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Executive summary

Over the past decade, average school performance among 15-year-olds in OECD countries has
been declining. During the COVID-19 pandemic, learning outcomes dropped more sharply than
ever before in many countries. While in many countries the response to the pandemic, including
the length of school closure varied across geographical areas, research has paid limited
attention to sub-national changes in learning outcomes.

In this study, we assess differences in math, reading, and science learning trends in rural areas,
towns and urban centers across OECD countries. We also examine whether pre-COVID
preparedness for distance learning, in terms of ICT use and the number of digital devices
available for students, or the length of school closures, are associated with the changes in sub-
national differences.

We study trends among the entire student population, separately by gender, and for low SES
students, using cross-sectional PISA-surveys from 2009 to 2022 and linear regression models,
focusing on 15-year-old students. In line with previous literature, we find that urban students’
average performance exceeds that of rural students. This is the case even after taking into
account differences in students’ socioeconomic characteristics. These differences are
somewhat larger in reading scores than in math or science.

During the pandemic, schools were closed for an average of 5.5 months, or 22 weeks globally,
leading to unprecedented learning losses of % of a year in math and %2 a year in reading, while
the average science score did not significantly change. Earlier research shows that the effect
was strongest on boys and students from disadvantaged family backgrounds.

Our analysis of changes in 2022 results compared to the long-term (2009-2018) average
indicates significant variation across countries. In the few countries where students in rural areas
or towns were performing better than their peers in cities, the tended to decrease. Conversely,
in many countries, though not all, where students in rural areas or towns were performing worse,
the differences relative to their peers increased. However, many of the observed changes were
not statistically significant.

Gender differences in the 2022 change were relatively small, and differences between low SES
students and the overall student population did not reveal a clear trend. Contrary to our
expectation, sub-national differences in ICT preparedness and the length of school closure were
not substantially correlated with changes in test scores at the sub-national level.

In conclusion, there was substantial variation in how COVID-19 affected sub-national differences
in learning outcomes, with several countries seeing pre-existing gaps between rural areas, towns
and cities widen further. However, the reasons for the differential trends do not seem to be
related to ICT preparedness or the duration of school lockdowns.
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Abbreviations

OECD Organisation for Economic Co-operation and Development
PISA Programme for International Student Assessment

SES Socio-Economic Status
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Changes in inequalities related to
the COVID-19 pandemic

Several empirical studies indicate that the COVID-19 pandemic has resulted in substantial
learning losses among children and young people, partly due to school closures. We focus on
one type of inequality which has received less attention in the literature on the educational
consequences of the pandemic: changes in sub-national differences. In most countries, students
in rural areas tend to have lower educational outcomes than their peers in towns or larger cities,
a difference that can be explained, to a large extent, by differences in the socio-economic make-
up of student populations in urban and rural areas. Different types of areas were differentially
prepared to absorb the shock caused by school closures forcing instruction to move online:
teachers were using ICT resources to varying extents and households were differentially
equipped in terms of devices suitable for online access and connectivity. In some countries,
school closures were also related to the local (rather than national) pandemic situation, meaning
that rural schools experienced fewer/shorter closures than ones in cities. We examine whether
there were changes in sub-national learning differentials after the pandemic and if so whether
these changes were related to sub-national differences in ICT preparedness and/or the length
of school closures. We use PISA data from 2009-2022, focusing on 2022 differences relative
to 2009-2018 averages. We examine area differences after controlling for socio-demographic
characteristics using linear regression models. We examine these questions for the whole
student population, by gender, and separately for low SES students. Our results confirm that
students in cities tend to have the highest learning results and those in rural areas the lowest,
even after taking into account compositional differences. In many countries learning results
declined the least following the pandemic in cities and the most in rural areas, but in some
countries the gaps between areas diminished. While there were sub-national differences in ICT
preparedness and school closures, these were not strongly related to changes between pre- and
post-COVID19 in sub-national learning differences. Differences by gender or for low SES students
relative to the whole population were not substantial.

In most OECD countries,
students in cities have the
highest learning results
even after controlling for
socio-demographic
characteristics, and
students in rural areas the
lowest.
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differences between
students in rural areas and
their peers in cities
widened in 2022, whereas
in others they became
smaller.

Changes in sub-national
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strongly related to
differential ICT
preparedness or the length
of school closures.
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1.Introduction

Over the past decade, PISA-assessments of upper-secondary school students have revealed two
central trends: a gradual decline in average achievement scores and significant disparities in
these scores between countries (OECD, 2023). In OECD countries, average math and reading
performance peaked in 2009 and 2012, respectively, after which both skills have been declining
(OECD, 2023). Between the 2018 and 2022 PISA-survey rounds, learning outcomes dropped
sharply in many countries, likely due to the COVID-19 pandemic.

Researchers worldwide have tracked the effects of the pandemic, and numerous studies—
including single-country studies, systematic reviews, and meta-analyses—have reported negative
changes in learning outcomes. While in many countries the response to the pandemic differed
across sub-national areas (e.g. Schwartz et al., 2021; Shin et al., 2023), researchers have paid
limited attention to within-country variation in learning outcomes. The few studies that have
addressed this issue have yielded inconclusive results, possibly due to differing regional policies
or school level preparedness to lockdowns (Clark et al., 2021; Kersha et al., 2023).

In this study, we explore sub-national differences in learning outcomes using cross-sectional
PISA-surveys from 2009 to 2022. We focus on OECD member countries and define sub-national
areas based on their level of urbanity. Specifically, we examine the extent to which 15-year-old
students’ performance in math, reading and science varies between rural areas, towns, and
urban centres (cities) across these countries, assuming that the length of school closure and/or
the level of digital device use for school work may relate to learning outcomes. We conduct the
analyses for the whole student population, separately by gender, and for low SES students.

In 2015, on average, 49% of the population in OECD countries lived in cities, 24% in rural areas,
and 26% in towns. However, these proportions vary substantially between countries. For
example, in Korea, nearly 75% of the population lives in cities, while in Slovenia, 50% live in rural
areas (OECD, 2022). Common characteristics of rural areas include low population density,
cohesive and homogenous communities, and long distances between services, which affect both
availability and costs of provisions (Echazarra & Radinger, 2019).

Our results show that across most countries, students in cities had the highest learning results
even after controlling for socio-demographic characteristics, and students in rural areas the
lowest. In many cases, differences between areas changed in 2022 compared to their longer-
term averages. However, these changes varied between countries: in some countries the
differences grew wider whereas in others they diminished. The changes were not found to be
related to sub-national differences in ICT use in 2018 (measuring preparedness for distance
learning during school closures) or sub-national differences in school closures. We do not find
substantial gender differences or differential results for low SES students.

2.Previous research

2.1. Sub-national differences in learning results

Studies on within-country variation in learning outcomes provide a fragmented picture. For
example, in Portugal, educational achievement varies only slightly across sub-national regions
(Couto et al., 2020), while in Italy, as much as 50 % of the variation in educational outcomes can
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be explained by contextual or regional factors alone, particularly in reading skKills (Matteucci &
Mignani, 2014). The concept of region, however, varies between studies, with some focusing on
local administrative divisions (such as 25 units in Portugal), others on larger areas of the country
(such as North, Centre and South in Italy).

This research explores over-time variation in learning outcomes by sub-national areas defined
according to their level of urbanity. Some past studies (Echazarra & Radinger, 2019; Kryst et al.,
2015) indicate that in many countries, urban students’ average performance exceeds that of
rural students. However, there are countries like the United States, the United Kingdom and
Belgium, where the opposite is true, and several other countries where no differences between
urban and rural regions have been observed (Echazarra & Radinger, 2019).

Commonly, studies note that the apparent urban-rural divergence disappears after controlling
for students’ and schools’ socioeconomic profile (Caro & Mirazchiyski, 2012; Echazarra &
Radinger, 2019; Kryst et al., 2015). For example, Kryst et al., (2015) studied the urban-rural
divide in eighth grade students’ science achievement in five Post-Socialist countries in Eastern
Europe. They found significant disadvantages for rural students in nearly all cases. However,
after accounting for gender and family socioeconomic level, the disadvantage disappears in
three countries but not in Hungary and Lithuania. Of the predictor variables, family
socioeconomic background explained most of the variance.

Alongside school performance, educational expectations and tertiary education attainment also
tend to be lower among rural students compared to their urban peers, and this gap is not fully
explained by socioeconomic background (Boone & Van Houtte, 2016; Echazarra & Radinger,
2019). One possible explanation is labour market differentiation, which in urban areas typically
demands higher-educated employees, whereas in rural areas, there is greater availability of low-
wage and labour-intensive jobs (Roscigno & Crowley, 2001).

Nonetheless, rural schools have some notable advantages in terms of quality of education,
including smaller classes and lower student-to-teacher ratios. These factors enable teachers in
rural settings to provide more targeted support to students in need (Echazarra & Radinger,
2019), which could lead to better average learning outcomes compared to urban areas.

School level resources can be used to monitor system level inequalities. In a context of strong
equity, no significant differences in resources should exist between schools (Matteucci &
Mignani, 2014). Echazarra and Radinger (2019) show that while the average level of resource
allocation in OECD countries does not substantially differ between urban and rural schools, there
are notable between-country differences. For example, in Canada, Germany and Hungary, rural
schools are better equipped, whereas in Australia, Ireland, Norway and Mexico, equipment is a
cause of concern in rural schools. In most OECD countries, urban schools tend to be better
equipped with science-specific resources, while rural schools tend to have more computers
available for students (Echazarra & Radinger, 2019). Yet, in Eastern European countries, rural
students are far less likely to possess or use a computer (Kryst et al., 2015).

2.2. COVID-19 and learning inequalities

During the COVID-19 pandemic, schools were closed, on average, for 5.5 months, or 22 weeks
globally (Jakubowski et al., 2024). Numerous studies have concluded that school closures had
a significant negative effect on students’ learning outcomes (e.g. Di Pietro, 2023; Engzell et al.,
2021; Hammerstein et al., 2021; Jakubowski et al., 2024).
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Countries with shorter periods of school closure generally exhibited lower learning losses,
whereas more substantial losses occurred in countries with longer periods of closure
(Jakubowski et al., 2024). More precise estimates for the magnitude of this effect vary depending
on the age of students, skills considered, data structure and country context, but studies
covering multiple countries and continents often suggest an effect size around 0.2 standard
deviations for the full period, or roughly 1 % of a standard deviation per week (Di Pietro, 2023;
Patrinos, 2023). A recent meta-analysis (Di Pietro, 2023) indicates that average learning losses
in European countries were less severe than in many other parts of the world. This may be due
to various factors, including higher technological capability and lower level of household poverty.

Among different learning outcomes, the effect was more detrimental on mathematics skills
compared to others (Betthauser et al., 2023; Di Pietro, 2023; OECD, 2023). According to the
PISA 2022 test results (OECD, 2023), the OECD average in math dropped by nearly 15 points
(around 15% of a SD) and in reading by approximately 10 points (10% of a SD) compared to
2018. Considering that an average year of normal instruction for 15-year-old students yields a
gain equivalent to 20 score points in PISA, the learning losses during the pandemic amount to
%4 of a year in math and %2 a year in reading (Avvisati & Givord, 2023; OECD, 2023). While scores
were already declining before the pandemic, never before had the drop between two consecutive
survey rounds exceeded 4-5 points. Meanwhile, the average science score did not exhibit
significant change.

