
PISA Achievement in Sweden From
the Perspective of Both Individual Data
and Aggregated Cross-Country Data
Björn Boman1,2*

1Stockholm University, Stockholm, Sweden, 2Department of Education, Faculty of Social Sciences, Stockholm University,
Stockholm, Sweden

This study set out to analyze Swedish 15-year-olds’ PISA performance in 2015 and to
lesser extent 2018 by using a combination of individual data (2015) and aggregated cross-
country data for 2015 and 2018, inclusive of 31 OECD countries. At the within-country and
individual level, native Swedish students who took the PISA test in 2015 outperformed first-
and second-generation migrants. Moreover, the latent socioeconomic variable “number of
books at home” was associated with higher PISA math achievement. Ambition was
positively associated with PISAmath scores, wheres worry was negatively associated with
PISA math. At the cross-country level, GDP per capita was associated with higher PISA
scores but ethnic homogeneity was not. IQ scores, PIAAC scores for teachers, and
teacher salaries were also moderately correlated with PISA math achievement. This
indicates that a country with high cognitive ability levels, as well as cognitively
competent and well-paid teachers are likely to perform better in large-scale
international assessments such as PISA.
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INTRODUCTION

When analyzing academic performance among Swedish pupils at lower-secondary and elementary
level, there are typically four standardized procedures to evaluate them: grades, national tests,
international tests, and specific tests constructed by researchers (Holmlund et al., 2019; Björklund
et al., 2010). Recent research (Boman, 2021a; Boman, 2021b) shows that socioeconomic and
sociodemographic variables are substantially associated with grades and national test results at
the aggregated school level. Earlier studies such as Myrberg and Rosén (2009), who used structural
equation modeling to analyze data from Progress in Reading Literacy Study (PIRLS), inclusive of
Swedish students, have found associations between socioeconomic variables and reading
achievement.

However, there is a dearth of studies on Swedish students’ Programme for International Student
Assessment (PISA) performance, especially more recent surveys (i.e., 2015 and 2018), which is
carried though in association with the Organization for Economic Co-operation and Development
(OECD). An exception is the book Northern Lights on TIMSS and PISA (see Reimer et al., 2018), but
this work does only focus on PISA 2015 from the perspective of all Nordic countries. Thus, it lacks
larger cross-national data sets with more participating countries, as well as analyses on 2018.
Moreover, it has less emphasis on mathematics achievement compared to science achievement and
focuses mostly on socioeconomic indicators and science achievement–science interest indicators.
This is because in the 2015 PISA assessment, science was the main subject whereas mathematics was
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the main subject in 2012. While this relationship makes sense,
there is no reason to only focus on the main subject because of the
high intercorrelations between the achievement scores in
mathematics, reading and science (e.g., r � 0.772 to 0.888 in
PISA 2015). In the current study, mathematical literacy will be
highlighted because of the importance of mathematics for future
educational trajectories, earnings and societal development (e.g.,
Rindermann, 2018) but the author admits that this selection is
nevertheless somewhat arbitrary.

Therefore, in accordance with methodological suggestions
underlined by Gustafsson (2007; 2008), as well as Jerrim et al.
(2018) and to lesser extent Guglielmi and Brekke (2017), the
following article examines Swedish students’ PISA
performance in 2015 and 2018. The unique feature is the
combination of one cross-sectional data set with Swedish
students (n � 5458 in 2015) with two cross-national data
sets for 31 countries in 2015 and 2018. This increases both
the internal and external validity, as well as the reliability of
such a research endeavor.

THEORETICAL BACKGROUND

The Contemporary Swedish Education
Context
The Swedish national curriculum has been revised several times.
The last major revision for the entire school system was launched
in 2011 (Lgr 11), with a partial revision in 2018. Sweden offers
9 years of mandatory elementary school education, in which
“Årskurs 7–9” can be translated into lower-secondary school
education. Students in Grade 8 and Grade 9 are eligible to take the
PISA test if they are 15 years old. Furthermore, the education
system consists of 3 years of non-mandatory upper-secondary
school, and three to 5 years of higher education (Skolverket,
2018). In recent years, social inequality and increased migrant
participation have been discussed as two factors that are pertinent
for educational achievement as measured by for example the
PISA tests (e.g., Skolverket, 2016b).

Sweden’s PISA Performance
PISA is a triennial international survey designated to examine
and assess education systems around the world in three main
subjects: mathematics, science, and reading. Only 15-year-olds
participate in PISA. In each cycle, one of these three subjects
constitutes the main subject which is given somewhat greater
analytical attention compared to the others. In addition, later
PISA studies (2012 onwards) have included problem solving and
financial literacy.

