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Abstract

This paper presents a new dataset of average years of schooling (AYS) for Brazil covering the years between
1925 and 2015, using demographic censuses and household surveys as benchmarks. The dataset is also
broken down by gender (1925-2015), race/color (1925-2015), and states (1950-2015). In contrast to the
Barro-Lee dataset, which reports an implausible AYS decrease in the 1970s, our dataset shows a gradual
AYS increase in Brazil over time. We also show that women’s AYS surpassed men’s from 1983 onwards
and that levels of inequality by race/color and state/region have remained relatively stable over time.
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Resumo

Este artigo apresenta uma nova base de dados de anos médios de escolaridade (AME) entre 1925 e 2015,
usando censos demograficos e pesquisas domiciliares como referéncia. Apresentam-se os dados por sexo
(1925-2015), raga/cor (1925-2015) e estados (1950-2015). Em contraste com a conhecida série Barro-Lee,
que relata uma diminui¢do implausivel do AME na década de 1970, nossos dados mostram um aumento
gradual dos AME no Brasil ao longo do tempo. Ademais, o indicador de AME feminina superou a masculina
a partir de 1983 e que os niveis de desigualdade por raga/cor e estado/regido mantiveram-se relativamente
estaveis ao longo do tempo.
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1 Introduction

Human capital is a widely recognized concept in the literature on labor markets and long-term
growth since the early 1960s.! However, measuring human capital presents significant challenges.
Although the notion encompasses various attributes, such as health and on-the-job training, formal
schooling has received the most attention. Consequently, early studies on long run growth empirics used
enrollment and literacy data as proxies for human capital (Mankiw, Romer and Weil 1992). However, the
variable “average years of schooling of the working-age population” (hereafter AY'S) became the most used
in long run growth analyses shortly after (Barro 1999; Easterly and Levine 1998; Hall and Jones 1999;
Rajan and Zingales 1998; Ramey and Ramey 1995; Sachs and Warner 1995). Barro and Lee (1993)
facilitated this by creating an AY'S worldwide dataset that initially covered data from 129 countries between
1960 and 1985 using five-year intervals.

An important aspect of Barro and Lee (1993)’s contribution was methodological: they extensively
used censuses and surveys (UNESCO, U.N. Demographic Yearbooks, and other sources) as benchmarks.
After setting the benchmarks, the remaining gaps were filled with enrollment information using the
perpetual inventory method (PIM).? In subsequent studies, Barro and Lee (2001, 1996, 2013) deployed an
educational data projection methodology based on benchmarks. The latest methodological update is found
in Barro and Lee (2013), and the most recent version of the dataset was in June 2018. The latest version
encompasses data from 146 countries with estimates given at five-year intervals between 1950 and 2010

(this version will be called “BL dataset” hereafter).

Despite the BL dataset’s critical role in the literature, it still reports significant inaccuracies in
individual country data (Speringer et al. 2015). This problem is particularly acute for Brazil — the largest
Latin American country in terms of GDP, area, and population.* Brazil is an important case study of
historical backwardness on the evolution of mass education: half of the adult population was illiterate in
the mid-twentieth century according to official data. The Brazilian economy was strongly linked to slavery

in the past, which may explain the persistent high levels of poverty and income inequality — issues that are

! Despite the early contribution of Mincer (1958), the notion of human capital became more widespread after Schultz (1961) and
Becker (1964). Extensions of the work of Solow (1956) and other theoretical models incorporated the effects of human capital on
long run growth (Aghion and Howitt 1992; Lucas 1988; Romer 1986, 1990).

2 AYS also became an important variable in the human development literature, as the Human Development Index (HDI)
composition demonstrates since at least 2010 (UNDP 2020).

3 PIM is the method of transforming flow variables (in this case, enroliment) into stock variables (years of study) considering an
educational gap.

4 Barro and Lee (2013) not only presents the average years of schooling of the working-age population but also provides
estimates of the population by level of education (graduates and non-graduates). One of the most generic problems with Barro
and Lee’s estimates is the reliability and accuracy of the data, in addition to the failure to decompose the levels of education
between graduates and non-graduates (Speringer et al. 2015).



still associated to race/color and regional aspects. Problems in AY'S estimates may lead to a distorted picture

about the historical evolution of human capital and inequality in Brazil.

The Brazilian case also raise concerns about the BL methodology. According to the BL dataset,
AYS decreased from 3.3 to 2.9 in Brazil between 1970 and 1975: a 12 percent drop in the stock of formal
schooling (see Figure 1). The country would only have reached again its 1970 level in the early 1980s.
Similar AYS decreases in other countries are usually associated with war periods (such as South Korea in
the early 1950s). This was not the case for Brazil, a country that was experiencing its “economic miracle”

between 1968 and 1973, with an average annual rate of economic growth of 11.1 percent.

Figure 1: Average years of schooling in Brazil, population aged 15 or over, 1950-2010, Barro and Lee (2018)
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Source: Own elaboration, data from Barro and Lee (2018).



Figure 2: Distribution by education level according to Barro and Lee (2018), population aged 15 or over, Brazil, 1950-2010
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Source: Speringer et al. (2015) and Barro and Lee (2018).

What could explain the unexpected decrease in AY'S during the 1970s? Figure 2 provides estimates
of population shares by schooling level (incomplete and complete) from the BL dataset. First, Brazilian
data reports an abrupt rise in the population share that did not complete the primary level (“incomplete
primary”’) during the 1970s. Secondly, it also shows a simultaneous decrease in the population share with
“complete primary” during the same period. These changes are behind the sudden drop in AYS estimates.
However, they are implausible: nothing indicates an increase in dropouts or retention in primary education
during that period — in fact, retention indicators had been decreasing in the previous years (Kang, Paese and
Felix 2021). These clear inconsistencies raise questions over the reliability of the BL estimates for the entire
period, at least in the case of Brazil.

