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Abstract

Gender differences are one of the most contentious issues in educational research. This study
analyzes long-term changes in gender gaps in reading comprehension at the end of primary
school in 63 education systems. It links test data from seven comparative studies that were
conducted between 1970 and 2016 using a common achievement scale based on item
response theory. We investigate whether mean gender gaps have widened or narrowed over
time—controlling for changes in the sample of countries from measurement point to
measurement point—using a system-level regression with fixed effects. We observe an
advantage of girls over boys in reading in almost all countries, although the size of the gender
gap varies considerably internationally. Further, we observe a significant increase in the
international gender gap between 1971 and 2001 and a slight decrease since then.

Keywords: reading literacy, gender gap, international large-scale assessment, item-

response theory, linking
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International Reading Gaps between Boys and Girls, 1970-2016

The question of gender equality in reading achievement—i.e., of whether boys and
girls perform differently—is a contentious issue in educational research. A student’s ability to
read fluently and to comprehend what they are reading is an important outcome of primary
education; it has an intrinsic value when children read for pleasure and an instrumental value
when they read to learn in other domains or use reading to participate in the society. More
broadly, gender equality in education has also been recognized as an important issue by
policy makers. For instance, in 2015, the United Nations Educational, Scientific and Cultural
Organization (UNESCO) prominently stressed gender equality and quality education in two
of the 17 global goals for a sustainable development (UNESCO 2016).

Theoretical Perspectives on the Emergence of Gender Gaps in Academic Achievement
Theories differ in how they understand the emergence of gender differences in
academic achievement (see overviews by Maccoby 1998; Connell 2002; Halpern 2012). One
set of arguments assumes that males and females had different innate cognitive abilities, that
is, they differ in their stable, biological capacities to learn. However, extensive meta-analyses

on this topic have found very small gender differences in most subdomains of cognitive
ability tests. The only somewhat larger stable differences were found in the verbal and visual-
spatial areas, with females performing slightly better in the former and males slightly better
in the latter, but these were still small (e.g., Maccoby and Jacklin 1974; Rosén 1998; Halpern
2012). In Hyde’s (2005) review of meta-analyses, for instance, 69% of the reported gaps
between boys and girls or men and women in cognitive variables were very small or close to
zero (d <0.20]), 23% were small to medium (d < |0.50]), and only 8% were medium to large
(d < |0.80)). The effect size d reflects mean differences between the genders withd =1
implying a one standard deviation advantage of females and d = -1 a one standard deviation

advantage of males. In other areas, much larger gender differences were observed, for
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instance, in throwing velocity (d = -2.18). Hyde (2005) concluded that “males and females
are alike on most—but not all—psychological variables” (ibid, 590).

Of course, academic achievement is not the product of innate cognitive abilities alone
but also of motivational and learning processes that are strongly tied to the environment.
Many theoretical perspectives assume that important environmental factors differ for boys
and girls. For example, multiple gender stereotypes and gender-specific expectations are
assumed to influence child development. This means that boys and girls are positively and
negatively reinforced to show gender-appropriate behavior on a daily basis, for example, by
their families, peers, teachers, or the media (Connell 2002; Halpern 2012). Following
Maccoby (1998), “there can be no doubt that as the cultural messages, the social assumptions,
and the scripts concerning gender are absorbed by children, they have a powerful impact on
the way children construct their identity as either male or female individuals” (ibid, 294).

According to reading-related gender stereotypes, girls are better at language-related
tasks and more interested in reading. Such stereotypes have two clear implications: They
could, on the one hand, prompt boys to develop lower reading-related self-esteem and test
scores due to stereotype threat mechanisms (e.g., Retelsdorf et al. 2015; Wolter et al. 2015;
Pansu et al. 2016). On the other hand, they could contribute to less engagement in reading as
a hobby among boys (e.g., expectancy-value theory; Wigfield and Eccles 2000). Indeed, boys
typically show lower reading self-esteem, lower self-efficacy in reading, and more negative
attitudes towards reading than girls (e.g., Archambault et al. 2010; Huang 2013; OECD
2015). Importantly, and arguably related to the aforementioned findings, boys read less often
in their free time than girls, especially fiction (e.g., OECD 2009; OECD 2015; Jerrim and
Moss 2019). Since reading enjoyment and regular reading outside of school are regarded as

important promoters of reading achievement (e.g., OECD 2015; Waxman 2015; Jerrim and
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Moss 2019), such gender differences in reading habits might influence gender gaps in reading
performance.

Stereotypes or “cultural messages” (Maccoby 1998, 294) about girls and boys’
academic performances likely differ between countries and change in line with social,
political, and economic developments (e.g., Connell 2002; Assi¢é-Lumumba and Sutton 2004;
Cooray and Potrafke 2011). Different previous studies correlated countries’ gender gaps in
achievement with indicators of societal gender inequalities, assuming relative female
achievement advantages in more gender-equal societies. The indicators differed however
vastly between the studies, including gender-related attitudes from the World Values Survey,
the World Economic Forum’s Gender Gap Index, female enrolment ratios in specific
university tracks, or gender gaps in salaries or labor force participation. Some of these studies
indeed found gender gaps to be more shifted in favor of girls in more gender-equal countries
(e.g., Guiso et al. 2008; Reilly 2012; van Langen et al. 2006), others, however, found mixed
or insignificant associations (e.g., Else-Quest et al. 2010; Marks 2008; Stoet and Geary 2013;
Tao and Michalopoulos 2018). This inconclusive state of research may be related to the use
of different indicators and country samples. A study that used a direct measure for relevant
societal gender stereotypes, namely societies’ implicit stereotypes of science being a male
domain, found a close link with gender achievement gaps (Nosek et al. 2009).

Apart from gender-related cultural aspects, countries’ educational policies have the
potential to affect gender gaps in student achievement, especially if the policies lead to boys
and girls being segregated into different schools. According to the opportunity to learn theory
(McDonnell 1995), the potential for gender gaps in learning processes should be larger in
systems where boys and girls are segregated in different schools with potentially different
qualities. Van Langen and colleagues (2006) found that differentiation policies indeed

correlated with gender gaps in achievement. They constructed a country-level indicator of
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overall differentiation in the education system, including single-sex schooling and tracking
policies, among others. Gender gaps were more shifted in favor of girls in more integrated as
compared to differentiated systems (van Langen et al. 2006). In contrast, Hermann and
Kopasz (2019) compared countries with tracked and compulsory lower secondary school
systems and found girls’ advantages in the first as compared with the latter. Other studies that
investigated single-sex versus coeducational schooling within the same countries found no
robust effects on achievement outcomes (e.g., Pahlke et al. 2014; Robinson et al. 2021).
Therefore, the state of research on differentiation policies is inconclusive.

