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Abstract: Gender equality through the empowerment, representation, and provision of equal oppor-
tunities for all, regardless of gender, is increasingly recognised as a driver of social outcomes and a
fundamental human right. This study explores the longitudinal (2006-2018) relationship between
gender equality, human development, and education results as measured by PISA. Gender equality
and human development are consistently correlated with PISA scores at each time point; however,
when controlling for starting values and country effects only change in gender equality positively
predicts change in PISA scores (F = 22.6, p < 0.001, R? = 0.58). Research and policy implications for
the longitudinal interpretation of the relationship of PISA results with system-level factors as well as
the relationship between gender equality and education are discussed in this paper. In consideration
of the impact of COVID-19 on education and gender equality, the findings from this study support
continued political effort towards gender-equal human development in a post-COVID-19 world.
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1. Introduction

Gender equality is a development goal, a means of achieving other development
goals, and a fundamental human right (Lawson 2008; UNDP 2020; World Bank 2011). In
education, the measurement of gender equality is a key objective of the Organisation for
Economic Co-operation and Development’s (OECD) Programme for International Student
Assessment (PISA). For every PISA cycle, the OECD has disaggregated, reported, and
discussed the results by gender (OECD 2015, 2017). However, system-level gender equality
as an enabling factor for PISA performance has only been explored in one prior study
(Campbell 2021), which found a significant relationship between gender equality, human
development, and PISA 2015 results. The stability of this relationship over time and the
association between changes in gender equality, human development, and PISA results are
the focus of this current study.

Positive change in gender equality is associated with improvement in economic
growth (World Bank 2011), health and well-being (Heise et al. 2019), and political response
to climate change (McKinney and Fulkerson 2015). Nevertheless, positive changes in
student results on international comparative assessments have largely been attributed
to changes in educational policies (Barber and Mourshed 2007; Mourshed et al. 2010),
with little consideration for changes in social and economic conditions (Rowley et al. 2020).
Whether and how positive changes in education outcomes are associated with positive
changes in the economic and social structures that contextualise policymaking (Kamens 2013)
has not yet been extensively researched. In this study, therefore, we explore the relationship
between change in gender equality, human development, and PISA scores over five cycles
of PISA (12 years). In particular, we examine whether the relationships are the same for
high- and low-performing PISA countries, and for both girls and boys.
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Due to the nature of the data used in this study and its non-experimental design,
the relationships that are detected and discussed in this article should not be interpreted
as causal.

1.1. Gender Equality

Gender equality is equality under the law, equality of opportunity, equality of rewards
for work, and equality of political voice, regardless of biological sex or sexual orientation
(World Bank 2001). In 1795, Condorcet stated that ‘inequality between the sexes is fatal
even to the party in whose favour it works’ (355). However, despite early claims that
the legal subordination of women was a significant hindrance to human development
(Mill 1869), international organisations have only recently recognised that gender inequality
harms everyone. The reduction and eventual elimination of gender inequality is now a
core development objective (UNDP 2020; World Bank 2001, 2011).

International measures of gender equality typically measure the degree of its absence,
such as the United Nations” Gender Inequality Index (GII, used in this study). International
momentum, focused on the reduction and eventual elimination of gender inequality, has
generated diverse studies exploring its link with poverty, economic development, sustain-
able growth, and effective governance (World Bank 2001, 2011). Gender inequality has been
found to damage societies’ social structures and relations, and result in unbalanced perspec-
tives of human value, power, opportunity, and economic distribution (Unterhalter 2005).
Within gender-unequal societies, higher levels of corruption and lower levels of democracy
and freedom have been observed (Djerf-Pierre 2011), as well as higher rates of depression,
divorce, and violent homicide for both men and women (Holter 2014; Ratele 2014).

Furthermore, gender inequality negatively impacts women’s health, with serious
implications for women, girls, and babies of both genders (Heise et al. 2019), and is both
a cause and an effect of environmental crises (McKinney and Fulkerson 2015). On the
other hand, gender equality is positively associated with dialogue, cooperation, and collab-
orative decision making in the workplace (European Institute for Gender Equality 2021),
scientific and academic progress (Husu et al. 2013), and sustainable economic development
(World Bank 2011). It has also been shown to reduce environmental impacts, improve
health and climate outcomes, and support happiness and wellbeing for men and women
alike (Audette 2019; Ergas et al. 2021; McKinney and Fulkerson 2015). Due to the nature
of the available data and the design of previous studies, it is difficult to disentangle to
what degree these features of society are a cause or a consequence of gender equality, and
whether such bidirectional relationships are symmetrical. However, given the documented
impact of gender equality on societies, it is essential to understand its interdependence
with other factors such as human development.

1.1.1. Human Development and Gender Equality

Gender equality is intricately linked to human development, which until the late
1980s was narrowly defined as wealth and measured by gross domestic product (GDP).
However, pressure from international agencies and social researchers to measure other
areas of the richness of human life caused the United Nations (UN) to adopt a more
holistic approach and develop the Human Development Index (UNDP 2015, 2020). This
broadened the concept of human development to include employment, education, health,
participation, sustainability, and human security and rights. In 2010, the United Nations
expanded the dimensions of human development to include factors that create conditions
for development, and included gender equality. These dimensions are depicted in Figure 1,
showing the categories and items measured in the Human Development Index (HDI) and
the Gender Inequality Index (GII); this figure is a combination of the models provided in
UNDP 2015 and UNDP 2020. The United Nations data were selected for this study due
to their broad scope of the dimensions, the large number of countries for which data are
available, and the number of years of published data (the HDI has been published annually
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since 1990, and the GII since 2010, with retroactive calculations provided for 1995, 2000,
and 2005).

