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Abstract

A fertility transition is defined broadly as the process of population change from high levels of
childbearing to lower levels. Demographers have a rich understanding of the fertility transitions that
have been observed in many contexts across the globe. Yet, we lack evidence to show whether long-
run declines in fertility levels are accompanied by simultaneous changes in reproductive variability.
This is an important gap because reproductive variability—the concentration and dispersion of
childbearing—may help demographers to better explain fertility trends and predict population change.
Here, we address this gap with an empirical case study of Brazil, which is a well-known and well-
researched example of a fertility transition, with available microdata on fertility by education for cohorts
of women born from 1910-70. We contribute new knowledge using multiple measures of variability in
levels of completed fertility. We study how these measures change over time during an entire fertility
transition, how they relate to cohort fertility rates, and how this evidence varies by education. In general,
reproductive variability declines across the Brazilian fertility transition—for measures of concentration
and dispersion—although this is less evident when using a measure of dispersion that adjusts for levels
of children ever born. We also find considerable heterogeneity by education, as well as evidence that
several measures of variability are predictive of fertility decline, highlighting a promising avenue for
future research. In addition, our findings suggest that conclusions based on one measure of reproductive
variability may only provide a partial understanding of population dynamics.
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Introduction

The fertility transition is one of the most prominent concepts in demography. There is debate about the
extent to which we can refer to a single fertility transition (‘the’ transition) or whether there are different
types (Bongaarts 2017; Bongaarts and Casterline 2013; Bongaarts and Hodgson 2022; Frejka 2017;
Timaeus and Moultrie 2020). However, there is little debate that the majority of countries across the
globe have experienced a process of population change from relatively high levels of childbearing
(fertility) to relatively lower levels, as compared with their historic population trend (Bongaarts 2002;
Bongaarts and Hodgson 2022; Dyson and Murphy 1985; Frejka 2017; Timeus and Moultrie 2020; UN
2009). Knowledge about this transition is important because it helps to explain how societies have
changed and to predict how they will change in the future (Casterline 2001; Chesnais 1990; UN 2009).
This is not only with respect to future fertility trajectories, where it remains to be seen whether a similar
transition will occur in every nation (Bongaarts and Hodgson 2022) and questions remain about post-
transitional fertility (Lee and Reher 2011; McNicoll 2013), but also with respect to the social trends and
population processes that are driven by fertility. For example, knowledge about fertility transitions can
help researchers, policy-makers, and others to understand the future demand for services, population
ageing, and the structure of societies in years to come (Bongaarts and Hodgson 2022).

Prior research provides a rich description the fertility transitions that have occurred across the
globe. Typically, these transitions have been documented using average national fertility rates, such as
crude fertility rates, period total fertility rates, and average numbers of children ever born (Bongaarts
and Hodgson 2022; Dyson and Murphy 1985; Frejka 2017). Many of the causes and consequences of
these fertility transitions are also well known, including with respect to health, family dynamics,
economic factors, and education (Dyson 2010). Given our knowledge, it is perhaps surprising that
demographers are not better able to explain or predict national fertility trends, such as stalling fertility
declines or sustained levels of low fertility. Naturally, one reason why we struggle to explain or predict
fertility is that all explanations are subject to uncertainty. However, another reason may be that we still
have sizeable gaps in our knowledge about fertility transitions and the population dynamics that
underpin their development over time.

One notable gap in our knowledge, which we focus on here, concerns reproductive variability at
the population level, and how it changes over time during a fertility transition. By ‘reproductive
variability at the population-level’ we do not refer to ‘variability’ in a general sense, for example how
average fertility rates vary between groups. Instead we refer to the concentration and dispersion of
childbearing, as typically studied using measures that summarise the distributional variation of
childbearing within a given population (Lutz 1989). We are far from the first to propose the benefits of
studying fertility using these measures (Lutz 1989; Vaupel and Goodwin 1987). However, we note that
such measures have rarely been used to examine how changes in the distribution of childbearing
accompany the changes in fertility levels that are essential to diagnosing a fertility transition (c.f.
Hruschka and Burger 2016).

Prior research on ‘the’ fertility transition suggests that its defining feature is a permanent decline
in ‘levels’ of childbearing—i.e. the quantum of fertility (Dyson 2010; Dyson and Murphy 1985). This
can be measured in different ways, but the focus on permanence suggests the need to avoid measures
that may be distorted by variations in the tempo (timing) of fertility (Bongaarts 2002). Perhaps the most
reliable measure is therefore average numbers of children ever born (CEB) at the end of people’s
reproductive lives, i.e. the completed cohort fertility rate (CFR, see: Frejka 2017), although other
measures may be very useful in understanding fertility transitions, and their causes and consequences
(Timaus and Moultrie 2020). Much attention has been given to describing fertility transitions in
different countries, alongside attempts to study their determinants, including economic change (often
linked to theories of development and modernisation), social change and stratification (e.g.
urbanisation, changes in gender equity, or educational expansion), and health transitions (notably
declines in mortality) (Bongaarts and Hodgson 2022). As more research has accumulated,
demographers have also become increasingly aware of the importance of heterogeneity in fertility
transitions, not only because they vary in terms of their speed and scope, but also because they vary in
terms of the individuals who are involved at different stages of transition (Bongaarts 2017).



As argued here, one source of heterogeneity that rarely been examined is reproductive variability.
For example, it remains unclear whether fertility transitions—Ilong-run declines in the quantum of
fertility—are accompanied by simultaneous changes in reproductive variability. There is some evidence
to suggest that low levels of completed fertility are correlated with low levels of reproductive variability,
based on cross-sectional evidence measuring variance in completed fertility (Hruschka and Burger
2016). However, there is evidence that suggests there is no association, or only a weak association,
when analysing different measures of reproductive variability (e.g. the concentration ratio, often called
the “Gini coefficient”: Shkolnikov et al. 2007). Other evidence, by contrast, showed higher levels of
reproductive variability at lower levels of completed fertility (e.g. Spoorenberg 2024, using the
proportion of women who have half of the children, the so called “have-half”). Not only is there a lack
of research that examines how reproductive variability changes over time (c.f. Barakat 2021; Lichter
and Wooton 2005; Lutz 1989; Shkolnikov et al. 2007; Spoorenberg 2024; Vaupel and Goodwin 1987),
but it is rare that studies make an effort to examine whether conclusions depend upon the way that
reproductive variability is measured (c.f. Barakat 2021; Shkolnikov et al. 2007). Moreover, it is even
rarer that studies have focussed on trying to understand how reproductive variability—and its
association with fertility levels—changes across different stages of a fertility transition (all the way
from the pre-transition to the late transition), and how any trends and associations vary across groups,
for example by education. The latter is especially relevant given the commonly cited role of education,
and educational expansion, in determining the nature and speed of fertility transitions (Bongaarts 2003).

