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Abstract 
 
The occupational specialization of social groups is closely tied to gender, racial, and class 
identities, segmenting the labor market into perceived White/Black and male/female roles 
and skills sets. Using data from 100 million formal workers in Brazil (2003–2019), we 
examine patterns of occupational segmentation across 426 occupations, identifying 
distinct skill demands and socioeconomic statuses linked to race/skin color and gender. 
Classifications of “male” or “female” occupations are shaped by required skills, while 
distinctions between “White” and “Black” occupations reflect socioeconomic status and 
historical inequalities. Women and men are segmented by gender-associated skill sets, 
such as engineering versus caregiving skills. Within these skill sets, strong hierarchical 
segregation persists, with Black individuals disproportionately concentrated in lower 
socioeconomic status positions. Despite recent socioeconomic changes, occupational 
specialization patterns have remained stable. Our findings highlight that the strong 
association between race and lower-status occupations must be addressed for a more 
inclusive society 
 
 
Keywords: skills, segregation, intersectionality 

Corresponding Authors:  
- Flavio L. Pinheiro (fpinheiro@novaims.unl.pt)  
- Dominik Hartmann (dominik.hartmann@ufsc.br) 

  



Cardoso et al (2025) 

 2 

INTRODUCTION 
In the contemporary world, a distinct division of labor necessitates complementary 

occupations with specialized skills for the overall functioning of societies1. To provide 

essential care, healthcare professionals require specialized medical knowledge, diagnostic 

skills, and a compassionate bedside manner. Information technology specialists navigate 

the digital realm, employing coding and problem-solving skills. Skilled artisans and 

designers contribute to the aesthetic fabric of society, utilizing creativity and a keen eye 

for detail in fields such as architecture or graphic design. While it is true that different 

occupations require specialization in different skills2, such specialization does not 

translate to silos of disconnected occupations. Rather, the contrary. Recent methods from 

network and data science have helped to show that the relatedness between occupations 

in terms of skills relatedness forms a complex network structure that impacts the 

functioning of labor markets3,4 and their evolution5,6. However, little is known in an 

empirically comprehensive manner, using data on the entire (formal) labor market of a 

large and heterogenous country, how skills and social status assign and segregate different 

social groups, such as White and Black persons, women and men, to different roles in 

these complex labor market structures.  

This study leverages a dataset of 100 million Brazilian workers and employs 

econometric and network science methods to reveal that each gender tends to concentrate 

in distinct skill clusters. Moreover, our findings reveal a clear pattern within these gender-

specific skill clusters: Black workers consistently occupy lower socioeconomic positions 

compared to their white peers. 

While crucial for development7–9, the division of labor often leads to labor market 

segmentation, a historical process driven by political and economic forces dividing the 

labor market into submarkets10. In this process, occupational disparities in social 

valuation restrict certain social groups' access to high-value roles as the division of labor 

assigns different roles to different social groups11. Those limits upon occupational 

opportunities, akin to any restriction on access to social spaces, constitute a form of 

segregation12. Segregation within occupational settings can appear in two forms: vertical 

and horizontal13. In vertical segregation, social and economic status variations between 

occupations are evident, with certain roles perceived as better or worse than others, 

primarily based on their wages. For instance, comparing a bricklayer to a civil engineer 

highlights this vertical disparity. In the horizontal segregation, distinctions are based on 
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the nature of the work rather than perceived status, negating the idea of one occupation 

being significantly superior or inferior to another. For example, comparing a doctor to a 

civil engineer illustrates this horizontal segregation, emphasizing differences in job roles 

without implying a strong hierarchical ranking. 

The recent availability of large-scale data sources has revealed novel patterns of 

segregation14. Notably, recent research highlights pronounced divisions among racial and 

income groups in various domains, including workplaces, neighborhoods, and transit 

systems15–17. In this study, we empirically explore the dynamics of vertical and horizontal 

occupational segregation and its contribution to the disparities in occupational 

opportunities among different social groups defined by gender and race 18–22. Using a 

dataset of 100 million workers in Brazil, we employ econometric and network science 

techniques to reveal that each gender tends to specialize within specific skill clusters. 

More importantly, we show that within these gender-tagged skill clusters, there exists a 

discernible pattern: black workers are found to be occupying lower socioeconomic 

positions compared to their white counterparts. Hence, in the Brazilian labor market, 

workers experience vertical segregation based on their race/skin color and horizontal 

segregation based on their gender. Figure 1 illustrates this pattern that is discernible along 

the socioeconomic status of occupations and their levels of racial and gender segregation.  

