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An analysis using cohort fertility
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Everton Emanuel Campos de Lima2
Maria Coleta Ferreira Albino de Oliveira2

Abstract
BACKGROUND
Brazil’s fertility transition was the result of multiple socioeconomic transformations that
started during the second quarter of the 20th century. Education expansion played an
important role in this process by promoting changes in social norms and in assortative
mating profiles.
OBJECTIVE
The goal is to estimate cohort fertility rates (CFR) of women in union by educational
pairing (different combinations of men’s and women’s educational levels) and whether
changes observed in assortative mating profiles were associated to the Brazilian cohort
fertility transition.
METHODS
First, we estimate CFR by educational pairings for women cohorts born between 1925
and 1969. Second, we decompose the difference in CFR between younger and older
cohorts into two components, the effects of changes in the composition of educational
pairings (structural changes) and the rate effects (other factors).
RESULTS
The CFR of couples in Brazil declined from levels higher than 6 children per women for
cohorts born in 1925–1929, to less than 3 children for women born in 1965–1969.
Changes in the composition of educational pairing corresponded to approximately onethird of these reductions in cohort fertility.
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CONCLUSIONS
These results suggest that changes in the composition of educational pairing related to
the rising education levels of men and women corresponded to an important share of the
cohort fertility decline of women in unions.
CONTRIBUTION
The evaluation of the Brazilian fertility transition through the lens of cohort fertility and
educational pairings may provide new insights and methodological alternatives for
assessing fertility transition in countries that rely on censuses as the main data source for
fertility estimation.

1. Introduction
Brazil has observed a significant reduction in its total fertility rates since the 1960s
(Merrick and Berquó 1983) and by 2010–2015 the country was already at belowreplacement fertility levels (Berquó and Cavenaghi 2014; Castanheira and Kohler 2015;
Lima et al. 2018; Rios-Neto, Miranda-Ribeiro, and Miranda-Ribeiro 2018). The Brazilian
transition to low total fertility levels has been widely documented and investigated, but
there are still some important gaps in describing this process. For example, few analyses
explore the reproductive outcomes of female cohorts in association with males’
socioeconomic characteristics, and they are usually restricted to higher-income regions
of the world. This research aims to describe and analyze cohort fertility rates by
correlating different combinations of partners’ educational levels with the fertility
outcomes of Brazilian couples during the historical process of the country’s demographic
transition.
The commencement, timing, and pace of the country’s fertility transition differed
across its regions and socioeconomic strata (Potter et al. 2010). The pioneers of the
fertility decline were mostly the social groups of higher socioeconomic status living in
the urbanized and industrialized areas of the South and Southeast of the country. They
were forerunners in the practice of birth control before the generalized decline of fertility
began in the 1960s (Gonçalves et al. 2019; Guzmán and Rodríguez 1993; Merrick and
Berquó 1983). Unlike the steady and gradual fertility transition seen in developed nations,
the acceptance of modern contraceptive methods spread rapidly from these higher social
status groups to the lower socioeconomic strata of the Northern and Northeastern parts
of Brazil (Berquó and Cavenaghi 2014; Carvalho and Wong 1992; Perpétuo and
Wajnman 1998). In the latter two regions, social groups with lower schooling levels and
lower household income started to experience a fertility decline in the 1980s, but at a
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much faster pace than similar groups from other regions where the fertility decline began
twenty years earlier (Potter et al. 2010; Potter, Schmertmann, and Cavenaghi 2002).
In addition to these factors that explain the process of converging fertility regimes
among Brazilian social groups, one of the main drivers of the fertility transition in Brazil
has been the expansion of education (Carvalho and Wong 1992; Lam, Sedlacek, and
Duryea 1992; Merrick and Berquó 1983), especially over the last decades. Education
exerts direct and indirect influences on demographic processes by shaping the life course
of individuals through the formation of human capital (Lutz 2010). For instance, women
with higher schooling levels are more prone to participate in the labor market and to
postpone their entry into motherhood (Neels et al. 2017). Furthermore, education
promotes changes in the composition of the marriage market and in assortative mating
profiles (Esteve and McCaa 2007; Mare 1991; Ribeiro and Silva 2009). And last, years
of schooling play an important role regarding individuals’ social and gender norms,
encouraging new ideals of family size and cooperation between partners in the household
realm (Adserà 2018; Esping-Andersen 2009; Jejeebhoy 1995; McDonald 2000).
Recently, demography scholars have explored cohort fertility and male partners’
characteristics as tools to study fertility trends in the context of postponed childbearing
(Neels et al. 2017; Rosero-Bixby, Castro-Martin, and Martin-Garcia 2009; Sobotka
2004), the rise in female schooling (Esping-Andersen 2009; Neels et al. 2017; Van Bavel,
Schwartz, and Esteve 2018), and its effects on changing gender norms, family
commitment, and reproductive behavior and decision-making (Adserà 2018; EspingAndersen 2009; Goldscheider, Bernhardt, and Lappegård 2015; McDonald 2000). Yet,
few of these approaches have been widely explored in the Brazilian fertility context.
In this work we estimate cohort fertility levels in Brazil using census data, because
the country does not collect longitudinal data that tracks life course demographic
processes. With information on respondent’s age and the inquiry reference date of five
Brazilian national censuses (1970, 1980, 1991, 2000, and 2010), we reconstruct birth
cohorts and reproductive indicators (average number of children ever born) and associate
them with the educational expansion that took place in the country during the second half
of the 20th century. By linking females’ reproductive data with their partners’ schooling
level, we can assess the association between female cohorts’ fertility and their partners’
education during the country’s fertility transition. In addition, our analysis reports
regional cohort fertility trends.
This work enables important discussions and makes a valuable contribution to
fertility transition studies because few studies have evaluated cohort fertility trends
during the process of educational expansion in Brazil. We also discuss the contribution
of partners’ education to couples’ completed fertility levels (Bagavos 2017; Nitsche et al.
2018; Nitsche, Trimarchi, and Jalovaara 2020; Thomson 1997; Trimarchi and Van Bavel
2017; Van Bavel 2017) and shed light on the processes of fertility and educational
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transitions, which have been promoting changes in gender norms and family structure for
several generations. Merging the perspectives of cohort changes and partners’ education
with fertility analysis might provide new insights and spark new research questions in
Brazilian fertility transition studies. In addition, this paper provides important
methodological alternatives for assessing associations between educational pairings and
fertility using census data. This strategy can be applied in other countries that rely on
census information as the main source for estimating fertility outcomes.