Jakubowski et al. (2024), compared the drop in 2022 to longer-term declining trends in maths,
reading and science skills, and found that only in maths was the long-term trend linear. According
to their calculations, between 2018 and 2020, the global math score dropped by 14 % of a
standard deviation (corresponding to approximately seven months of learning). Due to the non-
linear trend in science and reading, the effect of COVID-19-related school closure cannot be
distinguished from the decline in the previous years (Jakubowski et al., 2024).

In addition to differences across types of skKills, the effect of the pandemic was not uniform
across all children. Jakubowski et al., (2024) found that learning losses varied by student’s
performance level and the duration of the closure. Among high-performing students, larger
losses were observed in countries with long closures and low average achievement level,
whereas for low-performing students, substantial losses occurred in contexts with short closures
and high average achievement levels. At the same time, Hammerstein et al., (2021) suggest that
school closures particularly affected low-performing children’s math learning and high-
performing children’s reading skills.

Some researchers (Donnelly & Patrinos, 2022; e.g. Hammerstein et al., 2021; Schuurman et al.,
2023) have found age group differences, with the effect being stronger on younger students.
This could be due to younger children’s greater need for adult guidance in the learning process
and their greater sensitivity to pandemic-related stressors (Hammerstein et al.,, 2021).
Meanwhile, older students, especially older girls, are better able to self-regulate their studies
(Schuurman et al., 2023). While studies consistently point to a disproportionate effect of school
closures on boys, the discussion about age group disparities remains inconclusive, as several
large-scale studies (Di Pietro, 2023; Engzell et al., 2021) have not observed significant age-
related differences, and others (Borgonovi & Ferrara, 2023) have observed even an
improvement in such skKills as reading among primary school students.
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The negative effect of lockdowns was strongest on disadvantaged students from low-income
and/or low-educated family backgrounds (Betthduser et al., 2023; Engzell et al., 2021;
Jakubowski et al., 2024; Schuurman et al., 2023). While a learning gap has long existed between
better-off and worse-off students, COVID-19 deepened this gap (Betthauser et al., 2023;
Schuurman et al., 2023).

It has been suggested that children from low socioeconomic backgrounds may have limited
access to parental support, school-provided assistance, adequate study space, and
technological tools supporting remote learning - factors that proved especially important during
the pandemic. By contrast, higher SES parents tend to have more resources to address their
children’s needs, providing them with more personal support, paid training courses, and better
schools - all factors that reduced the vulnerability of children from advantaged household to
pandemic-related disruptions (Hammerstein et al., 2021; Schuurman et al., 2023). It is also
important to note that background-related challenges often intersect (e.g., low SES and migration
background) (OECD, 2023). The more disadvantages a child is exposed to, the greater the
harmful effects of a disadvantaged background (Evans et al., 2013). Under normal conditions,
schools can to some extent compensate for differences in family support, but during school
closures, such a compensatory effect is substantially reduced (Schuurman et al., 2023).

2.3. ICT use and learning

Digital inequalities have been conceptualised as different levels of digital divides: in terms of ICT
or internet access (first level), ICT use and literacy (second level), and the outcomes of ICT use
(third level) (Scheerder et al., 2017). The first level of the divide has become less relevant as
internet access has become widespread, although there can still be differences in internet speed
between households and areas. In the context of lockdowns during the pandemic, the number
of devices with access to the internet in homes may have been an issue when several household
members required access for school and work.

Research has highlighted how students, parents and teachers should have the necessary ICT
skKills to continue with schoolwork in the context of home schooling (Engzell et al., 2021). In cases
where digital tools were already being used before the pandemic, research has shown that
lockdowns did not affect learning results using these tools and in some cases results may also
have improved (e.g., Meeter, 2021; Spitzer & Musslick, 2021; van der Velde et al., 2021).

Yet, several studies have highlighted social inequalities in students’ ICT skills prior to the
pandemic and have attempted to explain these. For example, analysing PISA 2018 data, Becker
(2023) showed that social inequalities in ICT use for educational purposes at home are related
to educational and ICT resources at home and students’ motivations. Passaretta and Gil-
Hernandez (2023) found social inequalities in pupils’ ICT skills to be mostly related to social
inequalities in other (so-called hard) skKills.

Notable between-school differences in ICT resources and use, as well as teacher competencies,
have also been documented (Gerick, 2018; van de Werfhorst et al., 2022). These differences
are influential for students’ ICT skills (Gerick et al., 2017) but they do not necessarily explain
social inequalities therein (Passaretta & Gil-Hernandez, 2023) as they are not strongly linked to
the student composition of schools, for example in terms of SES (van de Werfhorst et al., 2022).
Nevertheless, schools’ remote teaching provision, which included both online and offline
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elements, has been found to substantially explain social inequalities in time spent on learning
at home during lockdowns (Bayrakdar & Guveli, 2023).

It should also be noted that previous research has shown that the use of ICT does not have a
linear relationship with learning outcomes: whereas at low levels of ICT use, increases are
associated with improved reading skills, at high levels of ICT use, increases are associated with
reduced reading skills, leading to an inverted U-shape (Borgonovi & Pokropek, 2021).

3.Research questions

Against the backdrop of documented learning losses related to the COVID-19 pandemic, we
focus on changes in sub-national differences relative to long-term averages. We examine
learning trajectories in the three core competences measured in PISA: maths, reading and
science. Due to known differences in socio-demographic characteristics between different
urbanity levels, we take these characteristics into account in all our analyses and study
differences and changes therein net of these. We examine whether pre-COVID preparedness for
distance learning in terms of ICT use and number of digital devices available for students or the
length of school closures are associated with the changes in sub-national differences.

We take into account two types of intersectionalities: sub-national differences by gender and
sub-national differences by social origin. For the latter, we focus on students coming from low
SES families. Due to the uneven distribution of students by SES sub-nationally, we have too few
students in high SES groups to separately analyse sub-national differences among them.
Nevertheless, a separate analysis for low SES students is warranted since they are at a greater
risk of negative influences from the COVID-19 pandemic and the associated school closures.

Our research questions are:

1. Did the COVID-19 pandemic change the extent of learning differences at the sub-national
level, namely between cities, towns and rural areas?

2. Were these changes related to differences in ICT preparedness or the length of school
closures?

3. Were these trends and associations different across genders or for low SES students?

4.Data and methods

4.1. PISA 2009-2022

The Programme for International Student Assessment (PISA) is administered by the OECD to both
OECD member countries as well as a range of countries or sub-national regions that are not part
of the OECD. It has been running every three years since 2000, with a longer break of four years
between the last two rounds due to the disruptions in education caused by the COVID-19
pandemic. We use data from the 2009, 2012, 2015, 2018 and 2022 rounds. Students are
assessed in three core competencies in each round: maths, reading and science. In each cycle
one of the three core assessment domains in measured in greater depth. This means that more
testing time is dedicated to such domain, allowing to measure subcomponents defined both in
terms of content and cognitive processes needed to solve specific tasks. The main assessment
domain in 2022 this was maths. We analyse all three measures. PISA assessment scales are
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comparable over time. The mean was set to 500 and the standard deviation at 100 in the cycle
for which a domain was first measured as the main domain (reading in 2000, mathematics in
2003 and science in 2006). Average scores have declined over time.

In this study we focus on OECD countries, defined as countries that were part of the OECD at the
time of writing (38). At the same time, not all current OECD countries participated in PISA since
2009 or have valid information on key variables of interest. From our main analyses we drop
countries where the information on level of urbanity is missing for all or at least crucial rounds
(in particular 2018 and 2022) or there are no students in rural areas. This is the case for Costa
Rica, Japan, Luxembourg, Norway, Sweden and Turkey. Some other countries are also dropped
from further analyses, and this is described further below.

4.1.1. Sub-national differences in test scores

Our main focus is on sub-national differences in learning and changes therein. To assess sub-
national differences, we define three levels of urbanity: cities, towns and rural areas. The
information about the location of schools within these areas is obtained from the survey
administered to the school principals. It is thus more reliable than if this were asked from
students. The original survey asks this information in a slightly more detailed way, but for the
purposes of this study, we collapse the original categories so that cities are defined as
communities with over 100,000 inhabitants, towns with between 3,000-100,000 inhabitants,
and rural areas as communities with fewer than 3,000 inhabitants.

4.1.2. Socio-demographic control variables

All the results that we present for sub-national differences in test scores control for the following
key socio-demographic variables: gender, migration background, highest level of parental
education, and highest level of parental occupational status (defined through the International
Socio-Economic Index, ISEl, of occupational status).

4.1.3. ICT preparedness

We measure ICT preparedness from the PISA 2018 surveys. We test different specifications for
this: ICT use for school-related work outside of school (homework for short), ICT use at school,
and the number of digital devices in homes. The first two of these were asked in the additional
ICT survey, which was not administered in Canada, Columbia, Germany, the Netherlands or
Portugal so these countries are not part of the analyses where ICT preparedness is assessed.

ICT use for homework was asked with 12 items about the frequency of different types of ways in
which digital devices were used outside of schools, including items such as doing homework on
a computer or using email for communication with teachers. The answer categories ranged from
never or hardly ever to every day. We recoded each of these to a binary variable differentiating
at least once a week and less frequently. We then added up the number of ways digital devices
were used at least once a week. Across the countries analysed, the mean was 5.0 (std. dev. 4.2).
We then averaged this within countries at sub-national level. For the analyses, we calculated the
difference between towns and cities as well as rural areas and cities.

ICT use at school was asked with 10 items about the frequency of different types of ways in
which digital devices were used in schools, including items such as browsing the internet or using
learning apps or learning websites. The answer categories were the same as for the homework
items and we used the same recoding. Across the countries analysed, the mean was 3.2 (std.
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dev. 3.3). This was also averaged within countries at the sub-national level. For the analyses, we
calculated the difference between towns and cities as well as rural areas and cities.

These two ICT use measures thus essentially capture diversity in the use of ICT in and out of
schools.

The digital devices at home indicator was derived using three items on the number of mobile
phones with internet access, number of computers, and number of tablet computers. Each of
these had four answer categories ranging from none to three or more. We added these together
(although acknowledging that the answer categories are capped to three). Across the countries
analysed, the mean was 5.8 (std. dev. 2.3). This measure was also averaged within countries at
the sub-national level. For the analyses, we calculated the difference between towns and cities
as well as rural areas and cities.

Table 1 displays these sub-national averages across the countries. For the two ICT use measures
there was no clear pattern for sub-national differences. Although in many countries, ICT use was
the most diverse in cities, followed by towns, and with rural areas being the least diverse, there
were also a large number of countries that didn’t follow this pattern and where ICT use was the
most diverse in either towns or rural areas. This was particularly the case for the measure on ICT
use at school. Overall, the size of the sub-national differences (i.e. the rural-city difference and
the town-city difference) in the two ICT use measures correlated very highly (0.81 for rural-city
and 0.91 for town-city). The large difference between rural areas and cities in Mexico,
particularly with regard to ICT use for homework, stands out as an outlier, which could be due to
measurement error, and thus Mexico was dropped from the analyses for rural-city differences
when analysing ICT use. With regard to the number of digital devices at home, in the majority of
countries students had the most devices in cities and the least in rural areas. However, there
were also a number of countries where the most devices were found in either towns or rural
areas.
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Table 1. ICT preparedness across countries and levels of urbanity for three ICT measures.