Dimensions of human development

Factors that

Expected years of schooling, children Human
directly enhance ‘ Knowledge Development
Mean years of schooling, adults Index (HDI)

human abilities

Elementsincluded in this study

‘ Long & healthy lives Life expectancy at birth

‘ Decent standard of living Gross national income (GNI) per capita

Factors that
create conditions
forhuman
development

| Participation in political and community life

| Environmental sustainability

| Human security and rights

| Gender equality

Maternal mortality ratio

Health Adolescent birth rate
o ) Gender
Gender ratioin secondary education Inequality
Empowerment L . Index (Gl1)
Gender ratioin share of parliamentary seats

Labour market Gender ratioin labour force participation

Figure 1. Dimensions of human development.

In this study we follow in the footsteps of international researchers who have explored
the importance of gender equality for social development. Motivated by improvements in
gender equality prior to 2020 and the negative impact of COVID-19 on those improvements,
we seek to gain a fresh perspective on the relationship between education, gender equality,
and human development in order to better understand the dynamics between these factors
and to support positive momentum towards gender-equal human development (Bandiera
and Natraj 2013).

1.1.2. Gender Equality and COVID-19

Over the past twenty years, gender equality has become integral to policy analysis,
design and implementation (World Bank 2001), and substantial reductions in gender gaps
in health and education have occurred. However, despite a steady increase in women in
the workplace, the anticipated improvement in labour force participation and political
representation has been more moderate than expected (Bandiera and Natraj 2013). Prior to
2020, women in every country were still less likely than men to engage in paid work, more
likely to work part-time, more likely to assume unpaid care work, and less likely to be
represented in formal politics (OECD 2017; World Bank 2011). It was estimated in 2019 that
it would still take between 100 and 200 years to close the global gender gap in economic par-
ticipation, opportunity, and political empowerment (World Economic Forum 2019, 2021),
and it can now be seen that COVID-19 has widened that gap further.

It is important to recognise positive trends in gender equality and social outcomes, as
‘the traces that the past leaves on the present are an important resource for trying to make
sense of confusing times’ (Unterhalter 2014b, p. 855). However, at the time of writing, over
a year into the global COVID-19 pandemic, gender equality has suffered setbacks. Reports
indicate that although women previously made up 39% of global employment, they have
accounted for more than 54% of overall job losses (Madgavkar et al. 2020). South African
women have experienced two-thirds of net job losses (Casale and Posel 2021), and mothers
in London have been 50% more likely to have lost their jobs than fathers (Khan 2021). In
Norway, for the first time since 2015, the wage gap between men and women has increased
(Capar 2021), and globally, women are suffering through rising domestic violence, lower
earnings, and a reduction in paid work to take on a disproportionate share of unpaid
care (European Parliament 2021; Madgavkar et al. 2020; Morse and Gupta 2020). It has
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been estimated that 30 years of progress towards gender equality has been undone by
COVID-19 (Trudeau 2021) as the gains that had been made have not proven to be resilient
nor enshrined within robust systems (Clark 2021).

Although PISA data that reflect the impact of COVID-19 are not yet available, in
this study, we investigate the longitudinal relationship between gender equality, human
development, and educational achievement as measured by PISA up to 2018. Our study is
nested within the broader aim of supporting political efforts towards gender equal human
development in a post-COVID-19 world.

1.2. Programme for International Student Assessment (PISA)

PISA is a triennial assessment of the reading, mathematics, and science literacy and
skills of 15-year-olds in compulsory education, launched by the OECD in 1997. Through
PISA, the OECD aims to provide valid, comparable, cross-national evidence of education
outcomes for informing policy decisions (OECD 1999). PISA initially assessed education
outcomes in only OECD countries; however, more than half of the 88 nations that will
participate in PISA 2022 are non-OECD countries. The organisation aims to expand the
reach of PISA and PISA-D (PISA for development) to 170 participating nations by 2030
and consolidate educational assessment and basic education standards as global objectives
aligned with the Sustainable Development Goals (Xiaomin and Auld 2020). PISA data are
an accessible, politically acknowledged and respected source of comparative information
on policies, practices, and education outcomes (Xiaomin and Auld 2020; Kamens 2013),
and have become an influential tool for educational governance (Breakspear 2014).

Some researchers question the political and ideological neutrality of the OECD and
PISA, and have challenged the legitimacy, motives, and financing of the assessments,
claiming that the purpose of education, the mission of schools, and the well-being of
children have been harmed (Meyer and Zahedi 2014; Roberts-Holmes and Moss 2021).
In response, the OECD has legitimized its mandate through the strategic support of
its member countries, high number of reported learning outcomes and contexts, and
facilitation of collaborative and strategic policy initiatives (OECD 2014). As intended by
the OECD, PISA data have been widely applied to the assessment of effective education
policies and have contributed to the "What Works’ industry of education reform (Barber and
Mourshed 2007; Mourshed et al. 2010). In this model of reform, successful countries, with
educational policies worthy of replication are those that score well on PISA (Kamens 2013).
However, caution should be taken in the selection and transfer of policies from one context
to another, as the support those policies receive from robust economic and social systems
may be the reason for their success (Campbell 2021; Kamens 2013). Assuming that high
achievement is due solely to effective educational policies and practices may miss the
impact of these outcome-enabling conditions (Rowley et al. 2020).