Sweden’s PISA results were rather strong in 2000 and 2003,
but have decreased since 2006 and up until 2015. Sweden’s results
in the PISA 2012 survey mathematics, reading and science were
rather weak (482) but the 2015 (overall average score 495.66) and
2018 (overall average score 502.30) surveys signified substantial
improvements. For instance, the results in 2015 were roughly
equal to 2009 whereas the 2018 survey indicated results there
were similar to the 2006 counterpart (Skolverket, 2016a; OECD,
2019b).

PISA 2015
In 2015, 72 countries and urban regions participated. In this
round, many countries used a computer-based assessment
technique instead of paper-and-pencil-based tests (OECD,
2017, p. 24). Most participants had about 5000 participants in
this survey. In 2015, the exclusion rate of Swedish students was
9% at the student level but only 1% at the school level (Skolverket,
2016a, p. 13). Japan had the highest overall average score among
OECD countries, followed by Estonia, Canada, Finland and South
Korea (OECD, 2018a).

PISA 2018
In PISA 2018, 79 countries or urban regions participated. The
OECD average scores are typically set at 500 with 100 as a
standard deviation (e.g., Jerrim, 2015) but in PISA 2018 the
average for all three tests was 488.5 (OECD, 2019a). As said
above, the PISA sample sizes do typically consist of
approximately 5000 individuals but countries like for example
Australia (14,273), B-J-S-Z (12,058), Brazil (10,691), UK (13,808),
and United Arab Emirates (19,277) had considerably larger sizes.
Iceland had only 3,294 and Macao 3,775 students, which reflect
their small populations (OECD, 2019c, pp. 362–363). In this
survey, Japan, South Korea, and Estonia had the highest results
among the OECD countries (OECD, 2019a).

LITERATURE REVIEW

Five strands of literature will be briefly highlighted below:
research on the factors associated with academic achievement
at lower secondary level in Sweden, research on Sweden’s PISA
performance, literature related to the nexus between PISA
achievement and migrant participation, literature on factors
associated with PISA performance at the cross-country level,
and critical studies on PISA’s methodology. Some studies overlap,
such as migration background and socioeconomic status (SES)
linked with PISA performance.

Many studies related to Swedish students at Grade 8 and
Grade 9 point to substantial relationships between parents’
socioeconomic status and academic achievement, whether such
are based on international data like PIRLS, municipality data, or
individual date on grades or national tests results are used (e.g.,
Myrberg and Rosén, 2009; Gustafsson and Yang Hansen, 2018;
Boman, 2021a; Boman, 2021b). For example, Gustafsson and
Yang Hansen (2018) examined changes in the impact of family
education on student educational achievement in Sweden, from
1988 to 2014, and found that correlations increased by 0.04 units
between the early 1990s and 2014, partly due to immigration.
Boman (2021a) found that the SES among the working
population in Swedish municipalities was correlated with
school results (aggregated grades) in Grade 9 in 2019. In
addition, natives outperformed non-natives and municipalities
with a larger share of certified teachers were positively correlated
with higher grades. More or less positive SES–academic
achievement correlations have been found in both the US
(Sirin, 2005), other developed countries (Tan, 2015), and
developing countries (Kim et al., 2019).
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In relation to teacher effects, there is a rich literature from
scholars in the United States which indicates that teachers’
competence (e.g., certification, experience and so forth) has at
least a moderate relationship with academic performance (e.g.,
Hanushek et al., 1996). In Sweden, studies are lacking but
Holmlund et al. (2019) stress that the entirety of national and
international evidence suggests that teachers’ competence do
have a positive relationship with academic performance at the
secondary levels. However, findings from correlational and
regression analyses might be spurious due to that certified
teachers may be more frequent in at least some low-
performing schools and municipalities in Sweden (Holmlund
et al., 2019). Boman (2021a; 2021b) found positive relationships
between teacher certification rates and grades in all subjects at the
aggregated municipality level in Sweden. In Boman (2021a), these
relationships were more pronounced when high-performing
municipalities were compared with low-performing
counterparts. However, as both Homlund et al. (2019) and
Myrberg and Rosén (2009) underline, family-related factors
such as parents’ SES and IQ seem to explain most of the
variance in relation to various measures of school
achievement. School factors account for only a few percentages
of the variability in grades (Holmlund et al., 2019). However, in
regard to PISA, Hanushek et al. (2019) make a rather strong case
for the impact of highly skilled teachers on students’ PISA
performance. The authors underline:

All empirical strategies consistently indicate a robust
positive relationship between teacher cognitive skills
and student performance. In the OLS estimation with
the full set of controls, we find that a one standard
deviation (SD) increase in teacher cognitive skills is
associated with 0.10–0.15 SD higher student
performance. To put these estimates into perspective,
they imply that roughly one quarter of gaps in mean
student performance across our 31 countries would be
closed if each of these countries were to raise the median
cognitive skills of teachers to the level of Finnish
teachers (the most skilled teachers by the PIAAC
measures) (Hanushek et al., 2019).