Another country characteristic that has the potential to directly affect achievement
gender gaps is the school enrolment ratio. Especially at the secondary school level, in lower-
income areas of the world or a few decades ago, not all children and adolescents attended
school (e.g., OECD 2015; UNESCO 2019). By tendency, enrolment gaps are nowadays
shaped to the advantage of boys in lower- and to the advantage of girls in higher-income
areas of the world (e.g., UNDP 2019; World Economic Forum 2019). A low socioeconomic
status is, internationally, one of the most central risk factors for not being enrolled in school
(e.g., Lavrijsen and Nicaise 2015; OECD 2020; UNDP 2019). If either the enrolment of boys
or girls increases in a country, more socioeconomically disadvantaged and probably low-
performing students enter or remain in school, which should therefore affect gender gaps in
school-based assessments. Indeed, Steinmann and Rutkowski (in print) found a negative
association between countries’ gender gaps in school enrolment and gender gaps in academic
achievement scores at the secondary school level.

In summary, various differences between countries, such as cultural, political, and
school enrollment differences, might explain why gender gaps in achievement could vary

between countries and over time. Based on the presented literature, we expected to find that
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girls achieve higher reading scores on average than boys and that these gender gaps differ
between countries and across time in the present study.
Evidence on Gender Gaps in Reading Comprehension

Many believe that girls generally score higher than boys in reading, but previous
research provides a more nuanced picture. We start our literature review with Hyde and
Linn’s (1988) meta-analysis, which summarized 165 US and Canadian studies on gender
differences in verbal abilities that were conducted between 1955 and 1986. The main finding
was that girls had better verbal ability scores although the mean effect size was small (d =
0.11).! The meta-analysis revealed some further interesting results. First, the gender gaps
varied for the subdomains of verbal ability. The gender differences ranged from d = -0.16 in
analogies, meaning that boys had a very small advantage, to d = 0.33 in speech production,
implying that girls had a small to moderate advantage. The mean effect size for reading
comprehension was close to zero (d = 0.03). Second, the authors found some evidence that
gender gaps declined slightly over time, as the gaps found in studies published in 1973 or
earlier (d = 0.23) were larger than those found in studies published after 1973 (d = 0.10).
Third, the mean effect sizes were similar for children of different age groups.

Another meta-analysis on gender gaps summarized international and national large-
scale assessments on reading comprehension at secondary school level conducted between
1970 and 2002 (Lietz 2006a; Lietz 2006b). The international data stemmed from around 50
countries that participated in the international Reading Comprehension Study (RCS) 1970,

the Reading Literacy Study (RLS) 1991, and the Programme for International Student

L For our literature review, we transformed all original mean difference scores into effect size
measures to increase the comparability of the findings. If no effect size measures were reported, we
divided the mean score differences of girls minus boys by the (international) standard deviation.
Therefore, all d values can be interpreted as differences in standard deviation units, with positive
values indicating an average advantage for girls and negative values indicating an average
advantage for boys.
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Assessment (PISA) 2000, as well as from the national data from the National Assessment of
Educational Progress (NAEP) 1992, 1994, 1998, 2002, and 2003 in the US and the Australian
Monitoring Standards in Education (MSE) 1992, 1995, 1997, 1999, 2001, and 2002. The
meta-analysis treated each participating country and year of data collection as a separate
study. Hence, there were a total of 147 studies, with each containing representative data from
several thousand students. Girls had higher scores than boys in most studies; the mean effect
size across all countries and over time was d = 0.19. Again, there was some evidence of
variation in the size of gender gaps. In the first paper based on the meta-analysis, Lietz
(2006b) showed that gaps were very small in studies conducted in 1991 or earlier (d = 0.05)
and more pronounced in studies conducted after 1991 (d = 0.31).? However, in a second
paper on the same meta-analysis, Lietz (2006a) also noted differences in the reading
comprehension tests between assessment programs. PISA, NAEP, and MSE reported larger
gender differences than the other assessments. It is impossible to decide whether the observed
differences are due to increasing gaps or differences in study characteristics, such as the
reading comprehension tests used or the country compositions in the various studies. The
meta-analysis provided no evidence of age-related differences in gender gaps. As it only
included secondary school studies, the variation in student age was, however, small.

Lynn and Mikk (2009) summarized the findings of two international assessments on
reading comprehension at different educational stages. They considered primary school data
from the Progress in International Reading Literacy Study (PIRLS) 2001 and 2006 and
secondary school data from PISA 2000, 2003, and 2006. Both assessment programs thus
covered approximately the same short period. Lynn and Mikk (2009) found that girls scored

higher than boys, with a mean effect size of d = 0.23 in primary schools and a mean effect

2 The effect size estimates for studies published before and after 1991 were based on regression
analyses (studies as cases) where the gender gap was regressed on a dichotomous time variable.
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size of d = 0.42 in secondary schools. Again, it should be noted that PISA and PIRLS were
conducted in different countries and used different achievement tests, which could perhaps
explain the higher effect sizes at the secondary school level.

This literature review has suggested that, internationally, reading gender gaps vary:
Some studies report differences close to zero, while others find moderate advantages for girls.
However, the comparability of the different meta-analyses is limited because the primary
studies investigated different outcomes, employed different test instruments, and sampled
from different target populations. Such meta-analyses assume that variation across outcomes,
tests, and samples is comparable and thus use the outcome variation in the respective study
samples to standardize and merge the observed effects across studies and time. However,
researchers wishing to grasp actual national or international trends in a certain effect need
outcome operationalizations, test instruments, and samples to be more consistent. This
consistency can be found in national and international trend studies, which employ the same
assessment and sampling frameworks across study cycles.

One such long-term trend study with comparable instruments and samples is NAEP,
which has assessed grade 4, 8, and 12 in the United States since 1971. Hedges and Nowell
(1995) focused on the grade 12 trend samples that were assessed between 1971 and 1992. In
all cycles, girls had higher reading comprehension scores than boys, with effect sizes between
d =0.18 and d = 0.30. There was no apparent trend in the varying effect sizes over time.
Klecker (2006) studied more recent data from all NAEP cohorts between 1992 and 2003 and
found that girls had significant advantages in reading in all age groups and across all years of
analysis. For grade 4 students, the effect sizes ranged from d = 0.13 to d = 0.27 across the
years of observation, and for grade 8 students, they ranged from d = 0.27 to d = 0.43. Again,
there was no clear trend over time. In 12™-graders, the gap increased from d = 0.22 in 1992 to

d =0.44 in 2002 (see also alternative study by Waxman 2015).
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The Early Childhood Longitudinal Study (ECLS) is a US panel study. Based on
ECLS, Chatterji (2006) analyzed changes in language and reading achievement gender gaps
from kindergarten to grade 1 in more than 2,000 children. It should be noted that the reading
test measured reading comprehension as well as basic reading skills such as letter
recognition. Chatterji found that girls enjoyed increasing and significant advantages across
time. The size of the gap increased from d = 0.17 at kindergarten entry to d = 0.31 at the end
of first grade when controlling for ethnicity and poverty.