Bearing in mind these inconsistencies, this paper aims to present a new annual dataset of average
years of schooling of the population aged 15 to 64 years in Brazil from 1925 to 2015, with discrimination
by gender race/color, and regional subdivisions (states and regions from 1950 to 2015). To build the dataset,
we used demographic censuses and household surveys (PNAD and PNAD-C) from the Brazilian Institute
of Geography and Statistics (IBGE), in addition to the historical series of enrollment data from Kang, Paese
and Felix (2021).



This study makes three contributions to the literature on the evolution of schooling in Brazil. First,
we offer more accurate national-level data. Secondly, we provide an annual historical series rather than
five-year or decennial estimates, by adapting the methodology of Féldvari and Van Leeuwen (2009).
Finally, our new dataset disaggregates data by gender, race/color, and regional sub-units. Moreover, our
contribution may be useful for a wider audience for at least two reasons: (i) our methodology (or a similar
one) may be applied to other countries, and (ii) case studies such as this one may call attention to
inaccuracies in other countries’ estimates.® A common cross-country methodology does not make

comparisons more accurate if there are significant inconsistencies with national data.

Contrary to Barro and Lee’s estimates, we show that AY'S evolved with few shocks over the period
in Brazil. Additionally, we demonstrate that Brazilian women surpassed men in education levels after 1983.
Finally, race/color and regional inequalities in AYS showed a relatively stable behavior throughout the
period. The Southeast and South regions consistently reported higher figures than the North region, whereas
there was a significant AYS increase in Central-West and Northeast regions between 1950 and 2015.

This paper may also contribute to assessing AYS worldwide datasets. There are at least four other
relevant international AYS datasets that use different estimation methods: Morrisson and Murtin (2009),
Van Leeuwen and Van Leeuwen-Li (2014), Cohen and Leker (2014) and Lutz et al. (2018). However,
significant divergences between these estimates raise doubts about which is the most appropriate (see
Figure 4). Based on our estimates, we show that Lutz et al. (2018) reports the closest results (at least until
2010).

This paper is divided into five sections. Following this introduction, section 2 presents our
methodology to estimate AYS in Brazil. Section 3 presents our results. Section 4 discusses the findings in
detail, broken down in different categories, and compares them with those of previous studies. Section 5

concludes. A more comprehensive literature review is available in the working paper version of this article.

2 Materials and methods

Our estimates of AYS and educational attainment distribution were obtained using benchmarks as
basic parameters, with the main sources being census and household surveys microdata. However, since
census microdata is only available from the 1960 Census onwards, we used an alternative method for the
period before 1960. Drawing on Lutz et al. (2007), we projected the 1960 census population backward in

order to estimate AYS from 1925 to 1950. In order to produce an annual historical series of data between

5 Our research is not designed for cross-country comparisons, because we do not have a complete database with the same
methodology applied to the other countries.



censuses, we adapted a methodology used by Féldvari and Van Leeuwen (2009) to ensure consistency
between the shares of the population with different educational attainment levels (population without
education, primary, secondary, and tertiary levels) and our AYS estimates.

2.1 Data and sources

As previously stated, our estimates of AY'S for the working-age population between 1960 and 2000
were based on microdata from demographic censuses.® For the 2012-2015 period, we used a matching
methodology with microdata from the PNAD-C. To estimate inter-census years from 1950 to 2012, we
adapted the backward and forward estimation methodologies of Foldvari and Van Leeuwen (2009). This
involved using enrollment and population data that were interpolated by a cubic spline function.’
Additionally, the methodology required information on the duration of each schooling level, AYS by
schooling level, and population distribution by schooling level from the censuses between 1960 and 2000.

By combining this information, we were able to estimate a dataset on attainment distribution and AYS.

We projected our 1960 data backward as a reference for years before 1960, as census microdata
before that year is not digitally available. This methodology tracked cohorts over time and used population
and enrollment data to estimate school attainment. This approach is useful for countries with limited data,
such as Brazil, as it does not require a long series of enroliments like the estimation via enroliment flow/PIM.
Furthermore, PIM does not ensure a school attainment distribution by level that is compatible with the AYS
estimation (Morrisson and Murtin, 2009).8 The projection methodology we employed only requires

enrollment information for the school-age population, which is feasible in practical terms.

2.2 Benchmarks: demographic censuses and household surveys, 1960-2015

In order to use microdata, we need to convert the last grade each individual attended into years of
schooling. However, censuses do not provide standardized information to carry out this conversion.
Therefore, we have defined criteria for compatibility between censuses, which are detailed in Appendix B
along with the sources (IBGE Census 1960-2000 and PNAD-C 2012-2015).°

6 To carry out the estimation, it was necessary to reconcile the classification of the average years between the censuses as they
differ in some details.

" R software functions used for interpolation belong to the splinefun package. See more in Kang, Paese and Felix (2021).

8 For instance, to estimate the educational levels of the population aged between 15 and 64 via PIM in 1925, we would have to
start with enrollment data from as early as 1868.

9 IBGE census microdata are available in the repository of Instituto Base dos Dados (2020) with the exception of the 1960 census.
In addition, Data Zoom provides support material with information for this compatibility, in addition to making compatible data
via Stata. The 1960 census data comes from the universe questionnaire; 1970, 1980, 1991 and 2000 census data are from the sample.
See "InstrugBes ao recenseador” in https://www.ibge.gov.br/.
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There are various methods to convert attainment distribution by level into AYS. Barro and Lee
(2013) estimate AYS by age group as a weighted average of the duration of each schooling level. Equation
1 represents AYS by age group in period ¢:

st = X hjDurjy 1)
where Dur represents the duration of each schooling level; j corresponds to the schooling level; h is the

age group share and its respective level of education, and a is the age cohort.X°

In this study, we determined attainment by level (no schooling, primary, secondary, tertiary) in
each benchmark. The distribution was calculated based on the years of schooling of each individual,
enabling us to compute an accurate estimate of attainment by level and AYS. In contrast, Barro and Lee
(2013) simply considered four years for "complete tertiary" and two years for “incomplete tertiary”.
However, setting the incomplete level duration as half of the complete level is questionable, especially in
countries like Brazil, where historically high repetition rates have been observed (Ribeiro 1991). We
acknowledge that microdata is not available in several countries, which may explain such choices in

international studies.