PISA data do not include 15-year-olds not in formal education, and are not disag-
gregated by the proportion or gender of international students within countries. Such
variables may be relevant for secondary analyses such as the current study. In addition,
debate continues around using the simplified PISA rankings for determining educational
success and identifying policy priorities (Elliot et al. 2019; Grey and Morris 2018; Komatsu
and Rappleye 2017; Rowley et al. 2020), and changes in scores and rankings across PISA
cycles have rarely been empirically evaluated. However, despite these challenges, longi-
tudinal analyses that explore change over time in PISA outcomes and enabling factors
have the potential to add to the knowledge base in comparative education. Similar lon-
gitudinal studies have been conducted in other fields (see, for example, Ergas et al. 2021;
Heise et al. 2019; McKinney and Fulkerson 2015); however, there is little research of this
type in education (see, for example, Rowley et al. 2019). This is the gap in the literature
that this article seeks to address. Our longitudinal exploration of the relationships between
gender equality, human development, and PISA responds to the call for studying the
complexity of academic achievement within unequal societies (Elliot et al. 2019).
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1.3. Gender Equality and PISA

The measurement of gender equality is a key objective of PISA, and results have been
disaggregated, reported, and discussed by gender in every PISA cycle (OECD 2019). The
OECD has recognized that significant progress has been made in narrowing or closing
long-standing gender gaps (OECD 2015), but has been criticised for stereotypically defining
its approach to gender equality in education (Meier and Diefenbach 2020). Gender gaps
in educational outcomes are an important variable in the context of gender equality and
education, and have been explored in all PISA reports. The reduction of these gaps remains
an important focus of national politics and comparative research. However, past work in
this area has paid less attention to the complex history of inequality, the relationships of
power, and the enabling effects of gender equality on education (Unterhalter 2014a, 2014b).
We foreground these issues in our study, which seeks to broaden the conceptualisation of
gender equality in education and complement ongoing research into reducing gaps. Along
with other system-level factors, gender equality has been shown to moderate the relation-
ship between educational policies and practices and student results (Campbell 2021), and
in this study, we make use of the multiple years of available data on PISA scores, gender
equality and human development to explore this relationship over time (Figure 2).

System-level factors
e.g., gender equality,
human development

Policies & practices
The relationship
between change

in system-level
factors, and
change in outcomes

.
A Y
1
| s |
[}
i 1

v,

Outcomes
e.g., student achievement as measured on PISA

Figure 2. Conceptual model.

1.4. Gender Equality as Both a Predictor and an Outcome in Education

Despite advances in gender research in many fields, gender in education has not yet
been integrated into the full social justice agenda. It has been added to the existing frame
of education, instead of reconsidering that frame in the light of gender and inequality
(Unterhalter 2014a). Focus has been on gender as a descriptive category, gender disadvan-
tage as a girls” education problem, and the elimination of that disadvantage as necessary to
promote development. Although there has been remarkable worldwide progress in girls’
educational attainment (‘perhaps the greatest gender equality success story of the past
half-century’, OECD 2017, p. 22), the expected macro-level gains in economic growth and
higher wages and labour force participation for women have been disappointingly slow to
occur (Bandiera and Natraj 2013). Equal educational opportunities for girls and boys are
important and necessary, but have not resulted in and are not equal to gender equality in
society. In fact, equally plausible but mostly understudied is the possibility that gender
equality in the wider society is responsible for equality within schools, and systematically
moderates the educational attainment of all students.
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Possible explanations for a relationship between gender equality and educational
results are still only theoretical. Prior research showing that improvement in women’s rep-
resentation in parliament is associated with more socially-minded policymaking, which in
turn results in better climate outcomes for all (Ergas et al. 2021; McKinney and Fulkerson 2015),
and that closing gender disparities in healthcare improves lifelong outcomes for families
and children, men and women, boys and girls (Heise et al. 2019), provide examples of
plausible pathways.

By taking a more generative and expansive view of gender equality as both a predictor
and an outcome in education, in this study we aim to provide a mechanism for making
socially and educationally important comparisons within complex and unequal societies.
Rather than being limited to the current definitions of gender equality as an outcome, this
study builds on a ‘criss-crossing comparative education’ that ‘travels back and forth along
intersecting lines” (Sobe 2018, p. 325), thus expanding the research that focuses knowledge
and resources on correction of the injustice of gender inequality in both education and
society (Unterhalter 2005).

1.5. Study Aims

This study explores whether gender equality and human development are consistently
associated with education outcomes as measured by PISA scores. Given that countries
high in gender equality also tend to be high in human development (UNDP 2021), we also
explore whether the relationship that these factors have with PISA scores are the same or
discernibly different in different groups of countries. The study’s main aim is to establish
the longitudinal relationship between gender equality, human development, and PISA
scores. Our research questions are:

e Have gender equality and human development been consistently associated with
PISA results over the last five testing cycles (2006-2018)?

e Isachange in gender equality and/or human development associated with a change
in PISA scores, and is this relationship the same for high- and low-performing PISA
countries, and for girls and boys?

e  Are any specific items within the composite gender and human development indices
more strongly associated with PISA results, or with change in PISA results over time?

2. Materials and Methods

The data used in this study are freely available online from the OECD and the UN
(OECD 2021; UNDP 2021). All analyses were conducted in R version 4.0.3 (R Core Team 2021)
and RStudio version 1.1.463 (RStudio Team 2021), and graphs were produced using ggplot2
(Wickham 2016). Alpha was set at 0.05, and p-values are represented with the standard
notation of *** p < 0.001, ** p < 0.01, and * p < 0.05. The compiled datasets and R code files
are available in the supplemental material.