These national studies have provided interesting insights concerning trends in the
United States but—as discussed above—international and cultural differences are likewise
plausible. Therefore, it is worth further reviewing international evidence from comparative
studies (cf. Hanushek and Woessmann 2011).
Trends in Gender Gaps in International Large-Scale Assessments

The International Association for the Evaluation of Educational Achievement (IEA)
has conducted international large-scale assessments on reading literacy among schoolchildren
since 1970 in an ever-increasing number of countries. In some cases, these studies were also
included in the meta-analyses above. Therefore, in this section, we focus on additional trend
findings that they provide. The first IEA study on reading abilities was the RCS from 1970
(Thorndike 1973). Since this study was not repeated with the same sampling and testing
procedures, trend analyses with later findings cannot be directly undertaken. The next IEA
study on reading was the RLS, which surveyed reading achievement and reading activities
from 32 countries in 1990/1991 (Elley 1992; Raudenbush et al. 1994). In nine of these
countries, the RLS was repeated in 2001 using common measurement metrics and sampling
designs. Martin et al. (2003) investigated the reading gender gap changes in these nine
countries and found that the gap in favor of girls significantly increased in Singapore and

decreased to the point of being insignificant in Iceland and Italy. In the other six countries
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(Greece, Hungary, New Zealand, Slovenia, Sweden, and the United States), girls retained an
approximately similar-sized advantage over boys over the 10 years.

Since 2001, the IEA has conducted PIRLS in a five-year cycle. Because the
instruments and samples are comparable in the consecutive cycles, reading gender gap trends
can be observed over 15 years. The most recent report contains an overview of gender gap
trends in the 49 countries and benchmarked participants that took part in at least two PIRLS
cycles (TIMSS & PIRLS International Study Center 2017). In 26 of these countries, the
changes between the earliest and latest time of participation were very small (d < 0.05). In
nine countries, the gaps increased and in 14, they decreased. The reading gap only increased
from an insignificant advantage of girls to a significant one in two countries (Israel and
Spain) and in two other territories, the reading gap decreased from a significant advantage of
girls to an insignificant advantage over time (Andalusia in Spain and Portugal). Looking at
the countries that participated in all four PIRLS assessments, one can mostly see largely
stable (France, Germany, Hong Kong, Hungary, Italy, Lithuania, Norway, Russian
Federation, Slovenia) and decreasing gender gaps (Bulgaria, England, Netherlands, New
Zealand, Singapore, Slovak Republic, Sweden, United States), instead of increasing gaps
(Iran).

For adolescents, PISA—conducted by the Organization for Economic Co-Operation
and Development (OECD) in a three-year cycle since 2000—is the broadest international
large-scale assessment that investigates reading literacy. Trend analyses between PISA 2000
and 2006 and between 2009 and 2015 indicated slight declines in gender gaps in reading
internationally (OECD 2009; OECD 2016; OECD 2019). Yet such changes varied in degree
between countries, and in many countries, the gender gaps remained stable, just as found in

PIRLS.
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The Survey of Adult Skills (PIAAC)—conducted by the OECD between 2011 and
2018—found that, in most countries, the gender gaps between men and women in literacy
skills were small and not significantly different from zero (OECD 2019). Comparisons of
adult cohorts by age showed that gender gaps tended to favor women in younger groups and
men in older groups. However, the observed reading advantages of young women in PIAAC
were less pronounced than the reading advantages of female 15-year-olds in PISA
(Borgonovi et al. 2017).

In summary, studies that used older data found mostly small average gender gaps in
reading in meta-analyses and in national and international large-scale studies. The estimates
varied depending on the investigated countries and study characteristics. The more recent
international large-scale studies—PIRLS and PISA—found that females had significantly
higher scores than males in reading across almost all countries and study cycles. The
magnitude of the gender gap not only varied across time but also between countries.
However, it is important to note that the more recent studies not only consider a larger set of
countries but also countries from more regions of the world. For this reason, it is difficult to
disentangle if the changes in the gap size reflect an actual trend in the gaps or rather the fact
that the estimations base on different countries. Short-term trend analyses showed a
heterogeneous picture when comparing countries. To date, no studies have simultaneously
investigated differences between educational systems and longer-term trends in reading
gender gaps.

The Present Study: Investigating International Gender Gaps in Reading between 1970
and 2016

The present study mainly aimed to investigate how international reading gender gaps

in primary school students have changed since 1970. The above-cited literature underscores

the need to identify the scope of a study on long-term international trends carefully in three
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regards to eliminate related bias. First, it is important to focus on individual educational
stages. In the present study, we investigated gender gaps at the end of primary school (grades
3-6). Second, the observed samples should be coherent over time. We analyzed recent and
older international assessments and included all observed countries that participated in at
least two years of observation to be able to measure change. In order to control for changes in
the sample composition over time, we used country-level regression models with fixed
effects for countries. Third, it is important to use comparable measures across countries and
time. The international assessments provide achievement tests that were equivalent across
countries for different points in time. We built on previous work to further link the
achievement tests from all reading assessments conducted by the IEA within a common item
response theory (IRT) based scale (Strietholt and Rosén 2016). These scores provide a
common metric for investigating gender gaps across countries and over time.
Methods

Sample

This study combines data from all seven IEA studies on reading comprehension at the
end of primary school that have been conducted so far (see Table 1). These were the RCS
1970, RLS 1991 and 2001, and PIRLS?® 2001, 2006, 2011, and 2016. We also included a
Swedish extension of the international design, in which an additional sample of students
responded to an extended set of test items.* We merged the samples of countries that

participated in both RLS and PIRLS in 2001 (cf. Strietholt et al. 2013) and the samples of

3 We did not include data from the PIRLS Literacy, prePIRLS, or ePIRLS studies.

4 Together, all used datasets are available from https://timssandpirls.bc.edu/pirls-landing.html and
https://www.gu.se/en/compeat. Sweden extended the international assessment design by including
more reading items that were used in earlier studies in RLS 1991 and 2001, as well as PIRLS 2001
(see Appendix A2).
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countries that assessed more than one grade in a cycle. After excluding countries or regions®
that participated in only one study—for which changes over time could thus not be
investigated—we reduced the original full sample of n = 234 country-by-year observations
(column 1 in Table 1) to n = 213 (column 2 in Table 1). Out of the 62 included countries,
four participated in all seven studies, eight in at least six of the studies, 14 in at least five, 27
in at least four, and 45 in at least three.
< Table 1 about here >

Within countries, we excluded students who did not take the reading test® or for whom
gender information was missing’. Across the 213 country-by-year observations, we used data
from almost one million students (column 3 in Table 1). Depending on the country-by-year
observations, these students attended grades 3—-6 and were on average between 8.9 and 11.9
years old.® Appendix Al depicts a full list of study participation and student samples for the
countries.
Instruments
Reading Comprehension

In all studies, the reading tests consisted of text passages and corresponding items

(Thorndike 1973; Martin et al. 2003; Mullis et al. 2017). However, even though there were

5 In the IEA studies, some countries had regional samples rather than nationwide ones (e.g., Belgium
(Flemish) and Belgium (French)). We treated these as separate samples. In the following, we use
the term “country” for the sake of simplicity.

5 In RCS and RLS, students who did not participate in the reading tests were included in the datasets;
they were not included in the PIRLS datasets.

7 The shares of missing gender information ranged between 0% and 11%. While most countries had
no or only very small proportions of missing gender data (< 3%), there were seven country-by-year
observations with 3%-5% missing data, and two with 7%-11% missing data. These cases primarily
occurred in the older studies, RCS 1970 and RLS 1991.