As Wiklund (2018) observes, Sweden’s teachers are often
blamed for the poor results in general and among low-SES
segments such as second-generation and newly arrived
migrants in particular. However, it is far from certain that
more qualified or competence teachers – those that would for
instance be congruent with how Finland’s teacher pool was
constituted around 2011/2012 – do have much of an impact
since Swedish teachers’ PIAAC scores are not much after their
Finnish counterparts and substantially above the OECD average
(Hanushek et al., 2019). PIAAC stands for Programme for the
International Assessment of Adult Competencies and might be
described as PISA for adults and teachers, typically based on
smaller but representative samples, who take tests in numeracy
and literacy (Gustafsson, 2016).

Sweden has experienced high rates of inflows of low-skilled
migrants the 1990s onwards (Sanandaji, 2020; Ekberg, 1999).

Economists such as Sanandaji (2020) and migration scholars like
Vogiazides and Mondani (2019) have claimed that the
socioeconomic and sociocultural integration of migrants in
Sweden has largely failed, especially in the city of Malmö,
leading to an increased fiscal burden, high unemployment
rates and crime rates, as well as lower school results
(Sanandaji, 2020; see also Skolverket, 2009; Skolverket, 2016b).
In different European countries, natives do typically outperform
immigrant students. Azzaloni et al. (2012) found that in Italy and
Spain achievement differences in the PISA 2009 survey were
associated with family background and socioeconomic status. In
Italy, the effect of academic tracking was also substantial while
immigrants from Latin America in Spain had an advantage in
PISA reading due to their ability in Spanish. However,
socioeconomic, institutional, and linguistic factors cannot fully
explain the variance in both models (Azzaloni et al., 2012).
Similar results were found for first- and second-generation
immigrants in Switzerland when analysing data from the PISA
2000 wave. However, larger family sizes for first-generation
immigrants, typically from Albania, had a negative
relationship with PISA performance (Meunier, 2011).

Research on PISA achievement at the cross-national level
indicates that cognitive abilities and PIAAC scores are highly
correlated with PISA performance (e.g., Gustafsson, 2016;
Rindermann, 2018; Hanushek et al., 2019). Swedish teachers
had high average scores in literacy and numeracy (Hanushek
et al., 2019), although substantially lower than Finland and Japan.
Raw IQ scores in Sweden are similar to the British mean which is
used as a standardized value and is set at 100 (Sonnander and
Ramund, 2003).

Moreover, Cheung (2017) has found a significant relationship
between resilience and mathematic literacy in the PISA 2012
survey, which implies that substantial shares of
socioeconomically disadvantaged East Asian students perform
better than home-advantaged students both in these countries
and relative to other PISA participants. Specifically, ‘The effect
sizes are that an increase of one standard deviation in
mathematics self-efficacy is able to decrease the chance that an
ESCS advantaged student will be academically slackening by
approximately 50–75%’ (Cheung, 2017).

However, these patterns might be inapplicable to culturally
distant countries like Sweden. Nonetheless, non-cognitive
abilities might be included in for example multiple regression
analyses as they are similar to personality traits like
conscientiousness and emotional stability, which are associated
with higher academic achievement and has a generic if not
universal character (e.g., Poropat, 2009).

At this point, a plethora of critical academic works has
accentuated the shortcomings of the OECD-related global
competition (e.g., Prais, 2004; Sung, 2011; Imsen et al., 2017).
Furthermore, PISA scores are, according to some researchers, not
a good indicator of educational quality (Jerrim, 2015; Sjøberg,
2015). Moreover, the PISA test constitutes a costly procedure in
which the benefits are by no means clear (Sjøberg, 2015).
Furthermore, educational policy borrowing can be quite
problematic (Steiner-Khamsi, 2014; Steiner-Khamsi, 2014; So,
2014; Sung, 2011; Takayama, 2008; Waldow et al., 2014). It is also
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questionable if the surveys are comparable over time due to the
substantial inclusion/exclusion of different test items (Rutkowski
and Rutkowski, 2016). Hence, when using PISA data, a balanced,
critical yet grateful stance might be appropriate to take. If the
OECD has done something positive it is to provide researchers,
politicians, practitioners and laymen with more data pertinent for
intranational and cross-national comparisons (Steiner-Khamsi,
2014; Sjøberg, 2015; Hanushek et al., 2019). The current article
takes such a balanced approach which implies the usefulness of
PISA data. Overall it contributes to the literature on Swedish
students’ PISA performance and in such a way that it focuses on
two waves at the cross-national level and in one assessment at the
individual level.

The following research questions are addressed in the present
study: What factors are associated with high achievement in PISA
2015 and 2018 among Swedish students? Are these patterns
similar at the cross-country level? What other factors at the
cross-country level are associated with differences in PISA
math achievement?

