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Replication

Reassessing the U-shaped relationship between gender equality and
fertility: A replication and extension of Kolk’s (2019) study using
comprehensive gender equality measures

Haohao Lei!

Abstract

BACKGROUND

While theories predict that fertility initially declines and subsequently rebounds with
rising gender equality, previous empirical studies have produced mixed results, partly
due to differences in gender equality measurement and methodological approaches.

OBJECTIVE

This study replicates Kolk’s (2019) research, which found weak evidence for a U-shaped
relationship between public-sphere gender equality and fertility. The study re-evaluates
these findings using data covering the period 1950-2003 and incorporating a broader,
multidimensional measure of gender equality, the Historical Gender Equality Index.

RESULTS

The analysis identifies a conditional U-shaped relationship between gender equality and
fertility, meaning that the expected fertility rebound at high gender equality emerges only
when controlling for long-term fertility-decline trends and fertility tempo distortions.

CONCLUSIONS

The replication provides evidence that the previously identified weak support for a U-
shaped relationship may stem from the choice of gender equality indicators. By
employing a more comprehensive measure and controlling for period and country fixed
effects, this analysis reveals a conditional U-shaped relationship. However, this modest
fertility rebound at high gender equality levels is insufficient to reverse the broader, long-
term decline in fertility observed across advanced societies.

CONTRIBUTION

This study reveals that the weak support for the U-shaped relationship identified in
previous research stems from the selection of gender equality measures. By adopting a
more appropriate measure of gender equality, this analysis aligns empirical evidence with
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contemporary theories. Furthermore, the differing results between previous studies and
this analysis emphasise the critical role of gender equality in shaping fertility trends in
both the private and public spheres.

1. Introduction

Demographers have long debated whether there is a U-shaped relationship between
country-level gender equality and fertility (Arpino, Esping-Andersen, and Pessin 2015;
Kolk 2019; McDonald 2013). A U-shaped pattern here means that an increase in gender
equality initially leads to a decrease in the total fertility rate (TFR), and then, once it
reaches a certain point, further increases in gender equality lead to an increase in TFR at
the country level. The recent empirical study by Kolk (2019), which focuses on this topic,
suggests that there is only weak support for a U-shaped pattern between societal gender
equality and the TFR when comparing societies over time. This study replicates and
extends Kolk’s (2019) analysis using data covering the period 1950-2003 and employing
a more comprehensive gender equality indicator that captures multiple domains beyond
female political empowerment. Specifically, the weak support for a U-shaped
relationship between gender equality and fertility in Kolk’s (2019) study is likely due to
the selection of gender-equality measures. My findings demonstrate a conditional U-
shaped relationship between gender equality and fertility when employing a more
comprehensive measure of gender equality and accounting for secular fertility decline.
However, this rebound is insufficient to offset the overall decline in fertility: even at peak
equality, the overall TFR does not exhibit a reversal as relevant theories predict.

2. Background
2.1 Theoretical framework

Gender equity or equality is one of the key determinants of fertility because gender
influences reproductive behaviours through mechanisms such as parental investment
(Trivers 2017) and autonomy in the household (Folbre 1983). Gender equality measures,
such as increasing the percentage of educated females in the labour force, have long been
believed to negatively correlate with fertility at the country level (United Nations 1995).
However, recent theoretical developments in demography are making demographers
rethink the linkage between gender equality and fertility: they suggest that there is a U-
shaped pattern between gender equality and fertility at the country level (Anderson and
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Kohler 2015; Esping-Andersen and Billari 2015; Goldscheider, Bernhardt, and
Lappegard 2015; McDonald 2000a, 2000b).

McDonald (2000a, 2000b) offers a theory rooted in individual-level decision-
making. McDonald (2013) indicates that the main driving force behind the initial fertility
decline is the gap between the rapid increase in gender equity in individual-oriented
institutions, such as the education system and labour markets, and the stagnation of
gender equity in family-oriented institutions. McDonald (2013) then predicts that a
country’s fertility rate will bounce back to the replacement level once gender equity in
family-oriented institutions catches up with that in individual-oriented institutions. If the
gender equity gap between individual- and family-oriented institutions remains
significant, the country will continue experiencing an extremely low fertility rate, mainly
because increasing gender equity in individual-oriented institutions increases women’s
opportunity costs of raising a child, which leads to lower fertility intentions. Once gender
equity in family-oriented institutions increases, the cost of raising a child for women will
be lower because men will share part of the cost. Therefore, the country-level fertility
rate may revert to the replacement level. McDonald (2013) further highlights that his
theory can only be tested using aggregated data across countries and should not be used
to explain individual-level fertility variation within a country.

Goldscheider, Bernhardt, and Lappegard (2015) hypothesise a theoretical
framework very similar to McDonald’s (2000a, 2000b). Their theory is based on a
twofold gender revolution framework. According to this framework, the first part of the
gender revolution changes women’s gender roles and allows them to enter the public
sphere by, for example, accessing the labour market and education. This access leads to
a decline in fertility rates because of the increasing opportunity cost of childbearing.
Then, in the second part of the gender revolution, Goldscheider, Bernhardt, and
Lappegard (2015) predict there will be changes in men’s gender roles, accompanied by
improved gender equity in the private sphere. According to their prediction, men will
share more responsibility in the private sphere by, for example, spending more time on
unpaid domestic work. These changes in men’s gender roles will reduce the cost of
raising a child for women and increase their fertility intentions. Compared with
McDonald’s (2000a, 2000b) theory, the theory proposed by Goldscheider, Bernhardt, and
Lappegard (2015) focuses more on the importance of men’s roles; however, the
fundamental logic of the theories is very similar.