8 The international target populations in RCS were the grades with most 10-year-old students, in RLS
they were the grades with most 9-year-old students, and in PIRLS students they were these in grade
4. The RCS 1970 sample included some students from grades 7-13. We excluded those from the
analyses. In PIRLS, some countries sampled grades above and below grade 4 (e.g., if students in
grade 4 were on average not fluent readers yet or younger than 9.5 years). In some cases, the grade
information from the raw datasets deviated from the information in the international reports. In this
case, we used the information from the international reports (see Appendix Al).



READING GAPS BETWEEN BOYS AND GIRLS 1970-2016 16

overlaps in the assessment material, the scores in RCS, RLS, and PIRLS are not comparable
over time. To establish a common scale for all assessments, we conducted a test equation
study, which is explained in detail elsewhere (Strietholt and Rosén 2016). In brief, we first
defined the construct of interest and identified the corresponding texts and items. We focused
on reading for literary experience and to acquire and use information.® After reading narrative
or expository text passages, students responded to multiple choice or constructed response
items that assessed their comprehension of these continuous texts. In the multiple choice
items, students had to choose the correct answer (1 point) out of four options. In constructed
response items (i.e., free, unstructured responses to questions), students could receive
between 1 to 3 points. We recoded all item responses in the assessments consistently (wrong
or omitted (0), correct, 1 point (1), correct, 2 points (2), correct, 3 points (3), and not
presented or not reached (missing)).1° Overall, the selected test materials included 32 text
passages (15 narrative and 17 expository texts) and a total of 300 corresponding items (189
multiple choice and 111 constructed response).

Second, we estimated overall reading comprehension scores on our own common
metric across the selected items in the seven studies (see detailed description in Strietholt and
Rosén 2016). In summary, we took advantage of the fact that many text passages and items
were used in multiple assessments over time, i.e., they served as anchor items across
assessments. It is important to note that in addition to the overlaps in the international design,
Sweden supplemented the international tests with items from earlier tests in 1991 and 2001.

These unique design features in Sweden enable the linking of all studies (see Strietholt and

®  We excluded items that measured word recognition, so-called document items (i.e., where students
had to retrieve information from tables, charts, etc.), and items from the PIRLS Reader (which were
assessed in a separate booklet that did not follow the same booklet rotation principles of the other
studies).

10 RCS and the Swedish extension of RCS items in RLS 1991 and 2001, did not differentiate between
omitted, not reached, and not presented items in the original datasets.
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Rosén 2016 for a detailed overview). Appendix A2 gives a full overview of the text passages
in the study cycles. Based on the raw data for the subsample of four countries that
participated in all seven assessments (Sweden, Hungary, Italy, and United States), we
estimated the item parameters in a concurrent calibration based on a Rasch model (one-
parameter logistic IRT) with an extension for partial credit (for the constructed response
items in which students could get 2 or 3 points; see Kim and Cohen 2002; Masters 1982).1
We used this model’s fixed item parameter estimates to estimate the person parameters for all
countries. Specifically, we derived five plausible values of reading comprehension for all
students in all country-by-year observations (i.e., no missing values in these plausible
values).? We standardized each plausible value to a mean of zero with a standard deviation
of one.3 We used the R package TAM to estimate the multi-group IRT models (Kiefer et al.
2016).
Gender Gaps

As mentioned in the sample section, all students with missing gender information
were excluded from the analysis. The share of girls in the samples ranged between 42% and
60% between the country-by-year observations. For each country-by-year observation, the
gender gap was computed as the mean difference between the weighted'* mean reading
scores of girls and boys across five plausible values. Since we used z-standardized

achievement scores, the mean difference can be interpreted as effect size d. Therefore, gender

' In unreported analyses, we also fitted a more complex three-parameter logistic IRT model. Due to
its complexity, this model led to partly unstable results and convergence issues. The converged
models resulted in similar gender gap estimates as the simple one-parameter models, which is why
we decided to focus on the simple, parsimonious models.

12 When estimating the plausible values, we only included achievement information and no additional
background information.

13 In this standardization procedure, each country-by-year observation had the same weight.

14 We applied the student sampling weights “supwgt” (RCS 1970), “stdwgt” (RLS 1991), and
“HOUWGT” (RLS 2001 and PIRLS 2001-2016). These weights account for unequal selection
probabilities and non-response in the stratified clustered sampling designs in the respective studies
and therefore allow to estimate gender gaps in the underlying student populations.
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gaps of d = 1 imply that girls’ mean achievement is one standard deviation higher than boys’
mean achievement in a country, and d = -1 a one standard deviation advantage of boys.

In order to evaluate whether the results of our gender gap estimation procedures (i.e.,
country-by-year observation selection and reading comprehension calibration) were
comparable with previously published study reports, we compared our findings with the
official gender gap trends of PIRLS 2001-2016 (Mullis et al. 2017). Comparing Figure 1 and
Appendix A3, we found very similar estimated within-country trends between 2001 and
2016, which provides evidence that our analyses replicate the international studies well. The
effect sizes of our findings were closer to zero than the IEA’s mean difference scores divided
by the international standard deviation of 100, because our mean differences were evaluated
against a larger overall variation in reading achievement in the country-by-year observations
between 1970 and 2016.

Empirical Model

By linking the datasets and estimating the gender gap, we generated a database with
one gender gap estimate for each country-by-year observation. In order to estimate change in
these gender gaps, we regressed the gender gap in country ¢ and year t on the variable year
when the assessment was administered:

gapee = a + B * yeary + & 1)

The key parameter of interest is 8, which reflects the linear international change in the
gender gap per year. The main challenge of this approach is that different countries
participated in different years. If, for example, more countries with larger gender gaps
participated in older studies, the comparison with more recent studies would be biased. To
avoid potential bias emerging from changes in sample composition, we extended the

regression model by country-fixed effects v, i.e., we added dummies for all countries:
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gapee = a+ fxyeary + v, + & (2)

The key advantage of this approach is that it exploits within-country variation to
estimate gender gap trends over time. By implication, S reflects the linear change per year in
the gender gap across countries, independent of the time-varying country participation.

Previous research suggests that changes in the international gender gap trends might
be nonlinear (e.g., Hyde and Linn 1988; Lietz 2006b). To capture such nonlinearity, we
replaced the continuous time variable with dummies for each assessment year, using 1970 as
the reference. As above, we estimated country-fixed effects:

9apee = a + By * yearigorc + B2 * yearyooic + B3 * yearygosc + Pa * yearygiic +
Bsyearypiec + Ve + Ect 3)

Lastly, we decomposed the variance in gender gaps in country-by-year observations
into three components, one for time-stable, between-country differences, one for the overall
international trend, and one for national trends (country deviations from the international
trend). For this purpose, we conducted an analysis of variance with the two categorical
factors, country and year, and their interaction. The interaction term reflects the country-
specific changes over time. Note that including an interaction term for the country-specific
trends leads to a model with zero degrees of freedom, which is why we cannot conduct a
significance test.

