

3.1. Data

For this work, microdata from the Annual List of Social Informa-
tion (Relação Anual de Informações Sociais - RAIS), from the Brazilian
Ministry of Labor (Ministério do Trabalho - Mtb), were used. The
RAIS contains data on formal employment in the Brazil with the
advantage that, through it, it is possible to monitor an individual
over the years, through the national Register of Individuals (Cadas-
tro de Pessoas Físicas - CPF), forming a longitudinal panel of data. It
is important to note that the panel constructed is unbalanced due
to the number of observations not being the same for each year of
the survey.

The variable that identifies whether the worker has any disabil-
ity and the type of disability, including whether he/she was reha-
bilitated, was inserted and made available in the RAIS database
in 20071. So, from then on, there was a variable that covers the
employment relationships exercised by people with disabilities.
Therefore, the period selected for this analysis ranges from 2007 to
2016.

The sample consisted of workers between 16 and 65 years2 of
age. Public servants were excluded, as it is assumed that, when they
go through the rehabilitation process and return to the job market,
they receive the same wages, and that may overestimate the results
of the analysis. Furthermore, following Guimarães (2013), Costa,
Sousa and Guimarães (2015) and Mariano and Costa (2015), mem-
bers of the armed and military forces were also excluded, as market
forces do not determine their wages. Such procedures were carried
out in view of the legal nature of the companies in which the reha-
bilitated workers perform their occupations, whether in pre-
treatment or post-treatment.

From 2007 to 2010, some variables had different names and for-
mats and had to be standardized so that these were consistent over
the years. Another necessary filter was to exclude individual infor-
mation that was duplicated in the database, as some workers had
more than one relationship with the same company, or even in
another company, and appeared more than once in the database,
as a result of self-declaration errors by part of employers3.

In addition, as the same worker can be observed at different
moments in time, workers who presented the condition of non-
disabled in the pre-treatment period and who started to declare
themselves as rehabilitated in the post-treatment period were
effectively maintained, but workers who switched from non-
disability to rehabilitated only in the post-treatment period were
withdrawn. Given that most non-disabled workers move to the
condition of rehabilitated predominantly only after one year, the
sample in this work mostly focuses on workers who rehabilitated
between 2009 and 2010.

The variables used are presented according to Table 1 below. As
a variable of interest, the hourly wage (w/h) was used, deflated by
the IGP-DI4, therefore, it is intended to assess whether occupational



Table 1
Description of the Variables.

Variable of Interest

w/h Hourly wages
Treatment Variables
Treatment Dummy variable that assumes value 1 if the worker

belongs to the treatment group, and 0 otherwise
treatment*time interaction between treatment and the period in which

the worker underwent treatment
treatment*time2 effect of occupational mobility which does not happen

immediately after rehabilitation

Covariates
Age Age of the worker
Gender 1 for males, 0 if otherwise
Race 1 for whites and 0 for non-whites
Education Level of education dummy variables
Experience time of employment of the employee at the company

(in years)
Experience squared time of employment of the employee at the company

(in years)
Mobility between

companies
Mobility of the rehabilitated employee, considers the
company in which the worker was occupied before
rehabilitation with the company in which the worker
started to work in the condition of rehabilitated.

Source: Prepared by the authors.

5 For more methodological details, see Foguel (2012).
6 A hypothesis to be tested in the DD design is that the outcome variable of the

control group should represent the temporal trajectory that should occur with the
treated in the absence of the treatment. However, it is a difficult hypothesis to test
and, therefore, what can be done is to test this assumption indirectly, assessing
whether the two groups show the same trend with regard to the outcome variable in
the pre-treatment period.
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mobility has positive or negative effects on this variable. The variable
that captures the effect of the occupational mobility after the reha-
bilitation period for workers is the treatment*time variable. However,
it is possible that the change in occupation after rehabilitation occurs
not immediately, that is, rehabilitated workers can remain in the
same occupations after the intervention, as well as move from the
treated group to the control group in the post-treatment. Thus, to
capture this effect, the treatment*time2 variable was constructed,
which captures the effect of occupational mobility which does not
occur immediately after the rehabilitation period.