ICT use for homework ICT use at school Digital devices in homes

city town rural city town rural city town rural

AUS 5.2 4.5 4.1 3.9 3.4 3.1 6.8 6.8 6.3
AUT 4.2 4.2 3.5 n/a n/a n/a 6.4 6.4 6.2
BEL 3.4 3.6 2.9 1.8 2.2 1.2 6.3 6.8 6.5
CHE 3.4 3.6 3.7 24 2.2 2.5 6.5 6.6 6.9
CHL 4.2 4.0 4.4 2.6 2.6 3.3 5.1 4.7 4.5
CZE 4.3 4.0 3.6 3.3 2.9 2.6 6.2 6.1 5.9
DNK 5.4 5.2 4.2 4.6 4.6 3.9 7.6 7.7 7.7
ESP 3.8 3.8 3.5 2.2 2.2 1.8 6.3 6.1 5.9
EST 5.5 5.5 5.1 2.8 2.4 1.7 6.4 6.1 6.0
FIN 3.5 2.9 2.9 3.3 3.0 2.8 6.9 6.8 6.5
FRA 4.0 3.9 4.2 2.3 2.3 1.8 6.0 6.0 6.0
GBR 4.6 4.3 4.0 2.6 24 2.8 6.8 6.8 7.0
GRC 4.6 4.9 4.7 2.4 2.7 2.9 5.8 5.6 5.3
HUN 5.2 4.9 4.1 3.0 2.6 2.0 6.1 5.7 4.3
IRL 3.0 3.1 3.1 1.8 1.8 1.9 6.6 6.6 6.4
ISL 3.9 4.6 3.4 3.1 3.7 2.9 6.8 7.1 6.8
ISR 2.8 3.4 3.0 1.7 2.2 2.2 4.9 5.7 5.4
ITA 4.4 4.5 4.1 2.6 2.8 2.7 5.8 5.7 5.6
KOR 5.3 4.9 4.6 1.6 1.5 14 5.5 5.4 5.4
LTU 5.0 5.9 5.9 2.6 3.2 3.6 5.9 5.5 5.2
LVA 5.5 5.8 5.6 3.5 3.8 3.8 5.9 5.8 5.2
MEX 6.0 5.3 2.3 2.9 2.5 1.0 4.1 3.2 1.7
NZL 5.5 4.7 4.8 4.2 3.6 4.2 6.8 6.6 6.3
POL 5.6 5.6 5.9 3.4 3.5 3.6 6.1 5.9 5.6
SVK 4.8 4.8 4.2 3.0 3.2 2.6 6.4 5.8 5.0
SVN 4.3 4.9 4.0 2.3 2.9 1.9 6.2 6.1 6.0
USA 5.9 5.6 5.5 4.3 4.3 4.5 6.5 6.5 6.4

Note: PISA 2018 data, weighted averages (own calculations).

4.1.4. School closures due to COVID-19

The variable measuring school closures due to COVID-19 has been taken from the PISA 2022
student survey. Students were asked whether and for how long their school was closed due to
COVID-19. The categories given to students were (1) No; (2) Yes, up to 1 month; (3) Yes, more
than 1 month and up to 3 months; (4) Yes, more than 3 months and up to 6 months; (5) Yes,
more than 6 months and up to 12 months; (6) Yes, more than 12 months. We created a
continuous measure by assigning the mid-point value for all categories with ranges and the
maximum/minimum values for the end categories. Table 2 displays the averages across
countries and types of areas. In a number of countries schools in cities were closed for
substantially longer than those in rural areas, with towns either close to cities or in-between. In
some countries school closures were at the national level and thus there are no differences
between areas. In very few countries (most notably South Korea), students in rural areas report
their schools being closed for longer durations than those in more urban areas.
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Table 2. School closures in days across countries and levels of urbanity.

Cities Towns Rural areas

AUS 122 111 99

AUT 119 118 122
BEL 119 115 98

CAN 141 131 128
CHE 73 72 78

CHL 175 161 108
COL 222 204 208
CZE 179 172 172
DEU 167 163 132
ESP 104 106 108
EST 128 124 113
FIN 89 84 72

FRA 87 85 86

GBR 161 167 179
GRC 157 147 139
HUN 119 114 109
IRL 189 187 186
ISL 48 50 38

ISR 132 125 120
ITA 149 153 140
JPN 56 45 57

KOR 62 59 105
LTU 101 99 102
LVA 208 198 183
MEX 211 201 219
NLD 150 146 155
NZL 108 87 91

POL 157 145 153
PRT 103 101 103
SVK 152 142 147
SVN 129 127 135

Note: PISA 2022 data, weighted averages (own calculations).

4.2, Methods

We begin by estimating a model predicting the test score differences across the different levels
of urbanity controlling for the socio-demographic background variables. We run these models
separately by each country but pooling all the PISA rounds. Our preliminary analyses with
separate analyses by country and round did not show clear over-time trends in how sub-national
differences had developed, therefore we did not add a time trend to our analyses. However, we
control for round in our analyses and introduce an interaction between the 2022 round and the
urbanity measure. We therefore have a measure of the mean differences between cities and
towns as well as cities and rural areas that pertains to the 2009-2018 rounds and a measure
of how this changed in 2022, i.e. how 2022 differed from the 2009-2018 mean. We begin by
showing results for both of these. In subsequent analyses, we focus on the 2022 change.

We ran the regressions for the whole student population, separately by gender and for low SES
students. All the regressions were estimated with Stata 18 and the repest-command, which
takes into account the plausible values, replication weights as well as sampling weights (Avvisati
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& Keslair, 2014). In the text we show the results in graphs, and the appendix includes them in
tables.

In order to assess whether differential ICT preparedness or school closures predict changes in
sub-national differences, we correlate the relevant sub-national differences in these measures
with the 2022 changes from the long-term average test score differences. We obtain estimates
for sub-national differences in ICT preparedness and school closures from linear regressions
using these as dependent variables and the urbanity measure as an independent variable,
taking into account the sampling weights. We show the correlations for the whole student
population, separately by gender and for low SES students.

Given that our results show overall rather weak correlations, we do not proceed with modelling
these results further. Our preliminary tests of these models also do not suggest that this would
bring about any further substantial insights on the matter.

5.Results

We first present the results for maths, then reading, and finally for science. Within each of these
sections, we first present the results for all students, then separately by gender, and finally for
low SES students.

5.1. Sub-national differences in maths

Figure 1 shows a scatter plot with the mean difference between rural areas and cities (in the left
panel) and between towns and cities (in the right panel) on the x-axis. In most countries the mean
is negative for both rural areas and towns, meaning that even after controlling for the basic
compositional differences, students in these areas have lower maths scores than their peers
living in cities. In a few countries, the mean is positive. On the y-axis of the graph is the 2022
difference from the 2009-2018 mean. Most countries have negative differences, meaning that
maths scores in rural areas (or towns) fell further behind those of cities in 2022 (for the countries
in the lower left quadrant) or positive differences diminished (in the lower right quadrant).
However, there is also a number of countries where the previous negative differences were
diminished or even reversed (in the upper left quadrant).
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Figure 1. 2009-2018 mean in maths (x-axis) and the 2022 difference from the mean (y-axis)
for rural-city comparison (left panel) and town-city comparison (right panel).
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Note: Own calculations based on PISA 2009-2022. Copyright 2024 by Kilpi-Jakonen et al.

Figure 2 focuses on the 2022 change from 2009-2018 mean, presenting this together with 95
% confidence intervals. Although there are slightly more countries where differences grew larger
(or positive differences diminished) than countries where they became smaller, the only
countries in which this negative change is statistically significant are Finland, Great Britain,
Lithuania and Poland. Larger but not significant differences can also be seen for Belgium, France
and South Korea. On the other side of the spectrum, the reduction in the difference (i.e. above
zero) is statistically significant in Italy, the Netherlands, New Zealand and Slovenia. A relatively
large positive but not significant change can also be seen in Hungary and Portugal. For the town -
city comparison, almost all differences are negative. Although the differences are relatively small,
they are statistically significant in Canada, Denmark, Finland, France, Lithuania, Latvia, Slovakia
and Slovenia.
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Figure 2. 2022 difference in maths from the 2009-2018 mean with 95 % confidence intervals
for rural-city comparison (upper panel) and town-city comparison (lower panel) (confidence
intervals spanning over 110 have been capped).
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5.1.1. Sub-national differences in maths by gender

Figure 3 presents the same scatter plots as in Figure 1 but divided by gender. While many of the
basic patterns remain the same for both genders, it can be seen that the negative differences
between rural areas and cities tend to be larger for boys than for girls, and there are more
countries where the difference is positive for girls than for boys. Among both genders, the largest
group of countries are in the lower left corner, with negative mean differences that grew larger
in 2022.
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Figure 3. 2009-2018 mean in maths (x-axis) and the 2022 difference from the mean (y-axis)
for rural-city comparison (left panels) and town-city comparison (right panels) for girls (upper
panels) and boys (lower panels).
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Focusing on the 2022 changes, Figure 4 displays these together with the 95 % confidence
intervals for both genders. In most cases, the differences are slightly larger for boys than girls for
both the rural-city comparison as well as the town-city comparison. However, the gender
difference in the changes is in most cases very small. Despite this, the countries that display
statistically significant changes vary somewhat by gender. For the rural-city comparison, girls
display significant negative changes in Australia, Finland and Latvia, whereas for boys this is
France, Lithuania and Poland. In terms of positive rural-city 2022 changes (i.e. catching up in
2022), these are significant for girls in Iceland, Italy and Portugal, whereas they are positive for
boys in Italy, the Netherlands, New Zealand and Slovenia. For the town-city comparison, the
2022 change is significant and negative for girls in Belgium and Slovakia, whereas this is the
case for boys in Canada, Denmark, France, Ireland, Iceland and Slovenia. In terms of positive
changes, there are no countries in which this catching up took place for girls and only Chile for
boys.
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Figure 4. 2022 difference in maths from the 2009-2018 mean with 95 % confidence intervals
for rural-city comparison (left panels) and town-city comparison (right panels) for girls (upper
panels) and boys (lower panels).
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5.1.2. Sub-national differences in maths for low SES students

Figure 5 presents the same information as Figure 1 but for low SES students. Overall, the rural -
city means tend to be slightly smaller for low SES students than for all students, and there are
slightly more countries where the mean is positive for low SES students than for all students. The
same applies for the town-city comparison. Similarly as for the whole population, the largest
number of countries can be found in the lower left quadrant, where rural areas (or towns) had
lower scores and this difference grew in 2022. There are slightly fewer countries that had lower
scores in rural areas and catching up in 2022 (upper left quadrant) for low SES students
compared to the whole population.

Figure 5. 2009-2018 mean in maths (x-axis) and the 2022 difference from the mean (y-axis)
for rural-city comparison (left panel) and town-city comparison (right panel) for low SES

students.
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Focusing on the 2022 changes from the previous mean in Figure 6, there is no clear trend in
whether the 2022 changes were larger or smaller for low SES students than the whole
population. In terms of statistical significance, for the rural-city comparison, the difference is
statistically significant and negative in Estonia, France, Lithuania, and Slovakia, whereas for the
town-city comparison this is the case in France and Slovakia. There are no countries with
statistically significant positive changes, which would indicate catching up.
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Figure 6. 2022 difference in maths from the 2009-2018 mean with 95 % confidence intervals
for rural-city comparison (upper panel) and town-city comparison (lower panel) for low SES
students.
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5.2. Sub-national differences in reading

We then turn to the results for reading. Figure 7 again shows the mean differences between
areas on the x-axis, indicating that the vast majority of countries display the lowest reading
scores in rural areas, followed by towns, even after controlling for compositional differences.
These differences (particularly between rural areas and cities) also tend to be somewhat larger
than the differences observed for maths scores. Only a few countries have higher reading scores
in rural areas or towns compared to cities. Again, most countries are in the lower left quadrant
with negative mean differences that grew larger in 2022 (particularly for the town-city
comparison) but with a substantial number of countries also in the upper left quadrant with
negative differences that were reduced or even reversed in 2022.