Here, we seek to address these gaps using an empirical case study of Brazil. This case is chosen as
a well-known and well-researched example of a fertility transition (Potter et al. 2010), which allows us
to build upon prior research and focus on the role of reproductive variability. The choice of this context
also means that there are data available for studying reproductive variability over the long-run,
simultaneous to sustained long-run declines in the quantum of fertility. To guide this contribution, we
seek to answer the following research questions (which are further motivated below):

1. How does reproductive variability in levels of fertility change over time during
different stages of a fertility transition?

2. Does it decline in parallel with average levels of fertility?
3. Are these trends and associations the same for different educational groups?
4. Do conclusions depend upon the way that reproductive variability is measured?

Measuring reproductive variability

The idea of studying variation in fertility within specific populations has a long history (Kuczynski
1932; Newsholme and Stevenson 1906; Yule 1906), and the concept of ‘reproductive variability’ is
only one of many aspects of ‘variation’ that may be of interest (Lutz 1989). Rather than referring to
variation in average levels of childbearing between different groups—for example between women and
men, or those with different levels of education—reproductive variability refers specifically to variation
in childbearing itself—i.e. the distribution of childbearing (Vaupel and Goodwin 1987). More
specifically, here we define reproductive variability as referring to the concentration and dispersion of
childbearing at the population level (i.e. for an aggregate group of individuals) (Lutz 1989).

Our interest in this concept derives from the work of Vaupel and Goodwin (1987), who studied the
concentration of reproduction in order to understand ‘what proportion of women have what proportion
of children?’ (building on their more general ecological study of the topic: Goodwin and Vaupel 1985a,
1985b, 1985c). At the same time, we follow Lutz (1989) in focussing on—and distinguishing
between—both dispersion and concentration as two inter-related components of reproductive
variability. These two concepts both measure the distribution of childbearing, but the difference
between them is that measures of fertility dispersion show how strongly people differ from each other
with respect to their childbearing, whereas indicators of fertility concentration show how childbearing
is attributed to individual people (see Lutz 1989, in particular Chapter 4).

Commonly used statistical measures of dispersion include the interquartile range, standard
deviation, variance, and coefficient of variation (Agresti and Finlay 2013; Wooditch et al. 2021).
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Measures like these have been used to study fertility, for example to show that the dispersion of
childbearing, (measured using the variance in completed fertility), is positively correlated with mean
levels of childbearing (measured using completed fertility, Hruschka and Burger 2016). While some
studies have used aggregate measures as the basis for calculating the dispersion of childbearing, for
example when analysing the standard deviation of total fertility rates (TFRs) (Dorius 2008), others have
used microdata (Hruschka and Burger 2016). Even when it is calculated using microdata, the dispersion
of childbearing is an inherently aggregate measure because it is impossible to calculate for individuals
(e.g. in contrast to levels of childbearing). However, it is possible to study how the childbearing of
individuals compares with that of the rest of a population (or subgroup), for example as has been done
using quantile regression (Batyra 2024).

Irrespective of the way that it is estimated, a high level of dispersion indicates that people differ
more from each other with respect to their fertility. This is not only true for studies of the dispersion of
fertility quantum, but also when measures of dispersion have been used to study fertility tempo, for
example the dispersion of age at first birth (Castro Torres et al. 2022; Nathan and Pardo 2019). As noted
in prior research (Nathan and Pardo 2019), there may be reasons to choose between different measures
of dispersion, not least because each measure summarises reproductive variability in different ways.
For example, the standard deviation has a mathematical relationship with the mean, which is not the
case with the coefficient of variation because it is calculated relative to the mean. As such, these two
measures might lead researchers to derive different conclusions, even when applied to the same data.

There are also a range of different ways to measure the concentration of reproduction (Barakat
2021). The most commonly used are based on the Lorenz curve, as applied to fertility, which typically
shows the cumulative proportion of women (x-axis) versus the cumulative proportion of children (y-
axis) (Lutz 1989; Vaupel and Goodwin 1987). Although it is of course possible to study concentration
by plotting this curve (Vaupel and Goodwin 1987), researchers frequently focus on one or more
indicators that summarise this curve, or aspects of it (Shkolnikov et al. 2007). Two examples are the
proportion of women who have half of the children in a given population (often called ‘have-half’) and
the proportion of children that are had by half of the women in that population (‘half-have’). Another
is the concentration ratio (CR), often referred to as the Gini coefficient, which in fertility research is
most commonly defined as the “mean inter-individual difference between women’s number of children
over all pairs of women relative to the mean number of children” (Shkolnikov et al. 2007, p. 73). Strictly
speaking, all of these are ‘relative’ measures of the concentration of reproduction, but although it is
possible to calculate absolute measures they tend to be of little use for fertility research (Lutz 1989).

When studying either the dispersion or concentration of childbearing quantum, researchers are
effectively studying variation across parities, where ‘parity’ is the number of children born to a person
at a given time (e.g. at age 30, age 45, etc.). As such, many studies that use parity-specific analysis, or
compare the likelihood of reaching different parities, are implicitly examining the data that underpin
many measures of reproductive variability. For example, parity progression ratios (PPRs) measure the
different levels of childbearing achieved by different proportions of a population and are therefore
indicative of variation in fertility quantum. Indeed, PPRs can be used to plot a Lorenz curve for
childbearing quantum and used to calculate measures of concentration (Lutz 1989; Vaupel and
Goodwin 1987). However, in contrast to singular (one number) measures (like the standard deviation
of children ever born), a single parity progression ratio (for a specific parity) does not measure
variability on its own, and can only be used to study variability by comparing with other PPRs. In other
words, a PPR is not a summary measure of reproductive variability. This is somewhat analogous to age-
specific fertility rates (ASFRs), which can be compared with each other to evaluate variation in fertility
by age, but are not measures of variability on their own (unlike, for example, the standard deviation in
age at birth). In emphasising this, we are not arguing against the use of PPRs—or any other fertility
measure—for studying variation in childbearing. Instead, we are merely indicating the potential benefits
of singular summary measures that make it easier to compare and contrast reproductive variability
directly. Such measures as especially useful when we are interested in summarising reproductive
variability across all parities, as we wish to do here. We also note that there are similarities between our
approach and that of mortality researchers, who have gleaned numerous insights from the analysis of



summary indictors of dispersion, which are calculated based on age-specific death rates (van Raalte et
al. 2018). It is of course equally possible to focus on age-specific rates, which do explain variability,
but they are much harder to compare and contrast across populations or their subgroups.

