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Abstract

Using administrative data, we study the impact of paid maternity leave on labor market

consequences for women working in STEM occupations. In Brazil, since the 1988

Constitution, every woman in the formal labor market has been eligible to receive paid

maternity leave - full income replacement for 120 days after the child’s arrival. We

conduct an event study in a panel of STEM women to estimate the penalties associated

with childbirth. Women’s employment and earnings drop between 25% and 29% twelve

months after the arrival of a child. These penalties are smaller compared to the results

found for the formal labor market in previous studies. Alternatively, we also find that

STEM women face a higher likelihood of working in a non-STEM occupation after

childbirth, in spite of being employed: 4% of women switch to non-STEM occupations

after the leave.
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1 Introduction

Despite the progress made in the last century towards equality between women and men

(voting rights, access to formal education, labor market participation, divorce with guaran-

teed rights, sexual and reproductive rights, etc.), we still face many forms of discrimination.

Gender discrimination is defined as the unequal or disadvantageous treatment of an indi-

vidual or group of individuals simply because of their gender. Gender discrimination can

assume various forms: sexual harassment and assault, social gender roles, differential wage,

lower positions, etc. In labor markets, women are over-represented in informal markets – a

reflection of the great difficulties in reconciling paid work with unpaid domestic work since

we are the main caregivers due to gender roles – and are underrepresented in top positions.

Gender discrimination imposes costs not only for women but for all of society by affecting

productivity and harming economic development (OECD, 2019). Women’s participation

offers many benefits to society: it diversifies the provision of public goods (Chattopadhyay

& Duflo, 2004), increases investment in children’s healthcare (Atkin, 2009) and education

(de Hoop et al., 2018); increases social mobility (Lukea & Munshia, 2011) and reduces cross-

country GDP divergence (Cubas, 2016); in firms, female leaders increases female productivity

leading to a better firm performance (Flabbi et al., 2016; Sahay & Cihak, 2019); female top

leaders inspire others leading to an increase in enrollment and in the likelihood of graduating

(Porter & Serra, 2020),

This paper analyses the impact of having a child on labor market outcomes, specifically

employment, wages and occupation. Following Machado (2022), we estimate the conse-

quences of paid maternal leave for women in the formal STEM labor market. Our first

contribution is to estimate the child penalty in STEM, a promising market with particular

features in a developing country. The STEM field is known for providing scientific and tech-

nological advances with strong implications for the labor market and economic development.

In spite of its relevance, women participation is low: for every four men, there is only one

woman in STEM (Bello & Estébanez, 2022). While women represent 45% of the workforce,

they are only 26% of the STEM market 1 (Machado et al., 2021b). Even women who re-

1in the formal labor market
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ceived degrees in STEM are more likely to work in jobs that are not science-related (Kahn

& Ginther, 2017).

To estimate the child penalty, we take advantage of the rich administrative employee-

employer data of the Brazilian formal labor market, RAIS (Relação Anual de Informações

Sociais). We use the STEM classification proposed by Machado et al. (2021a) in the document

‘STEM Classification in the Formal Labor Market in Brazil to build our sample. In Brazil,

since the 1988 Constitution, every woman in the formal labor market has been eligible to

obtain paid maternity leave, receiving full income replacement for 120 days after childbirth.

The policy is designed to help mothers adjust their lives with the arrival of newborns, coping

with the evidence that the time spent with the newborn enhances child development. Since

the first years of life are crucial for child development, the policy has long-run impacts, as

adult outcomes are correlated with early childhood development (Almond & Currie, 2011).

The policy also allows women to go through puerperium (45 to 60 days after childbirth when

the women’s body goes through several physical changes), without harming the woman.