Figure 7. 2009-2018 mean in reading (x-axis) and the 2022 difference from the mean (y-axis)
for rural-city comparison (left panel) and town-city comparison (right panel).
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Focusing on these 2022 changes from the previous mean, Figure 8 displays them together with
their confidence intervals. On the whole, the picture is relatively similar to that for math (Figure
2), although the size of the differences tends to be slightly smaller for reading. The similarity of
the rural-city comparisons can also be seen from the fact that the ordering of the countries from
left to right has been set to that of the maths differences, and the countries follow this order
relatively well also for reading. The only statistically significant negative changes for the rural-
city comparison are for Lithuania, Latvia and Poland, although Belgium, France, Great Britain,
Israel and South Korea also have quite large negative changes. The same countries as for maths
have statistically significant positive changes: Italy, the Netherlands, New Zealand and Slovenia.
Again Hungary and Portugal display relatively large positive but not significant associations.
Although some of the town-city 2022 changes were positive, none of them were statistically
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significant, whereas on the side of the negative changes, the ones in Canada, Denmark, France,
Iceland and Latvia were.

Figure 8. 2022 difference in reading from the 2009-2018 mean with 95 % confidence intervals
for rural-city comparison (upper panel) and town-city comparison (lower panel).
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5.2.1. Sub-national differences in reading by gender

Figure 9 displays the mean sub-national differences in reading in 2009-2018 and the 2022
difference from this mean for girls and boys. As for maths, the rural-city mean difference tends
to be larger for boys than for girls, and the same is the case for the town-city comparison
although the mean differences are much smaller. There are an equal number of countries in the
upper left quadrant of the rural-city comparison for both genders and they are mostly the same
for boys and girls, though again there are slightly more countries in the lower left quadrant among
boys.

Figure 9. 2009-2018 mean in reading (x-axis) and the 2022 difference from the mean (y-axis)

for rural-city comparison (left panels) and town-city comparison (right panels) for girls (upper
panels) and boys (lower panels).
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Examining the 2022 changes in more detail, Figure 10 again shows that in most cases, girls and
boys saw similar changes in sub-national differences. Nevertheless, there was variation in terms
of the countries for which the differences were statistically significant. For the rural-city
difference, this was significant and negative for girls in Latvia and Poland but not for boys in any
country, whereas it was significant and positive for girls in Portugal and for boys in Spain, Italy,
the Netherlands, New Zealand and Slovenia. Therefore, although there was catching up in an
equal number of countries for both genders, this catch-up seems to have been more substantial
for boys. For the town-city comparison, there were significant negative changes for girls in
Belgium, Latvia and Slovakia, and for boys in Canada, Denmark, France, Ireland and Iceland,
with no significant positive changes for either gender.
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Figure 10. 2022 difference in reading from the 2009-2018 mean with 95 % confidence
intervals for rural-city comparison (left panels) and town-city comparison (right panels) for girls
(upper panels) and boys (lower panels).
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5.2.2. Sub-national differences in reading for low SES students

Figure 11 displays the mean sub-national differences in reading scores and the 2022 difference
from the mean concentrating on low SES students. The picture remains much the same as that
for the population as a whole (Figure 7) although the negative differences between the urbanity
categories are slightly smaller for low SES students and somewhat more countries have positive
mean differences. Once again, the largest number of countries can be found in the lower left
guadrant of negative mean differences that were increased in 2022.

Figure 11. 2009-2018 mean in reading (x-axis) and the 2022 difference from the mean (y-axis)
for rural-city comparison (left panel) and town-city comparison (right panel) for low SES

students.
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Focusing on the size and statistical significance of the 2022 changes across countries, Figure
12 shows that there are quite a few countries where low SES students in rural areas fell further
behind their peers in cities, though this is statistically significant only in Czechia, Estonia,
Lithuania and Poland. In Belgium, France and Iceland, low SES students in towns also lost out
statistically significantly in comparison with their peers in cities, although in all of these cases
the differences were either positive or non-existent previously. The only statistically significant
catching up was for rural students in New Zealand.
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Figure 12. 2022 difference in reading from the 2009-2018 mean with 95 % confidence
intervals for rural-city comparison (upper panel) and town-city comparison (lower panel) for low
SES students.
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5.3. Sub-national differences in science

Figure 13 displays the 2009-2018 mean sub-national differences and the 2022 change for
science scores. Overall, the picture is relatively similar to the one for maths. In other words, sub-
national differences in science scores are not quite as large as those for reading scores. In terms
of the mapping of the countries into the four quadrants: the distribution is largely similar to the
previous ones.

Figure 13. 2009-2018 mean in science (x-axis) and the 2022 difference from the mean (y-axis)
for rural-city comparison (left panel) and town-city comparison (right panel).
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Figure 14 displays the 2022 difference from the long-term mean for the two area comparisons.
The ordering of countries is the one for the rural-city comparison in maths scores, and the
countries seem to follow this ordering relatively well also for the rural-city comparison in science
scores. The countries with significant and negative change are Finland, Great Britain, Israel,
South Korea, Lithuania and Latvia, with Belgium, France and Poland also having a large but non-
significant change. The countries with significant and positive change are the Netherlands, New
Zealand and Slovenia, with positive and substantial but non-significant change also in Hungary,
Italy and Portugal. The changes in the town-city comparison are much smaller in size but a
number of the negative ones are statistically significant, namely the ones for Belgium, Canada,
Colombia, Denmark, France, Iceland, Latvia, Mexico, Slovakia and Slovenia.
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Figure 14. 2022 difference in science from the 2009-2018 mean with 95 % confidence
intervals for rural-city comparison (upper panel) and town-city comparison (lower panel).
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5.3.1. Sub-national differences in science by gender

Figure 15 presents the results for the mean sub-national differences in science scores and
changes therein separately for girls and boys. As with maths and reading scores, the overall
differences, particularly between rural areas and cities, tend to be larger for boys than for girls.
There are also more countries in which students in rural areas have higher learning outcomes
than those in cities among girls. Once again, all countries with positive differences saw these
reduced or remain stable in 2022, whereas negative differences were in many cases increased
and in some cases reduced.

Figure 15. 2009-2018 mean in science (x-axis) and the 2022 difference from the mean (y-axis)
for rural-city comparison (left panels) and town-city comparison (right panels) for girls (upper
panels) and boys (lower panels).
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Figure 16 focuses on these 2022 changes. While gender differences are not particularly large,
there is a slight tendency for there to be larger negative changes for boys than for girls. The
countries in which the rural-urban change is statistically significant and negative for girls are
Australia, Great Britain and Latvia, whereas for boys they are Denmark, Ireland, Soth Korea and
Lithuania. There are no statistically significant and positive changes for the rural-urban
comparison for girls, but for boys these can be found in the Netherlands, New Zealand and
Slovenia. For the town-city comparison, statistically significant negative changes can be seen
for girls in Belgium, France, Latvia, Slovakia and Slovenia, and for boys in Canada, Colombia,
Denmark, France, Ireland, Iceland, Latvia, Mexico and Slovenia.
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Figure 16. 2022 difference in science from the 2009-2018 mean with 95 % confidence
intervals for rural-city comparison (left panels) and town-city comparison (right panels) for
girls (upper panels) and boys (lower panels).
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5.3.2. Sub-national differences in science for low SES students

Moving to the analysis of low SES students, Figure 17 presents the long-term means between
different types of areas and the 2022 differences from these means. Overall, the area-level
differences tend to be slightly smaller (and slightly more are positive) than for the population as
a whole. However, the 2022 changes seem to be slightly more negative (or less positive) than
for the population as a whole.

Figure 17. 2009-2018 mean in science (x-axis) and the 2022 difference from the mean (y-axis)
for rural-city comparison (left panel) and town-city comparison (right panel) for low SES

students.
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These 2022 changes are the focus of Figure 18. None of the positive catching up changes are
statistically significant for either rural areas or towns. In terms of negative changes, rural-city
changes are significant in Czechia, Estonia, South Korea and Lithuania, and town-city changes
are significant in Belgium, France, Mexico and Slovakia.

*
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Figure 18. 2022 difference in science from the 2009-2018 mean with 95 % confidence
intervals for rural-city comparison (upper panel) and town-city comparison (lower panel) for low
SES students.
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5.4. Relating ICT preparedness with changes in sub-national
differences

Table 3 shows the correlations between the aggregated sub-national difference in ICT
preparedness, measured in 2018, and the 2022 change from the 2009-2018 mean sub-
national differences in test scores. These correlations are calculated for all three measures of
ICT preparedness and for all three competence measures. In addition, the correlations are
calculated for all students, separately by gender, and for low SES students. It should be noted
that in all cases, the measures of ICT preparedness represent those obtained from the whole
population (at the sub-national level). On the whole, the correlations are quite weak: only two are
above 0.4. There does not seem to be consistency or clear patterning in which ICT measure is
the strongest. In many cases the correlations are stronger for reading than the other two
competence measures. However, the most interesting thing to note is that almost all correlations
are negative. This means, roughly, that the more rural areas were prepared in terms of ICT than
cities, the greater the increase in the test score gap in 2022, whereas the less rural areas were
prepared relative to cities, the more they caught up in 2022.

Table 3. Correlation between sub-national difference in ICT preparedness (homework, at school

and devices) with changes in sub-national differences in test scores: rural-city (R-C) and town-
city (T-C) comparisons for all students, girls, boys and low SES students.

Math Reading Science
Al
R-C: homework -0.22 -0.35 -0.24
R-C: at school -0.02 -0.15 -0.10
R-C: devices -0.28 -0.33 -0.33
T-C: homework -0.14 -0.34 -0.26
T-C: at school -0.19 -0.35 -0.37
T-C: devices -0.09 -0.21 -0.12
Girls
R-C: homework -0.02 -0.35 -0.08
R-C: at school 0.04 -0.21 -0.05
R-C: devices -0.26 -0.32 -0.35
T-C: homework -0.14 -0.34 -0.31
T-C: at school -0.26 -0.42 -0.46
T-C: devices 0.03 -0.13 -0.02
Boys
R-C: homework -0.32 -0.33 -0.32
R-C: at school -0.07 -0.12 -0.13
R-C: devices -0.26 -0.32 -0.28
T-C: homework -0.11 -0.26 -0.13
T-C: at school -0.10 -0.21 -0.15
T-C: devices -0.21 -0.27 -0.20
Low SES
R-C: homework -0.31 -0.39 -0.20
R-C: at school 0.06 -0.06 -0.03
R-C: devices -0.13 -0.22 -0.30
T-C: homework -0.14 -0.32 -0.13
T-C: at school -0.21 -0.31 -0.18
T-C: devices -0.10 -0.30 -0.14

Note: Own calculations based on PISA 2009-2022.
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This is exemplified further in Figure 19 which shows the sub-national differences in diversity of
ICT use for homework together with the 2022 change in sub-national differences in reading
scores for all students. In all countries in which rural areas (towns) had more diverse ways of
using ICT for homework in 2018 than cities, the gap in reading test scores became larger (or a
positive difference became smaller), whereas in all countries where rural areas caught up in
terms of reading scores, they had less diverse ways of using ICT in 2018.