2.1. Data
2.1.1. PISA Scores

For each cycle of PISA since 2006, reading, math and science have simultaneously
been assessed. Data are available for download from the OECD online data repository
(OECD 2021). PISA scores are set in relation to the variation in achievement across countries
without a theoretical maximum or minimum, although in practice they have ranged
between 325 and 575. The scores are scaled to have a mean across OECD countries of
about 500, and a standard deviation of 100 (OECD 2019). The analyses in this study were
conducted on each assessed subject independently (reported in the Appendices A-C), on
the average score across the three subjects (reported in the text), and separately for girls
and boys (reported both in text and in the Appendices A-C). Descriptive statistics for PISA
scores are displayed in Table 1 at the end of this section.
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2.1.2. Gender Inequality Index

The Gender Inequality Index (GII) represents the loss in potential human development
due to gender inequalities in health, empowerment, and labour market participation. It has
been published annually since 2010 and retroactively for every five years between 1995 and
2010, and is available for download from the United Nations Development Programme
data centre (UNDP 2021). The values of the GII range from 0 to 1, with higher values
representing higher inequality. However, so as to avoid confusion in directionality and
make the index comparable to the Human Development Index, the inverse of the GII
(representing gender equality) is used in this study. The index is a weighted composite of
the following five items:

Maternal mortality per 100,000 live births

Adolescent births per 1000 women aged 15-19 years

The percentage of parliament seats held by women

The difference between men and women in secondary education

The difference between men and women in labour force participation.

Due to limited data availability, the index does not capture inequalities in unpaid
caregiving, asset ownership, childcare support, violence, or participation in community
decision making; still, it is the gender index with data on the most countries over the
longest period of time. Descriptive statistics for gender equality (the inverse of the GII) are
displayed in Table 1 at the end of this section.

2.1.3. Human Development Index

The Human Development Index (HDI) measures the position of countries in several
key dimensions of human development. It has been published annually since 1990 and
is available for download from the United Nations Development Programme data centre
(UNDP 2021). The values of the HDI range from 0 to 1, with higher values representing
higher development. The index is a weighted composite of the following four items:

Life expectancy at birth

Expected years of schooling for a child entering school
Mean years of schooling for adults over 25 years
Gross national income per capita

The UN publishes a version of the HDI that is adjusted for inequality in distribution
of each dimension across the population (IHDI). Data for this index is limited to 2010
onwards, and is therefore not used in this study. However, a preliminary exploration found
that the correlations of IHDI with PISA scores in 2012, 2015, and 2018 were very similar to
those of HDI. Descriptive statistics for the HDI are displayed in Table 1.

2.1.4. Other Control Variables

To evaluate the possibility that any observed effects were the result of unobserved
country effects, additional control variables were included in the analyses (only retained
when significant). These were the World Bank classification by income (low, lower-middle,
upper-middle, and high-income economies) and the United Nations classification by region
(Africa, Asia and Pacific, Eastern Europe, Latin America and Caribbean, Western Europe
and other high income).

Table 1. Descriptive statistics PISA (average score), gender equality, and human development.

SA PISA Average Score Gender Equality Human Development

PI

Cycle Mean sd Mean Mean sd Mean Mean sd Mean

(A1l (OECD) (AlD) (OECD) (A1D) (OECD)

2006 48 474 45.9 496 0.775 0.138 0.834 0.829 0.072 0.865
2009 58 465 50.8 500 0.773 0.131 0.852 0.822 0.075 0.872
2012 57 472 471 497 0.799 0.123 0.859 0.839 0.071 0.880
2015 61 464 48.9 492 0.799 0.131 0.874 0.844 0.075 0.892
2018 62 460 48.0 491 0.816 0.130 0.888 0.854 0.069 0.898
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2.2. Methods

To analyse the association of gender equality and human development with PISA
results for the PISA testing cycles 2006-2018 (RQ1), Pearson product-moment correlations
between gender equality, human development, and PISA scores (average score, reading
score, math score, and science score) were calculated. The independence of the distribution
of cases with high gender equality (and high human development) and high (or low)
PISA scores was assessed using contingency tables and Pearson’s Chi-squared test with
Yates’ continuity correction. Yates’ continuity correction should be used when some
groups are small (below 10), and generally results in more conservative Chi-squared
statistics. The current analyses were conducted both with and without this correction, and
no discrepancies occurred. To evaluate the relationship between change in gender equality,
change in human development, and change in PISA scores (RQ2), variables for change
were calculated for all cases with PISA assessments in 2006 and 2018 (n = 48), and linear
regression analyses were conducted. The PISA change variable is a relative measure and
not a measure of absolute growth, due to the rescaling of scores to the OECD average (see
PISA technical notes, OECD 2019). To explore the individual items in the composite gender
and development indices (RQ3), correlations were calculated for all cases with 2018 data
(n = 62), and the relationship of change was regressed for all cases with data in 2006 and
2018 (n = 48).

3. Results

The results presented in the following sections pertain to the analysis of average PISA
scores. Analyses were also conducted separately for PISA reading, math, and science, and
are reported in the Appendices A-C.