Machado & Neto (2016) find an inverted U-shape employment pattern, which peaks at

the first month of the leave and is stable until the fourth month but drops sharply after the

end of the leave and stabilizes again at around one year. Similarly, in the STEM market,

there is a steep decline in the likelihood of employment in the fifth month after the leave,

which coincides with the period of job protection. While Machado (2022) find that there is

a decrease of 41% in the likelihood of employment for women in the formal labor market one

year after the leave, the penalty for STEM women is smaller, although still relevant: about

25% of STEM women are no longer formally employed one year after the leave. About a

third of women in STEM drop out from the formal labor market after 48 months. Our results

suggest that the employment penalties are smaller for women in STEM when compared to

the formal labor market.

Kleven et al. (2019) calculates that having a child generates a long-run impact on women’s

income of 20%, mostly driven by hours worked, participation, and wage rates. They also

found that the penalty increases with the number of the child and is transmitted through

generations. After birth, a woman self-selects to occupations that are connected with family
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amenities. These occupations tend to have more flexibility, but they also tend to underpay

workers. Furthermore, the authors found that the child penalty corresponds to 80% of the

total earnings inequality between men and women. We also estimate the effects of paid

maternity leave on wages. In accordance with what we see in Kleven et al. (2019), we find a

wage drop in the months following maternity leave. By the 48th month after the maternity

leave date, the penalty is about 25-29%. Once again, the STEM wage penalty is smaller than

the 36% observed in the formal labor market (Machado, 2022).

Different from what we find in the formal labor market, STEM women showed rising wages

at the time prior to maternity leave. This evidence aligns with Kleven et al. (2019), pointing

towards the hypothesis that women previously employed in STEM could be switching firms to

seek a more family-friendly job that usually favors family amenities over pecuniary rewards.

However, this hypothesis needs to be further investigated. After the leave, there is an acute

drop in wages in the 12 months following the leave date, and wages continue to fall until the

48th month.

Finally, we identify whether women who remained employed changed the occupation held,

that is, whether there was a drop in STEM occupations. We find that 3.8% of STEM women

switched to non-STEM occupations 12 months after the leave. Following the subsequent

months, by the 48th month this penalty was 15.7%. These results show STEM women face

an extra penalty of losing their occupation despite being employed. Since STEM jobs are

highly skilled occupations that offer higher salaries, this penalty could be related to wage

losses.

The paper is organized as follows. Section 2 describes the data. Section 3 lays out the

empirical strategy. Section 4 presents the estimates for the impacts of having a child on

women’s outcomes, and Section 5 concludes.
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2 Data

To estimate the impact of maternity leave over employment and wages, we use data from

Relação Anual de Informações Sociais (RAIS) between 20072 and 2019. RAIS is an admin-

istrative dataset that contains linked employer-employee records collected by the Ministry of

Labor3. RAIS provides statistics regarding the Brazilian formal labor market, containing a

set of variables on both firms’ and employees’ characteristics, as well as employment contract

information.

To determine which women work in STEM occupations, we use the classification proposed

in the document ‘STEM Classification in the Formal Labor Market in Brazil ’ and match

CBO-2002 ’s occupational codes in RAIS with our classification codes.4 We define as STEM

women those working in a STEM occupation in at least one year between 2007 and 2019.

Using unique identifiers for each one of these women, we track their employment trajectories

over this period. This gives us a panel of once-STEM workers, and allows us to track STEM

workers even if they exit STEM occupations but remain in the formal job market. Table 2

shows the number of women in the formal labor market by year, maternity-leave status, and

area (general vs. STEM) in the RAIS dataset.

Although RAIS is an annual dataset, we can extrapolate monthly information on ma-

ternity leave and employment status, by identifying dates of the maternity leave period and

admission/resignation dates for each employer-employee pair. We observe the exact month

when each woman started the maternity leave (if any) and her employment situation over

time. To be able to track the trajectory of STEM women who took maternity leave in the

medium term, we restrict the data to STEM women giving birth in 2015, so that we have a

balanced panel ranging 24 months before and 48 after the leave. The selected year was 2015

because it was the most recent year of data for which we could do a medium-term analysis

while keeping a balanced panel.