Results
Descriptive Results

We observed positive small- to medium-sized gender gaps in almost all of the 213
country-by-year observations, i.e., girls generally had higher reading comprehension scores
than boys (see Figure 1). Table 2 presents the descriptive distributions of the gender gaps

separately for each year of observation. Across all country-by-year observations, the mean
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gender gap effect size was d = 0.14. This implies that girls scored 14% of a standard
deviation higher than boys, on average. However, there was considerable variation in the size
of the gaps. We only observed negative gaps, which indicated very small or close to zero
advantages for boys, in three country-by-year observations (d = -0.08 in the Netherlands in
1970, d =-0.02 in Colombia in 2011, and d = -0.01 in Hungary in 1970). For 48 country-by-
year observations, the gender gaps were positive but very small (0.01 <d < 0.10), in 122 they
were small (0.10 <d < 0.20), in 35 they were medium-sized (0.20 <d < 0.30), and in five
they were rather pronounced (0.30 <d < 0.40 in Kuwait in 2001, 2006, and 2011, and d =
0.39 and d = 0.43 in Saudi Arabia in 2011 and 2016).
< Table 2 about here >
< Figure 1 about here >

Main Results

In our main analyses, we first regressed the gender gap on to the continuous time (in
years) variable and country dummies. By implication, our estimation of the effect of time was
based on the longitudinal variation within countries. The results of this country-fixed effects
model indicated that the international gender gap widened over time by g = 0.0006 (p < .027)
per year. This linear annual increase is depicted as regression line in Figure 2. However, the
trends in international gender gaps may not be linear. For this reason, we replaced the
continuous time variable with dummies for each year and used 1970 as the reference
category. The results for this analysis provided some evidence for a nonlinear relationship,
because we observed a monotonically increasing trend up to the year 2001 and a
monotonically decreasing trend thereafter The observed difference between the reference
year 1970 and 2001 corresponds to an effect of 8 = 0.086 (see column 1 in Table 3 and

points in Figure 2). However, while there were statistically significant differences between
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each year and the reference year 1970, the differences between the years 1991, 2001, 2006,
2011, and 2016 were rather small. For this reason, we wish to emphasize that our main
finding was the change in size of the international gender gap between 1970 and 1991. The
gender gap changes in the more recent years were small and conclusions should be drawn
with caution.
< Table 3 about here >
< Figure 2 about here >

To contextualize the main findings, we decomposed the variance in the gender gaps
across all country-by-year observations by means of an analysis of variance with time
(categorical), country, and the interaction between them. This analysis showed that 72% of
the total variance in the gender gap in country-by-year observations related to differences
between countries, 7% was linked to international differences between time points, and 21%
pertained to the interaction between countries and time. Since we found that the main source
of variance was between countries, we would advise against overinterpreting the extent of the
observed international trend. The results indicate that countries do indeed deviate from the
international gender gap trend.
Robustness Checks

Several alternative models using more restricted country samples confirmed the
robustness of the main findings. The first robustness test related to a more homogenous set of
economically developed OECD member states. We estimated the country-fixed effects model
with the categorical time variable for the subset of OECD countries (Table 3, column 2). The
results from this analysis were remarkably similar to those of the main analyses using the full
set of countries. Further robustness checks related to how often countries participated—at
least three (column 3), four (column 4), five (column 5), or six times (column 6). Obviously,

we had a dramatically reduced sample size of only 30 country-by-year observations when
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considering data from just the four countries that participated in all six years. Interestingly,
despite the reduced sample sizes, the results were qualitatively the same for the more
restricted samples.
Discussion

This study investigated long-term trends in international gender gaps in reading
achievement at the end of primary schooling and generated the following findings. First, we
found that girls generally scored higher than boys in reading comprehension in most
countries and at most points in time. Second, we found that the size of the gender gap varied
vastly across countries and time. The lowest gender gap of d = -0.08—therefore indicating a
small reading advantage of boys over girls—was found in the Netherlands in 1970. The
highest gender gap of d = 0.43 was found in Saudi Arabia in 2016, indicating a reading
advantage of girls over boys of almost a half standard deviation. This is a large gender gap,
especially when considering that the standard deviation in reading achievement pertains to
213 observations of a diverse set of countries between 1970 and 2016. Third—when
modeling a general linear trend of the gender gap across time and controlling for the
differential participation of countries in the years of observation—we found a small increase
in the gender gap. Further analyses provide tentative evidence that the international gender
gap showed a nonlinear rather than a linear trend. We found that the gender gap increased by
an effect size of d = 0.09 between 1970 and 2001 and then slightly decreased until 2016 by an
effect size of d = 0.03. Fourth, a decomposition of the variance in the gender gaps across
countries and time indicated that differences in the gender gap were explained by time-stable
between-country differences (72% of the variance) and country-specific trends (21% of the
variance) rather than by a general international trend (7% of the variance). This finding helps

to put the trend results in perspective.
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Our findings are well aligned with previous research that also showed that countries
differ in the magnitude of gender gaps (e.g., Thorndike 1973; Raudenbush et al. 1994; Mullis
et al. 2017). Furthermore, previous studies using samples from many years ago also showed
rather small gender gaps (e.g., Thorndike 1973; Hyde and Linn 1988; Lietz 2006a). By
contrast, some studies using more recent samples found pronounced gaps (e.g., Chatterji
2006; Lietz 2006a; Lynn and Mikk 2009). However, since the more recent studies cover a
more diverse set of countries than the older ones, these findings are difficult to interpret in
terms of international long-term trends. This is a major contribution of the present study
which accounted for methodological and sample differences over time. In line with our
findings, previous short-term trend studies observed heterogeneous trends across countries, as
well (e.g., Martin et al. 2003; Mullis et al. 2017; OECD 2019).

Explanations and Implications

Various theoretical arguments and perspectives can be utilized to explain our findings
(cf. e.g., Connell 2002; Maccoby and Jacklin 1974; Halpern 2012). First, the result that girls
performed better on the reading tests in almost all countries and at almost all points in time
may have several explanations. One possible explanation for this tendency of female reading
advantages is innate differences in underlying verbal cognitive abilities (cf. Maccoby and
Jacklin 1974; Rosén 1998; Halpern 2012). However, internationally and temporally stable
other reasons cannot be ruled out, either. In any case, from our point of view, the large
variance between countries is the more interesting finding, which also suggests that more
mechanisms than general cognitive ability differences must be at work. In the same vein, the
changes over time suggest that achievement gender gaps are shaped be the context in which
children grow up.