Figure 19. Difference in ICT use for homework (x-axis) and the 2022 difference from the mean
(v-axis) for rural-city comparison (left panel) and town-city comparison (right panel).
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Therefore, diversity of ICT use and the number of digital devices seem to be connected to within-
country changes in learning outcomes during the pandemic only to a limited extent. The negative
relationship that exists may be due to high levels of ICT use being associated with lower learning
outcomes, as documented by previous research of the inverted-U-shaped relationship between
ICT use and learning outcomes (Borgonovi & Pokropek, 2021).
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5.5. Relating school closures with changes in sub-national differences

In Table 4, the correlations between the sub-national differences in school closures (in days) and
the 2022 difference from the mean sub-national differences in test scores across the different
populations and different competence measures are shown. In general these correlations are
very low, all less than 0.3, and many of them are again negative, particularly for maths and
science. For reading, most of the analysed correlations are positive, but none of them are greater
than 0.2.

Table 4. Correlation between sub-national difference in length of school closures with changes

in sub-national differences in test scores: rural-city and town-city comparisons for all students,
girls, boys and low SES students.

Math Reading Science
All
Rural-city -0.17 0.09 -0.08
Town-city -0.02 0.14 0.08
Girls
Rural-city -0.22 0.16 -0.12
Town-city 0.10 0.19 0.18
Boys
Rural-city -0.15 0.02 -0.08
Town-city -0.12 0.04 -0.05
Low SES
Rural-city -0.08 0.08 -0.24
Town-city -0.24 -0.06 -0.14

Note: Own calculations based on PISA 2009-2022.

Therefore, despite cross-national variation in the length of school closures being related to
learning losses, this does not seem to be the case within countries. One possibility for this is that
the policy response to reduce the detrimental impacts of the pandemic were done in a way that
balanced the length of school closures within countries.

6.Conclusions

We examined sub-national differences in learning outcomes and found substantial differences
between rural areas, towns and cities even after taking into account compositional socio-
demographic differences. In line with previous research (e.g., Echazarra & Radinger, 2019), we
find that in most countries, test scores in rural areas tend to be the lowest and those in cities
the highest, with larger differences in reading scores than in maths or science. In only a few
countries the opposite pattern in terms of urbanity differences can be observed. Overall, urbanity
differences tend to slightly larger among boys than among girls, and smaller for lower SES
students than for the student population as a whole.

We then examined how these differences had changed in 2022 relative to their long-term
(2009-2018) average. These changes, which are assumed to be largely due to COVID-19, were
found to be extremely varied across countries. In countries where students in rural areas or
towns were performing better, the differences relative to their peers in cities tended to become
reduced. In some countries where students in rural areas or towns were performing worse, the
differences relative to their peers were reduced whereas in others they became larger, with the
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largest number of countries falling into this latter category. However, not all of the changes were
statistically significant; also, given the smaller number of students in rural areas than in towns,
the estimates comparing rural areas to cities were less precise than those comparing towns to
cities, and thus a larger number of changes are statistically significant for towns than for rural
areas despite their smaller absolute values. Countries in which rural-city differences grew
statistically significantly in at least two domains were Finland, Great Britain, Latvia, Lithuania and
Poland. Countries in which town-city differences grew statistically significantly in at least two
domains were Canada, Denmark, France, Iceland, Latvia, Slovakia and Slovenia. Countries in
which significant catching up between rural areas and cities took place in at least two domains
were Italy, the Netherlands, New Zealand and Slovenia.

In terms of gender differences, those in the 2022 change were relatively small, though there was
a slight tendency for the differences to grow slightly more for boys than for girls in maths and
science scores but this was less noticeable for reading scores. In Australia and Latvia, rural-city
differences grew significantly larger for girls in at least two domains and in Lithuania for boys.
Town-city differences grew significantly larger for girls in at least two domains in Belgium, Latvia
and Slovakia, and for boys in Canada, Denmark, France, Ireland, Iceland and Slovenia. The rural-
city gap was diminished in at least two domains for girls in Portugal and for boys in Italy, the
Netherlands, New Zealand and Slovenia. Judging by these lists, it could be concluded that boys
were influenced by the pandemic more heterogeneously than were girls.

There was no clear trend in whether the sub-national differences became greater for low SES
students than for the student population as a whole. The countries in which the rural-city
divergence grew significantly in at least two domains for low SES students were Czechia, Estonia
and Lithuania. For the town-city divergence, this was Belgium, France and Slovakia.

Based on previous research (e.g. Di Pietro, 2023), it was expected that ICT preparedness could
have played a role in explaining the changes in sub-national differences so that areas with less
diverse regular ICT use or fewer devices with online access in families in 2018 would have seen
greater within-country drops in test scores. However, correlations between ICT preparedness and
changes in test scores at the sub-national level were overall rather weak. In almost all cases
these correlations were in the opposite direction to that expected indicating that in areas where
ICT preparedness was markedly weaker in rural areas or towns relative to cities, students in
these areas caught up with their city peers, whereas the opposite was the case when their levels
of preparedness were greater. It is possible that this could be related to the previously
documented inverted-U-shaped association between ICT use and learning outcomes (Borgonovi
& Pokropek, 2021).

Previous research has found school closures at the national level to have been associated with
the extent of learning losses (Jakubowski et al. 2024). However, with regard to sub-national
differences in school closures the same was the case as for ICT preparedness: the correlations
with changes in test scores were very weak and many of them were also negative, although the
ones for reading tended to be positive. One limitation of our research is that we have had to
aggregate ICT preparedness and school closures to rather large areas within countries. More
fine-grained measurement, for example at the school level or taking regional differences into
account, could yield different results.
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In conclusion, there was substantial variation in how COVID-19 affected sub-national differences
in learning outcomes, with a number of countries seeing pre-existing gaps between rural areas,
towns and cities widen further. The reasons for the differential trends do not seem to be related
to schools’ ICT use or the availability of digital devices in homes. Instead, these trends may be
better explained by the marked diversity between rural and urban education systems across
OECD countries already before the pandemic, as well as regional differences in overall level of
development or regional policy. Increasing sub-national differences were most consistently
noticeable in Central-Eastern and North-Western parts of Europe, with many other parts of the
world - though limited to the OECD countries under study - seeing more limited sub-national
change.
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Appendix: Regression results by country, sex and for low
SES

Table A. 1. Mean differences in math score across levels of urbanity (ref. city) for pooled
2009-2018 PISA rounds and the change in 2022.

Pooled 2009-2018 rounds Interaction effect
Country  Population Town Town Rural Rural 2022*  2022*  2022*  2022*
(SE) area area town town rural rural
(SE) (SE) (SE)