2Before 2007, the RAIS dataset did not have any information on maternity leave.
3It is mandatory for firms to report RAIS’ information to the Ministry of Labor annually.
4Originally, we looked at workers who had been in STEM jobs for at least one year between 2003 and

2019. This was adjusted to fit the time window of this paper, which only covers the period when RAIS

provides information on maternity leave.
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Our analysis sample is constructed the following way. We first restrict the STEM women

panel to those who gave birth in 2015 (and are therefore under the leave policy that year).

Those are women who were once in a STEM occupation at some point between 2007 and

2019, were employed in 2015 (not necessarily in a STEM occupation), and took a maternity

leave in 2015. We impose some additional restrictions on our dataset, such as: 1) we restrict

the sample to women with childbearing age, from 25 to 44 years old; 2) we select only women

working in private companies;5 After all restrictions, a total of 8,298 women remained in our

dataset, all of them employed at the time of childbirth. We also consider a second analysis

sample, further restricting our baseline sample to women that were employed 24 months

before childbirth, yielding a total of 6,532 women. We expect that results could differ for this

group of women, as they are more attached to the labor force. Table 1 provides information

on the sample restrictions and the remaining number of observations after the imposition of

each restriction.

Table 1: Sample restrictions for women working in the formal labor market in 2015

Sample Restrictions Observations Left

Women Formally Employed in 2015 30,658,400

Between 25 and 44 Years Old 17,850,877

Took Maternity Leave 812,476

Private Companies Employees 597,203

Worked in a STEM Occupation Between 2007 and 2019 8,298

Were Employed 24 Months Before Childbirth 6,532

Main Sample of STEM Women 8,298

Employed 24 Months Before Childbirth Sample 6,532

Notes: Each row of the Table indicates a sample restriction and the number

of remaining observations after the imposition of that restriction. The sample

restrictions were progressively imposed in the order presented in this Table.

Refer to the Data Section of this article for further details.

5Our analysis focuses on private firms exclusively because employment and wage dynamics are very dif-

ferent in the public sector, due to differences in job security and stability (see Kleven et al. (2019)).
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Table 2: Ratio of women that took or not maternity leave in the panel of STEM women

Year Total
Took maternity-

leave

No maternity-

leave

Took maternity-

leave (%)

Panel A. All women

2007 13,655,570 349,606 13,305,964 2.6

2008 14,435,926 386,893 14,049,033 2.7

2009 15,266,360 428,070 14,838,290 2.9

2010 16,326,442 461,241 15,865,201 2.8

2011 17,532,772 510,023 17,022,749 2.9

2012 18,185,000 551,697 17,633,303 3.0

2013 18,943,329 602,319 18,341,010 3.2

2014 19,386,301 654,791 18,731,510 3.4

2015 18,974,682 706,020 18,268,662 3.8

2016 18,334,361 671,916 17,662,445 3.7

2017 18,459,405 668,705 17,790,700 3.6

2018 18,666,598 677,055 17,989,543 3.6

2019 18,231,595 623,445 17,608,150 3.4

Total 226,398,341 6,271,100 219,106,560 2.8

Panel B. STEM women

2007 528,727 11,672 517,055 2.2

2008 547,931 12,901 535,030 2.3

2009 569,852 14,427 555,425 2.5

2010 596,288 15,918 580,370 2.6

2011 607,393 17,270 590,123 2.8

2012 612,097 18,636 593,461 3.0

2013 634,323 20,315 614,008 3.2

2014 654,186 22,293 631,893 3.4

2015 616,926 24,210 592,716 3.9

2016 600,565 22,940 577,625 3.8

2017 600,857 22,471 578,386 3.7

2018 603,854 22,814 581,040 3.8

2019 585,990 20,377 565,613 3.5

Total 9,539,238 246,244 9,292,994 2.6

Notes: Number of women in the formal labor market by year, maternity-

leave status and area (general vs. STEM) based on RAIS data (2007-2019).
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3 Empirical Strategy