3.1. The Relationship of Gender Equality and Human Development with PISA Scores

The number of PISA countries with data on gender equality and human development
has risen steadily, from 48 in 2006 to 62 in 2018. Over that period, there has been a consistent
observed relationship between gender equality, human development, and average PISA
scores (Table 2). The correlation between gender equality and average PISA scores has
ranged from 0.78 to 0.85, and between human development and average PISA scores from
0.76 to 0.87 (p < 0.001 in all scenarios). The majority of countries that scored above 500 on
PISA (the mean score across OECD countries) were, in that same year, above the OECD
average in gender equality (between 68% and 81%) and/or human development (between
74% and 88%). In every PISA cycle, 100% of the countries that scored below 420 on PISA
(approximately 1 standard deviation below the mean of all countries) were also below
the OECD average in both gender equality and human development. The Chi-squared
statistics for these contingency tables (although not included here, these can be reproduced
from the supplemental material) ranged from 4.7 to 22.5 (p < 0.05) with Yates’ continuity
correction, and from 6.0 to 25.5 (p < 0.01) without correction. This indicates that high
gender equality and high human development are not independent of the different levels
of PISA scores.

Table 2. Relationship of PISA (average) with gender equality and human development.

Relationship with Gender Equality

Relationship with Human Development

PISA Cycle n High PISA, High  Low PISA, High High PISA, High  Low PISA, High
Correlation Gender Equal Gender Equal Correlation Human Develop Human Develop
1),(3) 2),3) @,3) 2),3)
2006 48 0.83 *** 79% 0% 0.83 *** 74% 0%
2009 58 0.85 *** 75% 0% 0.87 *** 81% 0%
2012 57 0.78 *** 68% 0% 0.76 *** 74% 0%
2015 61 0.80 *** 68% 0% 0.82 *** 79% 0%
2018 62 0.83 *** 81% 0% 0.86 *** 88% 0%

Notes: () High PISA: PISA score over 500. ® Low PISA: PISA score under 420. ® High gender equality and high human development:
score over the OECD average for that year. *** p < 0.001.



Soc. Sci. 2021, 10, 480

90f18

3.2. Change in Gender Equality, Human Development and PISA Scores

Before conducting the statistical analyses, the observed changes in PISA scores were
graphed and visually assessed for apparent patterns. Figure 3 plots the relative relationship
between PISA 2006 and PISA 2018 scores, with the countries lying above the diagonal line
having higher 2018 scores than 2006 scores (which does not necessarily represent absolute
growth, due to the scaling of the scores). As can be observed, countries that scored below
500 in PISA 2006 appear to have more frequently increased their score than countries that
scored above 500.

5504
.
() .
. . .
5004 °
%, 0 . 8
.
.
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Figure 3. Observed relationship between PISA 2006 and PISA 2018 scores.

To evaluate these patterns of change and to assess the relationship between change
in gender equality and human development and change in PISA scores, change variables
were created by subtracting the 2006 values from the 2018 values. Table 3 displays the
summary statistics and correlation matrices for these variables.

Table 3. Summary statistics for change variables (PISA average score).

Correlations
Variable n Mean sd 1 2 3 4 5
1 PISA 2018 48 474 38.3 1
2 PISA 2006 48 474 459 0.96 *** 1
3 Change in PISA 2006-2018 48 0 14.3 —0.39 ** —0.64 *** 1
4 Change in gen. equal. 2005-2018 48 0.062 0.043 —0.08 -0.22 0.49 *** 1
5 Change in human dev. 2006-2018 48 0.041 0.018 —-0.26 —0.30* 0.29* 0.31* 1

Note: ***p < 0.001, ** p < 0.01, and * p < 0.05.

The very high positive correlation between the PISA 2006 and PISA 2018 scores (0.96)
indicates that PISA 2006 scores reliably predict PISA 2018 scores; however, the negative
correlation between change in PISA scores and PISA 2006 scores (—0.64) indicates that
higher PISA 2006 scores are significantly associated with lower growth. Change in both
gender equality and human development are significantly correlated with change in PISA
scores, and the correlation is stronger for gender equality (0.49 compared with 0.29).
We therefore regressed change in PISA scores on change in gender equality and human
development (independently and together), controlling for starting values for PISA and
country effects (using ‘western Europe and others” and ‘high income countries” as dummy
variables), to estimate the relationship between these variables.

In all of the tested scenarios (average, reading, math, and science PISA scores, for all
students, just girls, and just boys), change in human development was not a significant
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predictor of change in PISA scores, either independently or when controlling for gender
equality, PISA 2006 scores, or country effects. However, in all of the tested scenarios, change
in gender equality was statistically significant, even when controlling for PISA 2006 scores,
gender equality in 2005, and country effects. These results are displayed in Table 4 and
modelled in Figure 4.

Table 4. Change in gender equality as a predictor of average change in PISA scores, 2006-2018.

Models Including Gender Equality

PISA Only Model
All Students Girls Boys
Intercept 94.97 *** 90.09 *** 92.83 *** 88.89 ***
PISA 2006 score —0.20 *** —0.37 *** —0.32 *** —0.29 ***
Gender equality 2005 56.76 * 63.86 *** 49.07 *
Change in gender equality 178.71 *** 173.11 *** 178.61 ***
n 48 48 48 48
F 31.97 22.60 22.37 20.24
P <0.001 <0.001 <0.001 <0.001
Adj. R2 0.40 0.58 0.58 0.55
Note: ***p < 0.001, and * p < 0.05.
540
520
500 1
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8
2 4801
()
o
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440
420
20’06 predi'cted
2018
Improvement in gender equality == low == mean high

Figure 4. Relationship between change in gender equality and change in PISA scores, controlling for
PISA 2006 and gender equality 2005.