AUS All -17.5 1.9 -25.5 3.6 -6.3 4.3 -15.0 8.8
AUS Female -14.8 2.0 -16.2 4.0 -2.6 5.0 -19.9 8.8
AUS Male -20.2 2.4 -35.0 4.7 -10.2 5.5 -9.7 11.6
AUS Low SES -8.5 2.3 -12.3 54 -1.9 6.3 -15.4 12.9
AUT All 0.1 3.6 -18.5 7.9 7.1 5.6 7.4 17.8
AUT Female -1.3 3.9 -14.3 8.6 0.2 6.4 2.6 20.4
AUT Male 1.5 5.1 -21.1 9.4 -14.3 7.8 10.1 20.2
AUT Low SES 11.9 4.5 -2.9 8.3 -14.0 8.3 -2.6 20.0
BEL All 13.8 3.7 7.5 10.3 -11.3 6.8 -27.1 31.4
BEL Female 17.6 4.0 18.4 8.1 -15.0 7.6 -17.0 23.0
BEL Male 9.7 4.4 5.1 16.6 -7.4 8.4 -28.2 384
BEL Low SES 14.5 4.0 -5.5 21.2 -14.5 8.6 -10.9 43.5
CAN All -6.3 2.0 -14.9 2.9 9.9 4.2 -5.8 7.8
CAN Female -4.5 2.4 -10.6 3.4 -7.9 4.7 7.7 9.2
CAN Male -8.1 2.3 -18.9 34 -12.0 5.1 4.4 9.2
CAN Low SES 0.2 3.1 -5.0 4.0 -4.8 4.2 -13.6 9.0
CHE All -14.5 5.1 -27.5 5.5 4.4 8.4 -6.7 12.6
CHE Female -12.9 5.3 -24.3 6.3 -6.3 9.5 -8.4 14.3
CHE Male -16.0 6.0 -30.5 6.1 -2.5 9.1 -5.2 14.4
CHE Low SES -3.3 6.2 -11.8 7.6 9.9 11.4 -27.6 15.9
CHL All -12.5 33 -37.6 6.4 9.5 54 5.6 12.4
CHL Female 9.9 4.2 -33.7 8.0 5.5 6.5 20.7 12.2
CHL Male -15.2 3.5 -40.3 8.8 13.6 6.0 -0.7 18.2
CHL Low SES -13.0 3.6 -41.7 8.0 11.2 7.1 -0.4 11.7
coL All -17.2 3.3 -24.7 4.2 -4.6 5.3 -0.4 8.8
coL Female -15.4 34 -16.4 4.4 -2.6 6.0 4.2 9.1
coL Male -19.2 4.0 -33.5 5.2 -6.6 6.1 4.0 9.9
coL Low SES -15.0 3.6 -25.3 4.8 0.8 6.4 4.7 9.0
CZE All -12.0 3.7 -36.9 5.7 -7.5 7.5 -5.8 7.7
CZE Female 9.1 4.1 -29.1 6.9 -3.7 8.3 -7.6 10.9
CZE Male -14.9 5.0 -43.0 7.1 -12.4 8.7 -6.8 9.3
CZE Low SES -15.0 6.1 -31.0 8.2 34 11.7 -1.6 12.3
DEU All 3.6 4.9 -14.7 12.4 1.4 8.7 -5.3 16.5
DEU Female 6.6 5.3 -4.2 13.3 -1.7 9.6 -19.7 18.3
DEU Male 0.6 5.5 -24.9 13.2 4.6 9.6 9.0 18.5
DEU Low SES 11.5 5.9 -8.5 13.9 1.5 10.6 11.3 19.9
DNK All 2.5 2.6 9.4 34 -13.6 4.9 9.4 6.9
DNK Female 5.1 3.5 -10.9 4.0 -10.5 6.6 -3.2 8.1
DNK Male 0.1 2.9 -8.1 4.2 -16.9 5.8 -15.5 8.2
DNK Low SES 0.6 3.8 -3.0 5.1 -12.5 10.0 -5.2 11.3
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ESP All -6.6 1.5 5.2 3.5 1.6 3.5 8.2 6.7
ESP Female -4.6 1.7 3.6 4.5 3.7 3.9 5.6 8.6
ESP Male -8.8 1.9 -14.3 4.0 -0.5 4.2 10.5 7.3
ESP Low SES -1.0 21 1.3 3.9 -5.8 5.5 1.0 8.0
EST All 9.2 2.3 -11.0 3.1 -1.3 4.5 -0.9 5.7
EST Female -5.5 25 -6.6 3.2 0.4 5.2 -2.9 7.7
EST Male -12.9 3.0 -15.4 3.8 -3.0 5.5 11 6.8
EST Low SES 2.4 3.8 -0.8 4.3 -8.0 7.9 -23.5 9.4
FIN All -5.2 2.2 2.2 3.6 9.3 4.3 -17.4 6.9
FIN Female -3.2 2.3 0.9 4.1 -8.4 4.3 -15.8 7.6
FIN Male -7.2 2.8 -5.0 4.6 -10.4 5.7 -19.3 10.5
FIN Low SES -0.7 4.1 3.5 5.2 -7.0 6.1 5.9 10.9
FRA All -6.9 4.4 -39.0 9.4 -18.4 7.4 -32.3 24.8
FRA Female -5.2 4.5 -30.6 10.7 -12.9 7.6 2.2 23.8
FRA Male -8.7 5.3 -44.9 10.2 -25.2 9.0 -52.1 24.7
FRA Low SES 1.4 6.6 -28.1 10.0 -27.7 12.6 -43.3 211
GBR All 23 3.4 6.7 5.3 -8.3 7.3 -17.6 8.3
GBR Female 0.8 4.0 8.7 6.2 -1.5 8.0 -19.2 10.2
GBR Male 4.2 4.7 5.0 6.0 -15.9 10.2 -16.6 11.0
GBR Low SES 5.9 4.4 10.6 7.5 -12.3 8.7 -16.6 17.9
GRC All -12.5 3.2 -14.6 5.4 -6.3 5.6 1.3 8.5
GRC Female 9.1 3.2 -14.9 59 -5.9 6.1 2.3 10.4
GRC Male -16.1 3.9 -14.2 6.5 -6.6 6.6 0.7 10.8
GRC Low SES -13.1 4.5 -10.5 6.2 -6.4 7.5 2.7 9.5
HUN All -13.5 4.4 -73.5 6.5 -0.2 8.9 16.7 18.9
HUN Female -11.2 4.4 -77.4 8.4 -2.5 8.6 20.0 22.7
HUN Male -15.9 5.0 -70.8 8.2 23 10.8 14.4 19.8
HUN Low SES -17.4 4.7 -65.4 8.1 3.2 12.4 5.1 20.4
IRL All 29 2.3 -0.4 3.1 -7.9 5.0 9.3 7.7
IRL Female 3.7 2.6 11 3.8 -0.9 6.8 -5.4 8.6
IRL Male 2.2 3.2 -1.8 4.0 -16.1 6.7 -14.8 9.5
IRL Low SES 17.4 3.8 215 4.3 -6.9 8.6 -15.8 10.9
ISL All -10.4 1.8 -17.8 23 -3.9 3.6 9.3 6.3
ISL Female -13.4 25 -15.8 3.3 2.6 5.1 17.6 7.5
ISL Male -7.3 2.6 -19.7 3.7 -11.9 5.7 -0.1 9.6
ISL Low SES 3.2 6.5 9.7 6.9 -21.7 12.5 -10.3 14.2
ISR All -16.0 3.8 9.8 5.6 4.1 10.4 -18.6 11.1
ISR Female -12.4 3.3 9.0 51 -3.6 8.6 -13.2 10.5
ISR Male -20.0 6.0 -10.6 8.1 -7.2 18.0 -27.3 17.3
ISR Low SES -21.4 5.7 -23.6 9.3 0.1 12.9 -3.9 14.3
ITA All -5.0 3.5 -26.5 8.2 -5.5 9.7 37.3 14.6
ITA Female -2.3 3.9 -18.4 9.8 -8.4 10.6 33.6 16.3
ITA Male -7.6 4.1 -32.1 9.0 2.7 10.2 38.6 17.0
ITA Low SES -1.6 4.2 -18.4 111 -11.2 12.4 38.4 23.7
KOR All -10.6 6.1 -16.4 19.7 6.9 11.6 -36.6 21.2
KOR Female -3.6 6.1 -8.6 23.9 -0.9 13.2 -44.9 29.1
KOR Male -16.7 8.3 -24.5 17.3 13.1 13.9 -29.4 20.2
KOR Low SES -5.9 7.8 -39.3 11.6 -3.3 15.1 -7.0 314
LTU All -13.7 2.7 -32.2 3.1 -10.1 4.5 -15.4 6.7
LTU Female -12.8 3.0 -33.0 3.6 -11.2 5.7 -5.0 8.2
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LTU Male -14.8 3.3 -31.2 4.0 -8.5 5.3 -26.8 7.6
LTU Low SES 9.1 3.9 -28.4 3.9 -4.5 7.0 -19.2 8.4
LVA All -7.4 2.7 -25.2 3.5 9.6 4.8 -10.7 5.8
LVA Female -3.7 3.4 -18.1 4.0 -10.5 5.8 -15.0 7.0
LVA Male -11.3 2.9 -32.0 4.4 -8.7 6.4 -7.0 8.4
LVA Low SES 6.1 4.0 -25.9 5.0 -7.8 8.4 -3.0 9.0
MEX All -16.1 2.3 -38.8 25 -4.9 4.6 4.7 10.4
MEX Female -12.4 2.5 -32.6 3.2 -4.6 5.0 5.5 9.9
MEX Male -20.0 25 -45.0 3.2 5.3 5.4 3.0 12.8
MEX Low SES -14.0 2.4 -37.9 2.7 5.4 4.9 -1.4 8.4
NLD All 9.3 6.2 -44.4 23.2 21 12.3 78.5 36.4
NLD Female -6.8 6.1 -33.0 20.5 2.2 12.4 62.1 34.7
NLD Male -11.6 6.9 -54.1 26.8 1.7 13.6 95.4 38.5
NLD Low SES 9.8 9.1 -38.6 251 26.7 15.4 104.9 61.5
NZL All -11.1 2.5 -25.3 5.8 -7.4 5.1 29.2 9.5
NZL Female -12.5 3.0 -18.9 6.4 -4.3 6.1 16.8 13.6
NZL Male 9.8 3.1 -31.6 7.4 -10.4 7.0 42.7 11.4
NZL Low SES 4.7 5.1 9.7 8.2 -6.5 9.2 29.6 17.0
POL All 9.3 3.0 -16.2 3.0 -5.6 6.5 -23.6 11.6
POL Female -8.1 3.4 -10.9 3.6 -1.5 6.8 -17.1 15.5
POL Male -10.7 3.8 -21.6 3.9 -10.0 8.9 -29.5 13.3
POL Low SES -3.8 4.0 -6.7 3.9 -3.2 9.1 -24.1 15.0
PRT All -10.0 3.4 -35.3 9.3 -3.6 6.5 33.7 26.3
PRT Female -8.2 3.4 -33.3 10.1 3.1 6.5 51.6 23.0
PRT Male -11.8 4.3 -37.2 9.9 4.1 7.6 18.2 30.9
PRT Low SES -3.2 54 -26.2 10.2 4.7 11.1 45.8 26.7
SVK All -8.7 4.5 -37.4 4.8 -20.3 7.8 -12.5 10.1
SVK Female -5.6 4.8 -32.3 5.8 -25.2 7.1 -12.4 9.4
SVK Male -12.2 5.4 -42.3 6.3 -14.7 12.0 -11.6 14.5
SVK Low SES -4.5 5.7 -34.4 6.2 -34.8 12.8 -30.1 13.6
SVN All -11.0 1.8 -38.3 6.4 8.1 2.8 20.6 8.6
SVN Female -8.4 2.3 -27.9 9.7 -6.3 3.8 12.4 15.2
SVN Male -13.6 2.5 -47.5 8.9 9.7 4.2 27.8 13.0
SVN Low SES -11.0 3.1 -32.9 9.1 -1.4 6.0 9.4 15.9
USA All 8.7 3.1 4.5 4.7 -3.3 7.4 -0.5 121
USA Female 9.8 3.4 4.4 5.0 -6.0 7.3 0.2 13.7
USA Male 7.9 3.7 4.8 5.9 -0.7 9.2 -1.3 14.4
USA Low SES 13.6 3.9 15.9 6.8 -10.5 10.4 -12.3 16.7

*
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Table A. 2. Mean differences in reading score across levels of urbanity (ref. city) for pooled
2009-2018 PISA rounds and the change in 2022.

Pooled 2009-2018 rounds Interaction effect
Country  Population ~ Town Town Rural Rural 2022*  2022*  2022*  2022*
(SE) area area town town rural rural
(SE) (SE) (SE)