Figure 7 displays the benchmarks: AYS from censuses (1960-2000) and PNAD-C (2012 and 2015).
Figure 8 illustrates the distribution by schooling level (complete and incomplete) in each census. Individuals
who did not report their last completed grade were excluded from the database.

Figure 7: Benchmark estimates of average years of schooling, population aged between 15 and 64 years, Brazil, 1960-
2015
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10 For example, the average years of schooling of the age cohort from 15 to 19 years (a = 15-19 years) represents the sum of the
educational distribution of this age group multiplied by the respective duration of the level of education. By hypothesis, assuming
that in 1960: 53% of the cohort had incomplete EF; 3% complete EF; 3% MS incomplete; 1% MS complete; 0.5% ES
incomplete; 0.2% ES complete. Furthermore, considering the duration of each level of education: 4 years; 8 years; 10 years; 11
years; 12 years; 14 years. From these data, applying Equation (1), an average of 2,858 years of schooling is obtained for the
cohort aged 15 to 19 years. Likewise, the average schooling of the population aged 15 to 64 years can be found from the
weighted average of this result applied to each age cohort.



Source: Own preparation based on microdata from the IBGE Censuses (1960 — 2000) and data from PNAD-C (2012 —
2015).

Figure 8: Educational attainment distribution according to IBGE microdata, population aged between 15 and 64, Brazil,
1960-2000%
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Source: Own elaboration, microdata from the IBGE Censuses (1960 — 2000).

2.3 Estimation: 1925-1950

Given the scarcity of data in this period, we monitored cohorts from 1925 to 1950 through a
methodology adapted from Lutz et al. (2007). We made from the following assumptions:

a) Immigration does not affect educational patterns: schooling differences between immigrants and

locals are not considered:;

b) We assume different mortality patterns by age group but homogeneous mortality between groups
by schooling level. In other words, schooling level and mortality rate are independent variables. This

assumption seems acceptable for earlier periods (Cohen and Soto 2007);

c¢) Educational attainment remains constant for the population aged 25 years or more;

1 Incomplete primary = population with 1 to 3 years of schooling; complete primary = 4 years of schooling; incomplete secondary
=5 to 7 years of schooling; complete secondary = 8 years of study; incomplete secondary = 9 to 10 years of education; complete
secondary = 11 years of study; complete and incomplete tertiary = 17 years of education.



d) Duration by schooling level from 1925 to 1960 is equivalent to the estimated durations in 1960
(Dur). In other words, we assume that the proportion of people with “incomplete level” is the same during

this period;

e) We assume a constant gross enrollment ratio (GER) from 1910 to 1933 for secondary and tertiary
education. For primary education, we used the number of students enrolled from grades 1 to 4 to calculate
the gross ratio (1910-1933).12

The methodology adopted is similar to those used by KC et al. (2010) and Lutz et al. (2007).
Initially, the population aged 25 and over from the 1960 census is taken to project the cohorts into the past.
For example, the proportion of the 40-year-old cohort that had completed primary education in the 1960
census will be identical to the proportion of the 30-year-old cohort that had completed the primary level in
1950. This methodology was applied to all non-school cohorts, enabling estimation back to 1925. Assuming
that changes in school attainment only happen among the school-age population, the educational attainment
of the population aged between 15 and 25 years was measured through the GER, taking a lag into account.
For example, the cohort aged 20 to 24 years in 1950 attended primary education in 1935 (15 years lag),
attended the secondary level in 1940 (10 years lag), and achieved the age group to attend the tertiary level
in 1950 (no lag). In this case, lags are considered for listing which GER for the period is equivalent to the
educational distribution of this cohort. The same procedure is applied to the age group from 15 to 19 years
old who in 1950 were attending secondary education and who attended primary education in 1945 (10 years

lag).

To estimate the 1950 population, we utilized enroliment data from Kang, Paese, and Felix (2021)
for the school-age cohorts (15 to 24 years) and data from the 1960 census for the population aged 25 to 64
years. We determined the final distribution by applying a weighted average to the educational distribution
results of the population aged 15-19, 20-24, and 25-64 years. To convert these data into AYS, we multiplied
the educational distribution (primary, secondary, tertiary) by the respective duration of the level of

education in 1960, including non-graduates, which is a constant variable.

In addition to the methodological advantages mentioned earlier, this technique does not rely on
grade repetition data, which is convenient given Brazil's lack of reliable historical data on repetitions and
dropouts over an extended period (Ribeiro 1991).%® Furthermore, due to the low availability of data on net

enrollment, GER was used to estimate the educational distribution of the school-age population. This choice

12 The reference year considered as a constant value is the year 1933, as it is the first data observed in the historical series of
enrollment of Kang, Paese and Felix (2021) for levels of education.

13 Benchmark estimation allows for greater precision in the estimates. The methodology of tracking cohorts over time (1925 to
1950) avoids the use of a very long enrollment series. The PIM-based measurement technique of Foéldvéari and Van Leeuwen (2009)
makes it possible to create an annual series of AYS.



tends to overestimate the data, as does the use of duration by the level of education from 1960 as a constant
parameter for converting educational distribution into AYS. On the other hand, as mortality rates change
over time, there is a tendency to underestimate the variables, since the population aged 25 and over in 1960
is used as a reference for estimating the population aged 25 to 64 years from 1925 to 1950.%

The perpetual inventory method (PIM) was also tested, but it only proved effective for more recent
time series intervals.®® This methodology is challenging to replicate for earlier periods, as it requires an
extensive historical series of enrollments. Furthermore, we only have scattered information on enrollment

broken down into subgroups (such as by gender or state).