For several reasons, Brazil is an exceptional case for understanding racial and gender 

segregation23–25. As a nation marked by significant gender and racial disparities, Brazil 

provides a clear lens through which occupational specialization can be studied. 

Furthermore, the Brazilian RAIS dataset provides an extensive resource for a detailed 

analysis of gender, race/skin color, and 426 occupations (at the 4-digit CBO 

classification), encompassing over 100 million formal labor market workers from 2003 

to 2019. Robustness tests can be conducted using Census Data (see the Methods for 

details), providing insights into the informal labor market. 

In exploring the occupational distribution among social groups, the literature on 

intersectionality underscores discrimination experiences, particularly among women of 

different races, with a notable emphasis on black women in the United States19,26 and 

Latin America18,27. Conversely, the literature on racial discrimination reveals more 

similarities among women of different races, a pattern less evident among men20–22. This 

intricate interplay of gender and race in longstanding and stable occupational differences 

shows how structural intersectionality shapes the distribution of social groups in the labor 

market and how these attributes influence the allocation of workers to specific roles. 
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The current body of literature delves deeply into the segmentation of occupations 

based on gender and race, exposing the specific occupations favored by each group28–33. 

However, a notable gap in the existing research lies in interpreting racial and gender 

specialization as vertical or horizontal segregation, a void our study seeks to address. 

Economic, political, and social processes significantly influence the segregation by race 

and gender. During the period analyzed in this article, Brazil underwent various cycles, 

including periods of accelerated growth and economic and political crises. Our results 

suggest that the economic expansion in the early 2000s could have been a “segregated 

expansion,” where women and Black individuals remained in occupations distinct from 

those of white men. Furthermore, although the labor supply became more qualified in 

educational terms and more diverse in terms of race and gender, this expansion did not 

automatically translate into an egalitarian labor market with increased opportunities for 

all social groups. Our research significantly contributes to large-scale empirical 

investigations by employing robust statistical methods. We specifically explore how skill 

and occupational status assignments play a quantifiable role in shaping the segregation 

patterns of social groups, focusing on gender and race/skin color within diverse 

occupations.  

RESULTS 
Figure 2A shows the Occupation Space, a network where pairs of occupations are 

connected based on the overlap of skills necessary to perform both34, with nodes (i.e., 

occupations) colored according to their ISCO 08 Major Group. Thus, occupations 

requiring similar skills tend to be closer in the network, forming skill-related clusters (see 

Section 9 of the Supplementary Information for more details).35,36  

Figure 2B-E shows each social group’s Relative Specialization (RS) (men/women 

and black/white) in the occupation space. RS gauges how a social group engages in an 

occupation more frequently than “expected” based on age structure (see Methods for 

details). In that sense, an RS greater than one implies that a social group is 

overrepresented in a particular occupation, indicating more individuals working in it than 

expected from a random distribution.  

Moreover, we use the Internacional Socio-Economic Index (ISEI)35,36 scores to rank 

the social status of occupations in Figure 2B-E. Status is not randomly distributed in the 

occupation space (see Supplementary Figure 7). Indeed, occupations with a higher 
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socioeconomic status, such as Doctors and Judges, tend to cluster in the center towards 

the right side of the network where more socio-cognitive skills-based occupations are 

located. (Supplementary Table 23 provides a complete list of occupations ranked by 

ISEI). More importantly, Figure 2B-E allows us to see that, for instance, White Women 

exhibit RS typically in occupations of high socioeconomic prestige (high ISEI score), 

while Black Men reveal the opposite pattern. 

Also, clear specialization and segregation patterns can be observed here, summarized 

in the scatter Figure 3, which plots occupations by their ISEI and a one-dimensional 

PCA-based projection of skills. First, women tend to focus rather on occupations, such as 

psychologists and domestic housekeepers, requiring socio-cognitive skills (on the right 

side of the occupation space). In contrast, on average, men are more biased towards 

occupations, such as civil engineers and bricklayers that require more physical skills. 

However, there is also a strong racial divide. Black women have relative specializations 

in more peripheric parts of the occupation space with lower status values, exemplified by 

domestic housekeepers. Black men also have significantly fewer relative specializations 

than white men, and these specializations are strongly biased towards lower ISEI 

occupations on the right side of the occupation space, exemplified by bricklayers. 

Supplementary Table 5 provides the top ten occupations by gender and race/skin color, 

including information on ISEI values and key skills associated with these occupations.  