AUS Al -20.7 2.0 -28.0 3.7 -1.2 4.9 -11.3 10.7
AUS Female -18.3 2.2 -18.9 4.0 25 5.6 -17.9 12,5
AUS Male -23.3 2.3 -37.5 4.9 5.0 6.4 -4.7 12.0
AUS Low SES -13.6 2.9 -17.8 5.8 3.8 8.1 -10.6 15.6
AUT Al -4.3 3.3 -23.2 8.0 -1.1 5.9 9.9 18.5
AUT Female -3.4 3.5 -15.9 9.0 1.9 6.8 5.1 23.1
AUT Male 6.1 5.1 -27.2 9.4 -3.8 8.4 10.6 21.2
AUT Low SES 7.8 4.8 -10.4 8.4 -8.3 10.1 -1.1 19.4
BEL All 8.8 3.8 5.7 9.5 -12.5 7.5 -36.8 34.0
BEL Female 14.5 4.0 175 7.9 -18.9 8.2 -29.1 25.0
BEL Male 2.9 4.7 -7.5 14.6 5.8 9.8 -36.5 41.2
BEL Low SES 135 4.6 -11.8 20.1 -22.4 8.7 -21.4 46.4
CAN Al -11.5 1.9 -20.8 2.8 -10.4 4.3 -7.9 10.2
CAN Female -9.5 2.0 -16.6 3.5 -7.9 5.2 9.3 13.1
CAN Male -13.7 23 -24.7 3.2 -13.0 5.0 7.1 9.9
CAN Low SES 4.7 2.9 -11.1 4.2 5.0 5.6 -16.1 10.0
CHE Al -22.4 4.5 -35.7 5.0 -1.9 8.5 -7.0 11.9
CHE Female -22.3 4.7 -35.8 5.6 -3.7 9.8 -11.4 13.2
CHE Male -22.3 5.1 -35.4 5.6 0.7 9.1 2.4 14.8
CHE Low SES -13.8 6.3 -20.2 7.6 -7.2 115 -27.8 13.7
CHL Al -13.0 3.0 -48.2 6.0 4.9 5.8 -11.9 23.2
CHL Female -10.7 3.5 -39.3 8.3 1.0 7.7 -7.2 23.6
CHL Male -15.6 3.5 -52.9 7.6 8.7 6.7 -16.3 30.7
CHL Low SES -15.7 34 -57.0 7.1 9.9 7.5 -10.5 23.5
coL Al -19.7 3.9 -37.6 5.1 -10.7 7.0 2.8 10.2
CoL Female -17.7 4.0 -26.6 5.5 9.7 8.1 -4.3 115
CcoL Male -21.8 4.5 -49.0 5.9 -12.0 7.4 9.9 11.0
CcoL Low SES -18.3 4.4 -40.0 6.1 -7.3 8.7 9.9 10.6
CZE Al -17.1 3.4 -38.3 5.4 2.5 7.0 5.2 8.1
CZE Female -13.9 3.8 -33.0 6.3 0.4 8.1 -3.9 11.0
CZE Male -19.6 4.8 -41.6 6.7 -7.2 8.3 -10.6 8.3
CZE Low SES -18.8 6.1 -32.9 7.8 5.6 11.1 -4.3 115
DEU Al 0.5 4.6 -16.5 11.0 3.2 8.8 -0.9 15.8
DEU Female 4.0 4.9 -4.8 13.1 -1.5 10.1 -18.5 17.5
DEU Male -3.0 5.2 -26.9 10.9 7.8 9.9 15.2 19.4
DEU Low SES 8.9 6.1 2.7 13.0 4.7 11.6 9.6 19.3
DNK All 5.8 2.7 -15.7 3.2 -13.6 6.1 5.3 8.9
DNK Female -8.5 3.7 -15.7 4.2 9.5 7.3 0.3 9.9
DNK Male -3.2 3.0 -16.0 3.6 -18.0 7.7 -11.0 10.4
DNK Low SES 5.3 3.6 -11.9 5.5 -11.4 13.1 -0.8 17.2
ESP Al -10.3 2.0 -13.4 3.7 4.8 4.1 13.5 7.2
ESP Female -7.1 2.3 -0.9 4.2 6.3 4.9 8.0 8.9
ESP Male -13.6 25 -26.7 4.9 3.3 4.7 19.3 8.3
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ESP Low SES -5.0 3.6 7.1 4.4 -1.4 6.9 9.6 9.1
EST All 9.9 2.6 -13.8 3.2 4.7 4.7 -2.9 6.3
EST Female -4.5 2.7 -7.8 3.4 -3.4 5.6 -6.5 8.7
EST Male -15.3 3.2 -19.6 4.1 6.1 5.3 0.7 8.1
EST Low SES -1.3 4.1 -0.7 4.7 -15.5 8.6 -31.8 10.7
FIN All 9.0 2.2 9.0 3.9 -3.2 4.6 -11.4 8.1
FIN Female 7.1 2.3 2.4 4.6 -2.3 4.7 -16.9 10.5
FIN Male -11.0 29 -15.1 4.9 -4.3 6.0 -7.2 10.6
FIN Low SES -4.6 4.7 -4.5 6.3 -0.1 7.1 2.7 12.6
FRA All -11.5 4.9 -51.2 11.4 -19.6 8.4 -28.2 27.9
FRA Female 9.6 4.9 -40.7 13.0 -16.7 9.4 -5.5 25.2
FRA Male -13.5 6.0 -58.3 11.9 -23.8 10.1 -44.9 30.8
FRA Low SES -1.6 7.8 41.1 12.6 -34.2 14.4 -43.7 26.4
GBR Al -2.5 3.1 2.2 4.7 -0.8 7.8 -17.6 9.9
GBR Female -5.6 3.5 2.2 5.2 4.2 8.1 -22.2 12.6
GBR Male 1.0 4.6 2.2 6.4 -6.5 10.9 -14.3 13.7
GBR Low SES -2.3 4.7 1.0 7.8 29 10.9 0.1 20.0
GRC All -18.3 3.6 -24.9 5.9 -5.5 7.1 1.3 9.9
GRC Female -13.7 3.7 -23.4 6.5 4.4 7.2 1.9 12.0
GRC Male -23.3 4.4 -27.2 6.9 -6.9 8.4 4.6 11.5
GRC Low SES -20.4 5.4 -25.9 6.6 -2.5 10.1 7.7 10.5
HUN All -12.5 4.0 -70.4 6.8 -0.7 9.0 20.9 18.3
HUN Female -11.3 4.0 -74.3 8.9 -3.6 9.0 24.6 23.5
HUN Male -13.9 4.8 -67.3 7.9 3.0 11.2 17.2 20.7
HUN Low SES -16.7 4.8 -65.7 8.2 6.3 13.4 17.0 21.6
IRL All -1.4 2.8 -6.6 3.8 -4.8 5.9 -7.0 7.9
IRL Female -2.8 3.2 -5.9 4.0 4.5 8.2 -1.7 9.5
IRL Male 0.1 4.1 -7.0 5.1 -15.6 7.7 -14.4 9.6
IRL Low SES 13.6 3.6 15.2 4.2 -5.8 9.0 -15.3 11.3
ISL All -10.1 1.7 -12.9 21 -10.6 4.8 1.4 7.5
ISL Female -13.9 24 9.8 2.9 4.1 6.6 8.0 10.4
ISL Male -6.2 2.7 -16.0 3.8 -18.6 6.3 -6.2 9.6
ISL Low SES 5.0 7.4 13.7 7.0 -30.8 12.9 -10.0 16.6
ISR All -19.8 4.2 -15.6 6.2 -10.6 10.5 -19.8 12.8
ISR Female -14.5 3.8 -13.7 5.8 -11.3 9.8 -19.5 13.5
ISR Male -25.8 6.2 -18.0 8.8 -13.1 16.4 -25.6 18.1
ISR Low SES -26.1 7.0 -30.7 9.9 -15.2 16.0 -17.0 16.8
ITA All -9.9 3.3 -37.8 7.6 2.1 8.1 34.4 14.6
ITA Female -7.3 3.6 -30.9 9.7 -6.6 8.6 29.7 16.8
ITA Male -12.2 3.9 -41.6 8.2 23 9.3 35.7 16.1
ITA Low SES -7.4 4.0 -30.3 9.8 -8.2 11.1 37.4 24.7
KOR Al -6.6 5.7 9.8 16.0 8.6 9.8 -15.3 22.8
KOR Female 0.4 5.5 -7.9 18.7 -0.2 12.9 2.4 24.9
KOR Male -12.8 7.9 -11.7 16.4 16.1 12.0 -22.3 27.4
KOR Low SES 5.8 7.1 -23.6 14.2 9.0 16.4 -18.2 25.1
LTU All -14.1 25 -34.7 3.5 -7.0 4.7 -13.4 6.8
LTU Female -12.4 2.7 -32.7 3.9 -8.3 6.3 -10.8 8.5
LTU Male -15.9 3.1 -35.8 4.3 -4.8 5.5 -16.7 8.5
LTU Low SES -8.4 3.7 -29.5 4.0 -3.9 7.5 -21.1 8.3
LVA All -11.5 2.7 -30.6 3.5 -14.9 5.5 -16.1 6.7
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LVA Female -7.6 3.2 -24.4 4.0 -16.5 6.2 -22.2 7.7
LVA Male -15.6 3.1 -36.5 4.4 -13.3 7.3 -11.2 9.7
LVA Low SES -11.1 4.0 -34.0 4.5 9.5 8.5 -1.7 9.2
MEX All -21.4 24 -50.5 2.7 9.8 5.1 4.8 11.7
MEX Female -18.4 2.6 -44.5 3.3 -10.0 5.8 3.9 11.1
MEX Male -24.6 2.7 -56.5 3.0 9.6 5.6 5.2 14.7
MEX Low SES -21.3 2.7 -51.4 2.8 9.1 5.7 0.1 8.9
NLD All 9.8 6.8 -58.9 26.0 -4.0 13.1 87.3 38.4
NLD Female 6.5 6.8 -47.6 25.4 5.4 13.2 71.0 40.7
NLD Male -12.9 7.5 -69.0 29.2 -2.8 14.6 103.9 38.3
NLD Low SES -10.5 9.8 -56.0 36.5 17.5 16.8 107.7 72.7
NZL All -14.4 25 -28.7 4.8 -2.2 5.4 35.1 9.8
NZL Female -15.8 3.2 -23.6 5.6 1.5 6.3 22.5 121
NZL Male -12.6 3.2 -33.4 6.8 -5.0 7.6 49.6 15.3
NZL Low SES 7.1 5.8 -15.1 7.6 -4.2 10.3 33.5 16.8
POL All -10.4 2.7 -21.2 2.7 -8.4 7.2 -27.8 13.3
POL Female -8.6 3.0 -14.5 3.3 5.4 6.9 -36.0 15.2
POL Male -12.3 3.7 -27.7 3.6 -12.1 10.3 -21.3 17.1
POL Low SES -7.9 3.8 -14.8 3.8 -2.3 11.3 -31.8 15.4
PRT Al -12.0 3.4 -41.6 8.4 -2.5 7.2 39.8 28.1
PRT Female -89 3.4 -37.2 9.3 4.7 6.8 53.8 26.4
PRT Male -15.4 4.4 -45.2 9.0 0.2 9.1 26.9 33.1
PRT Low SES 9.9 5.8 -37.7 9.9 5.2 11.7 42.6 29.4
SVK All -18.2 3.8 -55.2 4.3 -11.5 7.4 0.2 9.6
SVK Female -14.9 3.9 -53.7 4.6 -15.3 7.5 1.5 10.3
SVK Male -22.1 5.2 -57.0 6.1 -7.3 10.6 -0.8 13.4
SVK Low SES -15.8 6.5 -51.2 7.1 -25.3 13.6 -21.3 15.3
SVN All -12.1 1.4 -31.5 4.8 -4.4 3.0 22.1 9.0
SVN Female -7.3 1.8 -22.6 8.8 -3.8 4.0 13.3 14.4
SVN Male -17.1 21 -39.1 7.6 5.7 4.8 29.5 14.5
SVN Low SES -12.0 3.0 -28.6 8.7 5.4 7.6 25.4 21.4
USA All 2.8 3.3 -3.4 5.4 2.7 7.9 -8.4 13.3
USA Female 29 3.6 -4.0 5.6 -6.5 7.9 -5.0 12.5
USA Male 2.6 3.8 -2.9 6.5 1.1 10.1 -11.8 18.0
USA Low SES 9.3 4.4 10.9 1.7 -12.3 12.8 -36.0 20.3
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Table A. 3. Mean differences in science score across levels of urbanity (ref. city) for
pooled 2009-2018 PISA rounds and the change in 2022.