The occupational mobility after rehabilitation is built from the
2002 Brazilian Code of Occupations (Código Brasileiro de Ocupações
- CBO).With these codes, and considering the longitudinal monitor-
ing of workers through the Register of Individuals (Cadastro de Pes-
soas Físicas - CPF), it became possible to verify the occupation before
and after the intervention, thus making it possible to construct the
treatment variable. The CBO identifies which sector a worker is in
according to digits, and it is possible to identify which specific func-
tion they performwith more digits used. Thus, it is worth mention-
ing that, in the present work, for the purpose of analyzing
occupational mobility, all six digits of the 2002 CBO were consid-
ered, that is, changes in specific occupations were considered.

Covariates were selected according to their importance to
explain wage returns, as proposed by Mincer (1974). The age vari-
able will indicate the effect of individuals’ age on income.

The education variable was analyzed through the construction
of the following dummy variables to represent the level of school-
ing: illiterate, elementary school, high school, higher education
(college) and graduate school. It is expected that more educated
individuals have higher hourly wages.

The variables of sex and race are considered as a way to capture
the discrimination effect. Experience was measured in years of
work, so it is expected that the accumulation of experience gener-
ates an increase in earnings. Furthermore, as from a certain age
onwards, the worker’s productivity drops, despite the accumula-
tion of experience, the marginal remuneration also tends to be
reduced, thus, to correct this possible bias, experience squared
was also included. Lastly, mobility between companies was con-
structed by comparing the company in which the worker was
occupied before rehabilitation with the company in which the
worker started to work in the condition of rehabilitated. This pro-
cedure was carried out using the Brazilian National Register of
4

Legal Entities (Cadastro Nacional de Pessoa Jurídica - CNPJ) of the
companies in question.

3.2. Treatment and control groups

To assess the effects on the hourly wages of those professionals
who had occupational changes after a rehabilitation process, it is
necessary to build two groups: a treatment group, which is the
group of interest in the analysis, and a control group, with individ-
uals who adequately represent the situation of not having gone
through the treatment. (Foguel & Diferenças, 2012). We define
these two groups as follows:

� Treatment group: Individuals who did not have any functional
limitations and went through a rehabilitation process, changing
occupations afterwards.

� Control group: Individuals who did not have any functional
limitations and went through a rehabilitation process, but
remained in the same occupations afterwards.

Although the two groups have undergone rehabilitation, only
those in the treated group have gone through an occupational
change after the process. Therefore, the control group serves as a
satisfactory comparison, given that the return to the same occupa-
tion indicates that the professional was able to occupy his/her pre-
viously performed function, so they are not directly affected in the
job market by the rehabilitation process.

3.3. Model specification

The central point of this work is the relationship between the
rehabilitation of workers and the results of the local job market.
In the evaluation of public policies, the differences-in-differences
(DD) method is widely used5. This method assesses the effect of
the policy, using information from the treatment and control groups
before and after the intervention is carried out. It consists of calcu-
lating a double difference: first, the differences between the means
of the outcome variable before and after the treatment period are
calculated, and then the difference between the treated and control
groups. With panel data, the method controls for unobservable char-
acteristics (e.g., race, gender, motivation, optimism, self-discipline)
that are time-invariant. It is considered as a bidirectional fixed
effects model with a post-treatment dummy variable, and is there-
fore used to identify the average treatment effect on the treated,
given the assumption of common trends (Foguel & Diferenças,
2012; Wooldridge, 2010).

Although this work is not exclusively evaluating the effect of
the rehabilitation service on hourly wages, it uses the aforemen-
tioned method considering, as an intervention, the occupational
change after the worker’s professional rehabilitation. The pre-
treatment period is when the professional is in a certain occupa-
tion and does not have any type of functional limitation, therefore,
he/she did not go through the rehabilitation process6, while the
post-treatment period refers to the period in which the non-
disabled worker enters the labor market as rehabilitated.