Besides Goldscheider, Bernhardt, and Lappegérd (2015) and McDonald (2000a,
2000b), other researchers (Anderson and Kohler 2015; Esping-Andersen and Billari
2015) have proposed similar gender-fertility reversal theories, which also emphasise
mechanisms based on gender equity or equality gaps both inside and outside the
household, as well as the opportunity costs of raising children. However, a notable
limitation of these frameworks, excluding McDonald’s (2000a, 2000b), is their
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conceptual ambiguity regarding the appropriate level of analysis and the definition of
gender equity or equality, which hinders the consistency of empirical tests of the
hypothesised U-shaped relationship.

Before discussing the specific empirical evidence regarding gender and fertility, it
is necessary to distinguish between the concepts of equality and equity (Esping-Andersen
and Billari 2015; Fraser 1994; McDonald 2000a, 2000b, 2013). According to
McDonald’s (2013) classification, gender equality can be straightforwardly measured by
the outcome gap between men and women, such as the gender wage gap and the gender
education participation gap. However, gender equity cannot be straightforwardly
measured based on the outcome gap, as it pertains to perceptions of equal opportunity.
Therefore, even with a gender gap in certain outcomes in society, a high level of gender
equity can still be present as long as both genders perceive the outcome gap to be fair in
terms of equal opportunities (Esping-Andersen and Billari 2015; McDonald 2013).
Although McDonald’s (2000a, 2000b) theory emphasises that gender equity, rather than
equality, determines fertility, other theories, such as that proposed by Goldscheider,
Bernhardt, and Lappegard (2015), focus more on equality.

Most empirical studies concentrate on identifying the relationship between gender
equality and fertility, mainly because the concept of gender equity is difficult to measure,
especially at the country level, as it is closely related to individual perceptions.
Furthermore, in cross-cultural comparative studies, capturing the concept of equity in
various cultural contexts using survey questions is challenging due to language
differences and the complex notions of gender equity (McDonald 2013). For these
practical reasons, in this study I will follow Kolk’s (2019) research question and focus
on gender equality instead of equity.

2.2 Empirical evidence

Empirical evidence that focuses on the country-level relationship between gender
equality and fertility is limited. Arpino, Esping-Andersen, and Pessin (2015) examine
data from 27 countries at three points and find support for a U-shaped relationship
between the TFR and country-level gender-egalitarian views. In addition, a smaller
gender difference in gender-egalitarian views is associated with a sharper reversal in
fertility rates. Arpino, Esping-Andersen, and Pessin (2015) introduce an innovative
approach; however, their measure relies on the proportion of respondents holding gender-
egalitarian views rather than employing a standardised gender equality index, limiting
comparability and precision. Additionally, since Arpino, Esping-Andersen, and Pessin
(2015) rely on data from only three distinct time points rather than continuous
longitudinal data, it remains unclear whether their identified U-shaped pattern represents
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a stable long-term trend or temporary fluctuations. Therefore, before Kolk (2019)
published his study, there was a significant empirical gap in understanding how country-
level gender equality is associated with TFR longitudinally.

Kolk (2019) addressed this gap by examining both cross-sectional and longitudinal
evidence. His study analyses data from 35 countries and regions, encompassing a total of
1,993 cumulative years of data. Kolk (2019) specifically focuses on gender equality
rather than equity and uses the Women’s Political Empowerment Index (WPEI) as an
indicator of gender equality. The V-Dem Institute develops this indicator by capturing
annual information about women’s civil liberties, civil society participation, and political
participation in 170 countries. As a longitudinal indicator, the WPEI includes annual
gender equality data from 1900 to 2012 and is one of the most comprehensive
longitudinal indicators of women’s empowerment (Coppedge et al. 2024). In a robustness
check, Kolk (2019) suggests that the WPEI is strongly correlated with widely used cross-
sectional gender equality indicators, such as the Gender Inequality Index, Gender
Equality Index, Global Gender Gap Index, and the Index of Conditions for Work and
Family Reconciliation, for 2010.

After examining the cross-sectional association between fertility and the WPEI,
Kolk (2019) identifies an overall negative association but highlights the curvilinear
relationship between fertility and the WPEI after 2000. Therefore, Kolk (2019) concludes
that the post-2000 cross-sectional pattern for fertility and gender equality is consistent
with the predictions of fertility-equality reversal theories. Kolk (2019) then provides a
descriptive visualisation of the longitudinal association between fertility and the WPEI
within countries, which indicates an opposite result. The longitudinal association is
negative in most of the 35 countries, with no reversal in TFR, with the exception of
Belgium, Denmark, France, and the Netherlands. This within-country pattern suggests
that the post-2000 fertility—equality reversal pattern may be purely driven by between-
country variation. In short, there is no evidence to suggest that, within the same society,
increases in gender equality will lead to TFR increases.