These models show that 40% of the variance of change in PISA scores can be accounted
for by PISA 2006 score alone, and that there is evidence of possible regression toward the
mean. Countries that scored over 475 in PISA 2006 had, on average, a negative change in
PISA scores, while countries that scored under 475 in 2006 on average had a positive change
in PISA scores, with both effects being greater at the extremes. Including gender equality
2005 and the change in gender equality between 2005 and 2018 increased the explained
variance of the model to 58%. An average change in gender equality (at the mean of +0.06)
predicted a 10.7-point increase in average PISA scores, and this was similar when scores
were disaggregated by gender. In higher scoring countries, the effect of improved gender
equality was not sufficient to offset the observed PISA regression toward the mean, while
in lower scoring countries these effects compounded to make a doubly positive result.

Controls for country effects are not included in the final models, as the relationships
between change in gender equality and change in PISA scores for each group were not
significantly different from the largest group in each categorisation (‘western Europe
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and others’, and ‘high income’, both set as dummy variables). However, using these
classifications highlighted the fact that this study does not include any low-income or
African countries, and only one country from the lower-middle income group (Indonesia,
which has since been reclassified as upper-middle income).

3.3. Items from the Composite Gender and Human Development Indices

Finally, the individual items that make up the composite Gender Inequality Index and
Human Development Index were investigated for their relationship with PISA results. The
methodological steps in the two preceding sections were applied to each item, and results
are summarised in Table 5. All items except the percentage of parliamentary seats held
by women were significantly correlated with PISA 2018 scores. However, only positive
change in parliamentary seats held by women and positive change in the adolescent birth
rate (a reduction in births) were significantly associated with change in PISA scores when
controlling for PISA 2006 scores. The items typically considered to be robust predictors of
academic performance, (such as wealth or quantity of education), although correlated with
PISA results in 2018, did not change substantially between 2006 and 2018 and therefore did
not evidence a significant relationship with change in PISA scores.

Table 5. Characteristics of items on Human Development and Gender Inequality Indices for 48 countries, with PISA scores

for 2006 and 2018.

Correlation with Mean Correlation of Significant in

Item Mean 2018 (sd) PISA 2018 Change Change with Regression Controlling
2005(6)-2018 Change in PISA for PISA 2006

Human Development:
Life expectancy at birth 79.7 (3.1) 0.63 *** 2.67 0.16 -
Expected years of schooling, child 16.4 (1.8) 0.50 *** 1.05 0.09 -
Mean years of schooling, adults 11.6 (1.6) 0.74 ** 0.89 0.08 -
Gross National Income $34,260 (14,287) 0.79 *** $164 0.24 -
Gender Equality:
i\)/i[it}f:nal mortality per 100,000 14.1 (14.6) Q.77 e 409 _033* )
Adolescent births per 1000 18.3 (18.5) —0.87 %+ ~676 047 yes
Fviff;g;a)ge of parliament seats 27% (9.9) 0.27 6.75% 042% yes
Percentage of women with 85% (16.2) 0.63 ++ 8.83% 0.30* -
secondary ed.
Gender difference in labour force 15% (8.4) 0.57 %% —3.30% 0.05 )

particip.

Note: ***p < 0.001, ** p < 0.01, and * p < 0.05.

4. Discussion

The main aims of this study were to explore the longitudinal relationship between
gender equality, human development, and PISA scores in order to contribute to political
efforts for gender equal human development in a post-COVID-19 world. We found that
gender equality was significantly associated with educational results at set time points,
and that positive change in gender equality was also associated with positive change
in educational results. These findings are important considering the setbacks to gender
equality and the interruptions to education provision that have been caused by the COVID-
19 pandemic.

4.1. Human Development and PISA

Prior studies have shown that system-level factors are correlated with PISA re-
sults, both independently and in combination (Campbell 2021; Meyer and Schiller 2013;
Rowley et al. 2020). Correlations in the same direction and of a similar strength were found
in this study. Namely, human development and gender equality had significant positive
correlations with PISA results at every time point, from 2006 to 2018. However, although
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having a strong correlation with PISA scores at every time point and displaying consistent
positive change over the 12 years of this study, change in the composite human develop-
ment index was not found to be a statistically significant predictor of change in PISA scores,
either independently or when controlling for country effects.

This is counter to the prevailing belief (Meyer and Schiller 2013; Rowley et al. 2019)
that economic factors are the most important enabling conditions in education, and that an
improvement in human development is the most consistent predictor of improved PISA
scores. Our findings indicate that change in gender equality is empirically more important
than economic factors.

Future research could consider alternative measures for educational outcomes (for
example, other international assessments such as TIMSS or PIRLS, or other educational
outcomes such as the OECD’s measures of social and emotional skills), different gender
equality indices (such as the World Economic Forum’s Global Gender Gap Index, The
OECD’s Social Institutions and Gender Index, or the Economist Intelligence Unit’s Women's
Economic Opportunity Index) and, as data become available, longer trajectories of time, to
further explore this relationship.

4.2. Gender Equality and PISA

Observed changes in PISA scores between 2006 and 2018 were consistently predicted
by change in gender equality and starting PISA 2006 scores. A total of 58% of the variance
in the change in PISA scores was explained by these variables together (18% more than by
PISA 2006 scores alone). Not only was the societal level of gender equality a significant
predictor of PISA scores at standalone time points; positive changes in gender equality
were predictive of positive changes in scores. An average improvement in gender equality
between 2006 and 2018 was associated with almost 11 additional PISA points. Some
countries such as Portugal had almost twice the average improvement in gender equality
over that time, which may explain some of their large improvement in PISA scores.