Socioeconomic Status and Migration
The current theoretical framework is largely related to the earlier
research on the nexus between cognitive ability, non-cognitive
abilities, SES, and migration and PISA achievement, and is also
closely aligned with the method and data. These perspectives and
factors were discussed in the literature review section and more
precisely below.

Socioeconomic status is associated with academic achievement
(Sirin, 2005; Tan, 2015), inclusive of Sweden (Gustafsson and
Yang Hansen, 2018). However, educational results in Sweden are
typically also affected by both migration, geographical location,
and school factors such as teacher competence or certification
(Skolverket, 2009; Gustafsson and Yang Hansen, 2018; Holmlund
et al., 2019; Björklund et al., 2010). In addition, migration is also
linked to PISA achievement because migrants perform lower in
the Swedish context (e.g., OECD, 2019a). Thus, the included
variables reflect earlier research on academic performance of
Swedish lower-secondary students.

Cognitive Abilities Among Students and
Teachers
The current article builds on earlier PISA-related research
frameworks like Rindermann (2018) and Hanushek et al.
(2019) with some revisions relevant for the Swedish context.
For instance, the input/output model in the economics of
education literature – in which a lot of school factors and SES
indicators are accounted for in multiple regression analyses –
does not include students’ cognitive ability (IQ) as an
independent variable which might substantially explain the
outcome variable PISA achievement. In that regard, the works
of for example Rindermann (2007), Rindermann (2018) and
Lynn and Vanhanen (2012) add an important factor (NIQ,
national IQ) which seems highly correlated with PISA
achievement. These earlier studies are also consistent with
recent research on the PISA–IQ relationship (Flores-Mendoza
et al., 2021). As Flores-Mendoza et al. (2021) underline, the

IQ–academic achievement correlations at the individual level
might be lower compared to the counterparts at the
aggregated cross-country level. Nevertheless, these are
substantial at the individual level (Rindermann, 2018; Flores-
Mendoza et al., 2021; Colom and Flores-Mendoza, 2007; Deary
et al., 2007).

The theoretical decision to have PISA scores as the dependent
variable and a not mere proxy for IQ scores (see the Method
section below) is related to the assumption that the PISA scores
are likely influenced by school knowledge (Rindermann, 2018),
educational quality (e.g., teacher competence) and educational
quantity (Rindermann, 2018), as well as non-cognitive abilities
like perseverance (Borghans et al., 2016). IQ tests are also directly
influenced by non-cognitive abilities like conscientiousness in
test-taking situations but to lesser extent than scholastic tests,
which are both directly and indirectly affected by school
knowledge and relevant non-cognitive abilities (Borghans
et al., 2016; Rindermann, 2018).

METHOD AND DATA

Analytical Strategy
In concordance with methodological suggestions underlined
by Gustafsson (2007; 2008), as well as Jerrim et al. (2018), and
to lesser extent Guglielmi and Brekke (2017), the current
article focuses on both individual student data from Sweden
from the 2015 PISA wave and aggregated data at the cross-
national level for both 2015 and 2018. According to Gustafsson
(2007; 2008), it is only meaningful to compare results from at
least two different PISA waves at the aggregated level for the
identification of trends in the outcome variables (and perhaps
also some of the predictor variables as regards their relative
statistical relationship with the dependent variables, such as
the nexus between number of books at home and reading,
science or mathematics achievement). This is because it is not
the same students who take the tests in each wave. Gustafsson
(2007, p. 40) stresses the limitations of using individual
students’ data to compare differences over time, “This
problem, whatever label is used, seems inescapable in
studies with a cross-sectional design, at least when the
analysis is done at the individual level.” Moreover, he
underlines, “Correlation and regression analysis of
difference scores can be applied in a meaningful manner,
however, only when there are two waves of measurement.”
(p. 61). Thus, by using two comparable waves with aggregated
country level data, these methodological problems are
alleviated. On the other hand, Guglielmi and Brekke (2017)
underscore that the use of aggregated data can lead to the
ecological fallacy (i.e., misleading inferences when information
about individuals are based on aggregated data). Thus, the
current article used both individual data and aggregated data
to use the strengths of both types of data. Another option
would be to use multilevel data analysis, which includes
individual, classroom, school and national levels of analysis
(e.g., Huang et al., 2019). However, when having this approach,
the independent variables are still fixated and closed within
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each data set, whereas cross-country correlational and
regression analyses may include variables that are external
(e.g., GDP per capita, PIAAC, class size) in relation to the PISA
data sets at the individual level.