2.4 Inter-Census Periods, 1950 - 2012

Between 1950 and 2012, we applied the adapted estimation methodology based on the perpetual
inventory method (PIM) of Féldvari and Van Leeuwen (2009), which is a modified version of the Barro
and Lee (1993, 2001) approach, to generate an annual series of AYS. The Barro and Lee method does not
account for differential mortality and dropouts, which may introduce bias in estimates in more recent
periods (Foldvari and Van Leeuwen 2009). Neglecting mortality differentials tends to underestimate the
AYS of the older population, while not considering dropouts can overestimate it. To address this, we
assumed that the percentage of dropout and differential mortality is constant, and removed the bias by

taking the average of forward and backward estimations of equidistant benchmarks. 18

Equation 2 presents the forward estimation methodology:
hot = Ho¢/Ly = ho—i[1— (L15; - i/5 - L))+ (L15.-i/5- Ly).(1 — PRI;_y)
hit=Hye/Le = hl,t—i[l — (L15;-i/5- L)l + (L15; /5 - Ly). (PRI,_; — SEC})
hye =Hye/Le = hyri[1— (L15.-i/5- L)) + (L15;-i/5 - L;).SEC, — (L20, - i/5 - L;). HIGH,
hs¢=H3¢/Ly = hge;[1—(L15.-i/5 L )] + (L15;-i/5 Ly). HIGH, (2)

Equation 3, in turn, shows the backward method:
ho,t—i = (ho,t - (L15t /5" Lt)- 1- PRIt—i)) /[1 - (L15t /5" Lt)]
hygi = (hye — (L15¢ - i/5 - Le). (PRI — SEC,)) /[1 = (L15, - i/5 - Ly)]

Ryt = (hye — (L154-1/5 - Ly).SEC, + (L20, - /5 L,). HIGH,)/[1 — (L15; - i/5 - L;)]

14 However, the population's life expectancy possibly tends to be lower from 1925 to 1950.

15 Similar to the methodologies adopted by Lee and Lee (2016), Nehru, Swanson & Dubey (1995), Foldvari and Van Leeuwen
(2013). In section 3.4 we use a modified PIM technique for inter-census periods.

16 See Foldvari and Van Leeuwen (2009). The sum of the educational distributions of our estimates did not achieve 100%. The
maximum difference found in the sum of the educational distribution of the total population was 1.16 percent (the average
difference being 0.33 percent). Because of this, there was an adjustment in the educational distribution: the difference was
distributed equally between the levels of education.
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hae—i = (har — (L20; " /5 L).HIGH)/[1 — (L15; " /5 L,)]
3

For both sets of equations, h represents attainment per educational level (with indices 0, 1, 2, and
3 representing no education, primary, secondary, and tertiary levels, respectively). H corresponds to the
population by level of education; i is the number of years between the year to be estimated and the
benchmark; L is the population aged between 15 and 64 years; L15 is the population aged between 15 and
19; L20 is the population aged between 20 and 24. PRI, SEC, and HIGH represent the GER in primary,

secondary, and tertiary education, respectively.

To estimate AYS in 1965, we applied the forward methodology for 1960 and backward for 1970,
and then took the average of the results. Thus, we obtained the percentage of the population in 1965 who
had no schooling, attended primary, secondary or tertiary education during the period. From the 1965
educational distribution, it was possible to calculate the 1963 educational distribution and so on.

A methodological adaptation was needed to determine the duration of each schooling level for the
conversion of the attainment information into AYS. Foldvari and Van Leeuwen (2009)’s methodology
cannot distinguish between the population who have completed their level of education and those who did
not. To compensate for this lack of information, the duration of each educational level was estimated based
on the duration reported by the nearest censuses. For insntace, to calculate the average years of schooling
in 1965, each educational distribution was multiplied by an educational level duration corresponding to the
weighted average duration of the 1960 and 1970 censuses. If the duration of the educational level of the
primary level in 1970 was 6 years and in 1960 it was 5 years, the weighted average of the two durations
was applied (5.5 years — with a weight of 0.5, considering that 1965 is equidistant to 1970 and 1960; if it
were 1964, 1960 would have a larger weight).

Based on the adapted methodology, equidistant points were created between the benchmarks before
and after the estimated year whenever possible, as this reduces biases between backward and forward
estimations.” For instance, in estimating educational distribution in 1972, the census of 1970 and the
distribution of 1974, which have already been estimated, can be used. In this case, 1972 is equidistant from
1970 and 1974. However, equidistant estimates were not always possible due to the distance from the

benchmarks. In such cases, larger weight was assigned to the backward estimates, which results in

17 Backward estimation tends to overestimate, while forward tends to underestimate.
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overestimation (e.g., to estimate 1952, 1950 and 1955 were used as benchmarks, a distance of two and three

units, respectively). Nonetheless, this difference in distances never exceeded one.*®

2.5 Estimation by subgroups

We estimated AYS by gender (men and women), race/color (yellow, white, colored, and black),
and subnational divisions (states) using our methodology. For the gender case, we added additional steps.
As enrollment rates by gender were not available for earlier years, we did not use them. Consequently, our
dataset may slightly underestimate men's schooling and overestimate women's in earlier periods, as girls
reportedly had lower enrollment rates in the early 20th century. Nevertheless, this is a minor issue since the
gender gap was insignificant by the mid-century.®