According to Kolk (2019), the OLS regression analysis of the WPEI on the TFR
also supports this conclusion. The model based on the complete sample suggests a
negative cross-sectional relationship between fertility and the WPEI. After controlling
for period trends, the between-country comparison model indicates a U-shaped pattern
between the TFR and the WPEIL. When focusing only on samples after 1990 and
controlling for period trends, the U-shaped pattern between the TFR and the WPEI
becomes particularly significant. However, when the model controls for time-invariant
country characteristics the association between the TFR and the WPEI becomes negative,
and no U-shaped relationship occurs. Only in the model where fertility’s period trend is
controlled does there seem to be a slightly higher TFR at the highest WPEI level.
However, this pattern does not occur after 1990. Based on this evidence, Kolk (2019)
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concludes that there is only weak support for a U-shaped pattern between societal gender
equality and fertility within a society over time.

3. Data
3.1 Fertility data

For the replication, I accessed the same fertility data source as Kolk (2019) from the
Human Fertility Database. For countries with vague definitions or overseas territories, I
followed Kolk’s classification methods: the United Kingdom refers to England and
Wales, France refers to mainland France excluding overseas territories, and Germany
refers to Western Germany until reunification (1990) and then all of Germany. Finally,
in my replication I removed observations with missing TFR. Most of the data excluded
due to missing values are from before 1960. The countries I included in my main analysis
are: Australia, Austria, Belgium, Bulgaria, Canada, Chile, the Czech Republic, Denmark,
Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Japan, Lithuania, the
Netherlands, New Zealand, Norway, Poland, Portugal, Russia, Slovakia, Slovenia, South
Korea, Spain, Sweden, Switzerland, Ukraine, the United Kingdom, and the United States.

3.2 Introducing the Historical Gender Equality Index

Most theories predicting a U-shaped relationship between gender equality and fertility
emphasise the gender equality gap both inside and outside the household. McDonald
(2013) uses the terms ‘family-oriented institutions’ and ‘individual-oriented institutions’,
whereas Goldscheider, Bernhardt, and Lappegérd (2015) use the terms ‘private sphere’
and ‘public sphere’. However, the gender equality indicator used in Kolk’s (2019) study,
the WPEI, focuses only on gender equality outside the household, or more specifically,
female political empowerment. This indicator does not capture any information regarding
gender equality inside the household. Kolk (2019, p.35) suggests that female political
empowerment may encourage institutions that support greater private-sphere gender
equality. However, this assumption is not explicitly supported by existing theory or
empirical evidence. More importantly, gender equality is multidimensional (UNDP
2010), and only focusing on improvements in female political empowerment may not
capture all information about changes in gender equality. Therefore, the absence of a U-
shaped relationship between the WPEI and TFR cannot disprove the gender—fertility
reversal theories.
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To extend Kolk’s (2019) original paper and address some of the limitations
associated with the WPEI, I propose introducing a new longitudinal gender indicator into
the analysis: the Historical Gender Equality Index (HGEI), developed by Dilli,
Carmichael, and Rijpma (2019). As a longitudinal indicator, the HGEI covers 129
countries from 1950 to 2003. It addresses key limitations of the WPEI by providing
multidimensional data that better aligns with theoretical conceptions of gender equality.

The HGEI captures four key dimensions of gender equality: health (life expectancy
and child sex ratios), household autonomy (age gap at first marriage), political power
(women’s parliamentary representation), and socioeconomic resources (average years of
schooling and labour force participation). Formally, the HGEI is constructed using the
following equation:

LifeExpy SexRatio%™

HGEI., = 100(0.09 min( ,
ot [ SexRatio;®

, 1) +0.16 min( 0.944>

LifeExpy

AgeFirstMarriageg 1)
AgeFirstMarriagey’

ParliamentSeatsg 1)
ParliamentSeatsy’

YearsSchoolingg )
YearsSchoolingy,’

LFParticipationg 1)
LFParticipationy,’

The HGEI measures women'’s relative position compared to men’s by calculating
female-to-male ratios for each component. Health indicators, such as sex ratio at birth
and life expectancy, are adjusted for biological differences between the sexes. The
interpretation of the index is straightforward: an HGEI value below 1 indicates inequality
disadvantaging women, a value of 1 reflects perfect gender equality, and a value above 1
suggests inequality disadvantaging men. Its multidimensional structure allows
researchers to capture gender inequality comprehensively, and its longitudinal design
enables analysis across a sufficiently long time span.

The HGEI has some limitations. First, using the gender gap in marriage age as a
proxy for household autonomy is not ideal because the postponement of marriage itself
is related to fertility rates in ways not directly tied to gender equality. Nonetheless, the
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relative gender gap in marriage age is independent of the absolute level of postponement
of marriage. Second, the HGEI does not include information regarding a country’s gender
inequality levels after 2003. As Kolk’s (2019) original study suggests, much of the
reversal in fertility in terms of gender equality occurred in the post-2000 period. The lack
of data from the post-2000 years may underestimate the strength of the potential U-
shaped relationship between gender equality and fertility. Nevertheless, it remains
relevant to examine whether fertility reversals began before 2000 alongside
improvements in private-sphere gender equality.