 

DECODING OCCUPATIONAL SEGREGATION 

Next, we make use of regressions (1) to analyze to which extent different types of skills 

and levels of status are linked with the occupational specialization of four social groups, 

(2) to show if indeed a significant horizontal skills segregation by gender, and vertical 

status segregation by race/skin color can be observed, and (3) to analyze to which extent 

these results are stable between 2003 and 2019; noteworthy a period with substantial 

economic up- and downswings, and institutional changes and crises. In summary, for 

workers in social group g working in occupation o in year t, we make the following OLS 

regression: 

𝑅𝑆!,#$ = 𝛼!,$ + 𝛽!,%,$ ⋅ 𝐼𝑆𝐸𝐼*# ++𝛽!,&,$ ⋅ 𝜃#,&
&

+ 𝜖!,#$ ,  

where 𝐼𝑆𝐸𝐼*#  (adjusted ISEI) is our metric for social status of occupation 𝑜 , 𝜃#,& = 1 

indicates that occupation 𝑜 is specialized in skill ℎ and 𝜃#,& = 0 otherwise. See Methods 
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for more details.  The coefficient of adjusted ISEI (𝛽!,%,$) serves as an indicator of vertical 

segregation and the coefficients of skill specialization (𝛽!,&,$) measures the extent of 

horizontal segregation for a social group. 

Table 1 provides an illustrative example showing that, in 2010, different types of 

skills exhibited substantially different associations with the four social groups. This 

example also allows for robustness checks using census data from the same year. The 

core qualitative results remain consistent across different years (see Supplementary 

Tables 5 to 21) and when using census data (see Supplementary Table 22). For instance, 

while “communication, collaboration and creativity” shows a strong, positive, and 

significant effect with women (in particular white women), it has a negative association 

with men (in particular Black men). “Working with machinery and equipment” instead is 

negatively associated with women but strongly positive with men. Management skills do 

not show a significant association, but the coefficient for white persons is notably positive 

and Black ones negative. As discussed below, the temporal evolution of the Adjusted 

ISEI (see Figure 4 and 5) shows that these patterns are remarkably stable over time.  

Table 1 also includes the “adjusted ISEI” indicator to gauge socioeconomic status, 

capturing the status component independent of the average human capital required in the 

occupation (see Methods and Supplementary Information for details). This approach 

is crucial to mitigate multicollinearity issues, particularly given that certain skills are 

associated with occupations of higher socioeconomic status. The regressions for each 

social group and year are conducted individually. So, implicitly, all standard deviations 

of the estimators are based on a heteroscedasticity-robust covariance matrix regarding 

social groups and years. See Supplementary Table 4 for multicollinearity tests. 

Additionally, results remain qualitatively robust when accounting for various potential 

confounders, including age, education level, and region (see Supplementary 

Information Section 10).  

GENDER AND HORIZONTAL SEGMENTATION 

The regression results indicate that skills segregate people – primarily – based on gender. 

Figures 4A and 4B show the temporal evolution of the coefficient – for different social 

groups – of skills positively related to female specialization. The results are remarkably 

stable over time, with a small exception of Black women, whose positive association with 

caring and assisting increased in the early 2000s, and whose negative coefficient of 

working with machinery has become slightly less negative over the period 2003-2019. 



Cardoso et al (2025) 

 7 

As shown in Figure 4A, regardless of race, an occupation requiring communication, 

collaboration, and creativity increases the relative specialization of women in that 

occupation by ~39% and decreases the relative specialization of men in that occupation 

by ~28%. Similarly, as shown in Figure 4B, almost regardless of race, an occupation 

requiring assisting and caring increases the relative specialization of women in that 

occupation by ~27% and decreases the relative specialization of men in that occupation 

by ~14%. Despite the same direction of the effect, the impact is marginally more 

pronounced for white men. 

Figures 4C and 4D show the temporal evolution of the coefficient – for different 

social groups – of skills positively related to male specialization. Thus, as shown in 

Figure 4C, regardless of race, an occupation requiring constructing increases the relative 

specialization of men in that occupation by ~28% and decreases the relative specialization 

of women in that occupation by ~37%. Despite the same direction of the effect, the impact 

is marginally more pronounced for Black men. Similarly, as shown in Figure 4D, almost 

regardless of race, an occupation requiring working with machinery and specialized 

equipment increases the relative specialization of men by ~21% and decreases the relative 

specialization of women in that occupation by ~33%. 

We conducted the same regression for each age cohort to test the stability of our 

results across generations, see Supplementary Information Section 11. We found that, 

for every age group and year, the coefficients associated with “female”-related skills in 

this analysis are consistently higher for women than for men in all cases, and vice versa. 