As with the Gini coefficient for lifespan (van Raalte et al. 2018), or levels of income (Ceriani and
Verme 2012), the Gini coefficient (concentration ratio) for levels of fertility can also be conceptualised
as a measure of inequality (Barakat 2021). However, unlike lifespan or income, researchers may prefer
to avoid the term inequality because a high (or low) level of concentration is not necessarily negative
(socially, ethically, or normatively). In some cases, it may be that a high concentration of childbearing
for a particular group is associated with social disadvantage, just as might be the case if they have high
levels of dispersion. Yet, this cannot be assumed. Moreover, measures of concentration like the
concentration ratio focus on the attribution of childbearing to groups of individuals, which is in contrast
with measures of dispersion, which focus on differences between individuals. Hence, even before we
consider whether they produce a different picture of reproductive variability empirically, it is important
to recognise that they measure different things. For this reason, in the analysis that follows, we choose
to focus on both dispersion and concentration, using two different measures of each: standard deviation
(SD) and coefficient of variation (CoV) to measure dispersion; and have-half and the Gini coefficient
to measure concentration.

What can we learn from a case study of Brazil?

There are three main reasons why we believe Brazil is an excellent case to study our research questions.
The first is that it is a well-known and well-researched example of a fertility transition (e.g. Potter et al.
2010), such that we are able to build upon a range of prior research (outlined below) that has described
the transition in Brazil, including its determinants, and how it has varied for different educational
groups. The second is that there is high quality data available for Brazil that spans 40 years of censuses
and enables us to carry out our study without compromising the ability of our analysis to answer our
research questions. In addition, the third reason is that Brazil does not appear to be an outlier in terms
of fertility transitions, to the extent to which we can generalise, such that we would hope our findings
would be relevant for other contexts (while accepting of course that this is an open question, which we
return to in the discussion).

Brazil is one of the Latin American countries that experienced rapid fertility declines from high to
low levels during the 20" Century. The period total fertility rate started to decrease from around six
children per woman in the 1960s to replacement level around the 2000s, and further to a low level close
to 1.6 at the beginning of the 2020s (UN 2024). Cohort fertility — the focus of this study — was stable at
a high level of above five children per woman for cohorts born up to around 1925. Subsequently, after
a slight decline, completed cohort fertility experienced a dramatic decline, starting with the cohorts born
in the 1940s such that it fell to just above two children per woman for cohorts who were born at the
beginning of the 1970s (Lima et al. 2018; Rios-Neto et al. 2018). Based on these cohort fertility trends,
we distinguish between four stages of transition in Brazil: (a) pre-transition, before the year 1925, (b)
early transition, 1925-1940, (c¢) mid-transition, 1940-1955, and (d) late transition, 1955-1970 (the latest
cohorts in our analysis). Although we recognise that the precise definition of these stages is subjective,
they are nevertheless based on the commonplace discussion of transition stages in the literature, and are
used to facilitate interpretation and discussion, rather than to argue that the stages start and end precisely
as defined.

Throughout the last half-century, Brazil has seen a vast educational expansion that contributed to
the decline in fertility. Women with high levels of education in Brazil have long had low fertility. The
completed cohort fertility rate was already below the replacement level among women born in the 1950s
who had more than 12 years of education, while it remained close to five children per woman among
those with no, or incomplete, primary education (Rios-Neto et al. 2018). Thus, the fertility differences
by women’s socioeconomic status in Brazil have been substantial. Cleland (2002) highlighted that Latin
American countries exhibited pronounced educational differences in fertility in the early phases of the
transition, which, even though decreasing, continued to be larger than in other parts of the world. In
Brazil, the strong educational gradient weakened over the course of the fertility transition, primarily



due to reductions in fertility levels among women with the lowest levels of schooling (Berqué and
Cavenaghi 2005; Rios-Neto et al. 2018). These changes, together with educational expansion,
contributed to the decline in fertility to replacement level.

Given the relative lack of prior research on this topic, there is limited empirical evidence with
which to formulate hypotheses about the changes that we may expect to see in reproductive variability
across the different stages of Brazil’s fertility transition. There also seems to be a lack of relevant theory.
However, as noted by Barakat (2021), Lutz provides several explanations for changes that may occur
in reproductive variability during a fertility transition, primarily focussed on the role of birth control
(1989). His first prediction is that reproductive variability will increase with the onset of a fertility
transition, primarily due to an increase in the use of birth control for a subset of the population (who
presumably ‘lead’ the transition). The prediction is that this will then lead to a greater difference in
fertility between those who do and those who do not use birth control, and therefore more reproductive
variability within the population. His second prediction is that reproductive variability will then
decrease as a fertility transition moves towards its later stage, primarily due to the widespread
availability and uptake of effective methods of birth control for the whole population. At this point,
reproductive variability is predicted to be determined primarily by variation in childbearing intentions
and desires, such as voluntary childlessness, as well as ongoing variation in some proximate
determinants, such as involuntary childlessness (Lutz 1989).

Here, we test the hypothesis that Brazil follows Lutz’s predicted pattern of rising reproductive
variability during the early part of its fertility transition, followed by a decline in variability from mid-
to late-transition. One the one hand, this might be expected given that Brazil did experience a shifting
variation in the use of birth control across the transition, not just via a spread in availability, but also
via a spread in attitudes toward contraception (Potter et al. 2002). On the other hand, it may be that
reproductive variability does not follow this predicted pattern, for example due to reductions in
childlessness at the beginning of the transition (which may be caused by factors that are related or
unrelated to the transition in Brazil). Furthermore, it may also be that changes in reproductive variability
are not solely explained by underlying changes in individual fertility behaviour. They may instead be
caused by changes in the structure of the population, such as educational expansion or other changes
across birth cohorts (although educational expansion may change both the structure of the population
and individual fertility behaviour). As noted previously, there has been some research that examines
how reproductive variability changes over time, or more specifically across cohorts (Barakat 2021;
Lichter and Wooton 2005; Lutz 1989; Shkolnikov et al. 2007; Spoorenberg 2024; Vaupel and Goodwin
1987). However, as some of these studies have noted, prior research has been limited by a lack of
available data with which to analyse cohort trends in reproductive variability, especially if we wish to
analyse almost an entire fertility transition using microdata, as we do here, while also considering a
series of measures of reproductive variability and examining differences by education.

Data and methods

This study uses individual-level microdata from the Brazilian Population and Housing Censuses
conducted in 1970, 1980, 1991, 2000, and 2010. These data come from the International Public Use
Microdata Series (IPUMS) (Minnesota Population Center 2024). IPUMS consists of harmonised,
nationally representative samples of Population and Housing Censuses, which for Brazil range from
10% (2010, 2000, and 1991) to 25% (1980 and 1970).