I accessed the HGEI data from the Clio Infra project website. Due to the fact that
the HGEI only covers countries’ gender equality from 1950 to 2003, compared to Kolk’s
(2019) original research based on the WPEI the total cumulative years of data decrease
from 2,054 to 1,280. In addition, three countries and region in Kolk’s (2019) original
study — Iceland, Belarus, and Taiwan — are not included in this extension due to a lack of
HGETI data; therefore, the total number of countries included in this analysis decreases
from 35 to 32. Figure 1 shows the distribution of the HGEI data. The distribution of the
HGEI is slightly right-skewed, with a mean value of 70.70. Meanwhile, most of the
samples included in the analysis have an HGEI category between 65 and 70. A relatively
small percentage of the samples belong to the highest gender-equality level, with an
HGEI above 80.
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Figure 1:  Descriptive statistics for HGEI
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4. Results
4.1 Replication with HGEI

In Figure 2, I follow Kolk’s (2019) study and visualise the relationship between the HGEI
and TFR. The overall relationship is strongly negative at low-to-medium HGEI levels
and then flattens out at high HGEI, and there is a slight attenuation of the negative slope
among the highest-equality observations. This curvilinear, slightly U-shaped pattern
appears more pronounced here than in Kolk’s original analysis. I then used an OLS
regression analysis to test whether this curvilinear relationship between the HGEI and
TFR is purely driven by between-country effects.

Figure 2: Association between HGEI and TFR in 32 countries for all periods

61 " a

Historical Gender Equality Index
Period

= 1960s and earlier = 1970s + 1980s = 1990s < 2000s

To test the U-shaped relationship between the HGEI and country-level period
fertility, I estimated a sequence of ordinary least squares (OLS) models that progressively
include year and country fixed effects. The basic specification is:

TFR.e = a + BiD2Y % + BDE70 + BsDI37%0 + BuDZ + ey
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where TFR. . denotes the total fertility rate in country ¢ and year ¢, Dgt are dummy
variables indicating the Historical Gender-Equality Index (HGEI) interval g (the 70-75
band serves as the reference group), and €., is an idiosyncratic error term.

In Model 1.2, I add year fixed effects:

TFR., = o + Zﬁg DY, + 8.+ £,
g

Here, the term Y., 8 ngt represents the set of estimated coefficients for each HGEI
interval g, with the 70—75 category omitted as the reference group. This allows the model
to compare the fertility level in each HGEI interval relative to the 70—75 band. Each
coefficient B, captures the average difference in TFR between the respective HGEI
category and the reference group, holding other factors constant.

Next, I control for all time-invariant country heterogeneity by including country
fixed effects p. in model 1.3:

TFR., = a + ng DI+ e + ey
g

Finally, in Model 1.4, I include both year and country fixed effects:

TFR.; = a + ng DI, + ne + 8 + e
g

The coefficients f; in Models 1.1 to 1.4 quantify how deviations of a country’s
HGETI from the reference level are associated with deviations in fertility, and are the key
coefficients of interest in my analysis. The models’ specification is also documented in
Table A-3 in the Appendix.

Figure 3 shows the coefficients ; in Models 1.1 to 1.4. In Model 1.1, there is no U-
shaped pattern between the HGEI and TFR across countries using all the samples. A
slight U-shaped pattern emerges once period fertility trends are controlled for in Model
1.2, although this reversal is not statistically significant at the 5% level. Similar to Kolk’s
(2019) original results, Model 1.3 shows that no U-shaped pattern is initially observed
when all the time-invariant country characteristics are controlled for in the model.
However, after the period trends are controlled for in Model 1.4, the within-country U-
shaped pattern becomes sharp and significant. The results of these models provide
conditional support for the theory that there is a U-shaped relationship between gender
equality and fertility once the overall declining fertility trend is adjusted for.
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Figure 3: OLS regression between HGEI and TFR between and within

countries
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4.2 Adjusting period TFR’s tempo distortion

Besides the gender equality measure, the fertility indicator is another issue in the analysis.
My analysis follows Kolk’s (2019) original study and uses the period TFR as the main
fertility indicator, which includes a tempo distortion. Many researchers have argued that
the reversal of the period TFR in the 1990s and 2000s in European countries may be the
result of tempo distortion embedded in the period TFR indicator (Goldstein, Sobotka and
Jasilioniene 2009; Philipov and Kohler 2001). The actual period quantum of fertility did
not increase during that time. The U-shaped pattern observed during this period may be
the result of tempo distortion rather than an actual reversal in the period quantum of
fertility (Ryder 1956, 1959, 1964, 1983). Therefore, it is essential to test whether the
conditional curvilinear association between gender equality and fertility rate identified in
my replication is driven by the tempo distortion embedded in the period TFR indicator.
In this part of the robustness check I apply the tempo-adjusted TFR, developed by
Bongaarts and Feeney (1998), to Kolk’s (2019) original study and my extension to assess
the extent to which the results remain robust after accounting for tempo distortion in the
fertility rate. I accessed the tempo-adjusted TFR from the Human Fertility Database. The
model specification is documented in Table A-3 in the Appendix. As shown in Figure 4
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and Table A-1 in the Appendix, the tempo-adjusted TFR is not available for some of the
countries included in my replication. These countries were therefore removed from the
sample, decreasing the sample size from 32 countries to 24. Furthermore, since the
tempo-adjusted TFR is only available for relatively recent years in most countries, the
years of observation for each country also decreased significantly. The total cumulative
years of data decreased from 1,280 to 649. Table A-4 in the Appendix reports the exact
years for which tempo-adjusted TFR data are available for each country.