Of the individual items on the gender inequality index, maternal mortality and ado-
lescent birth rate (2018) displayed strong and significant correlations with PISA 2018 scores,
and a reduction in adolescent birth rate (2006-2018) and an increase in the percentage of
parliamentary seats held by women (2006-2018) were significantly associated with positive
change in PISA scores (2006-2018). There are, therefore, three significant policy implica-
tions from the findings in this study: lower maternal mortality rates, fewer adolescent
births, and steadily increasing representation of women in parliament have the greatest
potential to positively impact PISA scores. However, these independent effects were not as
large as the composite effect of gender equality over multiple measures. This suggests that
policies for improving gender equality, and subsequently other social outcomes such as
education, might be most effective when political efforts focus on the combined effects of
multiple intersecting inequalities, rather than any one dimension.

Although the theory that inequality between the sexes is fatal for all was proposed
over 200 years ago (de Condorcet 1795), possible explanations for why gender equality is so
positive for educational results still remain to be identified. It is conceivable that the implicit
messages that girls, boys, and whole communities receive about the potential, respect, and
empowerment of women and girls through the educational practices, policies and laws
within gender-equal societies have a combined positive effect on educational outcomes
for all students. In the absence of additional research, we simply conclude that sustained
improvements in women’s health, opportunity, empowerment, and representation are
consistently associated with improvements in educational outcomes, as measured by PISA,
to the benefit of both boys and girls.

Our findings add to a growing body of work that shows that improving gender
equality improves social outcomes for women, men, boys and girls. Despite not focussing
on gender gaps in education, the evidence that improving outcomes for women and girls
also improves outcomes for boys and men indicates that this is not a zero-sum effort. Future
research should explore the impact of improved societal gender equality on gender gaps in



Soc. Sci. 2021, 10, 480

13 of 18

education, however, the evidence from this study—that everyone benefits—is encouraging.
Policies and initiatives that target societal levels of gender equality, therefore, have the
potential to impact positively on diverse social outcomes to everyone’s benefit. In the
future, innovative research designs could explore mechanisms that explain why gender
equality is important for educational outcomes, and specifically why the indices and items
studied here are predictive of PISA scores. Researchers and policymakers should continue
to study these positive effects and seek to understand why recent gains in gender equality
have not withstood the onslaught of the COVID-19 pandemic.

Previous studies have shown a relationship between income inequality and various
social outcomes (Wilkinson and Pickett 2010), and it is important for researchers and
policymakers to study whether the effects of multiple inequalities are similar, different, or
compounding. Our methodology could be followed by researchers in different disciplines
in order to evaluate the relationship between gender equality and other social outcomes
such as, depression, delinquency, violence, happiness, social mobility, and peace.

4.3. Interpreting PISA Results over Time

Although not a specific focus of this study, our findings have implications for the
future longitudinal study of PISA results. Policymakers have been encouraged to interpret
the change over time in PISA scores as primarily the product of change in the quality of
education. However, this study has shown that much of that change is explained by the
statistical impact of time and scaling. Up to 40% of the variance in PISA score changes
is explained by starting PISA scores (in the case of this study, PISA 2006 scores), and
that change is, on average, positive for lower scoring countries and negative for higher
scoring countries.

Due to the scaling of PISA scores, change over time is relative and not representative of
absolute change in scores. It cannot, therefore, be assumed that high-scoring countries that
have seen a steady drop in their PISA scores, such as New Zealand, Australia and Finland
are suffering from a worsening quality of education, nor can low-scoring countries attribute
a steady increase in scores solely to an improved education system. Further disentangling
this is beyond the scope of the current study, and could be a topic for future research.
Comparative researchers should inform policymakers and other end users of PISA results
of the statistical effect of scaling over time, and provide examples for evaluating country
level changes through comparison with similar countries and similar starting PISA scores
so as to facilitate meaningful interpretation of change, both within countries and across
groups of countries.

4.4. Limitations

The cases in this study were restricted to PISA countries with available data on
gender equality and human development. Not included, for example, are China and
its dependencies, countries from Africa, and almost all low and lower-middle income
countries. Findings from this study should not, therefore, be generalised to all countries. In
addition, only one measure of academic achievement (PISA scores) was used, and without
similar studies with different measures of educational outcomes the findings should not be
generalised to all educational outcomes.

The aspects of gender equality and human development that are considered in this
study are restrained by the definitions and data that are collected by the UN in their
elaboration of the GII and HDI indices. Future research with other indices and different
indicators of inequality and development could usefully deepen and broaden the findings
of this study:.

Finally, we caution against interpreting the associations detected in this study as
causal, due to the nature of the data and the non-experimental design of the study. As
it is impossible to experiment with or randomly assign levels of gender equality, human
development, or educational outcomes to population groups, we are unlikely to ever be
able to prove causality. However, if future research confirms that positive change in gender
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equality is consistently associated with positive change in a broad range of social outcomes,
causal relationships may, although not proven, eventually be implied.