The other skills analyzed in the regression proved neutral, not showing a clear relationship 

with the social groups. In other words, gender horizontal segregation does not rely on all 

skills; rather, it predominantly manifests in skills culturally more associated with each 

gender. The temporal evolution of the coefficients for these other skills can be found in 

Supplementary Figures 2 to 4.  

RACE AND VERTICAL SEGREGATION 

In Figure 5, we show the temporal evolution of the coefficient – relative to the 

adjusted socioeconomic status – for different social groups. There is almost no statistical 

difference between the values for Black women and Black men, and white women and 

white men. Thus, occupational segregation based on socioeconomic status is only 

expressed regarding race/skin color. Therefore, regardless of gender, an occupation 

having one standard deviation higher in adjusted socioeconomic status increases the 
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relative specialization of white individuals in that occupation by ~7% and decreases the 

relative specialization of Black individuals by ~10%. These measures appear relatively 

stable over time. We conducted the same regression for each age cohort to test the stability 

of our results across generations, see Supplementary Information Section 11. We found 

that, for every age group and year, the coefficient associated with status is higher for white 

individuals than for Black individuals in 99,41% of cases. Notably, stronger differences 

in the ISEI coefficient between gender and race/skin color are evident in younger age 

cohorts. White women, initially in higher-status jobs, experience a relative decline in their 

ISEI coefficient during childbearing years (ages 20-40), while Black men show a relative 

increase over time. The asymmetric effects of parenting likely contribute to this pattern, 

but further research is needed to proxy these effects, as the data lacks direct information 

on childbearing and parenting. 

DISCUSSION 
In this work, we investigate the unequal occupational opportunities encountered by 

distinct social groups, delineated by gender and race/skin color. This inquiry is rooted in 

the recognition that certain occupations, shaped by their socioeconomic status and 

requisite skills, become linked to specific social characteristics. In other words, 

occupational segregation by gender and race can, in its aggregate, be explained by pre-

market discriminations – such as historical factors and various socialization processes –, 

as well as by exclusionary employment practices37–39. This connection adds to the 

intricate network of social and economic divisions within the labor market.  

Previous studies have identified specific occupations in which different genders and 

races tend to concentrate, such as women in caregiving roles or low-paid jobs in the textile 

industry. Here, we apply network science and econometric methods to map the relative 

specialization of social groups (men/women, Black/White) within the occupation space—

a network based on the (dis)similarity of skills across hundreds of occupations. This 

approach allows us to provide empirical evidence that social groups specialize in distinct 

parts of the occupation space, and this specialization is not random but driven by common 

factors like skill requirements and socioeconomic status.  

Our analysis demonstrates that, in terms of socioeconomic status, Black workers face 

a longstanding disadvantage compared to their White counterparts, irrespective of gender. 

This holds true when considering specific occupations, with Black individuals more likely 
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to occupy lower socioeconomic positions. Interestingly, the study highlights that gender-

based occupational segregation operates independently of race/skin color, with no strong 

statistical difference observed between Black women and men or White women and men. 

Examining the temporal evolution of skills related to specialization, the results underscore 

the persistence of gender-based occupational patterns. Occupations requiring skills 

emphasizing communication, collaboration, and creativity exhibit increased relative 

specialization of female participation, while those associated with construction and 

working with machinery attract higher male relative specialization. 

Our results are derived from an extensive dataset encompassing 100 million Brazilian 

workers. However, our findings on gender and race/skin color have broader implications 

that extend beyond the borders of Brazil, emphasizing challenges faced by historically 

marginalized groups, although these differences in opportunities are more pronounced in 

some countries than in others40–42. The negative effects of slavery, a pervasive historical 

injustice, have echoed across the globe43–45. Consequently, we anticipate that the 

challenging positioning of Black individuals, particularly Black men, is not confined to 

Brazil but resonates globally46,47. Similarly, considerations about the roles of women in 

the workforce transcend national boundaries. The universality of such challenges 

underscores the need for a comprehensive understanding of the structural factors 

influencing race and gender dynamics in the labor market. By acknowledging the 

historical context, our study contributes to a broader dialogue on social inequalities. 

The findings reveal a nuanced landscape where workers experience distinct forms of 

segregation. Despite some studies indicating a decrease in occupational segregation, 

particularly gender-based48,49, our study reveals persistent segregation in the last 20 years 

within occupations distinguished by both gender and race/skin color. This persistent 

phenomenon stands as a hallmark of socioeconomic structure of modern society, 

underscoring the need for continued exploration and intervention to address these deeply 

ingrained disparities. 