Being D = {1,0}, in which D indicates the treatment position
(1 – treatment, 0 – control) and t = {1,0} the period after and before
treatment, respectively, the DD estimator can be given by:
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bDD ¼ E Y jD ¼ 1; t ¼ 1½ � � E Y jD ¼ 1; t ¼ 0½ �f g
� E Y jD ¼ 0; t ¼ 1½ � � E YjD ¼ 0; t ¼ 0½ �f g ð1Þ

In other words, it represents the time difference of what hap-
pened to professionals who went through occupational mobility
after rehabilitation, subtracted from the same calculated difference
for professionals who remained in the same occupation after this
process. The model specification will be done as follows:

w=hit ¼ b0 þ b1TreatmentixTimet þ ai þ lit ð2Þ
where, the subscript i represents the workers and t the time period
(t = 2007, 2008, . . ., 2016). As for ai, it is the control of fixed effects of
individuals and lit is the error term. Parameter b1 represents the
parameter of interest, as it identifies the direct effect of occupa-
tional mobility on the outcome variables. In order to ensure greater
robustness of the results, some other strategies were also used.
First, equation (2) was specified considering a vector of the workers’
characteristics Xit (as mentioned in Table 1):

w=hit ¼ b0 þ b1TreatmentixTimet þ b2Xit þ ai þ lit ð3Þ
However, given that the assignment of the treatment condition

can occur at any time during the post-treatment period, and not
necessarily immediately after the intervention, this work explores
the staggered nature of the sequential process of rehabilitation of
Brazilian workers. The rehabilitation of workers takes place at a
given time, and, subsequently, these workers remain exposed to
treatment during the post-treatment period. For this purpose, the
staggered Difference in Differences (DID) approach is adopted to
identify and calculate the parameters of the treatment effect. The
implementation of this approach is inspired by Gonçalves,
Rodrigues, and Chagas (2020), who point out, as advantages, the
possibility of accommodating many periods of time, variations in
treatment time and the assumption of maintenance of parallel
trends after conditioning on the covariates.

Initially, only the heterogeneity of the treatment effect was con-
sidered as a function of time and covariates, where non-disabled
workers are treated immediately after rehabilitation (interven-
tion), and this time can be different among workers. Thus, in view
of Gonçalves et al. (2020), this specification can be described using
the expression (4):

Yr;t ¼ b0 þ b1Lr;t þ b2Xr;t þ cr þ ut þ er;t ð4Þ
In which Yr;t corresponds to the hourly wage of the worker

rehabilitated in time t; Lr;t refers to a variable that identifies the
rehabilitated worker r, which in year t went on to the condition
of being rehabilitated; Xr;t concerns the characteristics related to
each worker r in time t, described in the methodology; c is associ-
ated with the fixed effects of workers; u indicates the fixed year
effect; er;t is related to disturbances; and b0, b1 and b2 represent
the parameters.

In this first specification, the same worker is observed as treated
in and control between periods. The different transitions of non-
disabled workers to the condition of rehabilitated over time are
considered as the source of variation that makes it possible to ana-
lyze the effect of occupational change on the results in the job mar-
ket for the rehabilitated.

Subsequently, aiming to analyze the extent and duration of the
effects of the post-rehabilitation occupational change/mobility on
job market outcomes, the dynamic effects of treatment were con-
sidered. In this case, an event study was adopted, in which an
extension of the scaled differences-in-differences model is adopted
with the incorporation of five leads and delays among the explana-
tory variables of the model in order to measure the average
dynamic effects of shocks discrete and non-transient treatments.
Furthermore, the possibility of pre- and post-treatment combined
with the contemporary estimate of the average treatment effect
5

(ATE) is also considered (Gonçalves et al., 2020). In this sense,
the study of events can be specified through expression (5) that
follows:

Yr;t ¼ b0 þ
XI

i¼1

bpre;iLr;tþi þ
XJ

j¼0

bjLr;t�jaXr;t þ cr þ ut þ er;t ð5Þ

In this case, Lr;t�j refers to specific indicators of the annual per-
iod and indicate that the rehabilitated worker r is treated in time t-
j; Lr;tþi indicates whether the rehabilitated worker is treated in i
future years; and bpre;i are coefficients tested to identify possible
past trends in job market outcomes. Furthermore, according to
Gonçalves et al. (2020), the inclusion of that parameter is relevant,
since it allows a lag in the effects of occupational mobility after
rehabilitation, as well as in the variability of the treatment in terms
of exposure time.