2. Background
2.1 Fertility decline and educational expansion in Brazil
The fertility transition process in Brazil has been marked by contrasting fertility regimes
among distinct socioeconomic groups; for example, highly educated social groups had
already adopted birth control practices prior to the onset of the generalized decline in the
country’s fertility levels (Merrick and Berquó 1983). A second noteworthy characteristic
is that, compared to more developed countries, the fertility rates of the different social
strata converged to replacement fertility levels in a short period of time (Berquó and
Cavenaghi 2014), and more recently the country’s overall TFR reached below
replacement levels (Castanheira and Kohler 2015).
Another characteristic of this transition was the diffusion of and unequal access to
new contraceptive methods that contributed to the rapid transition and fertility
convergence process – in particular, female sterilization and the contraceptive pill
(Martine 1996; Merrick and Berquó 1983; Perpétuo and Wajnman 1998; Perpétuo and
Wong 2009). Women of lower socioeconomic status had access to more harmful
contraceptive methods (sterilization and clandestine abortion), whereas wealthier
families had safer options and only opted for female sterilization when their family-size
goals were achieved (Faria 1997; Martine 1996; Perpétuo and Wajnman 1998; Perpétuo
and Wong 2009).
Nowadays, despite similar fertility levels, these social groups differ in fertility
timing; for example, females with lower schooling levels have younger mean ages at first
childbirth, whereas fertility postponement is more common among women with
completed higher education (Lima et al. 2018; Rios-Neto, Miranda-Ribeiro, and
Miranda-Ribeiro 2018). These studies all show how education has become an important
key element that determines fertility outcomes in Brazil. The education system was
already expanding when the fertility transition began in Brazil, fomented by a shift in the
economic and production model (Romanelli 1986) from an economy based on
agricultural exports to an economic model based partially on urban centers with growing
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service sectors and import-substitution industries. This resulted in the urbanization of the
country, and in particular of the Southeastern state of São Paulo (Merrick and Graham
1981; Paiva 1987).
Thus, from 1930 to 1960 educational policy was transformed, with the aim of
expanding the educational system to provide production and consumption capacity for an
urban-industrial economic model (Romanelli 1986). In 1961 the first Law of Directives
and Bases of National Education established the basis of the current educational system,
consisting of compulsory primary and secondary schooling (Marcílio 2014). From 1970
to 2000, enrollment rates in Brazil increased across all educational levels (Komatsu et al.
2017), and in the 1990s the country finally achieved universal primary schooling
enrollment (Castro 1998).
However, the process of education expansion was uneven across the country. The
urbanized industrial municipalities in the South and Southeast had more resources to
invest in primary education than underfunded areas in the North and Northeast, which
was reflected in structural inequalities that are still visible in the country today (Barros
and Mendonça 1995; Komatsu et al. 2017; Merrick and Graham 1981; Wood and
Carvalho 1988).
Over the course of the 20th century the educational composition of the Brazilian
population also changed: women were significantly affected by the country’s educational
expansion (Fígoli 2006). At first, females benefited from a gender-stratified educational
system in which they received training to work in specific labor sectors such as health,
hospitality, and education (Besse 1999). This process affected the structure and status of
the female labor market, resulting in persistent wage inequalities between men and
women, but it also gave women the opportunity to work outside the household and
participate in the public sphere (Azevedo and Ferreira 2006; Maluf and Mott 1998).
As a result, both women’s participation in the labor market (Scorzafave and
Menezes-Filho 2001) and female attendance in secondary and tertiary education
increased (Godinho et al. 2006). Also, during the country’s fertility transition, women
achieved higher educational gains than men (Beltrão and Alves 2009; Ribeiro and Silva
2009), leading to a decrease in educational hypergamy (conjugal profiles in which male
partners have higher educational attainment levels than their female partners) (Ribeiro
and Silva 2009).