Jerrim et al. (2018) accentuate that the 2015 and 2018 PISA
waves are largely compatible because both are predominantly
based on computer-based assessments whereas earlier waves were
either entirely based on pencil-based assessments or a mix of
both. Guglielmi and Brekke (2017) emphasize that when studying
academic achievement within and between groups (e.g., high
performing East Asian and American schoolchildren) it is
important to include both individual data from the ILSAs
(International Large-Scale Assessments, e.g., PISA) in order to
avoid the ecological fallacy (i.e., the confounding of individual
and macro levels), use multivariate analyses, and follow at least a
certain group of students longitudinally to obtain a clearer
understanding of causal mechanisms. Thus, the current article
constitutes a synthesis between these three methodological
perspectives (Gustafsson, 2007; Jerrim et al., 2018; Guglielmi
and Brekke, 2017). This study does also share some
similarities with Burhan et al. (2017). However, that study
used PISA scores as a proxy for national cognitive abilities
and focused more on human capital factors among both
developed and developing countries (Burhan et al., 2017),
whereas the current article focuses on school achievement
among 31 OECD countries and does not equate national
cognitive abilities and PISA scores.

As Myrberg and Rosén (2009) highlight, the differentiation
between independent and dependent variables within a structure

equation modeling (SEM) framework does only exist on a
hypothetical level. Nevertheless, a path diagram for the
assumed relationships was created (see Figures 1, 2 below),
and the correlations between these independent variables were
tested by confirmatory factor analysis (CFA), as suggested by
Loehlin (2004, pp. 152–155). These relationships are illustrated in
Tables 1–3.

Specifically, parents’ and hence students’ socioeconomic
status constitutes a latent variable which is measured by the
observed variable number of books at home. The latent
variable students’ non-cognitive abilities are measured by
the observed variables ambition, belongingness, and worry.
However, native status is observed directly by the native/
migrant categorization described below.

Moreover, both Pearson correlations and linear multiple
regressions were used for both the individual data (Swedish
students in PISA 2015) and aggregated cross-country data.
Note that if the direct relationships assumed in Figures 1, 2
would be estimated these are derived from the standardized
beta coefficients in the multiple regression models. However,
in the current article only the main text and tables provide
information about correlation coefficients.

Dependent Variables
At the within-country level for Sweden, PISA mathematics was
used at the outcome variable. Because of the high
intercorrelation between the three PISA scores (e.g.,
Rindermann, 2018), a single achievement measure was
sufficient. At the cross-country, level, the average aggregated

FIGURE 1 | The possible interrelationships between parents’ and students’ socioeconomic status, migration, and students’ non-cognitive math abilities and their
effects on PISA mathematics (2015). Straight one-headed arrows indicate direct and linear relationships. Curved and two-headed arrows indicate intercorrelations.
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PISA mathematics score was used for 31 countries that matched
those included in Hanushek et al. (2019). In the current study,
the author used one plausible value (see OECD, 2009, for
recommendations), specifically Plausible value 1 for
mathematics. This might be regarded as a limitation of the
study.

Independent Variables
Socioeconomic Status/GDP per Capita
Indicators of SES at the individual level was used, specifically
number of books at home. More books at home indicate a higher
level of SES (Reimer et al., 2018, p. 35). In the PISA data set, this

variable is coded as BOOKS. Because parents appear to play a
pivotal role for their children’s academic achievement (e.g., Falk
et al., 2021), variables that only in part cover socioeconomic
background but nonetheless reflect the possible influence of
parents were included, specifically SUPPORT1-4 (e.g., 1 � My
parents support me). All these were measured on a Likert scale.
While there is an ongoing debate about the reliability and
relevance of these measures (Reimer et al., 2018, pp. 35–37)
they are nonetheless the most useful SES indicators within the
PISA data set.

At the aggregated cross-country level, GDP per capita data for
the years 2014 and 2018 (IMF) were used as a socioeconomic

FIGURE 2 | illustrates the assumed relationships in a path diagram, while Table 1 shows the intercorrelation matrix for the six most statistically significant
independent variables and items. GDP per capita, ethnic heterogeneity, NIQ, PIAAC scores for teachers, teacher salaries, annual number of teaching hours, class size,
democracy, and their effects on PISA mathematics (2015, 2018). Curved and two-headed arrows signify intercorrelations, while straight and one-headed arrows signify
assumed causal relationships. + signifies positive direct effects, whereas – indicates negative direct effects.

TABLE 1 | Swedish students’ PISA 2015 performance: correlation matrix.

How
many

books are
there in
your

home?