We consider the fertility experience of a cohort to be completed at the age of 40 because few births
in Brazil occur beyond that age. We therefore restrict our analysis to women at least 40-years-old at the
time of each census (data on men are not available). To reconstruct long-term trends but avoid biases
due to increasing mortality with age, we focus on women up to the age of 49 or 50 from each census
conducted between 1980 and 2010 and up to 59 from the oldest census that we use (1970). This
approach allows us to reconstruct a time series of indicators for cohorts of women born between 1911
and 1970, as shown in Table 1. We obtain information about women’s birth year (cohort) by subtracting
their age from the census year.



Table 1: Cohort coverage from each census and corresponding sample sizes of women by age

Census Cohorts Age at census Sample size
Oldest  Youngest Oldest Youngest
2010 1961 1970 49 40 1,342,727
2000 1951 1960 49 40 1,164,112
1991 1941 1950 50 41 783,345
1980 1931 1940 49 40 1,294,145
1970 1911 1930 59 40 1,760,653

Source: Authors’ calculations from the 1970, 1980, 1991, 2000, and 2010 Censuses using microdata from IPUMS

The key fertility information in this study is the number of children ever born. We also use
information about women’s educational attainment and define four educational categories: (i) less than
primary completed, (ii) primary completed, (iii) secondary completed, and (iv) some higher completed.
Because a negligible number of women completed the entire course of higher education, particularly in
the oldest cohorts, the fourth category, namely ‘some higher completed’, includes all women who
completed at least one year of higher education. For simplicity, we refer to these educational categories
as: less than primary, primary, secondary and higher when describing the results and in the figures’
labels. All the analyses are conducted by yearly birth cohorts for the total population of women,
applying individual weights as provided for each census by IPUMS.

We calculate several measures for each yearly birth cohort based on the information about children
ever born. First, we compute the completed cohort fertility rate (CFR), defined as the average number
of children ever born (CEB) for women over 40-years-old. Subsequently, we compute four measures
of reproductive variability: two measures of dispersion and two measures of concentration. The
measures of dispersion are the standard deviation and the coefficient of variation, with the latter
computed by dividing the standard deviation by the cohort fertility rate. The two measures of dispersion
are thus closely linked, with the difference between the two that, unlike the standard deviation, the
coefficient of variation adjusts for the level of fertility. The formulae to obtain these measures for a
given cohort of women of size n are shown below. The higher the value of the standard deviation or
coefficient of variation, the larger the dispersion (and thus more reproductive variability).

n

. _ 2i=1 CEB; . _
(i) CFR = - (ii) SDcpg =

SDcrr

> (CEB; — CFR)?
- N OV =
n (tit) CFR = CER

For concentration, the measures that we use are the Gini coefficient (or concentration ratio) and
the ‘have-half’. These measures are derived from the distribution of women by number of children ever
born within a given cohort. Based on that information, the cumulative proportion of children is
computed as a function of the cumulative proportion of women. Such a relationship between these two
cumulative proportions gives a Lorenz (concentration) curve. Figure 1 visualises a Lorenz curve (in
thick black) for a cohort of women born in 1915 in Brazil. The Gini coefficient is the area between the
Lorenz curve and the ‘equality line’ (i.e., the diagonal, denoting the equal cumulative proportion of
children and women) divided by the whole area between the diagonal and the curve (above the
diagonal). The more that the Lorenz curve deviates from the diagonal, the higher the value of the Gini
coefficient and the larger the concentration (and thus more reproductive variability). We compute the
Gini coefficient using STATA command lorenz (Jann 2016).

Finally, we compute the ‘have-half’ by identifying the cumulative proportion of women (x-axis in
Figure 1) who have a cumulative proportion of children equal to 0.5 (y-axis in Figure 1). For the 1915
cohort in Brazil (the example in Figure 1), have-half equals 0.23, which is marked on the x-axis with
the grey dashed line. More specifically, this value denotes the minimum cumulative proportion of
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women who have half of the children (min. have-half), which is how have-half is commonly defined
(e.g., in Vaupel and Goodwin 1987). The further the Lorenz curve is from the equality line (i.e., the
larger the concentration), the smaller the value of the have-half (i.e. childbearing is concentrated among
a smaller group of women). To assist interpretation of the results, and so that all our measures of
dispersion and concentration take higher values as variability increases, we use a definition of have-
half pertaining to the maximum cumulative proportion of women who have half of the children. This
metric is obtained by simply subtracting min. have-half from 1 (for the 1915 cohort max. have-half
equals 0.77=1-0.23). This way, as with the Gini coefficient, the values of have-half increase as
concentration increases. These two measures are derived from the Lorentz curve, so they will inevitably
be correlated. The key difference in their interpretation is that while the Gini coefficient is a measure
summarising the whole Lorenz curve (i.e., the entire distribution), have-half conveys information about
a particular point of the curve. Although this might be seen as a potential disadvantage, we not that
have-half is often seen as having the advantage of being more readily interpreted, in particular by those
who have no familiarity with measures of concentration.

FIGURE 1 Example of a Lorenz curve based on which the Gini coefficient and have-half are derived,
1915 cohort, Brazil

Lorenz curve

Gini coefficient = A/(A+B)
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n
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|
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Regarding our strategy for presenting the results, we first show trends in the cohort fertility rate
across four stages of fertility transition (as defined in the previous section), alongside aggregate trends
in childlessness. Next, to explore patterns and trends in reproductive variability across different stages
of fertility transition, we plot each of the four measures of dispersion and concentration (together with
the cohort fertility rate in the background to assist comparison). These visualisations allow us to
understand how reproductive variability changes as fertility declines, and to examine whether
conclusions differ depending upon the measure that we use. Having examined aggregate trends, we then
examine trends by education, which highlight how reproductive variability changed within educational
groups during the fertility transition in Brazil. Finally, we use linear regression to estimate the
relationships between cohort fertility rates and four measures of reproductive variability.



Results
Reproductive variability over the course of fertility transition

Figure 2 provides an overview of the fertility transition in Brazil and shows how the cohort fertility rate
declined, starting with women born around 1925 and accelerating during the 1940-50s. Cohorts born at
the beginning of the century have relatively high levels of childlessness (around 15% of all women)
that decline in the initial stages of fertility transition, stabilise mid-transition (to around 10%) and
subsequently increase in the late transition stage (back to around 15%). These trends align with the idea
that childlessness may exhibit a U-shaped pattern with increasing development (Poston Jr and Trent
1982; Verkroost and Monden 2022).