We analyze a large panel of women with monthly observations on labor market outcomes

as well as information on the maternity leave period (beginning and end). To estimate the

effects of maternity leave on labor market outcomes, we can write the following model:

yit = δl + γt + µr + ϵit (1)

Our analysis focus on two important labor market outcomes denoted by yit: (i) employ-

ment (a dummy that flags 1 if women is employed and 0 otherwise) and (ii) wages (for which

we impute the value of zero when the women is not employed). In order to give some intu-

ition underlying our econometric model, define the individual leave-taking cohort, l, as the

year-month of the leave-taking and relative event time, r, as the number of months between

calendar time, t, and the moment of leave-taking l (i.e., r = t− l). Then, we can define the

event time r as the number of months since the month in which the maternity leave started.

The right hand-side parameters are denoted by δl, which are leave-taking cohort fixed

effects; t are calendar time fixed effects, and µr are fixed effects for months relative to the

moment of leave-taking, which takes place at the month 0. Thus, an individual-year obser-

vation is indexed by leave-taking cohort l, year-month t, and relative event time r. There

is a well-known problem in this type of analysis: the leave-taking cohort is collinear with

the combination of t and r and we cannot separately identify the cohort, calendar time, and

relative event time effects. Therefore, in order to identify Equation (2), at least one set of

fixed effects must be assumed to be the same. We assume that there are no leave-taking

cohort effects, i.e., δl = 0.

The key coefficients of interest refer to the pattern on the µr, which estimate the outcome

at a given r relative to the omitted month of the leave-taking (in this paper, µ0). Time-

fixed effects control for secular trends in the labor market outcomes. As the baseline non-

parametric event study omits the month of the leave-taking (i.e., µ0), all coefficients µ′
rs must

be interpreted relative to this omitted month. We follow women from the prior 23 months to

47 months after the moment when they took maternity leave (r = 43, ..., 1, 0, +1, ..., +47).
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We expanded the basic model to control for both individual and firm characteristics:

yitj = γt +
r=−1∑
r=−23

µr +
r=47∑
r=1

µr + λj +X
′

ijβ + ϵitj (2)

Where λj are firm fixed effects and Xij are individual characteristics (such as region,

sector, race, education, and age). Both of them are considered at the time of the leave-

taking and j indexes the firm where the woman was working at the time of the event. The

identifying assumption in Equation (3) is that conditional on taking a maternity leave within

a 3-year period, the timing of leave-taking is uncorrelated with the outcome, conditional on

the calendar time fixed effects as well as firm and individual characteristics.

3.1 Employent outcomes

In addition to the two outcomes mentioned earlier, employment and wages, our variable yit

also measures two alternative employment outcomes: STEM employment and non-STEM

employment. These two measures complement each other and can be obtained from the

main employment outcome variable through the following equation:

(Employment = 1) == (EmploymentSTEM = 1) + (EmploymentnonSTEM = 1) (3)

The EmploymentSTEM and EmploymentnonSTEM measures are dummy variables that

flag 1 if a woman is employed in a STEM or non-STEM occupation, respectively, and 0 oth-

erwise. This means that when the employment dummy variable equals 1, only one of the two

dummy variables for STEM or non-STEM employment equals 1 for a given individual. Note

that when both STEM and non-STEM employment variables are equal to zero, they include

women that are not working in a given period (that is, unemployed women). At the aggregate

level, the penalty on employment is the sum of the penalty on employment in STEM occu-

pations (EmploymentSTEM) and non-STEM occupations (EmploymentnonSTEM). Equation

(3) highlights an important aspect of the penalty dynamics in employment: analyzing the ef-

fects on employment alone may mask important effects on employment for women in STEM,

as the occupations they perform may change after childbirth.
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4 Results