My parents
encourage

me
to be

confident

I Often
worry
that
it will
be

difficult
for me
taking a

test

I Want to
be able
to select

from among
the best

opportunities
available
when I

graduate

I Want to
be one
of the
best

students
in my
class

Index
immigration

status

How many books are there in your home? 1.000 .075 −.097 .105 .097 −.269
My parents encourage me to be confident .075 1.000 −.070 .149 .103 −.019
I often worry that it will be difficult for me taking a test −.097 −.070 1.000 −.007 −.057 .063
I want to be able to select from among the best opportunities
available when I graduate

.105 .149 −.007 1.000 .506 .041

I want to be one of the best students in my class .097 .103 −.057 .506 1.000 .115
Index Immigration status −.269 −.019 .063 .041 .115 1.000

Frontiers in Education | www.frontiersin.org February 2022 | Volume 6 | Article 7533476

Boman Sweden’s PISA Achievement

https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles


indicator. Because it is expected to be highly intercorrelated with
average income at the national level only GDP per capita was
considered in this respect.

Migration/Ethnic Heterogeneity
In accordance with earlier research on the link between migrant
participation and academic performance in Sweden, the
association between migration and PISA achievement (e.g.,
Skolverket, 2016a; Manhica, Berg, Almquist et al., 2018;
Holmlund et al., 2019; Vogiazides and Mondani, 2019;
Sanandaji, 2020; Boman, 2021a) was examined.

In PISA 2015 for Sweden, the main variable was nominal
(natives and non-natives, the latter here coded as IMMIG and
within that category 1 �Natives, 2 � Second-generation, 3 � First-
generation). The immigration index, which consists of nine
values on a nominal scale (including a few empty answers),
was recoded into dummy variables, so that 1 � natives, and
0 � immigrants of first- and second-generation type.

At the cross-country level, ethnic homogeneity/heterogeneity
was used as an independent variable which roughly corresponds
to the relative migration level and impact across countries.
Specifically, the percentage of non-natives within each country
was used to signify the degree of ethnic heterogeneity in each
country (World Factbook). A positive relationship might be
expected, meaning that substantial ethnic homogeneity (e.g.,
90%) may be associated with stronger economic development
and perhaps also school results (Salter, 2004; Lynn and Becker,
2019). There are some problems associated with ethnic
classifications, such as the very definition of a major ethnic
group in each country, the potential presence of very similar

but still discrete sub-ethnics groups, and perhaps over-simplified
or biased classifications. For instance, according to World
Factbook, South Korea is classified as an ethnically
homogenous country but according to Moon (2015) it is
rather 98% in that respect and the shares of people with some
form of mixed or foreign background have increased in the last
decades and are expected to increase even more in the coming
years. Another borderline case is Australia, whose majority group
“Australian” consists of people with a British background but
does also comprise similar groups such as individuals of English,
Irish and Scottish descent (World Factbook). When World
Factbook provided incomplete or inaccurate information in
that respect, earlier research and Wikipedia sources were used
to find more accurate estimates (e.g., see Canada, France).

Students’ and Teachers’ Cognitive Abilities
Within the PISA sets (e.g., Gustafsson, 2016; Rindermann, 2018;
Hanushek et al., 2019) there are no data on students’ or teachers’
cognitive skills, unless the actual PISA results are regarded as
proxies for students’ cognitive abilities (e.g., Rindermann,
2018). However, earlier research shows that students’ and
teachers’ cognitive skills are highly correlated with PISA
performance at the cross-national level (Hanushek et al.,
2019; Rindermann, 2018). In the present study, data on
students’ cognitive abilities were included from Lynn and
Becker (2019). This is to provide consistency between the
scores. However, the “SAT weightings” that were included in
the composed NIQ values in Lynn and Becker (2019) were
removed to avoid a confounding effect, meaning that older
scores from for example PISA and TIMSS might correlate with

TABLE 3 | PISA achievement (2018) at the cross-country level: correlation matrix.

NIQ PIAAC Teaching hours Teacher salaries Class size School days GDP PC Democracy Ethnic homogeneity

NIQ 1.000 .566 −.165 .260 .356 .326 .250 .105 .019
PIAAC .566 1.000 −.170 .459 .103 .157 .566 .541 −.062
Teaching hours −.165 −.170 1.000 .272 .100 .234 .291 .256 −.009
Teacher salaries .260 .459 .272 1.000 .074 .174 .771 .488 −.211
Class Size .356 .103 .100 .074 1.000 .295 −.053 .073 .329
School days .326 .157 .234 .174 .295 1.000 .183 .272 −.097
GDP PC .250 .566 .291 .771 −.053 .183 1.000 .656 −.109
Democracy .105 .541 .256 .488 .073 .272 .656 1.000 .032
Ethnic homogeneity .019 −.062 −.009 −.211 .329 −.097 −.109 .032 1.000

TABLE 2 | PISA achievement (2015) at the cross-country level: correlation matrix.