The study recognizes its limitations. First, we did not examine how generational 

differences, defined by age cohorts50, or ethnical differences influence labor market 

segmentation in the Brazilian context. There is also scope for further exploration of 

regional disparities and the effects of varying racial compositions on local labor market 

outcomes, particularly given Brazil’s vast territorial and demographic diversity. Findings 

on regional variation may also inform comparative analyses in other large, diverse 

countries such as the United States and China. Moreover, by focusing exclusively on 
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formal labor market participants, the analysis excludes a significant share of the working-

age population—especially women—who are outside the formal labor force due to 

caregiving responsibilities or limited local employment opportunities. The reliance on a 

single indicator of occupational status, the International Socio-Economic Index (ISEI), 

may further limit the analysis by inadequately reflecting the complexity of Brazil’s 

sociocultural and labor market structures. Finally, greater attention to institutional 

variation across countries and regions could improve our understanding of global patterns 

of both vertical and horizontal occupational segregation. Despite these limitations, the 

study draws on a large dataset and presents robust evidence of horizontal gender-based 

occupational segregation by skill, as well as pronounced vertical stratification by race/ 

skin color. 

METHODS 
We use microdata sourced from the Relação Anual de Informações Sociais (RAIS), an 

annual administrative record provided by all companies, designed to meet the information 

needs of government agencies in Brazil. The dataset encompasses all individuals with 

formal employment, representing approximately 70% of the Brazilian labor market. We 

focus on adult workers (at least 18 years old) employed on December 31, between 2003 

and 2019.  

Understanding social race in Brazil involves recognizing that visible physical traits 

such as skin color predominantly determine racial classification, more than family 

ancestry51 — a contrast to contexts where ancestral/ethnical lineage fundamentally 

defines racial categorization. Unlike classifications in other contexts, Brazil 

acknowledges a spectrum of racial identities through its largest census categories:  

branco” (light-skinned), “pardo” (brown-skinned), and “preto” (dark-skinned)52. In this 

context,  the term “negro” serves as an inclusive category that encompasses the diverse 

racial composition of the population by intersecting both “pardo” and “preto” 

classifications,  making it the most relevant racial category for affirmative action policies 

in the country52. Here, when we refer to a “Black person,” we align with the Brazilian 

understanding of “negro.” Therefore, the Asian and indigenous categories, representing 

less than 1% of the sample, have been excluded.  

Gender markers follow a binary categorization – women and men – facilitated by 

RAIS. Gender and race/skin color are analyzed jointly, meaning the results are considered 
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for Black women, white women, Black men, and white men. In Table 2, we observe the 

large number of workers comprising these data for each social group and year. The 

substantial number of observations, approximately 30 million workers per year, is the 

primary advantage of RAIS microdata. 

We use the 4-digit ISCO-08 to classify occupations for Brazilian workers. The 

International Socioeconomic Index (ISEI)35 assigns a socioeconomic status value to each 

ISCO-08 occupation. Ganzeboom36 defines ISEI as a measure that captures the ability of 

an occupation to “maximize the conversion of education into income.” Judges have the 

highest ISEI (88.96), and Hunters have the lowest (11.01). Moreover, we utilize the 

European Skills, Competences, Qualifications, and Occupations (ESCO), a database 

mapping the set of skills required by each occupation following the ISCO-08. We use 

version 1.1 of ESCO, available from https://esco.ec.europa.eu/en/publication/skills-

occupations-matrix-tables. ESCO tables present various levels of detail. The first level 

has eight broad skills: “communication, collaboration, and creativity”, “information 

skills”, “assisting and caring”, “management skills”, “working with computers”, 

“handling and moving”, “constructing”, and “working with machinery and specialized 

equipment”. 

Regarding the classification of workers' occupations, RAIS follows the Classificação 

Brasileira de Ocupações (CBO). As described below, this work aims to identify how 

horizontal segregation is based on the skills of occupations and how vertical segregation 

is based on socioeconomic status segment workers in the Brazilian labor market. 

However, information about the set of demanded skills and the socioeconomic status of 

occupations is not available for CBO but for the International Standard Classification of 

Occupations 2008 (ISCO-08). Currently, there is the Quadro Brasileiro de Qualificações, 

which maps the skills of each CBO occupation, but is still in a testing phase, so we opted 

to use already consolidated data to ensure the robustness of our analysis. 