However, for the results to be interpreted reliably, it is neces-
sary to fulfill some assumptions by the rehabilitated workers: 1)
the date of assignment to treatment must be random; 1) validation
of conditional parallel trends, which suggests that rehabilitated
workers have similar trends in hourly wage terms, considering
the absence of treatment; 2) rehabilitated workers do not know
in advance the probability of occupational mobility over the per-
iod, and therefore should not anticipate treatment; and 3) absence
of selective treatment. (Callaway & Sant’anna, 2020; Gonçalves
et al., 2020).

Considering that the characteristics between the control and
treated groups are quite different, the use of the staggered DID
and the study of events was carried out by disaggregating occupa-
tions by sectors, in this sense, as the majority of rehabilitated
workers are concentrated in the sectors of production of industrial
goods and services, commerce and services, estimates were carried
out considering each case, in order to homogenize the characteris-
tics of the rehabilitated before treatment, as well as the concept of
mobility from the point of view of occupation-specific mobility,
through the six digits of the 2002 CBO, as highlighted in the previ-
ous subsection.
4. Results

4.1. Descriptive statistics

Table 2 presents the descriptive statistics for the control and
treated groups, considering the period prior to the rehabilitation
process, and the subsequent period, for Brazil from 2007 to 2016.
It is noteworthy that, in addition to the control variables men-
tioned in the methodological section, the rehabilitated workers
were distributed in the different regions of the country, namely,
North, Northeast, Southeast, South and Midwest, and in addition,
according to the occupational groups before and after the interven-
tion. For this purpose, the 2002 Brazilian Classification of Occupa-
tions (CBO) was used, which presents the following occupational
groups: Managers, professionals in the sciences and arts, high-
school level technicians, administrative service workers, agricul-
tural sector workers, workers in the production of industrial goods
and services, workers in continuous industries, chemical and steel,
and repair and maintenance workers.

It can be observed that the hourly wage for both groups
increases after the rehabilitation period, but those in the treatment
group show higher hourly wages (BRL 47.21) when compared to
the control group (BRL 46.78). In terms of experience, it can be
noted that individuals belonging to the control group had a longer
time of employment than workers in the treatment group; this can
be explained by the fact that the post-treatment of the treated
group features an easier transition into another occupation.



Table 2
Descriptive Statistics for the control and treatment groups, before and after the rehabilitation process – Brazil.

Variáveis Control Treatment

Pre-treatment Post- treatment Pre- treatment Post- treatment

Mean SD Mean SD Mean SD Mean SD

hourly wages (nominal wages/hour) 41.49*** 50.66 46.78 55.23 35.82*** 37.50 47.21 46.57
Age (years) 39.09*** 9.63 43.20 9.53 34.83*** 9.19 39.34 9.22
Time of employment (years) 7.78*** 7.60 10.06 8.88 4.84*** 5.41 5.58 6.36
Educational level (%) (%) (%) (%)
Illiterate (up to 1 year in school) 2.44 2.31 0.62 0.48
Elementary school (9 years in school) 40.46 39.85 35.70 31.73
High school (12 years in school) 44.54 43.54 53.47 53.36
Higher Education (completed undergraduate course) 12.47 14.14 10.17 14.32
Masters_doctorate (complete masters or doctorate degree) 0.10 0.16 0.04 0.11
Region (%) (%) (%) (%)
North 3.70 3.76 4.37 4.15
Northeast 21.79 21.88 15.20 15.68
Southeast 42.54 42.74 45.87 45.54
South 27.67 27.31 28.39 28.46
Center-west 4.31 4.31 6.17 6.17
Ocuppation (%) (%) (%) (%)
Arts and sciences workers 3.21 3.21 2.13 2.90
High school level technicians 7.01 7.01 7.23 7.42
Administrative Services 20.92 20.92 18.47 32.76
Commercial Services 10.67 10.67 21.96 20.75
Agricultural workers 11.54 11.54 3.64 2.64
Workers in the production of industrial goods and services 33.55 33.55 34.48 25.01
Workers in continuous industries, chemical and steel 9.48 9.48 8.01 5.73
Repair and maintenance workers 3.63 3.63 4.08 2.79
Sectors (%) (%) (%) (%)
Public administration and international organizations 0.74 0.77 0.59 1.03
Agricultural activities and aquaculture 1.32 1.25 1.95 1.95
Financial, real estate and administrative services 10.57 10.80 6.83 7.82
Commerce and services (including domestic and administrative) 16.65 16.00 32.79 26.77
Communication and scientific and technical activities 2.09 1.86 4.30 3.56
Education, health, arts, culture and sports 2.02 2.09 2.02 4.22
Electricity and sanitation 2.15 2.12 1.51 1.14
Extractive industries, transformation and Civil Construction 56.68 57.36 40.65 43.04
Transportation, accommodation and food industry 7.78 7.74 9.36 10.47
N 3112 2723