Estimates by race were made similarly, except for 1970 as there is no information on race/color in
this census. To address this gap, we applied the methodology of Féldvari and Van Leeuwen (2009) between
1960 and 1980. Moreover, GER estimates by race/color in the period 1925-1960 were based on the 1960
census. 2 State-level estimates were based on the classification of states in 1940. Furthermore, we

aggregated states to report estimates by regions (North, Northeast, Center-west, Southeast, and South).?*

2.6 Population Estimates and Enrollment Data

We estimated the population by state for the period 1950-2015 for age ranges of 5-14, 15-19, 20-
24, and 60-64 years, using a cubic spline function interpolation from demographic censuses and PNAD-C
data. National estimates were obtained by summing the state-level estimates. For the population from 1925
to 1950, we used IBGE data and interpolated between years. The female population was based on microdata

from 1960 onwards, while before 1960, we calculated the proportion of women over the total population,

18 In some years when data were not equidistant, there was overestimation: 1952, 1962, 1972, 1957, 1967, 1977, 1982, 1985,
1986, 1995, 2001, 2004.

19 Furthermore, in an analysis of data from Kang, Paese and Felix (2021) from 1933 to 1970 the proportion of female enrollments
about the total was, on average, 49.1% in primary education, with the lowest percentage, around 48.2%, in 1933. From 1956 to
1970 the average was 49.3% for elementary education. These data indicate that the use of similar gross enrollment ratios for men
and women is a valid hypothesis. On the relative gender equality in enrollment in Brazil and Latin America, see also Frankema
(2008) and Kang (2010).

20 According to the 1960 Census, the share of yellow, colored/black, and white children among students attending the old primary
school were 1%, 32%, 67%, respectively. In secondary education, these shares were 2%, 8%, 90%; while in the tertiary level, these
shares were 2 %, 4%, and 94%. These shares by racial groups were applied for the period 1925-1960 and then we generated gross
attendance ratios. Considering that 88% of the enrolled population attended school in 1960, this proportion was used to convert
gross attendance into GER (for all races). For secondary and tertiary education, we used gross attendance since a small proportion
of people attended these schooling levels.

That is, from 1960 to 1925 the GER/gross attendance by race/color was estimated, but from 1960 to 2015 the same gross rate of
the total population was used (regardless of race/color) because the model proved to be little sensitive to the variation in enroliment
in this period, mainly due to the use of a benchmark.

2L The exception was the territory of the current state of Tocantins, considered here as part of the Center-west region. We used
states as defined in 1940, when the current Tocantins still belonged to the state of Goias. The Federal District was not included in
the aggregations to avoid distortions.
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with equivalent proportions for all age groups.?? The male population was obtained by residual. We

followed a similar procedure to estimate population by race.

Enrollment statistics were obtained from Kang, Paese, and Felix (2021). To estimate GER by
schooling level, we used the age ranges of 5-14 for primary education, 15-19 for secondary, and 20-24 for
tertiary education.? There is an enrollment series for the old primary education (grades 1-4) from 1872 to
2013, with some missing periods filled by interpolation. Between 1900 and 1933, GER in the new primary
level (grades 1-8) were based on data for the old primary education (grades 1-4), leading to an
underestimation bias. As information for secondary and tertiary education is only available from 1933

onwards, we assumed a constant GER in these schooling levels from 1900 to 1933.

3 Results

3.1 Total population from 15 to 64 years old

Figure 9 presents our annual historical series of the attainment distribution for the Brazilian
population aged between 15 and 64 years. The evolution of the attainment distribution appears consistent
over time. The few episodes of more abrupt change are plausible, such as the increase in the proportion of
people who completed primary education or had incomplete primary education in the mid-1950s, which
probably resulted from the acceleration of the enrollment rate growth in primary education after 194524
After applying Equation 1 to this attainment distribution data, we obtained our AY'S estimates, presented

in Figure 10. Figures 9 and 10 present the main results of this paper.

22 The proportion of women over the total population per census year is available in the 1950 census report.

23 Kang, Paese, and Felix (2021) calculated enrollment rates for primary education (EF) using the age group 7-14 and for secondary
education (EM) using the age group 15-17. In our study, we opted to use the same age bands as Féldvari and VVan Leeuwen (2009)
for consistency.

24 From 1950 onwards, there is a change in methodology due to the low number of benchmarks. Therefore, this stabilization of the
population without education could be a problem caused by the methodological change. However, if the illiteracy rates registered
in 1920, 1940, and 1950 censuses of the population aged 15 years or more are analyzed (64.9%, 55.9%, 50.5%), the values do not
differ much from the population without education estimated in these periods for the population aged 15 to 64 years (69% in 1925,
64% in 1940, 58% in 1950). This fact gives us greater confidence in our estimates.
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Figure 9: Educational attainment distribution, population aged between 15 and 64 years, Brazil, 1925-2015

1925 1940 1955 1970 1985 2000 2015

Higher education High school [ ] Elementary education M No schooling

Source: Own elaboration, see Section 3.

Note: The classification also includes those who did not complete the level. For example, those who did not complete
primary education are also included in the primary education category.

Figure 10: Average years of schooling, population aged between 15 and 64 years, Brazil, 1925-2015.

Average years of schooling
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1925 1940 1955 1970 1985 2000 2015

Source: Own elaboration, see Section 3.

4 Discussion

4.1 General discussion
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Figure 11 reveals that our AYS estimates differ significantly from those of Lee and Lee (2016) and
Morrisson and Murtin (2009), who report higher estimates. Even though Van Leeuwen and Van Leeuwen-
Li (2014) and Lutz et al. (2018) used a different population range (those aged 15 years or older), they also
provide higher estimates. If these studies adopted the population aged between 15 and 64 years, as in our
study, they would probably report even higher results since older generations attained lower levels of

schooling.