NIQ PIAAC Teaching hours Teacher salaries Class size School days GDP PC Democracy Ethnic homogeneity

NIQ 1.000 .561 −.165 .260 .356 .326 .288 .104 .019
PIAAC .561 1.000 −.169 .462 .100 .157 .579 .562 −.066
Teaching hours −.165 −.169 1.000 .272 .100 .234 .251 .231 −.009
Teacher salaries .260 .462 .272 1.000 .074 .174 .744 .456 −.211
Class Size .356 .100 .100 .074 1.000 .295 −.064 .056 .329
School days .326 .157 .234 .174 .295 1.000 .204 .259 −.097
GDP PC .288 .579 .251 .744 −.064 .204 1.000 .661 −.147
Democracy .104 .562 .231 .456 .056 .259 .661 1.000 .010
Ethnic homogeneity .019 −.066 −.009 −.211 .329 −.097 −.147 .010 1.000
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recent PISA scores rather than focusing on the specific
NIQ–PISA relationships looked upon as two separate
variables. Lynn and Becker (2019) used very detailed
procedures to calculate their NIQ scores, including all
available IQ samples and corrections for sample size and the
so-called Flynn effect (i.e., the increase of IQ test scores over
time which has been identified in many countries around the
world). This resulted in scores that were typically lower than the
raw scores from earlier cognitive ability studies. For example,
the Swedish IQ is only set at 94.96 after corrections (Lynn and
Becker, 2019, p. 149).

Data on teachers’ cognitive skills were retrieved from
Hanushek et al. (2019, p. 865). The number of teachers who
participated in the PIAAC survey ranged from between 106 in
Chile to 834 in Canada. Sweden had 167 participating teachers in
the PIAAC survey. Included teacher categories are composed of
“preschool teacher,” “secondary school teacher” and “other
teacher.” Kindergarten, university and vocational teachers were
excluded because PISA students have not been taught by these
types of teachers. The mean score was 259 points in numeracy
and 268 points in literacy across 31 countries (Hanushek et al.,
2019).

School Variables and Other Control Variables
At the cross-national level, additional school variables were added
as control variables. It might be the case that some school
variables are associated with PISA mathematics achievement.
Specifically, teacher salaries, annual instruction time (shortened
as teaching hours or TH), class size, and annual instruction days,
were retrieved from OECD (2018b). Lower-secondary school
teachers’ actual salaries (OECD, 2018b, p. 375) were compared
at the 10 years’ experience rate. Number of annual teaching hours
were compared in general programmes at lower-secondary level
(OECD, 2018b, p. 382). Average class size was calculated as the
mean of public and private institutions’ mean values. If class size
has a meaningful statistical relationship it is expected to be a
negative such, meaning that larger classes are negatively
correlated with PISA achievement. The reason why merely 31
countries were included is because these countries have full data
on all important independent variables and that they correspond
to Hanushek et al. (2019).

In addition, The Economist Intelligence Unit’s data were used
to align the 2014 democracy index score for each country with
PISA 2015, and the same index was used for 2017 and as such
aligned with PISA 2018.

Non-Cognitive Abilities
To examine the relationship between Swedish students’ non-
cognitive abilities and PISA performance in mathematics (2015),
a set of independent variables from the two PISA sets were
included. These do partly overlap personality traits like the
Five Factor Model (FFM, which consists of Openness to
experience, Conscientiousness, Extraversion/Introversion,
Agreeableness, Neuroticism/Emotional stability) but should
perhaps rather be looked upon as non-cognitive abilities of
more or less importance for school performance, such as
ambition, belongingness and worry. Nonetheless, earlier

research indicates that conscientiousness and emotional
stability are associated with higher academic achievement (e.g.,
Duckworth et al., 2005; Conard, 2006; Poropat, 2009).

The present study included ambition, belongingness and
worry in the first regression analyses. Ambition is associated
with conscientiousness whereas belongingness and worry are
related to neuroticism (Malone et al., 2012; see also Alverson,
2014; Poropat, 2009) and all have been associated with school
achievement to different extents (Poropat, 2009; Alverson, 2014).
However, all items were still included in some regression models.
Specifically, AMB1 measures “I want top grades,” AMBI2
measures “I want to be able to select from among the best
opportunities available when I graduate,” AMBI3 measures “I
want to be the best, whatever I do,”AMBI4measures “I see myself
as an ambitious person,” and AMBI5 measures “I want to be one
of the best students in my class.” Higher scores, such as 3 and 4,
indicate higher ambition (i.e., the individual agrees with the
statement), on a Likert-type scale. Some worry measures such
as “I often worry about difficult tests” are perhaps more similar to
test anxiety than neuroticism (c.f., Cheung, 2017; Poropat, 2009).
These ordinal scale variables were re-coded into sum scores.

Correlations and Regression Coefficients
Correlations (Pearson’s r) and multiple linear regressions were
used to estimate the relationships between the independent
variables and the dependent variables. For the intra-country
level (PISA 15), step-wise hierarchical regressions were used to
increase the R2 value while still controlling for multicollinearity.
The analysis begun with the two independent variables, number
of books at home and migration status, followed by ambition
indicators. Then all relationships were estimated by linear
regressions, which then constituted the measured model in
relation to the assumed model (see Loehlin, 2004).