Source: Prepared by the authors using data from the RAIS (Mtb, 2021). Data from 2007 to 2015.
Notas: SD = Standard Deviation. *** indicates statistical significance at the 1% level for the t-test.

7 An important point in this work is that occupational mobility on the part of
rehabilitated workers may have occurred inside a sector or between two different
sectors.
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As for education, it is clear that for the control group the per-
centage of education in the sample is very close between the pre
and post rehabilitation periods, with a minor change in percent-
ages. In addition, it appears that there is greater growth between
the periods in which individuals were in the process of getting a
college degree.

Regarding the different regions of Brazil, the statistics show that
the largest concentration of people is in the Southeast region of the
country, and it can also be noticed that in the treatment group,
there is an increase in the number of individuals in that region,
while there is a decrease for the other regions (with the exception
of the South region), indicating that there is a considerable number
of people migrating to the Southeast.

Another relevant information is related to the occupation
groups. Since for the control group, it is considered that there is
no occupational mobility between the two periods, the percentage
remains the same in the transition from pre to post-treatment,
with the production of industrial goods and services group pre-
senting the highest proportion of individuals, followed by occupa-
tions in trade and service activities. As for the treatment group,
before the rehabilitation period, around 34.5% of individuals were
allocated to activities in the industrial goods and services produc-
tion group, but this percentage drops to 25% after the rehabilitation
process. On the other hand, there is a considerable increase in the
activities of administrative service groups, which rose from 18.5%
to 32.8%. As for sectoral changes, it is worth highliting the sectors
of industry and civil construction and commerce and services, for
all cases, however, there is a reduction in the percentage of work-
6

ers in commerce and services in the transition to professional
rehabilitation.

Furthermore, in order to verify the differences between the two
groups (treated and control) before rehabilitation, the t test of
means was applied for the variables hourly wage, age and time of
employment. Thus, given the statistical significance in the selected
variables, the existence of mean differences between the groups in
the pre-treatment was observed, considering the aforementioned
test. However, although the means of these variables are different,
the t test does not provide robustness for the existence of a com-
mon pre-trend before the intervention, that is, that the ‘‘shocks”
have a common effect in both groups. In this sense, to verify the
common trend between the groups before the intervention, when
performing the estimation of the models, parallel trend tests were
performed, as can be seen in subsection 4.3.

4.2. Effects on hourly-wages

This subsection presents the general estimates of the scaled DID
on the immediate and non-immediate occupational mobility after
the professional rehabilitation process, for workers in the sectors of
Commerce and Services and for professionals in the production of
industrial goods and services7. Thus, in Tables 3 and 4, we present
these estimates, in which we test four specifications. The first and
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third columns show the results of the unconditional staggered DID
for rehabilitated professionals in Commerce and Services and Industry,
respectively. On the other hand, the second and fourth columns pre-
sent these estimates controlled by covariates, considering the fixed
effects on individuals.