Figure 11: Average years of schooling according to different studies, Brazil, 1870-2015
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Source: Own elaboration, based on data from Lee and Lee (2016), Morrisson and Murtin (2009), Van Leeuwen, Van
Leeuwen-li and Féldvari (2016) e Lutz et al. (2018). See section 3.

Table 2: Estimated AYS compared to other studies in relative terms (our series = 1.00), Brazil, 1920-2000

Year Lee and Lee Morrison and Van Leuween et Lutz et al.
(2016) Murtin (2009) al. (2016) (2018)
1950 1.33 1.61 1.48 1.39
1960 1.18 1.43 1.44 1.27
1970 1.18 1.32 1.35 1.23
1980 0.73 1.03 1.12 1.06
1990 0.95 1.26 1.28 1.04
2000 1.05 1.16 1.17 0.97
2010 0.99 0.99 0.98 0.85
R-squared 0.94 0.96 0.96 0.98

Source: Own elaboration, see first line of Table 2.
Note: Our estimate is the reference for calculating R? and comparing studies in relative terms.
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One of the justifications for this overestimation is that Lutz et al. (2018) and Lee and Lee (2016) use
Equation 1 to convert educational distribution into AYS, but not with a duration of schooling that
encompasses the population with incomplete education in the country. In the cases of Van Leeuwen and
Van Leeuwen-Li (2014) and Morrisson and Murtin (2009), both tend to overestimate from 1960 onwards
because they use Cohen and Soto (2007) as a reference (section 3 explains the issues of Cohen and Soto’s
estimates). Table 2 shows that Lutz et al. (2018) is the one that best fits our estimates, despite clear
inaccuracies in the estimates after 2010. Our results raise questions about the reliability of some
international datasets, which are prone to errors given the different organization of school systems across
countries. In fact, using a common methodology for different countries may deliver estimates that are far

from reliable — even for comparative purposes.
4.2 AYS: men and women

Figure 12 shows the AYS gap between men and women in Brazil. The 1991 Census had already
revealed that women had surpassed men in terms of educational attainment (Melo and Thomé 2018).
According to our annual AYS estimates, the turning point in favor of women was 1983.2° A factor that may
be associated with the increase in women's educational attainment is the declining fertility rate in Brazil,
which fell from 4.35 children per woman in 1980 to 2.89 in 1991. According to national censuses from
1960 to 2000, the greatest fall in the fertility rate occurred in the 1980s. It is difficult to define the direction
of causality: the drop in the number of children may have enabled women to enter the labor market and

attain higher educational levels, or the opposite may have occurred.?

Figure 12: Average years of schooling by gender, population aged between 15 and 64 years, Brazil, 1925-2015

% This milestone is close to 1979, when the United Nations General Assembly declared that women enjoyed the same rights and
duties as men (The United Nations, 1988).

% Fertility rate IBGE census data: 1950 = 6.21 children per woman; 1960 = 6.28 children per woman; 1970 = 5.76 children per
woman; 1980 = 4.35 children per woman; 1991 = 2.85 children per woman; 2000 = 2.38 children per woman.
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Source: Own elaboration, see Section 3.

Lee and Lee (2016) also estimated AYS by gender in Brazil and found that women's AYS surpassed
men's at some point between 1985 and 1990. Lutz et al. (2018) found that Brazilian women's average
schooling surpassed that of Brazilian men in 1980. The U.S. data can provide us with some perspective.
According to Lutz et al. (2018), women already had more schooling than men in the US in 1950. Although

women were overtaken by men in 1975, they regained the lead in the US in 2000..

4.3 AYS: race/color

The evolution of AYS by race/color reveals that the gaps in education levels persist and are more
stable in Brazil. The Asian Brazilian (amarela) population has attained a considerably higher education
level than the other groups: approximately 50% of the population attended or completed tertiary education
in 2015.2" However, this group is a minority in the Brazilian population. However, this group represents a
minority of the Brazilian population. The African Brazilian groups (parda or preta), which comprise the
majority of Brazilians, reported lower AYS levels. From 1979 to 1992, our series shows the greatest
absolute black-white gap in terms of AY'S, but there has been a slow convergence between racial groups in

the last few decades (see Figure 13).% This period coincides with the time when the country was facing

27 Brazilian surveys and censuses still use words such as amarelo (yellow), negro (black), or pardo (colored), instead of Asian
Brazilian or Afro Brazilian.

28 |n 1979, there was a difference of 2.2 fewer years of schooling for the colored population concerning the white population and
a difference of 2.5 for the black population. However, the percentage variation between whites and coloreds/blacks has decreased
over time, albeit slowly.
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foreign debt and inflation crises (known as "the lost decade™). In 2015, the white, colored, black, and yellow

groups had attained 9.9, 8.3, 8.2, and 12.3 years of schooling, respectively.

Figure 13: Average years of schooling by race/color, population aged between 15 and 64 years, Brazil, 1925-2015
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Source: Own elaboration, see Section 3.
Note: The break c. 2013 in the AYS of the Asian Brazilian population is likely caused by a methodological change in
the national household survey (from PNAD to PNAD-C). Brazilian surveys and censuses use words such as amarelo

(yellow), negro (black), or pardo (colored), instead of Asian Brazilian or Afro Brazilian.

4.4 AYS: states and Regions

The historical series of AYS by regions (see Figure 14) reveals differences consistent with what
we know about regional economic inequalities, with the Southeast, South, and Central-west having higher
incomes than the North and Northeast.?® he literature reports that the Northeast Region of the country has
been relatively poorer than the southern regions since at least the mid-19th century (Baer 1964; Barros 2012;
De Carvalho Filho and Monasterio 2012; Denslow 1973; Leff 1972; Monasterio 2010; Naritomi, Soares,
and Assuncdo 2012; Pereira 2021; Reis 2014; Williamson 1965). In 1950, when our historical series by
regions begins, the per capita income of the Northeast Region was close to a quarter of the income of the
Southeast. Several studies have emphasized the role of human capital in regional inequalities in Brazil
(Barros 2012; Oliveira and Silveira Neto 2016; Pessda 2001). Kang, Paese, and Felix (2021) have shown

that there were substantial differences between regions in terms of gross enrollment ratios (GER), which

29 These regions (Southeast, South, Central-west, Northeast and North) are officially recognized by the IBGE.
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only became more convergent towards the end of the twentieth century. Similarly, our series shows the

persistence of inequalities in terms of average schooling across regions.