Figure 1 shows the effects of maternity leave on STEMwomen’s formal employment trajectory

over time. Results show that the likelihood of employment increases consistently during the

24 months before the maternity leave (labeled as month 0), reaching its peak around the

event, when women are employed and eligible for the leave policy. As would be expected,

employment rates are higher in the sample that is employed 24 months before the event. The

likelihood of employment falls sharply after the fifth month, which matches the period of job

protection, which is legally guaranteed for five months. One year after the event, employment

falls at a lower rate, stabilizing by the end of the fourth year. However, this means that after

the first year, 25% of STEM women were out of the formal labor market, and after four years,

this fraction reached more than a third of STEM women. The level of employment observed

four years after (35.1%) was 22.5 percentage points lower than the level observed two years

before the event (12.6%).

Considering the group of STEM women employed during the 24 months before childbirth,

the drop is smaller but still sizable. A year after the maternity leave, the employment penalty

for this group of women is 20.7%, and falls down to 29.4% four years later. The penalty is

smaller in this second analysis sample, reflecting the fact that these women are, by definition,

more attached to the labor market. Compared to the results found for the rest of the labor

market by ?6, our results point out that the penalty for STEM women is smaller and that the

relative difference between the groups of STEM women and STEM women employed before

the leave is smaller.

Figure 2 illustrates the wage penalty for the two groups of women working in STEM

fields. Both groups experience an increase in wages prior to taking maternity leave. After

the leave, similar to the observed effects on employment, there is a significant decrease in

wages one year after the leave, which continues to decline until the end of the three-year

period analyzed.

The wage penalty for STEM women is R$1,834 and R$1,592 for the group previously

6? found employment penalties as high as 50% e 39% for all women and women previously employed 24

months before maternity leave in the formal sector, respectively.
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employed 24 months before the leave, which is higher than the average penalty in the formal

labor market of R$760-775.7 Despite this, it should be noted that STEM salaries are typically

higher than those in other industries. Based on the average salary at the time of leave, the

25-29% wage penalty for STEM women is lower than the 36% observed in the formal labor

market. However, this penalty does not fully capture the potential loss of wage growth

opportunities that would have been available had the women not taken maternity leave.

The results presented in Figure 3 demonstrate the impact of maternity leave on em-

ployment within STEM fields. These results should be interpreted with caution, as it is

important to consider that when this outcome equals zero, it also includes women who re-

mained employed but left their STEM positions.8 Similar to what happens with wages,

prior to maternity leave, there is an upward trend in the trajectory of both groups of STEM

women, with a portion of the previously employed women (approximately 5%) entering into

STEM positions in the two years preceding their leave. Additionally, it can be observed

that the pattern outlined in previous figures is replicated, with a more pronounced decline in

outcomes during the first year post-leave. After this period, the decrease is moderated but

does not stabilize. The penalty on occupation experienced by the group of STEM women

12 months post-leave is 29.2%, while for previously employed women it is slightly lower at

24.5%. At the end of the three-year analysis, these values are 50.8% and 43.9%, respectively.

By subtracting the penalties on employment, the penalties on the performance of STEM

occupations are 3.8% for both groups after the first year (29.2 - 25.4, and 24.5 - 20.7) and

14.5% to 15.7% by the end of the third year (43.9 - 29.4, and 50.8 - 35.1). It is worth noting

that this was the only outcome in which the penalty difference between the two groups of

women was close to zero.

Overall, the penalty in Figure 3 is larger than the penalty found in Figure 1. This

finding implies that some women who were previously engaged in STEM occupations and

remained employed following childbirth migrated to non-STEM occupations.9 One possible

7In the formal labor market, the penalty is also lower for the sample of previously employed women.
8Specifically, this figure captures the effect on the EmploymentSTEM measure from Equation (3), as

explained in the Methodology Section.
9We also perform the analysis on the non-STEM employment outcome (EmploymentSTEM ) from Equa-
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explanation is that women may be shifting towards more flexible, lower-paying occupations

to adapt to the impact of childbirth, which is a plausible hypothesis for the mechanism that

underlies the wage reductions demonstrated in Figure 2.