A correspondence table for the 4-digit ISCO-08 is feasible with the CBO-2002, which 

is available after 2003. The Brazilian Census of 2010 classifies the jobs of interviewed 

Brazilian workers into two classifications: (i) 4-digit CBO and (ii) Classificação de 

Ocupações para Pesquisas Domiciliares (COPD), the Brazilian version of ISCO-08. No 

correspondence table between COPD and ISCO-08 is necessary, except for a small 

number of trivial cases. With this census data, we have an “empirical” correspondence 

table between 4-digit CBO 2002 and ISCO-08. As given, for each 6-digit CBO 2002, we 

manually chose the most suitable 4-digit ISCO-08. The Brazilian Census of 2010 
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employs the Classificação de Ocupações para Pesquisas Domiciliares (COPD), the 

Brazilian version of ISCO-08 for occupation coding, eliminating the need for a 

correspondence table between COPD and ISCO-08. 

All data were analyzed using the Python programming language. The original datasets 

were read and processed using the Pandas library (version 1.4.0), and basic mathematical 

operations were performed with NumPy (version 1.20.3). Statistical models and 

regressions were estimated using statsmodels (version 0.13.2), the PCA analysis was done 

in Wolfram Mathematica (version 13.0). Figures and visualizations were produced with 

Matplotlib (version 3.2.0) and Wolfram Mathematica (version 13.0). 

RELATIVE SPECIALIZATION 

Let be 𝑁!,',#$  the number of workers from social group 𝑔 and age group 𝑎 working in 

occupation 𝑜  in year 𝑡 . Consequently, the Relative Specialization of social group 𝑔 

working in occupation 𝑜 in year 𝑡 is: 

𝑅𝑆!,#$ =	
𝑁!,#$

𝑍!,#$
, (1) 

where the omission of a subscript indicates the summation over the respective set. 𝑍!,#$  

provides a baseline expectation of the relative specialization of such occupation from each 

social group. Therefore, since certain occupations are generally only accessed at an older 

age or the beginning of careers, and different social groups have different age 

compositions, we could calculate the expected value for each social group by the average 

of each age group in the occupation: 

𝑍!,#$ =+𝑁!,'$
'

𝑁',#$

𝑁'$
. (2) 

The age groups considered in this study are intervals of 5 years (see Supplementary 

Information for the detailed breakdown of observations per age group and social group). 

If 𝑅𝑆!,#$ 	> 	1, we say that social group g is overrepresented in occupation 𝑜 in year 𝑡. 

Similarly, if 𝑅𝑆!,#$ 	< 	1, we say that social group g is underrepresented in occupation 𝑜 

in year 𝑡. Thus, this indicator will serve as the basis for identifying how occupations are 

segmented in terms of the different social groups studied here. 

OCCUPATIONS, SKILLS, AND SOCIOECONOMIC STATUS 

Having mapped the occupations associated with each social group, it is now important to 

understand how this segmentation occurs. In other words, to determine whether the 
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occupational specialization of different social groups is random or if it is possible to 

identify the common denominators among the occupations in which each social group 

specializes. To that end, we use the analysis based on the eight skills required by each 

occupation (ESCO). 

We denote 0 ≤ 𝜑#,& ≤ 1  as the fraction that occupation 𝑜  requires skill ℎ . By 

construction,  

+𝜑#,&
&

= 1					for	all	occupation	𝑜. (3) 

where 𝜃#,& = 𝐼M𝜑#,& > 〈𝜑&〉P and represents the indicator of skill specialization in each 

occupation. In other words, if an occupation 𝑜 demands a skill ℎ above the average, we 

say that occupation 𝑜 specializes in skill ℎ (𝜃#,& 	= 	1). On the other hand, if this demand 

is below or equal to the average, we say that occupation 𝑜 is not specialized in skill ℎ 

(𝜃#,& 	= 	0). 

Certain skills are associated with occupations of higher socioeconomic status; 

however, we may face multicollinearity issues in econometric regressions that consider 

both skills and socioeconomic status together. To avoid this, we perform the regression: 

ISEI# = 𝜇 ++𝜌&𝜃#,&

(

&)*

+ 𝜀# (4) 

and define the adjusted ISEI of occupation 𝑜  (𝐼𝑆𝐸𝐼*# ) as the z-transformation of the 

regression residual: 

𝐼𝑆𝐸𝐼*# =
𝜀#̂ 	− 	 〈𝜀̂〉
std(𝜀̂) . (5) 

In the regression, we use up to the seventh skill to avoid issues of strict linear 

dependence, given that the sum of 𝜑s for each occupation, which always adds up to 1. 