The evolution of the Central-west region is notable, as it surpassed the North region in terms of
AYS in 1977. This rapid educational progress may be attributed, at least in part, to the creation of Brasilia
in 1962, although the Federal District is not included in this analysis to minimize distortions. In addition to
the externalities of the new capital to surrounding areas, government incentives led to the occupation of the
Central-west, which in turn led to the expansion of the agricultural frontier from the 1970s onwards. A large
part of this migration came from the South and Southeast, the most educated regions at the time, which
probably explains the expansion of schooling in the Central-west. Although the Northeast has not surpassed
any other region in terms of AYS, the region had the highest coefficient of variation from 1950 to 2015.%
This result may be associated with the increase in the number of children in schools since the 1980s, the
expansion of school coverage, and a decrease in the illiteracy rate (Castro 1999).3! Starting in 1994, the
"Basic Education Project for the Northeast" (Projeto da Educacdo Bésica para o Nordeste) was created,
which led to investments of around US$ 800 million. Moreover, the Fund for Maintenance and
Development of Primary Education (Fundef) increased education funding, particularly in poorer regions
(Castro 1999).%2 However, the more developed regions, Southeast and South, have maintained the lead
since the beginning of the series by regions and states in 1950.

Figure 15 provides a detailed view of regional inequalities. From 1950 to 1980, there was a
significant dispersion between the state with the highest level of AYS, Rio de Janeiro (RJ), and the second-
place state, S&o Paulo (SP).*
do Sul (RS), which was on par with SP from 1950 to 1980 but began to decline in 1982. In 2015, RS had

reached 9.2 years (the 5th most educated state), while SP had already reached 10.0 years. With a few

However, RJ was surpassed by SP in 2002. An emblematic case is Rio Grande

exceptions, the distribution of AYS between states remained largely unchanged throughout the series, as

depicted in Figures 15 and 16. 34

30 Available data confirm that the greatest variation in schooling was observed between 1965 and 1985. Northeast (NE) and Central-
west (CW) regions reported higher coefficients of variation, approximately 30%, and 29% respectively. South (S) and North (N)
regions reported a coefficient of 22%, whilst the Southeast reported 18% in the period. From 1950 to 2015 the coefficient of
variation of the S, SE, N, NE, and CW regions was respectively: 45%, 43%, 52%, 65%, 59%.

31 In 1980, the Northeast had an illiteracy rate of 45.5% (population 15 years old or more), 2.7 times greater than the Southeast,
this number was reduced to 28.7% in 1996, but with a difference of 3.3 times, compared to the Southeast, IBGE data (Castro 1999).
32 According to Castro (1999), the Basic Education Project for the Northeast was supported by the World Bank. Its investments
reached around R$ 800 million in nine states over 6 years. Fundef, on the other hand, allowed a significant increase in the average
salary of teachers in municipal and state public schools, mainly in the North and Northeast regions.

3 Years of schooling: 1950, RJ = 2.76 and RS = 2.05; 1960, RJ = 3.78 and SP = 2.89; 1970, RJ = 4.29 and SP 3.78; 1980, RJ =
5.73 and RS =5.13; 1991, RJ = 6.81 and SP = 6.29.

34 Except for GO, which increased its schooling pairing with Espirito Santo and Pard, which had a similar level of education to
Mato Grosso in 1950 and which became similar to Paraiba in 2015 (decrease in education).
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Figure 14: Average years of schooling by Brazilian region, population aged between 15 and 64 years, Brazil, 1950-2015
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Source: Own elaboration, see Section 3.
Note: The Federal District was not counted and Tocantins belongs to the Midwest.

Figure 15: Average years of schooling by Brazilian state, population aged between 15 and 64 years, 1950-1980
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Source: Own elaboration, see Section 3.
Note: We divided the map into percentiles: 15, 30, 45, 60, 75, 90, 100.

Figure 16: Average years of schooling by Brazilian state, population aged between 15 and 64 years, Brazil, 1991-2015
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Source: Own elaboration, see Section 3.

Note: We have divided the map into percentiles: 15, 30, 45, 60, 75, 90, 100. Source: see Section 3.

Figure 17 presents the dispersion of AYS from 1950 to 2015, by region. There was a high
educational dispersion between states from 1960 to 2000, while some signs of convergence showed up from
2000 onwards. In addition, Figure 18 shows the dispersion by state from 1950 to 2015. It reinforces the
conclusion that states that started from a more privileged position in 1950 tend to obtain better educational
results (SE and S continue to be the most educated regions) in more recent periods (highest points represent

the most recent period, the lowest correspond to the 1950 period).

Figure 17: Dispersion of average years of schooling, Brazil, 1950-2015
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Source: Own elaboration, see Section 3.

Figure 18: Dispersion of average years of schooling by state, Brazil, 1950-2015
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Source: Own elaboration, see Section 3.

Note: SE = Southeast; S = South; CO = Central-west; N = North; NE = Northeast.

5 Final remarks

This paper presented a novel annual series of average years of schooling (AYS) for Brazil from
1925 to 2015, which includes AYS information broken down by gender (male and female), race/color, and
by states and regions. Contrary to the well-known series of Barro and Lee (2018), our results show that

there was a gradual increase in AYS in Brazil between 1925 and 2015. Starting from 1.1 years in 1925,
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Brazil reached 9.0 years in terms of AYS in 2015. Although there was a significant increase, the working-

age population still has, on average, little more than the equivalent of a complete primary level.