2.2 Couples’ reproductive decision-making and assortative mating trends in Brazil
It is not new to demographers and social scientists that males influence their family’s
reproductive outcomes – they play an important role in resource allocation inside the
household and in making family-planning decisions (Thomson 1997). However, the
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reproductive behavior and intentions of males have rarely been analyzed due to a lack of
information and data (Schoumaker 2019). Changes in cultural and gender norms and
family relations and the emergence of new assortative mating patterns have recently
motivated demographers to evaluate the reproductive outcomes of the interactions
between partners’ socioeconomic characteristics (Bagavos 2017; Nitsche et al. 2018;
Nitsche, Trimarchi, and Jalovaara 2020; Trimarchi and Van Bavel 2017).
The western trend of expanding female schooling followed by a higher demand for
female labor force participation and reduced social costs of reproduction announced the
first phase of the Gender Revolution (Goldscheider, Bernhardt, and Lappegård 2015).
This phase is marked by the increased participation of women in public life and
institutional spheres (England 2010; Esping-Andersen 2009; Goldin 2006). The second
phase of this still-ongoing revolution would be guided by an increase in men’s
participation in the private sphere; e.g., in household chores and childbearing decisions
(Esping-Andersen 2009). An optimistic view of this second phase expects a new balance
of gender relations, with fewer constraints on female reproduction and greater
commitment to childbearing and domestic activities by male partners (Goldscheider,
Bernhardt, and Lappegård 2015; Myrskylä, Kohler, and Billari 2011). Yet, neither the
increments in labor market participation nor the higher schooling levels of women have
led to improvements in the division of labor by gender within families (England 2010).
In Brazil, as in many other countries, increased engagement in the labor market has
actually resulted in women taking on a double burden, especially women in the most
vulnerable social classes who are unable to access domestic and child-rearing services in
the private market (Guedes 2015; Itaboraí 2016). These socioeconomic constraints limit
opportunities to combine paid work and family responsibilities (household chores and
childbearing). For instance, choosing to work part-time or leaving the formal labor
market to work in the informal market are strategies women use to cope with parenting
responsibilities (England 2010; Guedes 2015; Teixeira 2014). Women from higher
socioeconomic strata, however, spend less time on household chores because they have
economic resources to access homecare services in the private sector, or because their
(usually) highly educated male partners cooperate in domestic activities (Itaboraí 2016).
In this context, changes in the educational composition of Brazilian society influenced
both fertility levels (Lam, Sedlacek, and Duryea 1992) and the country’s assortative
mating trends (Ribeiro and Silva 2009). Both educational hypogamy (couples in which
females have a higher education level than their partners) and educational hypergamy
(couples in which females have a lower education level than their partners) increased
between 1970 and 2010, although educational hypogamy increased at a higher rate
because female educational gains accelerated (Esteve, Garcia-Román, and Permanyer
2012; Esteve and McCaa 2007; Ribeiro and Silva 2009). On the other hand, the
prevalence of educational homogamy (couples with the same educational level) has

152

https://www.demographic-research.org

Demographic Research: Volume 46, Article 6

decreased over time (Esteve and McCaa 2007; Ribeiro and Silva 2009). In Brazil,
homogamous mating profiles have historically been prevalent in lower-educated social
groups, and their reduction can be attributed to the expansion of the country’s educational
system and the overall increase in the level of schooling (Ribeiro and Silva 2009).
Nevertheless, while homogamy has been decreasing in couples with less than primary
education, it has been increasing among couples with higher schooling levels (Esteve and
McCaa 2007).
Therefore, assessing the educational level of both partners, and studying its
relationship with couples’ reproductive outcomes within the context of changing gender
norms and diversifying assortative mating profiles, could provide new insights for
fertility studies (Nitsche et al. 2018; Van Bavel 2017).

3. Data and methods
3.1 Data
We use data collected via IPUMS-International from the Brazilian National Censuses of
1970, 1980, 1991, 2000, and 2010, conducted by the Brazilian Institute of Geography
and Statistics (IBGE, Instituto Brasileiro de Geografia e Estatística). The IPUMS data is
harmonized in time and space, which allows comparing different demographic scenarios
and areas without the need for compatibilization (Esteve and Sobek 2003; Minnesota
Population Center 2019).
To construct educational pairings and compute the average number of children ever
born, or the cohort fertility of each pairing, we used the following variables (Minnesota
Population Center 2019):








Household serial number (SERIAL);
Person weight (PERWT) – to compute accurate statistics for the population;
Relationship to household head (RELATE) – to identify women and their
respective partners;
Marital status (MARST) – to identify couples married or in union;
Age (AGE);
Children ever born (CHBORN);
Educational attainment, international recode – available in four levels at IPUMS
(besides unknown or not in universe codes): (1) Less than Primary Education
(LP), (2) Complete Primary Education (P), (3) Complete Secondary Education
(S), and (4) Complete Tertiary Education (T).
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We chose to evaluate both formal and consensual unions, because historically
cohabitation has spread across different social groups in Brazil and corresponds to a
relevant share of observed fertility levels (Esteve, Garcia-Román, and Permanyer 2012;
Laplante et al. 2015; Vieira 2016). Despite formal marriages and consensual unions
displaying different age-specific fertility profiles (Vieira and Alves 2016) and fertility
levels (Vieira 2016), they are not significantly different in terms of assortative mating
patterns (Esteve and McCaa 2007).
We estimated cohort fertility rates (CFR) for Brazil and selected regions by taking
the difference between census reference period and the women’s ages. The female age
range was limited to 40 to 69 years old, as by age 40 women would already have
completed or would be close to completing their reproductive lifespan, making it possible
to reconstruct fertility for cohorts born between 1901 and 1970.
We restricted our analysis to the cohorts born between 1925–1969 because of data
quality issues related to older women misremembering the correct number of children
ever born (Brass et al. 1968), and due to data contiguity issues among educational groups
in the older cohorts (Monteiro da Silva 2019). We also analyzed cohort fertility
considering the regional socioeconomic disparities of the country and grouping the CRFs
in 3 regions: (1) Midwest, (2) South-Southeast, and (3) North-Northeast. These groups
were chosen based on similar socioeconomic characteristics, shared characteristics of
cohort fertility, and the assortative mating verified in previous analysis (Monteiro da
Silva 2019). This regional aggregation facilitates managing the issue of small sample size
in regions with low population density and low population counts among some
educational groups. The general Brazilian fertility decline also followed this regional
grouping (Gonçalves et al. 2019).
We provide more details on the sample size and data treatment in Table A-1 in the
Appendix.