The literature considers various cultural, political, and school enrolment

characteristics of countries as possible explanations for the large between-country differences
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in reading gender gaps (cf. UNESCO 2019; World Economic Forum 2019; Rosén et al.
2022). Interestingly, we found the most pronounced reading advantages for girls in the
United Arab Emirates (Abu Dhabi), Kuwait, Oman, and Saudi Arabia (all measurement
points d > 0.20). These are countries that are geographically and culturally relatively similar.
Another group of countries that showed larger reading gender gaps were North-European
countries (the Nordic and Baltic countries, United Kingdom and Ireland), which are again
geographically and culturally similar to some extent. Future research could study potential
mechanisms behind these patterns and investigate (dis-)similarities in these societies and
education systems (cf. e.g., Guiso et al. 2008; McDaniel 2010; van Langen et al. 2006).
Another perspective here might be to look at school enrolment rates. If there are gender gaps
in primary school enrolment in some country-by-year observations, this should shape the
respective gender gaps in academic achievement (cf. Steinmann and Rutkowski in print). The
fact that the student sample sizes were not gender-balanced in all observations in the present
study might be related to gender gaps in school enrolment; it is, however, no direct measure.
Similarly, cultural, political, and school enrolment factors can serve as potential
explanations for the country-specific trends that we observed. We found relatively
pronounced differences between measurement points in Chile, Cyprus, Finland, Hong Kong,
Hungary, Iran, the Netherlands, and Portugal. Future case studies of these trends could
discuss potential mechanisms behind these in the light of specific cultural, political, and
enrolment-related changes. In the same vein, another interesting area for future case studies
lies in the observed within-country differences between education systems (e.g., Ontario and
Quebec in Canada, Abu Dhabi and Dubai in the United Arab Emirates). Such cases could
allow to tentatively study effects of educational policies in contexts with very similar cultural
implications of gender. Overall, we observed that the reading gender gaps remained quite

stable over time in most countries, when linked longitudinally. This finding is not surprising
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when assuming that societal characteristics such as gender stereotypes change only slowly
(cf. Halpern 2012; Maccoby 1998). In a similar vein, we only observed a small international
trend that did not explain a lot of variance between country-by-year observations. We found a
small increase of the gender gap between 1970 and 2001 and a slight decrease since then.
Based on the literature and the present study, we could only speculate about reasons for this
international trend.

However, this linking study is descriptive in nature and does not investigate reasons
for the observed patterns statistically. It does however provide several interesting findings
that can inform the theoretical debates about potential causes of differences between
countries and over time and it can serve as a basis for future research that tries to explain the
variation between the country-by-year observations. Evidence on specific cultural and
political factors that shape gender gaps in academic achievement will then be able to inform
policy-makers and educational stakeholders. But even without additional inferential evidence,
this study provides some important implications for educational stakeholders. Parents,
teachers, and educational policy-makers should recognize that boys and girls perform mostly
similar on cognitive ability and academic achievement tests, especially in some countries, and
that there is much more variation within the gender groups, than between them (e.g., Hyde
2005; Lindberg et al. 2010; Mullis et al. 2017; OECD 2019). Inflated assumptions about
gender differences and stereotypical beliefs about the role of gender for education can have
unintended effects on both boys and girls (e.g., Hyde 2005; Pahlke et al. 2014; UNESCO
2017). The fact that countries vary so much in achievement gender gaps provides strong
evidence against the hypothesis that innate gender differences cause reading gender gaps in
primary school. Furthermore, our findings challenge assumptions that boys would be

increasingly falling behind in education in general in many countries (cf. OECD 2015, 2017).
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In the case of reading achievement, our study rather suggests longstanding, stable gender
gaps when considering methodological and sample differences over time.
Limitations and Outlook

Our analyses extend the present state of research by investigating actual long-term
trends in a robust international design for the first time. We focused on students at the end of
primary school who were investigated with comparable measures across countries and over
time in the IEA’s international reading assessments. We accounted for the fact that the
studies investigated different country samples over time by estimating country-fixed effects.
This approach allowed us to identify trends based on within-country variations. However,
there is a possible criticism that these within-country estimations were sometimes based on
only two observations. To counter this criticism, we further investigated sub-samples of
countries that participated in multiple cycles. These robustness tests confirmed the main
findings.

A possible point of criticism concerns the limited number of 213 country-by-year
observations. This is, however, a general problem in country-level analyses. Our study tried
to cope with the sample size problem by using all available measurement points of
international large-scale assessments on reading achievement at the end of primary school
and all countries that participated in at least two cycles. However, at the same time, we
believe that using data from these representative international studies has distinctive
advantages over using smaller-scale regional data, as gender gaps are expected to vary from
context to context (cf. Wagemaker et al. 1996; Connell 2002; Cooray and Potrafke 2011). As
Hedges and Nowell (1995) put it: “Most work on sex differences and talent has relied on data
collected from samples that were not representative of the nation as a whole. Reviews and
meta-analyses of data from nonrepresentative samples are not necessarily any more

representative than the studies on which they are based” (ibid, 41). Nevertheless, our findings
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base on a limited number of countries, especially in the earlier assessments, which limits the
statistical power. Furthermore, high-income countries are overrepresented in the IEA studies,
which should be considered in the interpretation of the results.

The present study established a common reading comprehension scale across
countries and time. The advantage of this approach is that it allows researchers to estimate
trends on the country level. On the other hand, this limits the scope of the present work to the
reading comprehension scale that was constructed. As has been argued by other researchers,
gender gaps in reading might differ by text type (e.g., document texts versus literary texts) or
specific item formats (e.g. multiple choice versus constructed response) (Hyde and Linn
1988; Wagemaker et al. 1996; Rosén 2001). Furthermore, we focused on gender gaps in
mean achievement and not on gender gaps in the variability of reading achievement as an
outcome (cf. Rosén 1998; Machin and Pekkarinen 2008; Gray et al. 2019) or other
completely different achievement domains such as mathematics (cf. Lindberg et al. 2010;
Meinck and Brese 2019; Mejia-Rodriguez et al. 2020).

A possible methodological issue concerns the linking of the reading tests over time.
We argued that, in order to compare gender gaps over time, achievement must be measured
with a comparable metric at every time point. To achieve this, the present study built on a
linking study, which used a concurrent calibration to put all achievement measures onto the
same IRT scale (Strietholt and Rosén 2016). This approach used item parameters that
maximized the fit across all country-by-year observations to achieve comparable achievement
scores. A natural limitation of this approach is, however, that some of the bridges between the
tests were only given in the Swedish extensions of the international design. Consequently, we
need to assume that the relevant item parameters from Sweden do not differ systematically
from the (unobserved) item parameters in other countries. While it is impossible to test this

empirically, we believe it is a tenable assumption because items in international studies
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typically do not show much item-by-country interaction. For example, not a single item in
PIRLS 2016 showed severe item-by-country interaction (Foy et al. 2017). Another
methodological limitation concerns the linking error, which can be large when only a small
sample of items from previous studies is integrated into the new studies (e.g., Robitzsch and
Lidtke 2018; Weeks et al. 2013). In the present study, this concerns particularly the link
between RCS and RLS, although even here 21 items overlap (see Appendix A2). We
therefore assume that our linking error is moderate (Strietholt and Rosén 2016).
Conclusions

One main conclusion of this study is that, in many countries and at many points in
time, the gaps between boys’ and girls’ reading comprehension scores were quite small. This
is an important finding considering that there are “serious costs of overinflated claims of
gender differences [...] in many areas, including work, parenting, and relationships” (Hyde
2005, 589). At the same time, a key finding is the large variation in the gender gaps between
countries. This pronounced international variation can only be explained by between-country
differences, for instance, regarding educational systems (e.g., Marks 2008; McDaniel 2010;
Hermann and Kopasz 2019), school enrolment rates (Steinmann and Rutkowski in print),
cultural values (e.g., Connell 2002; Guiso et al. 2008; Cooray and Potrafke 2011), or gender
stereotypes (e.g., Nosek et al. 2009; Reilly 2012).