Figure 4: Number of country-years included in each analysis, by country
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Figure 5 shows the distribution of the HGEI included in the analysis after the
exclusion of samples. According to Figure 5, the mean HGEI is 73.30, and only a small
percentage of samples have an HGEI between 50 and 65. This is because the tempo-
adjusted TFR is only available for recent years, during which gender equality has
remained at a high level.

Figure 5: Descriptive statistics for HGEI in the robustness check

HGEI Distribution

0.08-

0.06-

Percentage
o
o
=

0.02-
0.00-
60 70 80 90
HGEI
HGEI categories distribution
0.3-
S
g 0.2-
c
[}
=
fo)
o
) I l
o.o. -

50-65 65-70 70-75 75-80 above 80
HGEI category

950 https://www.demographic-research.org



Demographic Research: Volume 53, Article 29

Figure 6 shows the relationship between the HGEI and the tempo-adjusted TFR.
According to Models 2.1 to 2.4, after adjusting for tempo distortion, the results of each
model remain relatively stable. One small change is that in Model 2.2, an HGEI between
75 and 80 is significantly correlated with a higher tempo-adjusted TFR at the 5% level.
In Model 2.4, countries with an HGEI above 80 exhibit a strong and statistically
significant correlation at the 5% level with the tempo-adjusted TFR, controlling for year
and country fixed effects, providing conditional support for the U-shaped relationship
theory. Overall, the U-shaped relationship between gender equality and fertility remains
robust after adjusting for the tempo distortion in period fertility.

Figure 6: OLS regression between HGEI and tempo-adjusted TFR between
and within countries
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5. Conclusion and discussion

The main finding of this study is that in contrast to Kolk’s (2019) conclusion of weak
support, conditional support for a U-shaped relationship between gender equality and
fertility in developed countries emerges when a more comprehensive gender equality
indicator is employed in the analysis. Although Kolk’s (2019) study demonstrates a high
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level of verifiability and low inaccuracy (as shown in the Appendix), his results appear
to be sensitive to the choice of gender-equality indicator.

Kolk’s (2019) analysis focuses on public-sphere gender equality, particularly
women’s political empowerment. By contrast, incorporating a multidimensional
indicator reveals a sharp and significant curvilinear relationship between gender equality
and fertility once year and country fixed effects are included. The U-shaped relationship
between gender equality and fertility is not, as Kolk (2019) claims, simply the result of a
cross-sectional pattern where countries with high gender equality are more likely to have
high fertility levels. My findings align with most gender—fertility reversal theories in
social demography regarding the U-shaped relationship between gender equality and
fertility, but highlight that this pattern is conditional on the secular downward trend of
fertility being controlled for. This rebound is insufficient to offset the overall long-term
decline in fertility. This result remains robust after adjusting for tempo distortion in
period fertility.

The empirical finding that improvements in gender equality are associated with a
conditional reversal in fertility, but are not associated with an absolute fertility reversal,
underscores the need to integrate gender—fertility reversal theories within a broader
theoretical framework that addresses the universal decline in fertility. While gender-
equality reversal mechanisms may generate a modest U-shaped increase in fertility at
very high levels of gender equality, the overall decline in fertility, described by
frameworks such as the demographic transition theory (Kirk 1996) and the second
demographic transition theory (Lesthaeghe 2014), is substantially stronger than any
reversal effect attributable to gender equality alone. This aligns with recent findings from
the Nordic countries, which show that in highly gender-equal contexts, fertility intentions
are low among individuals who hold strongly egalitarian attitudes. These attitudes,
characterised by the prioritisation of non-familial life goals such as career advancement
and personal fulfilment, as predicted by second demographic transition theory, diminish
the potential fertility-reversing effects of gender equality improvement (Begall and
Hiekel 2025).

This study does not establish a causal effect of gender equality on fertility. Although
the country and year fixed effects specification accounts for all time-invariant
heterogeneity and a shared linear fertility trend, it cannot adjust for country-specific time-
varying characteristics, such as development (Myrskyld, Kohler, and Billari 2009),
family policy (Zhang 2017), or labour-market regulations (Bennett 2021), which may
simultaneously influence both gender equality and childbearing. More robust empirical
evidence based on quasi-experiments is required to identify the actual causal relationship
between gender equality and fertility.