FIGURE 2 Trends in completed cohort fertility and childlessness across different stages of Brazil’s
fertility transition (all women)

CFR Childlessness (%)

pre-transition early transition mid-transition late transition

1- 5

T T T T T
1910 1925 1940 1955 1970
Cohort

Note: The black line without markers shows the completed cohort fertility rate (CFR). The grey line with markers
plots levels of childlessness. Four stages of Brazil’s fertility transition are indicated, as defined in the text.

Figure 3 plots the cohort fertility rate alongside four measures of reproductive variability. Measures
of dispersion (standard deviation and coefficient of variation) and concentration (Gini coefficient and
have-half) all suggest that reproductive variability is lower in the late stage of the fertility transition
compared to the pre-transition stage. However, patterns of change differ depending on the measure.
Standard deviation exhibits a general decline over the course of the fertility transition, similar to the
CFR change. Although there is also a decline in reproductive variability between the early and the late
transition for the coefficient of variation—the measure of dispersion that adjusts for the level of the
CFR—the change is less pronounced, and the trend is notably different, occurring in two distinct parts.
First, the coefficient of variation declines, throughout the pre- and early transition (among cohorts born
before the 1940s). Then, after a marked increase for cohorts born in the early 1940s, the coefficient of
variation ceases any obvious downward trend while still exhibiting fluctuations.

The decline in reproductive variability in the pre- and early transition is also visible when looking
at the first measure of concentration, namely the Gini coefficient. Indeed, the downward trend in the
pre- and early transition stages—particularly in the coefficient of variation but also the Gini



coefficient—suggest that the falling values in these indicators may apprehend an upcoming fertility
decline. The Gini coefficient continues to fall, albeit to a smaller degree, in the mid-and later transition
stages, with some indication that the downward trend has stopped for the youngest cohorts. By contrast,
although the second measure of concentration—have-half—also declines over the transition as a whole,
it exhibits less evidence of change in the early transition and a more visible drop in concentration in the
later stages. Differences in the patterns of change between the two indicators of concentration suggest
that conclusions differ depending on whether we focus on a measure summarising the entire distribution
of variability (Gini coefficient) or a measure pertaining to one particular point (have-half). For example,
the Gini coefficient exhibits a much clearer decline early in the transition, as compared with have-half.
Although, as with the Gini coefficient, have-half appears to plateau for the youngest cohorts. Overall,
this aggregate population-level analysis suggests that reproductive variability declines across the
fertility transition in Brazil. However, each measure of variability exhibits distinct interrelationships
with fertility decline across different stages of the fertility transition.

FIGURE 3 Completed cohort fertility rate (CFR) and measures of dispersion (top panel) and
concentration (bottom panel), all women
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Note: The completed cohort fertility rate (CFR) is the black line without markers and is the same in each plot. The
four measures of reproductive variability are plotted separately using coloured lines with markers. Measures of
dispersion (standard deviation and coefficient of variation, top panel) and concentration (Gini coefficient and
have-half, bottom panel). The scales are chosen to demonstrate changes over time but the magnitude of change in
measures of reproductive variability are not necessarily comparable.
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Educational differences in reproductive variability

Over the 20™ Century, Brazil experienced an immense educational expansion alongside substantial
changes in fertility depending on women’s educational attainment. Figure 4 (left panel) depicts changes
in the distribution of the population by education, with the most notable trend being the declining share
of women completing less than primary education. While around 90% of those born in 1910 did not
finish primary school, this percentage declined to only 30% for women born in 1970. Between these 60
years, there was a uniform increase in primary and secondary school completion rates and higher
education attendance. While very few women completed any form of education among those born at
the beginning of the century, roughly 25% of women born in 1970 completed primary school, around
20% finished secondary school and almost 20% entered higher education institutions.

The right panel of Figure 4 shows trends in completed cohort fertility rates for these educational
groups. In line with prior research, we see vast differences in completed fertility between the lowest
and highest educated women. While previous studies show that fertility was below replacement level
among women with at least some higher education who were born in the 1950s (Rios-Neto et al. 2018),
our results show that this was already the case among those born near the beginning of the 20™ century.
We also show that, for those born during 1910-1940, the fertility decline was confined to women with
less than primary education. Among the same cohorts of women with secondary education, completed
fertility was fairly stable, while it actually increased for women with primary education (from between
2.5 and 3 to slightly more than 3) and for those with higher education (from around 1.5 to around 2).

FIGURE 4 Cohort trends in educational attainment (left panel) and the completed cohort fertility rate
(CFR) by educational attainment (right panel)
CFR
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Note: Primary and secondary education refer to primary and secondary education completed; higher education
refers to some higher education completed (at least one year of higher education), as described in the Data section.
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As for all educational groups, these fertility trends are likely to have been driven to a great extent
by educational expansion. For cohorts born between 1910 and 1970, Brazil shifted away from being a
society where almost all (more than 90%) of women had less than primary education, to a society where
this group was only one-third of the population. All other educational strata grew considerably, and for
the first time they started to constitute a non-negligible share of the population. The unique nature of
this shift may explain why fertility did not decline at first for women with primary, secondary or higher
education. It was not until cohorts born after 1940 that fertility fell across all strata. The change was
fastest and most pronounced among the least educated, for whom the trend mirrors the pattern of change
observed for the total population. Yet, even though initial levels and the speed of decline differ by
education, the decline for cohorts born after 1940 concerns all educational groups. As a result,
differences in completed fertility between educational groups declined markedly during Brazil’s
fertility transition. They remain evident for the youngest cohorts. However, over the 60-year period that
we observe, the difference between women with higher education and those with less than primary
education declined from around 4.5 children per woman to merely 1.5.

In the next part of our analysis, we examine changes in reproductive variability by education.
Overall, we find considerable differences in the trends for measures of dispersion (Figure 5) and
concentration (Figure 6) depending on education. As for variability at the population level, our four
measures most often indicate a decline in variability between pre-and late transition, and this appears
to be the case for all educational groups, at least in general. However, trends in variability differ by
education, particularly early in the transition, and there are also notable differences between the four
measures.