Collectively, the results indicate that women in STEM also suffer significant penalties in

employment, compensation, and career progression when taking maternity leave. Although

these penalties may not be as severe as those in the formal labor market, it is worth noticing

that the STEM market already has a low representation of women and has several barriers

to entry for this demographic. This study also finds these women face challenges in staying

in the field. Additionally, similar to the formal labor market, the evidence suggests that

STEM women who experience some job stability prior to maternity leave have an easier time

keeping their job compared to other women in the industry. Our findings also reveal an

additional penalty faced by STEM women: losing their current occupation. This penalty

may also be linked to the observed decrease in salary, given that the STEM field is comprised

of high-skilled occupations that tend to offer higher compensation.

The results of our study reveal a disturbing pattern for women in STEM (Science, Technol-

ogy, Engineering, and Mathematics) - they experience significant employment, compensation,

and career progression penalties when taking maternity leave. Despite the fact that these

penalties may not be as severe as those found in the traditional labor market, it is important

to note that the STEM field already has a low representation of women and numerous barri-

ers to entry. Our findings suggest that these women face significant challenges in remaining

in the field and advancing their careers.

The evidence presented herein underscores the significance of addressing the challenges

that women in STEM face when taking maternity leave. Given the relatively low representa-

tion of women in this field, it is imperative that measures be taken to support them, enabling

them to remain in the industry and progress in their careers. Only then can we aspire to

redress the gender disparities that persist in STEM and foster greater diversity in this field.

tion (3). Figure A4 indicates a positive effect of maternity leave on employment in non-STEM occupations.

12



Figure 1: Maternity Leave Effect on Employment

Figure 2: Maternity Leave Effect on Wages
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Figure 3: Maternity Leave Effect on STEM Occupations

5 Conclusion

Despite the numerous advancements made over the last century to promote equality between

women and men, gender discrimination still persists in various forms. This paper focuses

on the impact that having children has on labor market outcomes, particularly in womens’

employment and wages. In the labor market, women are disproportionately represented in

informal jobs and underrepresented in leadership roles.

To best of our knowledge, this is the first paper to estimate the impact of having children

in STEM market from a developing country. Since 1988, in Brazil, all women part of the

social security network are eligible for 120 days of full-income replacement during maternity

leave. Using data from the Brazilian formal labor market, we estimate the child penalty

faced by women in the STEM (Science, Technology, Engineering, and Mathematics) field.

We take advantage of the available administrative data to build a sample based on the STEM

classification in the Brazilian formal labor market.

We find that the employment penalties for women in STEM are smaller compared to the
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formal labor market, with about a third of women dropping out of the formal labor market

after 48 months. Additionally, the study points out that having children has a long-term

impact on women’s earnings, decreasing their income by 20%. The study also finds that the

maternity leave policy has an impact on wages, with a 25-29% decrease in wages 48 months

after the leave. Women working in STEM have an additional penalty: losing their STEM

occupation.

We show that even though the sector is prone to adopt technologies and flexible work

arrangements that are beneficial to women with young children at home. Further research

is necessary to explore the causes behind the increase in salaries for women in STEM fields

before taking a leave, as well as the factors that lead to the additional expenses of retaining

their STEM jobs. One plausible explanation is that women may be selecting employers

that provide perks other than monetary compensation, such as flexible work schedules, a

supportive and diverse work culture, and other non-monetary benefits. To sum up, this

study sheds light on the difficulties encountered by women in STEM following the birth of

their children. Since STEM is a promising field, it is crucial that policy makers give the

required attention to combat inequalities and allow more women to occupy important spaces

that contribute to economic development.
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Figure A4: Maternity Leave Effect on Non-STEM Occupations
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