Our finding that the international gender gap was rather stable over 46 years is
consistent with the notion that such cultural and societal characteristics can be expected to
change slowly. We did, however, find some indications for between-country differences in
gender gap trends, which could reflect differential developments within countries. For
instance, changes in gendered reading behaviors might correlate with changes in achievement
trends. It is, however, beyond the scope of the present paper to investigate the actual causes

of gender gap differences between countries and over time or to derive recommendations to
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adjust reading interventions accordingly (e.g., Guiso et al. 2008; Nosek et al. 2009; Hermann
and Kopasz 2019). We believe that the described findings on international long-term gender
gap trends can, however, serve as a valuable starting point for future studies that seek to
explain between-country differences in gender gaps (cf. overview by Rosén et al. 2022). The
present study has thus made an important contribution to the state of research by thoroughly
describing and decomposing gender gaps in reading comprehension at the end of primary

school across all available countries since the beginning of international large-scale studies.
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Tables
Table 1

Country and Student Sample Sizes in the Seven Source Studies

37

Original Samples in the present
sample study
# countries  # countries # students
Year Acronym Study Q) (2) 3)
1970 RCS Reading Comprehension Study 14 12 27,216
1991 RLS Reading Literacy Study 27 23 77,919
2001 RLS & Reading Literacy Study & 37 (9 also 34 (9 also 138.267
PIRLS Progress in International Reading Literacy Study in RLS) in RLS) ’

2006 PIRLS Progress in International Reading Literacy Study 45 43 167,388
2011 PIRLS Progress in International Reading Literacy Study 55 51 228,087
2016 PIRLS Progress in International Reading Literacy Study 56 50 282,095
all 234 213 920,972

Note. The present study only included countries that participated in at least two of the six

years of observation.
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Table 2

Descriptive Statistics of the Gender Gaps in the Six Years of Observation

Gender gap distribution

Year # countries Minimum 1% Quartile Mean 3 Quartile Maximum
1970 12 -0.08 0.02 0.06 0.10 0.15
1991 23 0.07 0.10 0.14 0.16 0.25
2001 34 0.05 0.12 0.16 0.21 0.30
2006 43 0.06 0.11 0.15 0.20 0.33
2011 51 -0.02 0.11 0.15 0.18 0.39
2016 50 0.01 0.09 0.13 0.17 0.43
all 62 -0.08 0.10 0.14 0.18 0.43

Note. The gender gaps are reported in effect size d. Values above zero indicate a mean

reading advantage of girls over boys.
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Table 3

Model Results of Regressing Gender Gaps on Categorical Time Variable

Country subsamples

OECD >3 24 25 6
All countries ~ countries  participations participations participations participations

1) 2) (©) (4) (5) (6)
Intercept (1970) 0.113** 0.071** 0.116** 0.068** 0.068** 0.066*
1991 0.070** 0.069** 0.070** 0.065** 0.059** 0.066*
2001 0.086** 0.075** 0.077** 0.076** 0.086** 0.078*
2006 0.077** 0.067** 0.074** 0.065** 0.064** 0.062*
2011 0.072** 0.046* 0.072** 0.063** 0.054** 0.072*
2016 0.052** 0.039 0.045** 0.041* 0.047** 0.046
Country-fixed effects Yes Yes Yes Yes Yes Yes
n (country-by-year 213 70 177 123 75 30

observations)

Note. Dependent variable is the gender gap in effect size d; the reference category is the year
1970; standard errors in parentheses; ** 1% significance level; * 5% significance level. The

countries could participate in up to six measurement points between 1970 and 2016.
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Figure 1

Figures

Descriptive Gender Gaps per Country and Year of Observation
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Figure 2
Results of the Linear (Regression Line) and Nonlinear (Points) Reading Gender Gap Trend
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Note. The gender gaps are in effect size d. Values above zero (depicted as horizontal line)

indicate a mean reading advantage of girls over boys.
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Appendix
Appendix Al
Countries’ Study Participations with Grade Samples and Student Sample Sizes
2001
1970 1991 RLS & 2006 2011 2016
Country RCS RLS PIRLS PIRLS PIRLS PRILS
n=3,300 n=4,188
Un. Arab Em. (Abu Dh.) Grade 4 Grade 4
. n=4818 n=7,859
Un. Arab Em. (Dubai) Grade 4 Grade 4
n=11634 n=16,471
Un. Arab Em. Grade 4 Grade 4
Australia n = 4,852 n=16,341
Grade 4 Grade 4
Austria n=4056 n=3,699 n=4,360
Grade 4 Grade 4 Grade 4
Azerbaiian n=3,866 n=5,99%
J Grade 4 Grade 4
. . n=717 n=3,615 n=>5,198
Belgium (Flemish) Grade 4-6 Grade 4 Grade 4
Belgium (French) n=762 n = 2,695 n=3643 n=291 n=4,623
9 Grade 3-6 Grade 4 Grade 4 Grade 4 Grade 4
Buloarial n=2580 n=3101 n=4197 n=47281
9 Grade 4 Grade 4 Grade 4 Grade 4
n=3,381 n=3,001
Canada (Alberta) Grade 4 Grade 4
Canadat n==6,142 n=18,401 n=18,245
Grade 4 Grade 4 Grade 4
. . n=2,642 n= 3,329
Canada (Brit. Columbia) Grade 3 Grade 4
Chile n=1,461 n=4,294
Grade 3-6 Grade 4
Colombia! n = 3,846 n= 3,154
Grade 4 Grade 4
_— n=3205 n=3204 n=3614 n=47270
Canada (Ontario) Grade 4 Grade 4 Grade 4 Grade 4
) n=2937 n=2981 n=3382 n=3179
Canada (Quebec) Grade 4 Grade 4 Grade 4 Grade 4
Cvprus! n=1,494 n=2,252
yp Grade 4 Grade 4
Czechial n=2274 n=3613 n=5537
Grade 4 Grade 4 Grade 4
Germanyt n=5730 n=6,307 n=3187 n=3959
y Grade 4 Grade 4 Grade 4 Grade 4
Denmark n = 3,463 n=3227 n=3650 n=3508
Grade 3 Grade 4 Grade 4 Grade 4
. . n=3439 n=4169
Spain (Andalusia) Grade 4 Grade 4
Enaland? n=2379 n=3224 n=3134 n=5,095
9 Grade 5 Grade® 5 Grade 5 Grade® 5
Spain n = 8,228 n=3299 n=6,829 n=14,595
P Grade 4 Grade 4 Grade 4 Grade 4
Finland n=1293 n=1,552 n = 4,896
Grade 3-5 Grade 3 Grade 4