Standard deviation closely follows cohort fertility rates across all educational groups, both in terms
of levels and trends (Figure 5, left panels). Overall, the standard deviation tends to be larger for groups
with a higher mean (i.e., lower-educated women). By contrast, levels of the coefficient of variation are
very different. Contrary to patterns for the standard deviation, dispersion is the highest for higher
educated women, especially for older cohorts (Figure 5, right panels). Given that the coefficient of
variation measures variability relative to the mean—and thus accounts for the differences in cohort
fertility across educational groups—it is perhaps more appropriate for comparisons between groups. At
the same time, we note that declines in the coefficient of variation for all four educational groups appear
to foreshadow an upcoming fertility decline, as we noted for the total population. This is the case even
when completed fertility is increasing, as for the 1910-1940 cohorts with primary, secondary or higher
education. The most distinct example of this is among higher educated women, who constituted a very
small group for cohorts born before the 1940s. Such rapid declines in variability early in the transition
may relate to the selectivity of individuals in more highly educated strata, as well as changes within the
strata itself.

Regarding measures of concentration, the Gini coefficient appears to exhibit similar patterns to the
coefficient of variation (Figure 6, left panels). There is a tendency towards a greater concentration of
reproduction in the higher educated group, and the Gini coefficient declines across all educational
groups between pre- and late transition. While a corresponding downward trend is also visible for the
have-half measure, the trends are less pronounced than for other measures of variability (Figure 6, right
panels). This finding aligns with the population-level analysis showing that have-half exhibits the
greatest stability across the Brazilian transition. This may be due to the fact that it refers to a specific
point on the Lorenz curve (rather than summarising the entire curve, as with the Gini coefficient),
although it remains to be seen whether this explanation for its relative stability over time applies to
other contexts (or not).

One other potentially interesting finding is the emergence of an upward trend in dispersion and
concentration in the late transition stage. When looking at the trends in reproductive variability for the
more highly educated groups, there is a notable increase for cohorts born between 1955 and 1970. This
is evident for all measures except standard deviation. This reversal in the general trend suggests that
declines in variability are neither ubiquitous nor irreversible.
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FIGURE 5 Cohort trends in the completed cohort fertility rate (CFR) and measures of dispersion, by
educational attainment
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FIGURE 6 Cohort trends in the completed cohort fertility rate (CFR) and measures of concentration,
by educational attainment
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To conclude our analysis, we examine the association between cohort fertility rates and
reproductive variability, for the total population and across educational groups. Table 2 shows
coefficients of a series of linear regression models where the outcome is a measure of variability (which
differs across columns of the table), and the explanatory variable is the cohort fertility rate. Clearly, the
relationship between variability and completed fertility is positive, suggesting that heterogeneity in
reproduction is higher when, on average, women have a higher number of children. Conversely,
dispersion and concentration are generally lower at later stages of the transition. It is not straightforward
to compare the values of coefficients across models, essentially because the units or populations differ.
However, it is clear that, the standard deviation is closely associated with the cohort fertility rate—
overall and for all educational groups—as we observed in Figures 3 and 5. For the three other measures
of variability, we observe a similar positive association, except for women with higher education who
exhibit no evidence of an association.

TABLE 2 Regression coefficients describing the association between the completed cohort fertility
rate (CFR) and the level of given dispersion and concentration indicator, all women and by
educational attainment

Population group Std. Deviation C. of Variation Gini Coefficient Have-Half
Total population 1.28%** 12.05 59.5]**x* 11].78%**
Less than primary 1.26%** 18.16%** 40.86%** 114.96%**
Primary 0.36%** 0.79%*** 1.71%** 3.36%**
Secondary 0.51%** 1.48%** 3.10%** 5.65%%*
Higher 0.24%** -0.01 0.19 0.46

5% 5<0.001, ** p<0.01, * p<0.05

Note: Primary and secondary education refer to primary and secondary education completed; higher education
refers to some higher education completed (at least one year of higher education), as described in the Data section.

Discussion

This study carried out a case study of Brazil—a well-known and well-researched example of a fertility
transition—using microdata on fertility by education for cohorts of women born from 1910-70. We set
out to answer four research questions. First, we examined how reproductive variability changed over
time during different stages of a fertility transition. In general, we found strong evidence that
reproductive variability declined across the Brazilian fertility transition, both for measures of
concentration and dispersion. However, this decline was not ubiquitous, and conclusions about the
association between reproductive variability and completed fertility—as measured by the cohort
fertility rate—differ according to the aspect of reproductive variability that is considered and the way
that it is measured.

We compared four different measures, which helped to answer our second research question;
whether trends in reproductive variability decline in parallel with average levels of fertility. For some
measures, notably standard deviation, they do appear to decline in parallel. However, this is not the case
for the coefficient of variation, which is also a measure of dispersion but one that adjusts for changes
in mean levels of children ever born. For this measure, and the two measures of concentration that we
analysed, there appear to be declines in reproductive variability prior to the transition and in the early-
transition phase. However, there also appears to be a step-change increase in reproductive variability
between the early- and mid-transition phases, followed by some stability in variability during the mid-
transition. Then, in the late transition, there is return to declining variability, albeit with some evidence
that variability may stabilise, or possibly even start increasing, for the youngest cohorts in our study.

Our third research question asked whether these trends and associations are the same for different
educational groups. In general, we find that the relationship between reproductive variability and
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completed cohort fertility is not as clear for specific educational groups as it is for the population overall.
In part, this can be explained by the fact that cohort fertility rates do not decline monotonically for most
educational groups, except those with less than primary education, which is in contrast to the overall
trends. The weaker association may also be due to reductions in childlessness in the pre- and early-
transition stage, as well as changes in the types of women who achieve primary education or higher.
Women with education are a small share of the population prior to the Brazilian transition, and selection
into education no doubt changes after the transition commences.

Interestingly, cohort fertility rates often increase in the early stages of the transition for the higher-
educated groups, but variability often decreases at the same time. Indeed, variability declines across
most of the transition, in all four measures, for all three groups with primary education or higher. In the
late-transition stage there is some evidence of an increase in variability in some measures, notably for
those with higher education. Nevertheless, levels of variability become more similar over time in all
educational groups. Not only do we show that differences in fertility between educational groups have
diminished over time—in line with prior research using levels of fertility (e.g. (Berqué and Cavenaghi
2005; Rios-Neto et al. 2018), but we also show that variation has declined both within and between
different educational groups in terms of reproductive variability.

Despite the broad clarity of these conclusions, we find clear differences in the patterns that we
observe—both overall and by education—depending on the way that reproductive variability is
measured. This was the subject of our fourth and final research question, and our findings suggest that
conclusions based on one measure of reproductive variability provide at best a partial understanding of
fertility dynamics. Moreover, even when we focus on measures of a specific type of variability, either
concentration or dispersion, there are differences between measures. It may be important to note here
that our study is not exhaustive and there are many other measures of variability that could be considered
in future research. These include (but are not limited to) measures of absolute concentration (see Lutz
1989, p. 145) and the Kolm index (Barakat 2021). Nonetheless, our analysis is sufficient to demonstrate
that reproductive variability is associated with levels of completed fertility across the Brazilian fertility
transition, while this association also differs according to the way that variability is measured.