We also observed a significant achievement in female education during the 1980s. In 1983, women
surpassed men in terms of AYS. While men’s AYS increased from 1.3 in 1925 to 8.7 in 2015, women’s
AYS rose from 0.9 in 1925 to 9.3 in 2015. In an analysis by racial groups, the yellow (Asian-Brazilian)
population surpassed the whites in 1939 and has remained in the lead since then. However, the colored and
black (Afro-Brazilian) groups have lagged behind, although there has been some slow convergence in
recent years. Our dataset also covers regional information for the period 1950-2015. We found persistent
educational inequality in regional terms: the Southeast region reported 2.0 years of schooling in 1950 and
9.6 in 2015, while the Northeast had 1.0 years of schooling in 1950 and reached 8.1 in 2015. The evolution
of schooling in the Central-West region is also noteworthy: it started the series with 1.1 years in 1950 and
ended with 8.9 years in 2015.

Our study has several implications for the international literature on AYS. While Barro and Lee
(2013) established the research agenda on AYS, our paper reinforces the need for methodological changes
in BL and derived datasets (e.g., Lee and Lee (2016)), as other studies have also emphasized. In the case of
Brazil, it is advisable to avoid using the BL dataset, particularly given the implausible drop in AYS after
1970. Lutz et al. (2018) report results that are closest to our estimates, but their figures are questionable
after 2010. Finally, it is clear that more studies are needed to provide more reliable information on
educational attainment. Ideally, using specific methodologies for each country may deliver more reliable
estimates even for comparative purposes, especially if there are studies for many countries. To facilitate

further studies, a repository with material describing the construction of the dataset is available on GitHub.*
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Ap

pendix A - Lee and Lee Data (2016)

Figure Al: Educational attainment distribution, population aged 15 or over, Brazil (Lee and Lee 2016)
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Source: Own elaboration based on Lee and Lee (2016) .

Figure A2: Average years of schooling, population aged between 15 and 64 years, Brazil (Lee and Lee 2016)
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Source: Own elaboration based on Lee and Lee (2016).

Appendix B — Microdata

e 1960 Census: These data are self-weighted and have a low sample fraction, around 1.25% of the

population, allowing only a representative analysis for the states. This census collected information
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about present, absent, and non-resident population. In the case of absent residents, the present ones
provided the needed information. Non-residents (individuals who were visiting the household at
the time of the interview) were then excluded from the analysis to avoid double-counting (Barbosa
2013). There are two questions of interest in the census used to calculate average years of schooling
(AYYS): the last grade completed with approval and the grade of the grade completed. People who
attended or were attending school were supposed to answer these questions.

e 1970 Census: It presents a representative sample of 25% (also for intra-municipal regions). As in
1960, non-residents were excluded and the questions applied to the population who attended/were
attending school is similar. This census also contains information on people who are studying for
entrance examinations and adult education and has the disadvantage of aggregating all individuals
who attended the 5th and 6th grade (no matter the level) in the same variable, to which 17 years of
study were attributed.%

e 1980 Census: It also features a 25% sample of the population. In this year and subsequent years,
only data from residents are collected (absent or present), that is, no prior filtering of information
is necessary for the analysis (Barbosa 2013). From 1980 onwards, there is a change in the
guestionnaire in order to cover the education reform (Law 5692/1971). Different sets of questions
are applied to individuals who were attending schools at the time of the interview and those who
have ever attended schools at some point in the past. From this census on, the questionnaire also
started to provide information on adult education through TV or radio.

e 1991 Census: Sample of 25% of the population. Both the 1991 census and the 2000 census are
similar to the 1980 census regarding educational data collection.

e 2000 Census: Sample of 10% of the population.

e 2010 Census: It was not possible to apply the same matching methodology, because the
guestionnaire does not contain any question regarding the specific grade for the population who
has ever attended school in the past (Gonzalez and Aidar 2015). To overcome the problem, we used
household survey data (PNAD-C)

e PNAD Continua, 2012 to 2015: Data from the old PNAD were not used for two reasons: (i) the
survey was discontinued and (ii) the presence of large sample fluctuations. PNAD-C, the new
household survey, has a larger sampling plan (less subject to fluctuations). Therefore we use
PNAD-C to estimate schooling levels in recent years. To estimate the educational distribution, we

took information from the first quarter of each year.

36 The proportion of students in the tertiary level in the 5th and 6th grade was much bigger than the others levels, since graduate
students were also assigned in this category.

29



We also used the following criteria to assign years of schooling in some unclear cases:

a)

b)

individuals who attended more grades than what was usually required to complete a
schooling level: extra years of schooling were not added. In 1960, for example, those who
completed the 5" grade of the old primary education were assigned four years of schooling instead
of five, since four grades are the standard duration and there is no way to know the number of years
attended in several cases (for individuals who attended more advanced levels of education, we do
not have information on the number of grades completed in primary schools). The same procedure
was adopted for the other levels of education. In the case of PNA-C, Law 11.274/2006 extended
the length of the new primary education to nine years. Those who completed the 9" grade were
assigned eight years of schooling. The latter issue is a minor one since students who entered the
nine-year primary education in 2007 had not reached the 9" grade in 2015, the final year of our

dataset;

adult literacy and non-serial education: we excluded individuals from the dataset when it was
not possible to determine the last grade attended; exceptions were students enrolled in preparatory
courses and master's students, who were assigned 11 and 17 years respectively;

upper bound of years of schooling: we set a maximum limit of 17 years of schooling. This
standardization was carried out to avoid distortions when comparing census data with information
from PNAD-C.
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