READING GAPS BETWEEN BOYS AND GIRLS 1970-2016 43
2001
1970 1991 RLS & 2006 2011 2016
Country RCS RLS PIRLS PIRLS PIRLS PRILS
Francel n=1874 n=2649 n=3524 n=3531 n=4,767
Grade 4 Grade 4 Grade 4 Grade 4 Grade 4
Georgia n = 3,548 n = 3,805 n=>5,741
Grade 4 Grade 4 Grade 4
Greecel n=3516 n=2970
Grade 4 Grade 4
Hong Kongt n=3312 n=3791 n=3763 n=308 n=3349
Grade 4 Grade 4 Grade 4 Grade 4 Grade 4
Hungary? n=4841 n=3009 n=8209 n=3269 n=4142 n=4,623
Grade 4-6 Grade 3 Grade 3-4 Grade 4 Grade 4 Grade 4
Indonesia n=3,167 n=3,829 n=3,826
Grade 4 Grade 4 Grade 4
ireland n=2,711 n=3,602 n=4,607
Grade 4 Grade 4 Grade 4
Irant n=1,582 n=5534 n=4330 n=4577 n=4385
Grade 3-6 Grade 4 Grade 4 Grade 4 Grade 4
lceland? n=3976 n=5120 n=4,032
Grade 3 Grade 4 Grade 4-5
Israel® n=1,869 nN=2988 n=3210 n=3343 n=4,041
Grade 3-6 Grade 4 Grade 4 Grade 4 Grade 4
Italy? Nn=4465 n=2232 n=4218 n=2861 n=3322 n=3940
Grade 3-5 Grade 4 Grade 4 Grade 4 Grade 4 Grade 4
Kuwaitl n=6,470 n=3201 n=2705
Grade 4 Grade 4 Grade 6
Lithuaniat n=1865 n=3755 n=3696 n=4317
Grade 4 Grade 4 Grade 4 Grade 4
Latvial n=2272 n=3340 n = 4,157
Grade 4 Grade 4 Grade 4
Moroccol n=2360 n=2617 n=11977 n=5489
Grade 4 Grade 4 Grade 4—6 Grade 4
1 n=2674 n=3252
Moldova Grade 4 Grade 4
Macedoniat n=2776 n=3203
Grade 4 Grade 4
Malta n=2849 n=3,647
Grade 5 Grade 5
n=2848 n=3,693
Northern Ireland Grade 4 Grade 4
1 n=1611 n=1700 n=3094 n=3360 n=3188 n=4206
Netherlands Grade 6 Grade 3 Grade 4 Grade 4 Grade 4 Grade 4
Norway? n=2444 n=2595 nN=4553 n=2531 n=28,586
Grade 3 Grade 4 Grade 4-5 Grade 4 Grade 4-5
New Zealand? n=3016 n=3067 n=5034 n=4471 n=50646
ew ealan Grade5 Gr34.5-55 Gr24.5-55 Gr?4555 Gr?4555
Oman n=28,276 n=9,234
Grade 4 Grade 4
Poland n=3903 n=3966 n=4413
Grade 4 Grade 4 Grade 4
Portugal n=2,778 n=3,247 n=4,642
Grade 4 Grade 4 Grade 4
Qatar n=5365 n=3275 n=9,077
Grade 4 Grade 4 Grade 4
Romaniat n=2706 n=3428 n=3,701
Grade 4 Grade 4 Grade 4
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2001
1970 1991 RLS & 2006 2011 2016
Country RCS RLS PIRLS PIRLS PIRLS PRILS
Russian Eederation’ n=3071 n=3804 n=3549 n=4577
Grade 34 Grade®3-4  Grade 4 Grade 4
. . n=3581 n=4741
Saudi Arabia Grade 4 Grade 4
Scotland? n=2121 n=2,058 n=3,018
Grade 4-6 Grade 5 Grade 4
Singapore? n=7326 n=885 n=5116 n=5018 n=~6,488
Grade 3 Grade 34 Grade 4 Grade 4 Grade 4
Slovak Republict n=2863 n=4304 n=4,467 n=5451
Grade 4 Grade 4 Grade 4 Grade 4
Slovenia? nN=3298 n=3718 n=4289 n=3583 n=4499
Grade 3 Grade 3 Grade 3—4 Grade 4 Grade 4
Sweden? n=191 n=4301 n=16592 n=3536 n=3,683 n=4525
Grade 3-4 Grade 3 Grade 34 Grade 4 Grade 4 Grade 4
- n = 3,683 n=3,161 n=3,138 n=4177
Trinigad & Tobago Grade 4 Grade® 5 Grade® 5 Grade® 5
. - n=3675 n=3429 n=4326
Chinese Taipel Grade 4 Grade 4 Grade 4
America? n=5418 n=6546 n=4663 n=4,131 n=10,142 n=4,425
Grade 3-6 Grade 4 Grade 4 Grade 4 Grade 4 Grade 4
South Africa n=11,702 n=2819 n=5,282
Grade 5 Grade® 4 Grade® 4

Note. * means that the country participated only in PIRLS and 2 means that the country

participated in both RLS and PIRLS in 2001. 3 means that grade information was taken from

international reports instead of raw datasets. We only included countries that participated in

at least two of the six assessment cycles. Empty cells imply that a country did not participate

in the respective cycle.
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Appendix A2

Text Passages and Number of Items over Time

1970 1991 2001 2006 2011 2016
Text passage Texttype RCS RLS RLS PIRLS PIRLS PIRLS PIRLS
Poet narrative ID
Pole narrative ID
Seal expository  ID
Ox expository  ID
Marmots expository  ID
Erneke narrative ID SE SE
Tailor expository ID SE SE
Plant expository ID SE SE
Marmots expository ID ID ID SE
The Bird and the Elephant narrative ID ID
Grandpa narrative ID ID SE
A Shark Makes Friends narrative ID ID SE
No Dogs is not Enough narrative ID ID SE
Postcard expository ID ID SE
What is Quicksand? expository ID ID SE
The Walrus expository ID ID SE
How to Read the Age of a Tree expository ID ID SE
The Upside-Down Mice narrative ID
River Trail expository ID
The Little Lump of Clay narrative ID ID
Antarctica expository ID ID
Flowers on the Roof narrative ID ID ID ID
Leonardo da Vinci expository ID ID ID ID
Fly Eagle narrative ID ID
Day Hiking expository ID ID
Shiny Straw narrative ID ID ID
Sharks expository ID ID ID
The Empty Pot narrative ID ID
Where's the Honey? expository ID ID
Oliver and the Griffin narrative ID
Pemba Sherpa narrative ID
Icelandic Horses expository ID
How Did We Learn to Fly? expository ID

Note. ID means international design (i.e., text passage and items assessed in all countries). SE
means Swedish extension (i.e., text passages and items only assessed in Sweden). One item

of the Marmots text passage was only used in 1970 and not later on.
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Appendix A3
Gender Gap Trends in PIRLS 2001, 2006, 2011, and 2016 in Raw Score Points as Reported

in Exhibit 1.6 in Mullis et al. (2017)
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Note. The gender gaps are reported in mean score differences. The PIRLS reading scale has
an international mean of 500 and a standard deviation of 100. Values above zero (depicted as

horizontal lines) indicate a mean reading advantage of girls over boys.