This replication and extension have certain limitations. Although the HGEI aims to
capture various aspects of gender equality both within and outside the household, it still
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lacks sufficient information on private-sphere gender equality, an element that most
gender—fertility theories emphasise as central to fertility reversal. The HGEI indicator
attempts to use the gender gap in age at marriage to capture gender equality in the private
sphere. Although various studies indicate that the gender gap in age at marriage is a strong
predictor of the unequal position of spouses and various domestic violence outcomes
(Caldwell, Reddy, and Caldwell 1983; Kishor and Johnson 2005), it is still not a direct
measure of gender equality in the private sphere. Better indicators, such as time-use data
regarding unpaid housework, may provide a more accurate measure of private-sphere
gender equality; however, there is insufficient longitudinal time-use data covering
decades for such a large number of countries. Another potential option is to use attitudes
toward gender equality inside the household, as captured by the World Values Survey, as
a measure of private-sphere gender equality. However, there is still insufficient
longitudinal data for this approach: it would only allow for examining the relationship
between gender equality and fertility at a few time points, as in Arpino, Esping-Andersen,
and Pessin’s (2015) study. This makes it difficult to determine whether the U-shaped
pattern observed at these time points reflects an actual longitudinal trend or is simply the
result of fluctuations in period TFR. While the HGEI does not directly measure private-
sphere gender equality, it currently provides the most suitable available indicator for
longitudinal cross-national analysis.

Additionally, as the HGEI does not provide gender equality data beyond 2003,
recent developments in gender equality and fertility relationships cannot be analysed
here. Male involvement in childcare, such as the male share of parental leave, is a critical
aspect emphasised by gender-equality reversal theories (Goldscheider, Bernhardt, and
Lappegard 2015), which remained limited even in highly egalitarian countries around
2003 (Duvander and Cedstrand 2022). Detecting a conditional U-shaped relationship
during this period thus suggests that a stronger fertility rebound might emerge if more
recent data were available. As Kolk’s (2019) original study suggests, the curvilinear trend
is particularly sharp in the post-2000 period, and it is reasonable to believe that the U-
shaped pattern still exists, or has perhaps become even sharper in the last two decades.
Future research could benefit from re-evaluating this relationship when harmonised
longitudinal indicators covering more recent periods become available.

I also undertook some robustness checks based on the main analysis. In the
regression analysis, the gender equality indicator could be treated as a continuous variable
instead of categorical variables. By including a squared transformation of the gender
equality indicator in the regression, it would be possible to test whether there is a
significant curvilinear relationship between gender equality and fertility. This approach
would eliminate concerns about potential issues arising from the choice of a gender
equality threshold. The robustness check results (Table A-5, Appendix) show that, after
accounting for country and year fixed effects, HGEI is negatively associated with TFR

https://www.demographic-research.org 953



Lei: Reassessing the U-shaped relationship between gender equality and fertility

(B = —0.454; 95% CI [-0.710, —0.199]), while the squared term of HGEI is positively
associated with TFR ( = 0.00313; 95% CI [0.00138, 0.00487]), indicating a U-shaped
relationship. The estimated turning point of the U-shape occurs when HGEI is around
72.7. These findings provide evidence that the conditional U-shaped relationship
identified in the main analysis is not sensitive to the choice of HGEI thresholds.

In addition, future research could further investigate the association between gender
equality and parity-specific fertility rates. For example, it would be valuable to
investigate whether the reversal in fertility associated with increased gender equality is
driven by an increase in the number of first births, second births, or perhaps both. By
breaking down the fertility rate into parity-specific fertility rates, it would be possible to
identify the specific subgroups affected by gender equality. This could provide a deeper
understanding of the underlying mechanisms behind the relationship between gender
equality and fertility.

Overall, the weak support for the U-shaped relationship identified in Kolk’s (2019)
research may stem from the choice of gender equality measures. By employing a more
comprehensive indicator of gender equality, this analysis reveals a conditional U-shaped
relationship between gender equality and fertility once year and country fixed effects are
applied. Although gender-equality reversal mechanisms may contribute to a modest
increase in fertility at very high levels of gender equality, this effect appears to be
outweighed by broader, universal forces that continue to depress fertility across contexts.
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Appendix
Replication of Kolk’s (2019) study

Kolk’s (2019) original analysis was based on Stata software; in this study, I try to
replicate Kolk’s (2019) finding in R version 4.1.3. Specifically, I replicate Figures 1, 2,
and 3 in Kolk’s original paper. My visualisation is based on the ggplot2 package, version
3.4.0. The result of my replication is shown in the Appendix Table A-1 and Figures A-1
to A-3.

For the replication, I accessed the same data source as Kolk (2019). For the WPEI,
the latest version is version 12, and data from different versions is not comparable.
Because the version of data used in the original research was not clearly stated, I tried
several versions of the dataset and contacted the V-Dem Institute to gain access to the
version 7.1 data used in the original study. However, I found it difficult to replicate the
specifications of Kolk’s (2019) sample size exactly. Instead of including data from 1,993
cumulative years, my replication includes 2,054 cumulative years, 61 more years of data
than in the original sample, because after Kolk (2019) published his original paper, the
latest TFR data became available. Kolk did not specify the exact period he used for each
country. I have provided summative statistics regarding the differences between my
replication and Kolk’s (2019) original paper in the Appendix Figure A-4. The difference
between most countries captured by the newest data compared with the data Kolk (2019)
used is just one to two years of data. As I discuss later, additional years would not have
any great impact on Kolk’s (2019) original conclusion except for a small coefficient
fluctuation in the regression.