5. Conclusions

This study has established that gender equality is a significant predictor of educational
outcomes. Researchers should consider gender equality and other system-level factors
when evaluating results on international assessments, and policymakers should sustain
efforts to improve gender equality in post-COVID-19 societies due to evidence that positive
changes in other social areas will follow. Finally, educationalists should continue to
promote gender equality both inside and outside their classrooms, confident in evidence
that improving gender equality improves educational outcomes for all, boys and girls alike.
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Appendix A
Table A1. Characteristics of PISA READING scores, by cycle.
Relationship with Gender Equality Relationship with Human Development
PISA" j  Mean Score High PISA, High  Low PISA, High High PISA, High  Low PISA, High
Cycle (sd) Correlation Gender Equal Gender Equal Correlation = Human Develop Human Develop
0,3 ),3) 0,63 ,3)
2006 46 (;166%) 0.78 *** 73% 0% 0.81 *** 73% 0%
2009 55 (f6659) 0.83 *+* 73% 0% 0.85 **+ 80% 0%
2012 55 (g 2) 0.76 %+ 71% 0% 0.75 %+ 77% 0%
2015 58 (;176 g) 0.78 *** 75% 0% 0.82 *** 81% 0%
458 ok 0, 0, b2t 0, 0,
2018 60 (49.0) 0.80 71% 0% 0.86 86% 0%

Notes: (M High PISA: PISA score over 500. ® Low PISA: PISA score under 420. ® High gender equality and high human development:
score over the OECD average for that year. *** p < 0.001.

Table A2. Change in gender equality as a predictor of change in PISA reading scores, 2006-2018.

Models Including Gender Equality

PISA Only Model
All Students Girls Boys

Intercept 111.73 *** 116.15 *** 122.81 *** 116.91 ***
PISA 2006 score —0.23 *** —0.41 *** —0.44 *** —0.41 ***
Gender equality 2005 86.99 *** 103.12 *** 80.00 ***
Change in gender equality 206.54 *** 207.22 *** 209.41 **
n 45 45 45 45

F 24.42 16.66 17.02 15.93

p <0.001 <0.001 <0.001 <0.001

Adj. R? 0.36 0.52 0.52 0.50

Note: **p < 0.001, ** p < 0.01.
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Appendix B
Table A3. Characteristics of PISA MATH scores, by cycle.
Relationship with Gender Equality Relationship with Human Development
PISA =~ Mean Score High PISA, High  Low PISA, High High PISA, High  Low PISA, High
Cycle (sd) Correlation Gender Equal Gender Equal Correlation = Human Develop Human Develop
10,3 2),3) 1,3 2,3
473 k% 0, 0, i 0, 0,
2006 47 (51.2) 0.85 83% 0% 0.83 78% 0%
465 EE 0, 0, HAN 0, 0,
2009 55 (53.8) 0.86 87% 0% 0.87 87% 0%
470 b 0, 0, AN O, 0,
2012 55 (50.5) 0.81 72% 0% 0.76 78% 0%
462 bt 0, 0, AN O, O,
2015 60 (51.6) 0.82 80% 0% 0.82 80% 0%
464 4k 0, 0, %% 0, 0,
2018 59 (50.1) 0.85 88% 0% 0.86 88% 0%

Notes: 1) High PISA: PISA score over 500. @ Low PISA: PISA score under 420. @ High gender equality and high human development:
score over the OECD average for that year. *** p <0.001.

Table A4. Change in gender equality as a predictor of change in PISA math scores, 2006-2018.

Models Including Gender Equality

PISA Only Model
All Students Girls Boys
Intercept 83.86 *** 78.26 *** 77.78 *** 77.96 ***
PISA 2006 score —0.18 *** —0.33 *** —0.32 *** —0.33 ***
Gender equality 2005 84.90 *** 85.21 *** 86.71 **
Change in gender equality 194.26 *** 184.60 *** 203.46 ***
n 46 46 46 46
F 20.43 14.63 14.70 13.31
[4 <0.001 <0.001 <0.001 <0.001
Adj. R? 0.30 0.48 0.48 0.45
Note: *** p < 0.001, ** p < 0.01.
Appendix C
Table A5. Characteristics of PISA SCIENCE scores, by cycle.
Relationship with Gender Equality Relationship with Human Development
PISA =~ Mean Score High PISA, High  Low PISA, High High PISA, High  Low PISA, High
Cycle (sd) Correlation Gender Equal Gender Equal Correlation = Human Develop Human Develop
1),(3) 2),3) ),3) 2),(3)
2006 48 479 0.83 *** 72% 0% 0.82 *** 72% 0%
(45.0) . o o . o o
471 4k 0, 0, Exxd O, O,
2009 56 (50.6) 0.85 65% 0% 0.85 75% 0%
478 o4k 0, 0, 3%k 0, 0,
2012 56 47.3) 0.76 65% 0% 0.72 70% 0%
468 %% 0, 0, %% 0, 0,
2015 59 (47.4) 0.7 68% 0% 0.81 74% 0%
461 %% 0, 0, H%% 0, 0,
2018 62 (46.8) 0.80 71% 0% 0.83 86% 0%

Notes: 1) High PISA: PISA score over 500. @ Low PISA: PISA score under 420. ®) High gender equality and high human development:
score over the OECD average for that year. *** p < 0.001.
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Table A6. Change in gender equality as a predictor of change in PISA science scores, 2006-2018.

Models Including Gender Equality

PISA Only Model
All Students Girls Boys

Intercept 106.63 *** 87.73 *** 85.42 *** 93.21 ***
PISA 2006 score —0.23 *** —0.24 *** —0.24 *** —0.26 ***
Gender equality 2005 18.13 20.06 19.37
Change in gender equality 156.04 *** 149.93 *** 161.14 ***
n 48 48 48 48

F 41.12 24.75 21.64 21.25

p <0.001 <0.001 <0.001 <0.001

Adj. R? 0.46 0.60 0.57 0.56

Note: ***p < 0.001.
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