Further research is required to examine whether our findings would be replicated in other contexts.
On the one hand, we might expect to observe similar patterns, at least in contexts where the fertility
transition has similar characteristics. On the other hand, it might not always be the case that reproductive
variability declines as completed fertility declines, even if both are ultimately driven by fertility
behaviour. For example, our evidence would appear to diverge from Lutz’s (1989) expectation that
concentration increases in the initial stages of fertility transitions. However, Lutz also refers to
exceptions, like China, where the association may be linear, particularly when a fertility decline is
universal across groups. It could be argued that we also observe a universal fertility decline, at least
from the mid-transition onwards. However, like all fertility transitions, the decline in Brazil is unique,
and driven by set of proximate and distal determinants that are situated and contextual. Many other
countries have not experienced such a rapid expansion of education or adoption of contraception, at the
same time as specific policies relating to sterilisation (Caetano and Potter 2004). As such, the patterns
that we observe may be different from those in other contexts, and new research would be needed to
establish whether this is the case, while also recognising the potential for non-linearities and
heterogeneities, not least according to the measures that are analysed.

It is also interesting to note the role of childlessness, which is inextricably linked to reproductive
variability by virtue of the fact that it represents the lowest possible value in the distribution of potential
completed fertility outcomes. For this reason, we might expect variability to increase as childlessness
increases (all else equal), but from the mid-transition onwards we observe a different overall trend,
where childlessness increases but variability does not increase, at least not until the very end of our
observation period. It would therefore be insightful for future research to examine what happens for
younger (completed) cohorts in Brazil, or to examine the whole transition in other contexts, thereby
enabling a test of whether reproductive variability increases toward the end of fertility transitions (as
suggested in Barakat 2021), or whether it continues to decline. This may include a focus on reproductive
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variability when completed fertility is low or stable, similar to what is observed currently in many high-
income countries (Myrskyld et al. 2013).

Another potential avenue of interest for further research may be to consider our evidence that trends
in several measures of reproductive variability are predictive of fertility decline, at least for the
population overall. This is particularly noticeable for the Gini coefficient and coefficient of variation,
which decline in the pre-transition phase, prior to declines in levels of completed fertility. There is of
course a chance that these correlations are spurious, and determined by confounding factors, but it may
nevertheless be worth investigating whether—in some circumstances—changes in reproductive
variability may predict changes in fertility levels. Such knowledge may be particularly helpful given
widespread discussions about the future of fertility globally and recent efforts to predict fertility
(McNicoll 2025; Sivak et al. 2024; Van Dalen and Henkens 2021). At the same time, it may be useful
for new studies to harness microdata, as we have here, in other to go beyond prior research using
aggregate population-level data, and enable research on reproductive variability for specific subgroups
of the population.

17



References

Agresti, A., & Finlay, B. (2013). Statistical Methods for the Social Sciences: Pearson New
International Edition. Pearson Education M.U.A.
https://www.dawsonera.com/abstract/9781292034898. Accessed 11 April 2018

Barakat, B. (2021). Revisiting the History of Fertility Concentration and its Measurement. Institut fiir
Demographie - VID, 1, 1-34. https://doi.org/10.1553/0x003d069b

Batyra, E. (2024). Education and the Timing of Family Formation: Evidence from Quantile
Regression Analysis. Development and Change, 55(5), 1018—1050.
https://doi.org/10.1111/dech.12846

Berquo, E., & Cavenaghi, S. (2005). Brazilian fertility regimes: profiles of women below and above
replacement levels. Presented at the [USSP conference.

Bongaarts, J. (2002). The End of the Fertility Transition in the Developed World. Population and
Development Review, 28(3), 419-443. https://doi.org/10.1111/1.1728-4457.2002.00419.x

Bongaarts, J. (2003). Completing the Fertility Transition in the Developing World: The Role of
Educational Differences and Fertility Preferences. Population Studies, 57(3), 321-335.

Bongaarts, J. (2017). Africa’s Unique Fertility Transition. Population and Development Review,
43(S1), 39-58. https://doi.org/10.1111/j.1728-4457.2016.00164.x

Bongaarts, J., & Casterline, J. (2013). Fertility Transition: Is sub-Saharan Africa Different?
Population and Development Review, 38(s1), 153—168.

Bongaarts, J., & Hodgson, D. (2022). Fertility Transition in the Developing World. Springer Nature.
https://doi.org/10.1007/978-3-031-11840-1

Caetano, A. J., & Potter, J. E. (2004). Politics and female sterilization in Northeast Brazil. Population
and Development Review, 30(1), 79-108.

Casterline, J. B. (2001). The Pace of Fertility Transition: National Patterns in the Second Half of the
Twentieth Century. Population and Development Review, 27, 17-52.

Castro Torres, A. F., Batyra, E., & Myrskyld, M. (2022). Income Inequality and Increasing Dispersion
of the Transition to First Birth in the Global South. Population and Development Review,

48(1), 189-215. https://doi.org/10.1111/padr.12451

18



Ceriani, L., & Verme, P. (2012). The origins of the Gini index: extracts from Variabilita e Mutabilita
(1912) by Corrado Gini. The Journal of Economic Inequality, 10(3), 421443,
https://doi.org/10.1007/s10888-011-9188-x

Chesnais, J.-C. (1990). Demographic Transition Patterns and Their Impact on the Age Structure.
Population and Development Review, 16(2), 327-336. https://doi.org/10.2307/1971593

Cleland, J. (2002). Education and future fertility trends, with special reference to mid-transitional
countries. In Population Bulletin of the United Nations 2002: Completing the Fertility
Transition - Special Issue (1st ed.). Bloomfield: United Nations Publications.

Dorius, S. F. (2008). Global Demographic Convergence? A Reconsideration of Changing Intercountry
Inequality in Fertility. Population and Development Review, 34(3), 519-537.
https://doi.org/10.1111/j.1728-4457.2008.00235.x

Dyson, T. (2010). Population and Development: The Demographic Transition. Bloomsbury
Publishing.

Dyson, T., & Murphy, M. (1985). The Onset of Fertility Transition. Population and Development
Review, 11(3), 399-440. https://doi.org/10.2307/1973246

Frejka, T. (2017). The Fertility Transition Revisited: A Cohort Perspective. Comparative Population
Studies, 42. https://doi.org/10.12765/CPoS-2017-09

Goodwin, D. G., & Vaupel, J. W. (1985a). Concentration Curves and Have-Statistics for Ecological
Analysis of Diversity: Part III: Comparisons of Measures of Diversity.