From Table 3, we can see the set of results for workers who had
immediate occupational change after the rehabilitation process.
Overall, we have a positive and statistically significant effect of
occupational mobility on wages per hour worked, in the four spec-
ifications for the sectors analyzed, indicating that, in all cases,
occupational mobility was responsible for wage gains.

Table 4, on the other hand, shows the estimates of occupational
mobility which did not occur immediately after the rehabilitation
process. Thus, in all specifications, there is a positive and statisti-
cally significant effect for occupational mobility in the analyzed
sectors. As it occurred in the estimates of immediate mobility,
there was no significant change when the estimates were con-
trolled (or not) for covariates and fixed effects.

It is noteworthy that the hourly wages, which consists of remu-
neration per hour worked, was chosen instead of the average wage,
as in Suliano and Miro (2014), as it contemplates the distinctions in
the working hours of workers in the transition to rehabilitation,
given that there is the possibility that some rehabilitated workers
have shorter working hours than in the pre-rehabilitation period,
reflecting more satisfactorily any productive or discriminatory
aspects.

Analyzing the effects of a non-immediate occupational change
by sectors, and controlling the model by covariates and fixed
effects, it can be observed that, contrary to what was observed
for the dynamics of immediate mobility, when the worker goes
through the rehabilitation process and does not enter immediately
in the job market, the effect on hourly wages is greater for workers
in the Industry sector who changed their original occupation to
other positions in this same sector, or went to other sectors of
the economy, than for workers rehabilitated in occupations in
Commerce and Services, given that the ‘‘non-immediate mobility”
generated, respectively, increases in remuneration per hour
worked of 1.53% and 4.22% for the sectors of Commerce and Services
and Industry. In addition, rehabilitated workers in the sectors of
Commerce and Services who did not immediately reintegrate are
allocated, for the most part, to occupations with lower wages8.

In general, from the results obtained, it is possible to observe
that there was an increase in the hourly wage, regardless of
whether the rehabilitated worker had an immediate occupational
change or not, or had remained in the occupational sector he was
in before the intervention. The positive relationship between occu-
pational mobility and wages was also found by Fitzenberger and
Kunze (2005). However, given the lower estimates obtained in
Table 4, workers in the trade and services sectors who did not
immediately reintegrate into the job market sought to occupy jobs
with remuneration close to what they received before the rehabil-
itation process, regardless of the sector they were reinstated.
9 Thus, the common trend assumption was tested through: i) joint test of
significance in the leads (Parallel trend test 1); ii) time trend significance test
4.3. Event study design

In this section, we apply the staggered DID method with the
inclusion of the dynamic effects of occupational mobility of reha-
bilitated workers, to verify the behavior of hourly wages over time.
We address pre-existing trends in outcomes through an event-
study approach, as described in Equation (5), including regressors
and treatment lags.

Given that occupational mobility for Brazilian workers occurs
predominantly soon after treatment or in years close to treatment,
8 This is verified when comparing the sectors in tables 3 and 4.

7

and in view of the small sample size, the dynamic study was car-
ried out for 1 period before and after treatment in all sectors, when
there is immediate mobility. On the other hand, when non-
immediate mobility is analyzed, 3 periods before and after the
treatment for occupational mobility for the analyzed sectors were
used. Therefore, the study of events allows us to analyze the extent
and duration of occupational mobility of workers who have gone
through the rehabilitation process.

An important point of the event study is that its estimates con-
sider the heterogeneity of time through the dynamic effects of
treatment, and that these estimates do not depend solely on expo-
sure to contemporary treatment. Furthermore, the study of events
allows us to test pre-existing trends in the results of the analyzed
occupational mobilities, that is, to assess the reliability of the cau-
sal results through two statistical tests of parallel trends9.

The results of the estimated event studies are presented in
Table 1.A in the appendix and in Fig. 1. In Fig. 1, we have the esti-
mated pre- and post-intervention coefficients, where the periods
and the periods were plotted on the x-axis and on the y-axis. val-
ues of pre- and post-intervention estimates, respectively10. In this
sense, Fig. 1(a) and (b) show the dynamic effects of immediate occu-
pational mobility of workers rehabilitated in Commerce and Services
and Industry, respectively, for other occupations in the same sectors
or in other sectors of the economy. On the other hand, Fig. 1(c) and
(d) present the dynamic effects for non-immediate occupational
mobility in these same sectors.