3.2 Cohort fertility trends of educational pairings
Assuming the mentioned conditions and the educational categories, we estimated cohort
fertility rates for each educational pairing profile by
𝑡
𝐶𝐹𝑅𝐹,𝑀
=

𝑡
𝐶𝐻𝐵𝑂𝑅𝑁𝐹,𝑀
,
𝑡
𝑊𝐹,𝑀

where,
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𝑡
𝐶𝐹𝑅𝐹,𝑀
is Cohort Fertility Rates for cohorts of women born in time t with
educational attainment level F, married/in-union with a partner with educational
attainment level M;
𝑡
𝐶𝐻𝐵𝑂𝑅𝑁𝐹,𝑀
is Children Ever Born to cohorts of women born in time t with
educational attainment level F, married/in-union with a partner with educational
attainment level M;
𝑡
𝑊𝐹,𝑀
is total number of women from the cohort born in time t with an
educational attainment level F, married/in-union with a partner with educational
attainment level M.

We computed CFRs in two ways for different methodological evaluations. We first
estimated CFRs for each educational pairing of female cohorts, ranging from the years
1925–1969, grouped in five-year age groups and educational levels LP, P, and S+
(secondary or tertiary education completed). The last two educational levels were
grouped together to avoid small sample size problems and noisy CFR estimates due to
few people with tertiary educational attainment levels for older cohorts, and to account
for educational data limitations in the census, discussed in section 3.4.

3.3 Decomposition of CFRs by educational pairing
As a second step, we computed the CFR for three female cohorts corresponding to a 15year time interval. We divided these cohorts according to phases of schooling expansion,
for men and women, and their correspondent fertility transition phase, as described
below:





Cohorts born in 1925–1939: older female cohorts, forerunners in the process of
fertility decline who experienced the intensification of female schooling
(Azevedo and Ferreira 2006);
Cohorts born in 1940–1954: women born in a period of educational expansion
who still had lower schooling levels than men (Beltrão and Alves 2009), but
were responsible for a large share of the period fertility decline in the period
1960–1980 that was driven by the diffusion of modern contraceptive methods
(Carvalho and Wong 1992; Goldin and Katz 2002; Merrick and Berquó 1983);
Cohorts born in 1955–1969: younger female cohorts that achieved higher
schooling levels than men and experienced higher labor market participation
rates than previous female cohorts (Beltrão and Alves 2009; Lam, Sedlacek, and
Duryea 1992; Scorzafave and Menezes-Filho 2001).
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After computing prevalence rates of educational pairings and CFRs for each
educational pairing for the three female birth cohorts mentioned above, we decomposed
the differences in CFR between younger and older cohorts. We applied Kitagawa’s
demographic decomposition method (Das Gupta 1993; Kitagawa 1955), implemented by
Yoo (2014), to assess both the influence of changes in the composition of educational
pairings (composition/structural effects) and changes between cohorts (rate effects) on
observed cohort fertility decline (𝛥𝐶𝐹𝑅).
The overall CFR for a given period T is computed by
𝑒𝑝
𝑇

𝑇 𝑇
𝐶 𝐹𝑅𝑒𝑝
𝑃𝑒𝑝 .

𝐶𝐹𝑅 =
𝑖

The differences in CFR between time T1 and time T2 are given by
𝑒𝑝

𝛥𝐶𝐹𝑅12 = 𝐶𝐹𝑅

𝑇1

− 𝐶𝐹𝑅

𝑇2

=

𝑒𝑝

𝐶

𝑇1 𝑇1
𝐹𝑅𝑒𝑝
𝑃𝑒𝑝

𝑇2 𝑇2
𝐶 𝐹𝑅𝑒𝑝
𝑃𝑒𝑝 ,

−

𝑖

𝑖

where,




𝑇 is the female cohort birth period that assumes 3 cohort intervals: T = {1925–
1939, 1940–1954, 1955–1969};
𝑒𝑝 is the educational pairing profile, which assumes 9 possible combinations of
female and male educational levels (F, M): 𝑒𝑝 = {(LP, LP), (LP, P), (LP, S+),
(P, LP), (P, P), (P, S+), (S+, LP), (S+, P), (S+, S+)};
𝑇
𝑃𝑒𝑝
is the proportion of education-paired couples for female cohort 𝑇 with an 𝑒𝑝
profile.