For countries with vague definitions or oversea territories, I followed Kolk’s
classification methods: the United Kingdom refers to England and Wales, France refers
to France excluding overseas territories, and Germany refers to Western Germany until
reunification (1990), then all of Germany. Finally, in my replication I removed the
samples missing the WPEI or the TFR. Most of the data excluded due to missing values
are prior to 1960. For most countries, a continuous longitudinal observation of the WPEI
and the TFR is available since 1960.

My replication is almost identical to Kolk’s original study. The overall negative
association and U-shaped relationship between the TFR and the WPEI after 2000 is
noticeable in both visualisations (shown in the Appendix). However, there are also some
small differences between my replication and Kolk’s (2019) results. For example, in
Spain, the TFR and the WPEI are 2.86 and 0.348 in 1937, 2.55 and 0.333 in 1938, and
2.12 and 0.335 in 1939, respectively. These data points are not shown in Kolk’s (2019)
original visualisation but exist in mine, as I highlight in the Appendix. There are also
some missing data points around the lowest WPEI level, as in Portugal before 1960 in
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Kolk’s (2019) visualisation. Although these data points are missing in the original paper,
adding them does not lead to any dramatic change in the conclusion.

Regarding the country-specific trends over time, consistent with Kolk’s (2019)
findings, my replication indicates that in most countries, no U-shaped relationship exists
between the TFR and the WPEI. A minor reversal pattern only occurs in 4 of the 35
countries: Belgium, Denmark, France, and the Netherlands. In Figure A-2, the previous
missing data points in Figure B.2, such as the data points for Spain from 1937 to 1939,
are present in Kolk’s (2019) visualisation. Their presence makes the missing data points
in Figure A-1 more puzzling.

Finally, as I discussed above, my replication of the regression model confirms
Kolk’s (2019) original argument, which suggested only weak support for a U-shaped
pattern between gender equality and fertility in a society over time. Fertility and the WPEI
exhibit a negative between-country correlation; however, a U-shaped pattern emerges
after controlling for period trends. Focusing on only the post-1990 period and controlling
for period trends make the U-shaped pattern between the TFR and the WPEI appear
particularly significant. However, controlling for the time-invariant country
characteristics renders the relationship between the TFR and the WPEI negative and
provides no evidence in support of the U-shaped relationship. In general, Kolk’s (2019)
study had a high level of verifiability with minimal inaccuracy.
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Table A-1: Country year difference

Country Kolk’s original paper My replication Extension with Extension with
HGEI tempo-adjusted
TFR
Australia 56 57 44 0
Austria 64 66 53 19
Belarus 24 26 0 0
Belgium 56 57 44 0
Bulgaria 63 63 54 54
Canada 91 96 54 54
Chile 14 14 12 11
Czech Republic 65 67 11 1
Denmark 56 57 44 35
Estonia 24 26 12 12
Finland 77 78 54 21
France 70 71 54 0
Germany 58 61 48 0
Hungary 65 67 54 51
Iceland 53 57 0 0
Ireland 56 57 44 0
Italy 61 63 50 0
Japan 68 70 54 35
Lithuania 25 27 13 13
Netherlands 65 67 54 53
New Zealand 56 57 44 0
Norway 48 50 37 36
Poland 44 46 33 32
Portugal 75 76 53 43
Russia 56 58 9 9
Slovakia 17 22 11 11
Slovenia 25 27 13 13
South Korea 56 57 44 3
Spain 83 85 54 28
Sweden 117 117 54 33
Switzerland 83 85 54 5
Taiwan 39 41 0 0
Ukraine 23 23 13 13
United Kingdom 77 79 54 4
United States 83 84 54 54
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Table A-2: Results of the regression analysis

Model HGEI Category Estimate Std. Error t value 95% CI
50-65 1.18 0.05 23.55 [1.08, 1.28]
65-70 0.47 0.03 12.02 [0.40, 0.55]
Model 1.1 70-75 (ref) - - - -
75-80 -0.09 0.05 -1.72 [-0.19, 0.01]
>80 -0.02 0.06 -0.24 [-0.14, 0.11]
50-65 0.61 0.04 12.67 [0.52, 0.71]
65-70 0.15 0.03 4.17 [0.08, 0.22]
Model 1.2 70-75 (ref) - - - -
75-80 0.04 0.04 0.80 [-0.05, 0.12]
=80 0.20 0.05 3.85 [0.10, 0.31]
50-65 1.35 0.05 26.85 [1.25, 1.45]
65-70 0.53 0.03 14.06 [0.46, 0.61]
Model 1.3 70-75 (ref) - - - -
75-80 -0.13 0.04 -2.76 [-0.22, -0.04]
>80 -0.13 0.06 -2.18 [-0.26, —0.01]
50-65 0.29 0.05 5.71 [0.19, 0.39]
65-70 -0.03 0.03 -1.15 [-0.11, 0.03]
Model 1.4 70-75 (ref) - - - -
75-80 0.11 0.03 3.20 [0.04, 0.18]
>80 0.46 0.05 9.25 [0.36, 0.56]
50-65 0.99 0.07 14.05 [0.85, 1.12]
65-70 0.48 0.04 12.35 [0.41, 0.56]
Model 2.1 70-75 (ref) - - - -
75-80 -0.00 0.04 -0.11 [-0.09, 0.08]
280 0.10 0.05 2.05 [0.00, 0.19]
50-65 0.59 0.06 10.09 [0.48, 0.70]
65-70 0.29 0.03 8.90 [0.22, 0.35]
Model 2.2 70-75 (ref) - - - -
75-80 0.13 0.03 3.81 [0.06, 0.20]
280 0.25 0.04 6.91 [0.18, 0.32]
50-65 1.04 0.06 16.67 [0.92, 1.17]
65-70 0.53 0.04 13.61 [0.45, 0.61]
Model 2.3 70-75 (ref) - - - -
75-80 -0.05 0.04 -1.39 [-0.13, 0.02]
>80 0.05 0.05 1.00 [-0.05, 0.16]
50-65 0.55 0.06 9.53 [0.44, 0.66]
65-70 0.23 0.04 6.37 [0.16, 0.30]
Model 2.4 70-75 (ref) - - - -
75-80 0.10 0.03 3.39 [0.04, 0.16]
>80 0.26 0.04 5.83 [0.17, 0.34]