From Figs. 1(a) and (b) and Table 1.A in the appendix, a positive
and statistically significant effect of immediate mobility can be
seen, at the exact time of intervention, for rehabilitated workers
in both sectors, and, in the post-intervention period, there was
no effect for rehabilitated workers in the industry. However, there
was a significant and positive effect for those who changed occupa-
tion in the Commerce and Services sectors, however the magnitude
of the effect was smaller than the estimated average of the stag-
gered DID.

The effects of non-immediate occupational mobility are shown
in Figs. 1(c) and (d) and in Table 1.A in the appendix, in which there
was no effect on occupational mobility after the intervention, in
the period analyzed, for workers of commerce and services. How-
ever, for rehabilitated workers in the industrial sector, there was
a positive and statistically significant effect in contemporary time,
and in the second period after treatment, but with less magnitude.

Therefore, from these results it can be seen that the dynamic
effects, when found, were positive, however, they were inferior
than the average estimates measured in the staggered DID, indicat-
ing that the dynamics of the hourly wage relationship after the
occupational change tends to be decreasing over time. In fact, con-
sidering the specific human capital theory, this drop in hourly
wages also occurs in other situations of occupational mobility in
the labor market, as described by Kambourov and Manovskii
(2008) and Parrado, Caner, and Wolff (2007), in which the authors
provide evidence that occupational change over time is associated
with a loss of occupation-specific skills, which in turn leads to low
relative wages.
5. Concluding remarks

This work sought to assess the possible effects of occupational
mobility, (immediate and not immediate) on the part of workers
who have gone through the process of professional rehabilitation,
(Parallel trend test 2). These tests allow the verification of the non-violation of the
hypothesis of common tendency for those involved.
10 The 70–99% confidence intervals are arranged in a vertical column.



Table 3
Effects of immediate occupational changes after the rehabilitation process on Hourly wages

Immediate occupational changes Commerce and Services Commerce and Services Industry Industry

Hourly wages 4.6313*** 4.3431*** 3.7588*** 3.5653***
(0.8780) (0.8560) (0.8710) (0.7693)

R-squared 0.8125 0.8154 0.7070 0.7075
Controls NO YES NO YES
Observations 3.420 3.420 8.354 8.354
Treated 1.042 1.042 1.757 1.757
Controls 2.378 2.378 6.597 6.597

Source: Prepared by the authors using data from the RAIS (Mtb, 2021).
Notes: ***p < 0.01. Columns report staggered Difference-in-Differences regressions and include cpf and year fixed-effects. Robust standard errors in parentheses.
Control variables: age; sex; race; education; experience; experience squared and mobility of the rehabilitated between companies.

Table 4
Effects of no immediate occupational changes after the rehabilitation process on Hourly wages

No Immediate Occupational Mobility Commerce and Services Commerce and Services Industry Industry

Hourly wages 1.4271*** 1.5266*** 4.4764*** 4.2186***
(0.7869) (0.784) (0.7679) (0.6600)

R-squared 0.8109 0.8141 0.7080 0.5980
Commerce and Services YES YES NO NO
Industry NO NO YES YES
Controls NO YES NO YES
Observations 3.420 3.420 8.354 8.354
Treated 2.109 2.109 5.666 5.666
Controls 1.311 1.311 2.688 2.688

Source: Prepared by the authors using data from the RAIS (Mtb, 2021).
Notes: ***p < 0.01. Columns report staggered Difference-in-Differences regressions and include cpf and year fixed-effects. Robust standard errors in parentheses.
Control variables: age; sex; race; education; experience; experience squared and mobility of the rehabilitated between companies.