Pooled 2009-2018 rounds Interaction effect
Country  Population  Town Town Rural Rural 2022*  2022*  2022*  2022*
(SE) area area town town rural rural
(SE) (SE) (SE)

AUS All -16.2 2.0 -21.0 4.0 -4.0 4.7 -21.7 11.3
AUS Female -13.9 2.2 -11.8 4.3 -0.1 5.3 -29.4 11.6
AUS Male -18.6 2.3 -30.5 5.1 -8.1 5.9 -13.7 15.6
AUS Low SES -8.8 2.7 -11.1 5.9 -0.1 7.5 -28.1 14.7
AUT All 2.7 3.2 -13.4 7.6 2.1 5.5 7.0 18.7
AUT Female -2.5 3.3 -6.2 7.8 1.7 6.5 -1.0 20.6
AUT Male -3.3 5.2 -18.3 9.8 -5.7 7.7 12.2 22.1
AUT Low SES 8.5 4.7 1.8 8.5 -7.5 9.4 -0.8 20.5
BEL All 13.3 3.7 8.8 9.9 -14.5 7.2 -33.9 34.2
BEL Female 17.7 4.0 21.2 7.4 -17.8 8.3 -28.7 25.6
BEL Male 8.5 4.4 5.1 16.4 -11.0 8.9 -31.4 42.7
BEL Low SES 17.0 4.3 -4.9 22.4 -21.8 8.8 -21.5 42.7
CAN All -7.8 1.7 -13.0 2.8 -10.5 4.2 -8.8 8.9
CAN Female -5.3 2.0 9.1 34 -7.6 51 -10.1 11.0
CAN Male -10.3 2.1 -16.8 34 -13.5 5.1 -7.7 9.4
CAN Low SES -0.5 2.9 -3.8 4.2 -2.5 5.2 -12.6 9.1
CHE All -16.4 4.4 -26.8 5.0 4.1 8.7 -3.5 11.4
CHE Female -16.4 4.7 -26.0 5.5 -4.9 9.8 -7.5 13.1
CHE Male -16.4 5.2 -27.4 5.8 -2.9 9.4 0.8 13.5
CHE Low SES 4.7 6.4 -8.1 7.2 -9.6 11.9 -31.2 13.3
CHL All -8.5 3.0 -37.8 6.2 1.9 5.9 -8.5 17.8
CHL Female -4.6 3.5 -33.3 8.0 -2.8 6.8 18.0 24.3
CHL Male -12.5 3.6 -41.0 7.5 6.6 7.0 -21.7 24.6
CHL Low SES -10.4 3.2 -45.0 7.6 3.0 7.6 -16.7 13.6
coL All -14.1 3.5 -26.9 4.7 -14.5 6.3 -4.9 9.3
coL Female -12.1 3.5 -18.0 5.1 -12.7 6.8 9.5 10.0
CcoL Male -16.4 4.1 -36.4 5.7 -16.2 7.3 0.2 10.3
CcoL Low SES -11.3 3.7 -27.1 5.5 9.4 7.5 0.0 9.9
CZE All -14.2 3.6 -29.8 6.0 -6.5 7.6 -15.9 8.6
CZE Female -11.0 3.8 -25.0 6.4 -3.2 8.6 221 11.7
CZE Male -17.1 5.0 -33.5 7.5 -10.7 8.6 -12.8 9.7
CZE Low SES -13.9 5.8 -23.7 8.3 -1.4 11.5 -14.8 13.1
DEU All 4.3 5.0 -11.9 11.7 0.6 9.2 -10.3 16.8
DEU Female 7.8 5.5 0.5 12.8 -34 10.6 -29.2 17.6
DEU Male 0.8 5.4 -23.7 12.3 4.8 10.1 8.1 20.9
DEU Low SES 13.6 6.5 5.2 15.0 -3.2 12.7 4.9 20.8
DNK All -2.6 2.8 -8.5 34 -13.8 5.6 -15.3 8.1
DNK Female 5.4 3.7 -8.6 4.2 9.4 7.2 -11.1 10.1
DNK Male 0.2 3.2 -8.8 4.1 -18.2 7.6 -19.2 9.2
DNK Low SES 1.1 4.2 2.5 6.0 -10.8 11.9 -14.5 14.4
ESP All -6.1 1.8 4.7 3.1 1.0 3.8 54 6.8
ESP Female 3.1 1.8 5.2 4.0 1.5 4.3 -0.6 9.0
ESP Male 9.1 2.2 -15.1 4.0 0.5 4.3 11.7 6.7
ESP Low SES 2.7 2.7 -0.7 3.5 -5.3 6.3 -1.2 8.5
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EST All 9.2 2.7 -10.1 3.4 -0.5 5.0 -0.7 6.7
EST Female 4.4 2.8 -5.5 3.7 25 6.1 3.4 8.4
EST Male -14.3 3.4 -14.9 4.0 -3.3 5.7 -4.8 8.4
EST Low SES -0.8 3.9 2.8 5.0 -10.1 8.0 -24.3 9.9
FIN All -5.2 2.3 -0.6 3.8 9.4 5.0 -18.4 8.7
FIN Female -3.6 2.4 4.2 4.3 7.1 4.8 -17.2 9.9
FIN Male -6.7 3.0 -4.9 4.8 -12.0 6.8 -20.0 12.8
FIN Low SES 0.9 4.5 8.8 6.2 -6.1 7.0 -6.1 12.6
FRA All -5.9 4.5 -39.1 9.2 -20.3 7.7 -35.8 27.4
FRA Female -5.0 4.5 -30.8 10.7 -16.5 8.0 -1.7 224
FRA Male -6.9 5.6 -44.9 9.9 -25.1 9.4 -52.6 29.6
FRA Low SES 4.7 7.0 -27.4 10.3 -33.3 14.1 -46.2 24.9
GBR All 3.3 3.3 10.7 51 -7.5 7.6 -27.7 9.8
GBR Female 0.8 3.8 11.8 5.5 1.9 8.2 -33.3 11.8
GBR Male 6.4 4.7 10.1 6.7 -18.0 10.5 -24.1 12.4
GBR Low SES 9.0 4.8 13.7 9.0 -13.9 9.6 -32.1 24.0
GRC All -13.1 3.6 -23.1 5.4 -8.7 6.7 6.4 8.0
GRC Female 9.5 3.6 -23.2 6.1 -8.7 7.2 5.2 8.9
GRC Male -16.9 4.0 -23.3 6.1 -8.6 7.8 9.7 10.4
GRC Low SES -14.7 4.9 -22.3 6.5 -6.3 9.1 10.8 10.6
HUN All -11.2 4.0 -73.0 7.2 -3.5 8.8 29.0 18.7
HUN Female 9.5 4.1 -77.2 9.7 7.1 8.8 38.3 23.2
HUN Male -12.9 4.6 -70.5 7.7 0.2 10.7 21.4 20.3
HUN Low SES -15.7 4.5 -65.7 7.8 -1.2 12.2 229 211
IRL All 2.5 2.5 -1.3 3.6 -10.2 6.0 -14.8 8.5
IRL Female 2.7 2.9 0.2 4.0 -0.9 7.8 -1.7 10.3
IRL Male 2.4 3.6 -2.5 4.8 -21.2 8.1 -23.8 10.3
IRL Low SES 17.9 4.1 22.5 4.8 -8.8 10.9 -18.3 12.9
ISL All -11.4 1.6 -8.4 2.4 -10.0 4.1 3.6 6.5
ISL Female -14.5 2.3 -6.5 3.3 -4.6 5.4 12.9 9.4
ISL Male -8.2 2.7 -10.4 4.1 -15.7 6.4 5.7 10.2
ISL Low SES 3.6 6.5 15.1 6.5 -18.7 12.7 24 16.3
ISR All -12.5 4.0 4.2 6.2 -8.2 10.3 -25.0 11.1
ISR Female -7.1 3.7 -1.0 5.5 -10.1 8.2 -17.9 10.5
ISR Male -18.6 6.3 -7.8 9.0 -8.4 17.5 -33.7 17.3
ISR Low SES -17.4 6.6 -15.1 8.6 -6.2 12.9 -15.1 13.4
ITA All -7.9 3.4 -24.8 7.7 -3.7 9.3 31.7 23.8
ITA Female -5.6 3.8 -17.9 9.6 -6.9 9.7 30.4 30.1
ITA Male 9.7 3.9 -29.4 7.7 -0.9 10.5 30.9 21.3
ITA Low SES 4.7 4.2 -17.6 10.7 9.5 12.3 20.7 31.8
KOR All -6.3 5.6 -1.7 14.5 -0.4 10.9 -42.0 16.6
KOR Female 0.0 5.6 -6.0 19.4 -5.9 12.5 -34.0 26.2
KOR Male -11.9 7.7 -9.6 12.2 4.1 12.7 -46.4 17.8
KOR Low SES -3.0 6.9 -19.1 10.9 1.2 14.5 -68.3 23.3
LTU All -12.4 2.8 -26.3 3.5 9.2 5.0 -19.7 7.5
LTU Female -11.0 3.0 -25.9 4.0 -10.3 6.4 -11.8 9.5
LTU Male -14.0 3.3 -26.3 4.3 -7.6 5.7 -28.8 8.3
LTU Low SES -7.4 4.0 -20.7 4.5 -1.0 8.2 -22.6 10.1
LVA All -7.6 2.7 -17.7 3.9 -13.8 4.6 -23.0 6.5
LVA Female 4.1 3.3 -10.7 4.4 -14.3 6.0 -28.4 7.9
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LVA Male -11.4 3.1 -24.3 4.9 -13.3 6.0 -18.5 9.6
LVA Low SES -7.5 3.9 -18.5 4.5 9.9 8.5 -15.1 9.5
MEX All -17.4 2.0 -39.8 2.2 -11.0 4.7 -3.9 10.8
MEX Female -14.9 2.3 -33.5 2.8 -10.6 5.5 -1.9 9.8
MEX Male -19.9 2.3 -46.1 2.7 -11.5 5.0 7.1 13.5
MEX Low SES -15.8 2.2 -39.6 2.3 -11.5 54 -6.3 8.2
NLD All -8.5 6.9 -47.0 251 -1.4 13.2 79.7 38.5
NLD Female 4.7 6.9 -33.7 221 -3.3 13.1 61.7 37.2
NLD Male -12.1 7.5 -58.2 30.5 0.2 14.4 97.2 42.3
NLD Low SES -8.5 10.0 -40.3 28.4 20.7 17.0 96.7 62.2
NZL All 9.4 2.6 -21.8 4.5 -5.0 5.2 31.6 10.0
NZL Female -11.5 3.3 -13.5 4.6 -0.4 5.9 22.2 14.2
NZL Male -7.2 3.3 -29.8 6.9 9.8 7.3 40.9 13.8
NZL Low SES -3.5 6.1 -5.3 7.2 -3.9 10.6 21.8 22.3
POL All 9.8 2.4 -16.7 2.5 -5.3 6.6 -21.7 13.7
POL Female -8.6 3.1 -10.8 3.3 2.1 6.8 -17.0 16.7
POL Male -11.0 3.3 -22.6 3.3 -8.6 9.5 -25.8 16.0
POL Low SES -4.5 4.0 -8.0 3.9 -3.5 9.9 -20.2 16.6
PRT All 9.1 3.0 -36.3 7.4 -3.3 6.2 38.2 24.3
PRT Female -5.9 3.1 -29.6 9.0 -3.5 6.5 46.9 27.6
PRT Male -12.6 3.9 -42.2 7.3 2.9 7.5 30.8 243
PRT Low SES -4.8 5.5 -30.1 8.9 -7.6 11.4 45.0 26.9
SVK All -13.0 3.9 -46.3 4.4 -17.8 7.7 -5.9 10.2
SVK Female -10.2 4.0 -43.7 5.0 -22.1 7.5 5.1 9.7
SVK Male -16.1 51 -48.8 6.3 -12.8 10.6 5.4 13.9
SVK Low SES -6.3 5.6 -39.9 6.2 -30.7 13.1 -21.5 13.6
SVN All 9.8 1.7 -27.2 5.2 -12.3 3.1 15.4 6.6
SVN Female -6.3 2.4 -21.5 8.3 -10.1 4.6 7.0 13.7
SVN Male -13.6 2.3 -32.1 7.4 -14.0 4.1 23.8 10.8
SVN Low SES -12.5 3.1 -27.9 8.7 -1.9 5.7 21.6 18.5
USA All 9.2 3.4 6.7 5.5 -3.8 81 -8.9 11.4
USA Female 9.8 3.7 6.1 5.6 -6.4 8.0 -7.9 13.3
USA Male 8.8 3.9 7.3 6.5 -1.3 10.4 9.7 16.0
USA Low SES 15.5 4.2 19.9 6.9 -12.9 121 -8.9 23.1
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