Note: All models include country and year fixed effects; standard errors are clustered by country. The 95% Wald confidence interval is
computed as B + 1.96 x SE.
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Figure A-1: Association between TFR and female political empowerment in 35

countries, by period, for all periods (3.1 a) and post-2000 (3.1 b); my
replication for all periods (3.2 a) and post-2000 (3.2 b)
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Figure A-2: Association between TFR and female political empowerment in 35
countries, by country and period (only TFR below 4 shown); Kolk’s
result (4.1) vs. my replication (4.2)
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Figure A-3: OLS Regression between TFR and WPEI (female empowerment
index) in six models, 35 countries and 1,993 cumulative years; Kolk’s
result (5.1) vs. my replication (5.2)
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Figure A-4: Country-year comparison between Kolk (2019) and my replication
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Table A-3: OLS model specifications: TFR and tempo-adjusted TFR regressions

Model Outcome Predictors Year term? Country Interpretation
FE?
11 Period TFR HGEI category (ref = - - Between-country association of
70-75) TFR with HGEI levels
1.2 Period TFR HGEI category + year v - Between-country, controls for
common period trend
1.3 Period TFR HGEI category - v Within-country association
(absorbs time-invariant factors)
1.4 Period TFR HGEI category + year v v Within-country net of period
trend
21 Tempo-adj. TFR HGEI category (ref = - - Between-country association
70-75) using tempo-adjusted fertility
2.2 Tempo-adj. TFR HGEI category + year v - Between-country, controls for
tempo-adjusted period trend
2.3 Tempo-adj. TFR HGEI category - v Within-country, absorbs all time-
invariant country traits
24 Tempo-adj. TFR HGEI category + year v Within-country net of both

period trend and country FE

Table A-4: Coverage window for TFR and tempo-adjusted TFR

Country First Year Last Year N Years First Year Last Year N Years
(TFR) (TFR) (TFR) (adjTFR) (adTFR) (adjTFR)

Australia 1960 2003 44 - - -
Austria 1951 2003 53 1985 2003 19
Belgium 1960 2003 44 - - -
Bulgaria 1950 2003 54 1950 2003 54
Canada 1950 2003 54 1950 2003 54
Chile 1992 2003 12 1993 2003 11
Czech Republic 1993 2003 11 1993 2003 11
Denmark 1960 2003 44 1969 2003 35
Estonia 1992 2003 12 1992 2003 12
Finland 1950 2003 54 1983 2003 21
France 1950 2003 54 - - -
Germany 1956 2003 48 - - -
Hungary 1950 2003 54 1953 2003 51
Ireland 1960 2003 44 - - -
Italy 1954 2003 50 - - -
Japan 1950 2003 54 1969 2003 35
Lithuania 1991 2003 13 1991 2003 13
Netherlands 1950 2003 54 1951 2003 53
New Zealand 1960 2003 44 - - -
Norway 1967 2003 37 1968 2003 36
Poland 1971 2003 33 1972 2003 32
Portugal 1950 2003 53 1960 2003 43
Russia 1992 2000 9 1992 2000 9
Slovakia 1993 2003 11 1993 2003 11
Slovenia 1991 2003 13 1991 2003 13
South Korea 1960 2003 44 2001 2003 3
Spain 1950 2003 54 1976 2003 28
Sweden 1950 2003 54 1971 2003 33
Switzerland 1950 2003 54 1999 2003 5
Ukraine 1991 2003 13 1991 2003 13
UK 1950 2003 54 - - -
United States 1950 2003 54 1950 2003 54
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Table A-5: Regression results (robustness check)
TFR.: = B, HGEIl; + B2 HGEIEI +pe + O+ £

Estimate Std. Error t value 95% CI
Intercept 19.4766 4.7588 4.0927 [10.1513, 28.8019]
HGEI -0.4544 0.1305 -3.4824 [-0.7101, -0.1987]
HGEI? 0.0031 0.0009 3.5045 [0.0014, 0.0049]
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