Thus, using the adjusted ISEI in regressions, we can measure the isolated effect of 

socioeconomic status beyond what can be explained by skills. As we will demonstrate in 

the next section, the adjusted ISEI is highly correlated with the ISEI, facilitating the 

interpretation of results. 

SKILLS PROJECTION 

To obtain a one-dimensional projection of the eight ESCO Skills, we perform a 

correlation-based Principal Component Analysis (PCA) to Φ, a matrix that informs on 

the fraction that occupation 𝑜 requires skill ℎ (𝜑#,&). The projection obtained corresponds 
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to the linear component of the original eight-dimensional space of ESCO Skills that 

captures the highest variance (32%). 

The obtained projection is validated by matching its ability to discriminate skills 

according to gender and between skills groups. Figure S6 of the SI shows that positive 

values of the projection tend to represent occupations mostly dominated by women and 

dominated by skills associated with “communication collaboration and creativity” and 

“management skills” while negative values are linked with men and with skills on 

“handling and moving” and “working with machinery and specialised equipment”. 

ECONOMETRIC STRATEGY 

Both skills and the socioeconomic status of occupations can explain occupational 

segregation regarding gender and race/skin color. We formalize this hypothesis for 

workers in social group g working in occupation o in year t through the regression: 

𝑅𝑆!,#$ = 𝛼!,$ + 𝛽!,%,$ ⋅ 𝐼𝑆𝐸𝐼*# ++𝛽!,&,$

(

&)*

⋅ 𝜃#,& + 𝜖!,#$ . (6) 

The coefficient of adjusted ISEI (𝛽!,%,$ ) serves as an indicator of the vertical 

segregation of a social group. A positive value indicates that the social group is vertically 

segregated in occupations with higher status. On the other hand, the coefficients of skill 

specialization (𝛽!,&,$) measure the extent of horizontal segregation for a social group. A 

positive value suggests that the social group is horizontally segregated in occupations that 

specifically demand those skills. The residuals will be robust to heteroscedasticity by 

social group and year (that is, conducting a regression for each year and social group). 

Once again, we use up to the seventh skill to avoid problems of strict linear dependence, 

given that the sum of 𝜑s for each occupation is always 1.  

Here, we measure socioeconomic status using the International Socioeconomic Index 

(ISEI) rather than the occupational average wage. This decision was motivated by the 

potential issues of inverse causality and endogeneity bias associated with the occupational 

average wage. Simple regressions using the average wage might not distinguish whether 

social groups are inherently in low-wage occupations or if the occupational average wage 

is lower due to being predominantly composed of social minorities. By opting for ISEI, 

an independent measure derived from international data, we circumvent this concern, 

allowing for a more accurate and unbiased assessment of the relationship between social 

groups and occupational status.  
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Table 1 - OLS estimates of the marginal values of relative occupation specialization for each social group in 2010. Results for the remaining years of analysis can be found in the SI. Asterisks 

indicate the level of significance at p-values 0.001 (***), 0.01 (**), and 0.05 (*). 

Variable 
Occupational Relative Specialization 

Black Women White Women Black Men White Men 
Coef 95% CI P Coef 95% CI P Coef 95% CI P Coef 95% CI P 

Intercept 0.709*** 0.478, 0.940 <0.001 0.823*** 0.610, 1.036 <0.001 0.998*** 0.862, 1.134 0.000 1.213*** 1.081, 1.344 <0.001 

θ: communication, 
collaboration, and creativity 

0.308** 0.124, 0.492 <0.001 0.498*** 0.328, 0.667 <0.001 -0.352*** -0.460, -0.243 <0.001 -0.199*** -0.304, -0.095 <0.001 

θ: information skills -0.070 -0.226, 0.085 0.374 -0.005 -0.148, 0.138 0.949 -0.069 -0.160, 0.023 0.141 0.065 -0.023, 0.154 0.147 

θ: assisting and caring 0.340*** 0.184, 0.497 <0.001 0.256*** 0.111, 0.400 0.001 -0.022 -0.115, 0.070 0.635 -0.267*** -0.356, -0.177 <0.001 

θ: management skills -0.106 -0.273, 0.061 0.213 0.001 -0.153, 0.155 0.988 -0.025 -0.124, 0.073 0.615 0.044 -0.051, 0.139 0.366 

θ: handling and moving 0.067 -0.118, 0.253 0.476 -0.049 -0.220, 0.121 0.571 0.124* 0.015, 0.233 0.026 -0.061 -0.166, 0.044 0.254 