The cohort fertility differences are estimated pairwise; i.e., between female cohorts
born in 1925–1939 and 1940–1954, between female cohorts born in 1940–1954 and
1955–1969, and between female cohorts born in 1925–1939 and 1955–1969. These
cohort fertility differentials can be decomposed into compositional effects of conjugal
markets, which are related to changes in the distribution of educational pairings, and rate
effects, related to changes in CFR specific to each educational pairing (see Das Gupta
1993: 37 for more details on decomposition of rates as functions of two vector-factors).
Therefore:
effect
effect
𝛥𝐶𝐹𝑅1,2 = 𝛥𝐶𝐹𝑅1,2
+ 𝛥𝑃1,2
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3.4 Limitations of the analysis
The national census data impose some limitations on our methodological approach. First,
they do not provide information about the duration of past unions and their influence on
women’s reproductive levels. We assume that women conceived all the declared children
(or most of them) within the conjugal unions reported at the time of the census. The
increase in the number of divorces (or re-marriages) over time in Brazil (Camarano 2014:
146) is likely to influence our estimates; however, the union dissolution rates in Brazil
were fairly stable at low values – between 0.5% and 1% – from the 1980s until the
beginning of the 2000s (IBGE 2014), which in turn reduces the possibility of biased
results.
Second, only cohabiting couples from the same household are considered in the
estimates because the Brazilian census does not allow the construction of family ties from
different households. Therefore, usually for economic reasons, couples may live apart (a
feature commonly observed in the Brazilian Northeast) (Maluf and Mott 1998) and we
may miss some reproductive information on women whose partners were not living in
the same household at the time of the census. In less developed areas this migration effect
is higher for cohorts born in periods of intense migration flows from the North/Northeast
to the Southeastern regions of the country as a result of the industrialization process
(Singer 1973). We tried to reduce this migration effect by grouping the geographical areas
into larger regions. However, the period of intense migration flows from the rural
Northern to the urban Southern areas of the country had all but ended by 1960 (Baeninger
2012) and mostly affected the older cohorts born in 1925–1939. As expected, these latter
cohorts in the North-Northeast region still present the highest fertility levels in the
country, meaning that migration might affect the fertility–education pairing estimates,
but the effect is not substantial.
Finally, recent findings have pointed to important inconsistencies in demographic
measures using educational variables from the Brazilian census. Nepomuceno and Turra
(2020) analyze survival advantages among educational groups using Brazilian census
data and verify misreporting of educational level and years of schooling in the census
questionnaire. When the variable ‘years of schooling’ was grouped into broader
categories, such as 0–3, 4–8, 9–11, and 12+, this problem was attenuated, but implausible
results for survival advantages may still remain. In our analysis we considered the broader
harmonized educational categories provided by IPUMS (Minnesota Population Center
2019). The complete primary education (P) category, for instance, accounts for at least 6
years of schooling. Due to the small sample of people with tertiary schooling (especially
in older cohorts), we merged the two highest educational categories (complete secondary
and complete tertiary), which also attenuates misreporting effects for these two groups
(Nepomuceno and Turra 2020).
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4. Results
4.1 Assortative mating trends in Brazil
Earlier findings have already accounted for changes in assortative mating trends in Brazil
(Esteve and McCaa 2007; Ribeiro and Silva 2009). In this section we briefly present the
trends in the composition of educational pairings by female birth cohort. Figure 1 shows
that both hypergamic (male with higher educational attainment level than female partner)
and hypogamic couples (female with higher educational attainment level than male
partner) have increased among cohorts. Hypogamic couples have increased at a faster
pace due to females making higher educational gains than males over the last decades
(Beltrão and Alves 2009). On the other hand, the prevalence rates of homogamic couples
(partners with the same educational attainment level) among cohorts have steadily
declined, driven by a reduction in the proportion of couples in which neither partner
completed primary school (see Table 1). Nevertheless, homogamic couples are still the
majority in the country, with prevalence rates of approximately 65% for females born in
1965–1969. These trends are observed in all regions of the country, at different levels but
with similar rates of increase/decrease.
Figure 1:

Prevalence of heterogamic educational pairings for female birth
cohorts, grouped in 5-year intervals, Brazil and regions

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.
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Figure 2:

Prevalence of homogamic educational pairings for female birth
cohorts, grouped in 5-year intervals, Brazil and regions

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

4.2 Cohort fertility trends of educational pairings in Brazil
We now turn our attention to analyzing cohort fertility trends of educational pairings,
following the CFRs for females grouped in 5-year cohorts (Figure 3). Each panel of
Figure 3 presents the variation between male educational categories for each fixed female
educational attainment level. CFR estimates are also shown for all females and for all
females in union by educational attainment level. Graphical results for the three regions
of the country are presented in Appendix B.
We observed significant reductions in CFR for women of all educational groups.
The decline was steepest among females without complete primary education – from
around 6 children per woman for the 1925–1929 cohorts to around 3 for the 1965–1969
cohorts.
Across the country we observed marked fertility differentials for both male and
female partners. For older female cohorts, couples where at least one partner did not
complete primary school presented higher fertility levels than other pairings. We
speculate that male partners’ low educational levels could have limited the pace of the
fertility transition in Brazil. Females with higher educational attainment appear less

https://www.demographic-research.org

159

Monteiro da Silva et al.: Educational pairings and fertility decline in Brazil

affected by males’ educational category, since education increases the bargaining power
and autonomy of women in family decision-making (Jejeebhoy 1995). Therefore, the
reproductive profiles of women with higher education are less affected by their husband’s
educational characteristics and more related to their own socioeconomic status and
perceived opportunity costs of reproduction (Becker 1993).
Figure 3:

Educational pairings of cohort fertility trends, female birth cohorts
grouped in 5-year intervals

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

Next, we decompose the differences in CFR between older and younger cohorts to
compute the shares of structural effects and rate effects in the composition of educational
pairings.

4.3 Decomposition of cohort fertility rates
Table 1 presents the prevalence rates of each educational pairing and the estimated CFR
for female cohorts born in 1925–1939, 1940–1954, and 1955–1969 for Brazil. Results
for the three selected regions are presented in Appendix B.
As already mentioned and observed in section 4.1, the prevalence rates of
educational homogamy among cohorts have reduced in all regions of Brazil. The reasons
are linked to decreases in the prevalence rate of 𝐿𝑃𝑚𝑎𝑙𝑒 – 𝐿𝑃𝑓𝑒𝑚𝑎𝑙𝑒 educational pairings.
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Approximately 81% of women born in 1925–1939 had the lowest level of schooling and
married males of the same educational level. For women born in 1955–1969 the number
declined to nearly 37% as a result of compositional changes in the population’s education
(Fígoli 2006). Conversely, educational homogamy increased among couples with
completed primary education (from less than 2% for 1925–1939 cohorts to nearly 10%
for women born in 1955–1969) and couples with at least completed secondary education
(from around 4% for 1925–1939 cohorts to 21% for women born in 1955–1969).
Table 1:

Educational pairing prevalence rates and cohort fertility rates,
female cohorts born 1925–1939, 1940–1954, and 1955–1969

Education

Prevalence (%)

CFR

Female

Male

1925–1939

1940–1954

1955–1969

1925–1939

1940–1954

1955–1969

LP

LP

80.74

61.75

36.38

6.28

5.18

3.86

LP

P

2.38

5.14

8.62

4.21

3.55

2.91

LP

S+

1.43

3.21

4.58

3.65

2.95

2.44

P

LP

4.04

5.55

6.72

4.11

3.61

3.00

P

P

1.95

4.30

9.71

3.38

2.95

2.51

P

S+

1.03

2.64

5.86

3.07

2.49

2.14

S+

LP

2.27

2.71

2.55

3.52

3.15

2.66

S+

P

2.01

3.01

4.76

3.06

2.69

2.35

S+

S+

4.16

11.67

20.82

2.86

2.38

1.98

Source: Brazilian national census 1970, 1980, 1991, 2000, 2010.

Figure 4 presents the results of the decomposition of the CFR observed for older and
younger cohorts. Overall CFR for these three cohorts for each region and also the results
of the decomposition exercises. The estimated CFR of Brazilian couples dropped from
5.75 for women born in 1925–1939 to 2.93 for women born in 1955–1969. The biggest
decrease was observed in North-Northeast regions, where we observe a dramatic
reduction in CFR across female birth cohorts, from 7.36 to 3.77. Nevertheless, these
regions started their transition both later and at higher fertility levels than other areas and
still presented the highest CFR among younger cohorts: 3.77 children per woman for the
1955–1969 cohort, compared to 2.85 for Midwest regions and 2.55 for South-Southeast
regions (see Figures C-1, C-2, and C-3 in Appendix C for regional decomposition
results).
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Figure 4:

Decomposition of CFR rate and educational pairing structure effects,
female birth cohorts 1925–1939, 1940–1954, 1955–1969 – Brazil

Source: Brazilian national census 1970, 1980, 1991, 2000, 2010.

In general, most of the reduction in conjugal CFR in Brazil and its regions was
driven by the rate effect (between 63% and 72% of difference in CFR). The remaining
share of CFR decline between older and younger cohorts is attributed to the change in
the composition of educational pairing. Thus, the cohort fertility decline in Brazil was
associated with structural changes in conjugal markets, pushed by educational expansion
which increased schooling levels for both men and women.
These structural effects of changes in educational pairing are largely explained by
the reduction in homogamous couples without completed primary education. For women
in the 1955–1969 and 1925–1939 cohorts the change in prevalence rates of LP–LP
couples accounted for 2.25 out of the 2.81 observed difference in CFR. Also, the rate
effect for LP–LP couples was approximately 1.41, which indicates significant CFR
declines in lower-educated couples.

5. Discussion and conclusions
In this paper we have shown the association between educational expansion and cohort
fertility decline in Brazil and its regions for women in union. In order to assess the
association between male partners’ schooling and fertility levels we computed cohort
fertility rates (CFR) for different educational pairing combinations and three educational
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attainment categories: less than primary school completed, completed primary school,
and completed at least secondary school. Using data from the 1970, 1980, 1991, 2000,
and 2010 Brazilian censuses we estimated the CFR for cohorts born between 1925 and
1969.
Educational expansion brought significant changes in conjugal markets and resulted
in an overall decrease in homogamy prevalence rates, mainly due to a reduction in LP–
LP pairings. Furthermore, throughout the 20th century women reached higher schooling
levels than men and thus the prevalence rates of hypogamic couples rose faster than those
of hypergamic couples.
The changing composition of couples’ educational pairings and the fertility profile
of each of these pairings have only recently been explored in demography, and these
analyses are usually restricted to higher-income countries (Bagavos 2017; Nitsche et al.
2018; Nitsche, Trimarchi, and Jalovaara 2020; Trimarchi and Van Bavel 2017).
Therefore, we assessed the interaction between male and female partners’ education in
the cohort fertility outcomes of women in union, which take into account the association
between men’s and women’s education and the couple’s reproductive decision-making.
As previous findings have shown, interacting partners’ educational levels result in
different fertility profiles (Bagavos 2017; Nitsche et al. 2018; Trimarchi and Van Bavel
2017). For instance, our findings show that Brazilian CFRs display differences between
male and female educational categories. Couples composed of partners without complete
primary education exhibited the highest cohort fertility levels, especially for older female
cohorts. After controlling for female schooling these CFR values exhibited a marked
gradient for males’ educational categories, with couples where the male has a higher
educational level showing lower fertility levels. The regional results reflect the overall
trends observed for the country but at different paces and levels (see Appendix B), and
are discussed in detail elsewhere (Monteiro da Silva 2019).
We also observed a sharp decline in CFR between cohorts within educational
categories. We argue that this convergence of cohort fertility towards a replacement
regime is the result of multiple factors. First, the reduction of illiteracy (Fígoli 2006)
plays a key role in the adoption of contraceptives (Castro-Martin and Juarez 1995;
Perpétuo and Wajnman 1998; Perpétuo and Wong 2009); however, it does not necessarily
result in individuals finishing primary school. Second, unintended effects of the
institutional reforms between 1970 and 1990 fostered social and cultural changes in
Brazilian society, which in turn increased female autonomy regarding family planning
(Faria 1989, 1997; Martine 1996). These transformations in Brazilian society were
related to the development of communications infrastructure, which connected distant
regions of the country and contributed to the diffusion of the concept of the small nuclear
family – portrayed in Brazilian soap operas (Faria and Potter 1999; La Ferrara, Chong,
and Duryea 2012) – and to the medicalization of the female population, which led to
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higher adoption of contraceptive methods by even the most vulnerable social groups
(Faria 1997; Martine 1996; Perpétuo and Wajnman 1998; Perpétuo and Wong 2009).
Finally, we decomposed the differences in CFR between younger and older female
cohorts into rate and structure (compositional changes in educational pairings) effects.
We estimated that around 37% to 38% of the difference in CFR observed between women
born in 1955–1969 and 1925–1939 were attributable to changes in the composition of
educational pairing. Most shares of rate and structure effects were attributed to changes
observed for couples without complete primary education; e.g., rising educational
attainment for both men and women was associated with lower fertility levels. Therefore,
we hypothesize that the slower pace of men’s educational gains in relation to women’s
might have restricted higher reductions in couples’ CFR.
It is important to mention that the lack of information on union histories leads to the
main limitation of our analysis: all children reported by women are linked to the current
union’s partner. Also, CFRs are likely to be underestimated due to differential mortality
among educational categories (Silva, Freire, and Pereira 2016). However, this work
makes a major contribution to Brazilian fertility analysis and through evaluating the
cohort fertility of educational pairings provides insights into the role of male education
in the fertility transition process.
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Appendix A
Table A-1 presents the sample size of each 5-year birth cohort (1925–1969) for each
census year. Previous findings have shown that overlapping cohorts from subsequent
censuses provides reliable information on CFR by educational strata, even though the
estimates for the most recent census are underestimated by differential mortality between
social groups (Monteiro da Silva 2019). Therefore, we merged birth cohorts from
different censuses to enhance statistical capacity and sample size.
Table A-1:
Cohort