Goodwin, D. G., & Vaupel, J. W. (1985b). Concentration Curves and Have-Statistics for Ecological
Analysis of Diversity: Part II: Species and Other Diversity.

Goodwin, D. G., & Vaupel, J. W. (1985¢c). Concentration Curves and Have-Statistics for Ecological
Analysis of Diversity: Part 1: Dominance and Evenness in Reproductive Success.

Hruschka, D. J., & Burger, O. (2016). How does variance in fertility change over the demographic

transition? Philosophical Transactions of the Royal Society B: Biological Sciences,
371(1692), 20150155. https://doi.org/10.1098/rstb.2015.0155
Jann, B. (2016). Estimating Lorenz and Concentration Curves. The Stata Journal, 16(4), 837-866.

https://doi.org/10.1177/1536867X1601600403

19



Kuczynski, R. R. (1932). Fertility and reproduction. Falcon Press.

Lee, R. D., & Reher, D. S. (2011). Introduction: The Landscape of Demographic Transition and Its
Aftermath. Population and Development Review, 37, 1-7. https://doi.org/10.2307/41762396

Lichter, D. T., & Wooton, J. (2005). The concentration of reproduction in low-fertility societies: The
case of the United States. In The New Population Problem (pp. 225-236). Psychology Press.

Lima, E., Zeman, K., & Sobotka, T. (2018). Twentieth century changes in family size in Latin
America—Analyses through cohort fertility and parity progression. Presented at the Annual
Meeting of The Population Association of America. Denver (USA).

Lutz, W. (1989). Distributional aspects of human fertility : a global comparative study. London :
Academic Press. http://archive.org/details/distributionalas0000lutz. Accessed 3 April 2024

McNicoll, G. (2013). Reflections on Post-Transition Demography. Population and Development
Review, 38, 3—19. https://doi.org/10.1111/j.1728-4457.2013.00548.x

McNicoll, G. (2025). On Population and the International Order. Population and Development
Review, 51(1), 103-123.

Minnesota Population Center. (2024). Integrated Public Use Microdata Series, International: Version
6.5 [Brazil 1970,1980,1991,2000,2010].

Myrskyld, M., Goldstein, J. R., & Cheng, Y. A. (2013). New cohort fertility forecasts for the
developed world: Rises, falls, and reversals. Population and Development Review, 39(1), 31—
56.

Nathan, M., & Pardo, 1. (2019). Fertility Postponement and Regional Patterns of Dispersion in Age at
First Birth: Descriptive Findings and Interpretations. Comparative Population Studies, 44.
https://doi.org/10.12765/CPoS-2019-07

Newsholme, A., & Stevenson, T. H. C. (1906). The Decline of Human Fertility in the United
Kingdom and Other Countries as shown by Corrected Birth-Rates. Journal of the Royal
Statistical Society, 69(1), 34-87. https://doi.org/10.2307/2339549

Poston Jr, D. L., & Trent, K. (1982). International variability in childlessness: A descriptive and

analytical study. Journal of Family Issues, 3(4), 473-491.

20



Potter, J. E., Schmertmann, C. P., Assun¢do, R. M., & Cavenaghi, S. M. (2010). Mapping the Timing,
Pace, and Scale of the Fertility Transition in Brazil. Population and development review,
36(2), 283. https://doi.org/10.1111/j.1728-4457.2010.00330.x

Potter, J. E., Schmertmann, C. P., & Cavenaghi, S. M. (2002). Fertility and development: evidence
from Brazil. Demography, 39(4), 739-761. https://doi.org/10.1353/dem.2002.0039

Rios-Neto, E. L. G., Miranda-Ribeiro, A., & Miranda-Ribeiro, P. (2018). Fertility Differentials by
Education in Brazil: From the Conclusion of Fertility to the Onset of Postponement
Transition. Population and Development Review, 44(3), 489-517.
https://doi.org/10.1111/padr.12165

Shkolnikov, V. M., Andreev, E. M., Houle, R., & Vaupel, J. W. (2007). The Concentration of
Reproduction in Cohorts of Women in Europe and the United States. Population and
Development Review, 33(1), 67-100. https://doi.org/10.1111/j.1728-4457.2007.00159.x

Sivak, E., Pankowska, P., Mendrik, A., Emery, T., Garcia-Bernardo, J., Hociik, S., et al. (2024).
Combining the strengths of Dutch survey and register data in a data challenge to predict
fertility (PreFer). Journal of Computational Social Science, 7(2), 1403—1431.

Spoorenberg, T. (2024). The Concentration of Reproduction During the Fertility Transition in
Developing Countries. Population and Development Review, 50(4), 1353—1368.

Timeus, I. M., & Moultrie, T. A. (2020). Pathways to Low Fertility: 50 Years of Limitation,
Curtailment, and Postponement of Childbearing. Demography, 57(1), 267-296.
https://doi.org/10.1007/s13524-019-00848-5

UN. (2009). Completing the Fertility Transition. United Nations.

UN. (2024). World Population Prosects 2024.
https://population.un.org/wpp/Download/Standard/MostUsed/

Van Dalen, H. P., & Henkens, K. (2021). When is fertility too low or too high? Population policy
preferences of demographers around the world. Population Studies, 75(2), 289-303.

van Raalte, A. A., Sasson, 1., & Martikainen, P. (2018). The case for monitoring life-span inequality.

Science, 362(6418), 1002—1004. https://doi.org/10.1126/science.aau5811

21



Vaupel, J. W., & Goodwin, D. G. (1987). The Concentration of Reproduction among US Women,
1917-80. Population and Development Review, 13(4), 723-730.
https://doi.org/10.2307/1973030

Verkroost, F. C. J., & Monden, C. W. S. (2022). Childlessness and Development in Sub-Saharan
Africa: Is There Evidence for a U-shaped Pattern? European Journal of Population, 38(3),
319-352. https://doi.org/10.1007/s10680-022-09608-5

Wooditch, A., Johnson, N. J., Solymosi, R., Medina Ariza, J., & Langton, S. (2021). Measures of
Dispersion. In A. Wooditch, N. J. Johnson, R. Solymosi, J. Medina Ariza, & S. Langton
(Eds.), A Beginner’s Guide to Statistics for Criminology and Criminal Justice Using R (pp.
77-88). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-030-50625-
45

Yule, G. U. (1906). On the Changes in the Marriage- and Birth-Rates in England and Wales during
the Past Half Century; with an Inquiry as to their Probable Causes. Journal of the Royal

Statistical Society, 69(1), 88. https://doi.org/10.2307/2339550

22