θ: constructing -0.372** -0.625, -0.119 0.004 -0.419*** -0.652, -0.186 <0.001 0.456*** 0.307, 0.605 <0.001 0.099 -0.045, 0.243 0.175 

θ: working with machinery 
and specialized equipment 

-0.317*** -0.502, -0.132 <0.001 -0.372*** -0.542, -0.202 <0.001 0.216*** 0.107, 0.325 <0.001 0.204*** 0.099, 0.309 <0.001 

Adjusted ISEI -0.050 -0.118, 0.018 0.150 0.090** 0.027, 0.153 0.005 -0.133*** -0.173, -0.093 <0.001 0.045* 0.007, 0.084 0.022 

Observations 364 364 364 364 

Adjusted R² 0.201 0.356 0.463 0.258 
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 1 

Table 2 – Number of workers in the RAIS dataset, by social group and year. 2 

 Number of formal workers (millions) 
Year Black women white women Black men white men 
2003 2.63 6.84 4.81 10.10 
2004 2.84 7.30 5.29 10.63 
2005 3.23 7.87 5.93 11.22 
2006 2.67 6.58 5.81 10.68 
2007 2.94 7.00 6.35 11.20 
2008 3.23 7.40 6.81 11.54 
2009 3.52 7.71 7.22 11.73 
2010 3.96 8.18 7.91 12.28 
2011 4.40 8.55 8.43 12.54 
2012 4.77 8.76 8.76 12.54 
2013 5.11 8.88 9.10 12.48 
2014 5.47 8.87 9.34 12.17 
2015 5.44 8.49 9.02 11.46 
2016 5.29 8.09 8.61 10.81 
2017 5.31 7.91 8.68 10.53 
2018 5.51 7.81 9.00 10.28 
2019 5.55 7.63 9.06 9.93 

  3 
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FIGURE LEGENDS/CAPTIONS 4 

Figure 1 – Example of vertical and horizontal segregation in Brazil in terms of 5 

race/skin color and gender. The Y-Axis represents the occupation’s International 6 

Socioeconomic Index (see Methods). At the same time, the X-Axis illustrates the skills 7 

necessary to perform each occupation typically associated with female and male social 8 

groups. We present two occupations, “early childhood educators” and “domestic 9 

housekeepers”, both requiring “communication, collaboration, and creativity” and 10 

“assisting and caring” skills. As detailed in the Results section, predominantly women 11 

work in these occupations in Brazil. However, despite similar skill requirements, black 12 

women work more frequently in occupations with a lower socioeconomic status. 13 

Moreover, “mechanical engineering technicians” and “metal processing plant operators” 14 

are characterized by skills such as “constructing” and “working with machinery and 15 

specialized equipment”. As outlined in the Results section, predominantly men work in 16 

these occupations, but black men are more frequently in the occupations with the lower 17 

socioeconomic status. 18 

 19 

Figure 2– The occupational space of Brazil. Panel A shows the occupational space 20 

with each node corresponding to an occupation ISCO-08 at four digits. Colors indicate 21 

ISCO 08 Major Group. Panel B, C, D, and E show which occupations are dominated by 22 

workers of different race/skin color (Black or White) and genders (women or men). Nodes 23 

are colored according to the socioeconomic status of the occupation: yellow represents 24 

high and dark-gray low values; white nodes indicate occupations in which that social 25 

group is underrepresented in terms of their relative specialization. See Supplementary 26 

Information section 9 for more details. 27 

 28 

Figure 3 – The scatterplot shows how the occupations compare regarding their ISEI 29 

score (Y-Axis) and the one-dimensional Socio-Cognitive Skills projection (X-Axis), see 30 

Methods for more details. Each light-colored dot/cross is an occupation. Dots/Crosses 31 

correspond to occupations where men/women have the highest Relative Specialization 32 

and color, indicating the race/skin color (Black or White). The highlighted symbols 33 

indicate the centroids of each social group. The Socio-Cognitive Skills correspond to a 34 

one-dimensional projection obtained from applying the PCA (Principal Component 35 

Analysis) as a dimension reduction method. As shown, it essentially lays occupation along 36 
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a dimension that separates men's (negative values) and women’s (positive values) 37 

relevant skills.  38 

 39 

Figure 4 – Temporal evolution of the coefficient of skills associated positively with 40 

the female group (A and B) and male group (C and D). The colored surfaces correspond 41 

to a 95% Confidence Interval.  42 

 43 

Figure 5 – Temporal evolution of the adjusted ISEI (beta) coefficient for the different 44 

social groups. The colored surfaces correspond to 95% Confidence Interval. 45 
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