Fig. 1. Event-study analysis for Hourly wages. Note: Graphical result of the estimation of Equation (2) with covariates, and fixed effects for cpf, which meets the common
trend criteria.
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on the hourly wage in the Brazilian formal job market, considering
the sectors of commerce and services and the production of indus-
trial goods and services, thus contributing to the literature, given
8

the scarcity of studies with this purpose. Our analysis is based on
data from the Annual Social Information Report (Relação Anual de
Informações Sociais - RAIS), from the Brazilian Ministry of Labor –



Table 1.A
Effects dynamic of occupational changes after the rehabilitation process on Hourly
wages

Hourly wages Industry Commerce and
Services

Immediate occupational changes: Year �1 0.7031 �0.6533
Immediate occupational changes: Year 0 2.7187*** 2.6300***
Immediate occupational changes: Year + 1 0.8805 1.0568***
Test parallel trend 1 YES YES
Test parallel trend 2 YES YES
No immediate occupational changes: Year �3 �0.4406 0.5363
No immediate occupational changes: Year �2 �0.4212 0.1052
No immediate occupational changes: Year �1 �0.0870 2.3993
No immediate occupational changes: Year 0 4.4359*** �3.1672
No immediate occupational changes: Year + 1 1.0477 0.2192
No immediate occupational changes: Year + 2 1.8815*** �1.2497
No immediate occupational changes: Year + 3 0.6696 1.5618
Test parallel trend 1 YES YES
Test parallel trend 2 YES YES

Source: Prepared by the authors using data from the RAIS (Mtb, 2021).
Note: Result of the estimation of Eq. (2) under the benchmark specification with
covariates, and fixed effects for cpf, which meets the common trend criteria.
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(Ministério do Trabalho – Mtb), and on the methods of Staggered
Differences in Differences and event study design. Furthermore,
to ensure the causality of the estimates found, parallel trend tests
were performed.

The main results in the analyzed sectors are positive, both for
those workers who changed occupations soon after the rehabilita-
tion process, and for those who rejoined after some later periods.
Comparing the sectors, workers originally linked to industrial
occupations obtained higher levels of hourly wages, compared to
rehabilitated workers who did not undergo occupational change.
The dynamic effects, on the other hand, show that there is a down-
ward trend over time of hourly wages in the sectors analyzed,
regardless of the type of mobility.

What can be inferred, in general, is that workers belonging to
the treatment group probably sought more educational qualifica-
tions and switched to activities that may require more specific
knowledge, which is confirmed by descriptive statistics. Therefore,
these changes in the level of education and in the type of occupa-
tion may explain the positive effect on wages per hour worked
obtained in the staggered DID. However, even after this increase
in human capital, there is evidence of a drop in hourly wages when
compared to the control group.

Although this work has shown positive results, it can frequently
occur that these individuals, due to their limitations, may face dif-
ficulties to obtain further professional qualification (Oliveira,
Araújo, & Romagnoli, 2006). Therefore, the importance of invest-
ments in policies aimed at guaranteeing admission to schools, pro-
fessional courses and higher education institutions is emphasized,
with actions that ensure that the physical structure and technolog-
ical equipment are accessible. It is necessary to understand that
some of these people may not be able to continue their studies
and are unable to obtain the necessary qualifications for a particu-
lar activity, due to restrictions in the educational environment
itself.

Among the limitations of this research, one can mention the
scarce economic literature that deals with people with disabilities,
especially with regard to rehabilitated professionals. In addition,
there are restrictions in the databases that are disclosed, for exam-
ple, in the case of RAIS, which does not have any variables related
to the degree of limitation of people with disabilities, which gener-
ates a lack of information about the nature of the limitation as well
as the degree of disability, which can limit the occupations that
these people may be inserted in.

Therefore, the results found suggest that the condition of those
individuals which went through a professional rehabilitation and
an occupational change in the formal job market, in a way, is
improving, but there are still many workers who, due to their lim-
itations, may be unemployed or working in the informal market,
who were measured in this work. This reinforces the Government’s
performance in compliance with the Brazilian Quota Law, which
aims to include these people in the job market, as well as reinforc-
ing the attention that companies must have, and the appropriate
working conditions that must be offered to workers, to avoid acci-
dents at the workplace.
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