Number of sampled couples in each 5-year female birth cohort and
census year
Census Year

Brazil

Midwest

North-Northeast

South-Southeast

1925–1929

1970

82,202

3,621

24,365

54,216

1925–1929

1980

65,739

2,951

19,404

43,384

1925–1929

1991

48,517

2,403

14,898

31,216

1930–1934

1970

26,468

1,286

9,493

15,689

1930–1934

1980

85,098

4,536

24,968

55,594

1930–1934

1991

67,079

3,875

19,693

43,511

1930–1934

2000

40,637

2,278

12,482

25,877

1935–1939

1980

100,157

5,526

29,540

65,091

1935–1939

1991

90,305

5,522

27,696

57,087

1935–1939

2000

73,619

4,470

23,027

46,122

1940–1944

1980

27,049

1,576

9,374

16,099

1940–1944

1991

115,663

7,920

36,352

71,397

1940–1944

2000

101,770

6,826

32,739

62,205

1940–1944

2010

52,034

3,594

16,519

31,921

1945–1949

1991

149,739

10,289

46,255

93,195

1945–1949

2000

135,318

9,117

41,252

84,949

1945–1949

2010

92,520

6,432

28,578

57,510

1950–1954

1991

72,236

5,064

22,385

44,787

1950–1954

2000

180,891

12,829

54,623

113,439

1950–1954

2010

130,069

9,649

39,410

81,010

1955–1959

2000

221,513

16,407

65,044

140,062

1955–1959

2010

165,655

12,927

48,718

104,010

1960–1964

2000

51,637

3,954

15,734

31,949

1960–1964

2010

204,200

17,131

62,081

124,988

1965–1969

2010

229,640

20,224

72,934

136,482

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

We did not impute missing variables since it was not a major issue in the evaluated
censuses, as can be seen in Tables A-2 and A-3. Missing values for the educational
attainment (EDATTAIN) variable represented less than 0.25% of the sample in all census
years for all regions. In regard to children ever born (CHBORN), the share of missing
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values was higher for the North-Northeast region in the 1991 census, corresponding to
7.05% of couples in the sample. For other census years, however, this value was not
higher than 2%. It is important to acknowledge that for the 2000 and 2010 national
censuses, all the variables presented 0% of missing variables because they were treated
by the Brazilian national statistics office. Therefore, since the missing values did not
account for a significant share in the composition of the five national censuses, we just
excluded the observations with missing values from our analysis.
Table A-2:

Proportion (%) of missing values for education variable
(EDATTAIN) – Brazil and regions

Census Year

Brazil

Midwest

North-Northeast

South-Southeast

1970

0.08

0.15

0.06

0.08

1980

0.13

0.11

0.21

0.09

1991

0.00

0.00

0.00

0.00

2000

0.00

0.00

0.00

0.00

2010

0.00

0.00

0.00

0.00

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

Table A-3:

Proportion (%) of missing values for children-ever-born variable
(CHBORN) – Brazil and regions

Census Year

Brazil

Midwest

North-Northeast

South-Southeast

1970

0.71

0.85

0.90

0.61

1980

1.10

1.20

1.64

0.84

1991

5.58

4.46

7.05

4.99

2000

0.00

0.00

0.00

0.00

2010

0.00

0.00

0.00

0.00

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

Improbable and unreliable statements on the number of children ever born were also
addressed prior to estimating the CFR. We assumed that women can bear only one living
child every 18 months, starting from age 12 (Moultrie et al. 2013). Following this rule of
thumb, it is expected that by the age of 15 women have no more than two children, by
the age of 20 they will have given birth to a maximum of five children, and so on. Thus,
when the stated number of children ever born exceeded this threshold we set its value to
the maximum expected number of offspring, according to the expected mother’s age.
After the application of this approach a small share of women had their parity counts
modified (Table A-3). These improbable parities do not seem to impact our estimates
negatively, since their largest value is only 0.48%, in the North-Northeast for women
interviewed in the 1970 census.
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Table A-4:

Proportion (%) of improbable children-ever-born values imputed by
rule of thumb – Brazil and regions

Census Year

Brazil

Midwest

North-Northeast

South-Southeast

1970

0.21

0.16

0.48

0.08

1980

0.04

0.00

0.11

0.01

1991

0.02

0.01

0.06

0.00

2000

0.01

0.00

0.01

0.00

2010

0.01

0.01

0.01

0.0

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

Appendix B
In this Appendix B we present the graphical results and a brief discussion of CFR trends
in the three Brazilian regions – Midwest, North-Northeast, and South-Southeast.
The Midwest region (Figure B-1) presents a CFR transition similar to the one
observed for the whole country. In this region, male schooling displays significant
fertility differentials for older female cohorts. Younger cohorts exhibit similar CFR
values for all educational categories of the partner and convergence towards population
replacement levels.
Figure B-1: Educational pairings and cohort fertility trends for female birth
cohorts grouped in 5-year intervals, Midwest region

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.
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In the North and Northeast regions, cohort CFR started declining from rates close to
8 children per woman among groups in the lower educational strata. In these regions, we
observed important differentials between male’s educational categories, especially
between those with and without completed primary education.
Figure B-2: Educational pairings and cohort fertility trends for female birth
cohorts grouped in 5-year intervals, North-Northeast regions

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

Figure B-3: Educational pairings and cohort fertility trends for female birth
cohorts grouped in 5-year intervals, South-Southeast regions

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.
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South and Southeast regions started their cohort fertility transition from lower CFR
levels than other areas of the country; i.e., the rates show less than 6 children per woman
for those with incomplete primary education. In contrast to less developed regions of the
country, these areas exhibit low CFR differentials between male educational categories.
These areas also show the most marked CFR convergent trend towards replacement
levels. For instance, for younger cohorts born in 1965–1969, all couples with females
without complete primary schooling reported bearing on average less than 3 children.
Table B-1:

Educational pairing prevalence rates and cohort fertility rates for
female cohorts born in 1925–1939, 1940–1954, and 1955–1969,
Midwest region

Education

Prevalence (%)

CFR

Female

Male

1925–1939

1940–1954

1955–1969

1925–1939

1940–1954

1955–1969

LP

LP

83.49

62.29

34.48

6.62

5.20

3.54

LP

P

2.33

5.71

9.44

4.54

3.76

2.86

LP

S+

1.35

3.72

5.56

4.09

3.13

2.46

P

LP

2.94

4.80

6.38

5.19

4.04

3.00

P

P

1.69

4.03

9.60

4.26

3.30

2.60

P

S+

0.94

2.91

6.56

3.41

2.75

2.28

S+

LP

1.59

2.12

2.23

4.43

3.61

2.74

S+

P

1.74

2.58

4.47

3.69

3.15

2.48

S+

S+

3.94

11.85

21.29

3.25

2.62

2.16

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

Table B-2:

Educational pairing prevalence rates and cohort fertility rates for
female cohorts born in 1925–1939, 1940–1954, and 1955–1969, NorthNortheast regions

Education

Prevalence (%)

CFR

Female

Male

1925–1939

1940–1954

1955–1969

1925–1939

1940–1954

1955–1969

LP

LP

89.19

73.57

48.10

7.66

6.65

4.82

LP

P

1.80

4.49

8.84

5.83

4.72

3.46

LP

S+

1.19

3.32

5.51

4.82

3.69

2.80

P

LP

2.04

3.49

5.25

6.06

4.92

3.68

P

P

1.02

2.47

6.73

5.03

3.92

2.89

P

S+

0.66

2.08

5.26

3.91

2.92

2.35

S+

LP

1.02

1.48

1.82

5.16

4.17

3.23

S+

P

0.95

1.57

3.17

4.18

3.40

2.65

S+

S+

2.14

7.52

15.33

3.44

2.70

2.18

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.
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Table B-3:

Educational pairing prevalence rates and cohort fertility rates for
female cohorts born in 1925–1939, 1940–1954, and 1955–1969, SouthSoutheast regions

Education

Prevalence (%)

CFR

Female

Male

1925–1939

1940–1954

1955–1969

1925–1939

1940–1954

1955–1969

LP

LP

76.63

56.16

31.11

5.51

4.28

3.22

LP

P

2.64

5.38

8.42

3.68

3.07

2.65

LP

S+

1.55

3.10

4.03

3.21

2.55

2.21

P

LP

5.05

6.60

7.45

3.70

3.25

2.78

P

P

2.40

5.19

11.12

3.01

2.71

2.40

P

S+

1.20

2.88

6.06

2.84

2.32

2.03

S+

LP

2.90

3.35

2.93

3.21

2.90

2.49

S+

P

2.52

3.74

5.54

2.83

2.52

2.26

S+

S+

5.11

13.60

23.33

2.72

2.27

1.90

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

Appendix C
Figure C-1: Decomposition of CFR in rate and educational pairing structure
effects, female birth cohorts 1925–1939, 1940–1954, 1955–1969,
Midwest region

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.
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Figure C-2: Decomposition of CFR in rate and educational pairing structure
effects for female birth cohorts 1925–1939, 1940–1954, 1955–1969,
North-Northeast regions

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.

Figure C-3: Decomposition of CFR in rate and educational pairing structure
effects for female birth cohorts 1925–1939, 1940–1954, 1955–1969,
South-Southeast regions

Source: Brazilian national censuses 1970, 1980, 1991, 2000, 2010.
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