As regards the cross-country level for PISA 2015 and PISA
2018, Pearson correlations were used in the first step to estimate
any statistically significant coefficients and then linear multiple
regressions were run with those that were statistically significant.
All analyses and multicollinearity diagnostics were conducted
using SPSS Statistics 26.

Plausible Relationships
From the individual PISA data, a positive relationship between
number of books at home (an indicator of SES) and PISA math
achievement (2015) was expected. A positive relationship was
expected between ambition and mathematics achievement
because the number 1 on the 5-point Likert scale signified
“strongly disagree” on the statement “I want top grades”
whereas four signified “strongly agree.” In accord with
Loehlin (2004, p. 2), the simple path diagram assumed that
most variables would be intercorrelated rather than causal,
which is indicated by the curved one-headed and two-headed
arrows. The exception is the straight and one-headed arrows
that indicate causal relationships between these and the
dependent variable. Causal relationships signify statistical and
logical relationships rather than observed causality. For
instance, it is illogical to assume that children’s IQ influence
their parents’ IQ (Loehlin, 2004). Analogically, it is illogical to
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assume that PISA math scores influence number of books at
home, even though they are measured on the same day in the
PISA wave (e.g., see OECD, 2017). These plausible relationships
are illustrated in Figure 1.

The initial estimation model at the within-country level can be
described as follows:

PISAs � XBooksβ +XMigrantβ +Xnon−cognitiveβ + ec

Here PISA is the PISA mathematics achievement among
students s, XMigrantβ is the coefficient of migrants/non-
migrants, XBooks

cβ is the coefficient of number of books at
home, Xnon-cognitiveβ is the coefficient of non-cognitive abilities,
and ec is an error term.

The estimation model at the cross-country level can be
described as follows:

PISAc � XNIQcβ +XPIAACβ +XGDPpccβ +XDemocracycβ

+XEthnic homogeneityβ +Xschoolcβ + ec

Here PISA is the average aggregated PISA achievement
in country c, XNIQ

cβ is the coefficient of national IQ (NIQ) in
country c, XPIAAC

cβ is the coefficient of teachers PIAAC scores in
country c, XGDPCcβ is the coefficient of GDP PC, XDemocracycβ,
XEthnic homogeneitycβ and Xschoolcβ are a set of school related
control variables as well as other control variables, and ec is
an error term.

Multicollinearity Diagnostics
To control for multicollinearity, Collinearity Diagnostics was
carried through. The condition index generated by such an
analysis implies that values over 30 indicate substantial
multicollinearity. In addition, bivariate intercorrelations were
conducted to further examine this potential issue. According
to Dohoo, Ducrot, Donald and Hurnik (1997), multicollinearity
may be present when the intercorrelations are below r � 0.90.
Therefore, in the current study, independent variables that had
“high” intercorrelations (r � 0.70–1.0) according to many of the
threshold values presented by Akoglu (2018), were excluded. For
example, teacher salaries and GDP PC were substantially
intercorrelated (r � 0.757 in relation to both 2015 and 2018)
and therefore not included in the same OLS model.

RESULTS

PISA 2015 for Swedish 15-year-Olds
The regression coefficients, R2 and p-values are presented in
Tables 4, 5. Table 4 shows that number of books at homes was
positively associated with PISA math scores and that migration
status was negatively associated with PISA math scores.

Cross-National Level Correlations
The correlation between NIQ and PISA math was r � 0.583
(2018) and r � 0.576 (2015). The correlation between PIAAC
scores and PISA math was r � 0.594 (2018) and r � 0.696 (2015).
The correlation between annual teacher salaries and PISA scores

was r � 0.452 (2015) and r � 0.426 (2018). These signify
moderate to strong effect sizes in related disciplines such as
psychology and political sciences (Akoglu, 2018).

The correlation between annual instruction time and PISA
scores was r � -0.193 (2015) and r � -0.267 (2018). The
correlation between annual instruction days and PISA scores
was r � 0.166 (2015) and r � 0.106 (2018) and thus poor. Class
size was insignificantly positively correlated, r � 0.005 (2015) and
insignificantly negatively correlated in 2018, r � -0.0.04. However,
it should be noted that weak relationships (e.g., class size) at the
cross-national level might yet imply advantages at the within
country level such as Sweden (e.g., Fredriksson et al., 2013). The
same goes for indicators of educational quantity such as annual
instruction time (e.g., Andersen et al., 2016).

GDP per capita was positively correlated, r � 0.436, and
democracy too (r � 0.194) in relation to PISA 2015. However,
the GDP per capita was slightly weaker in relation to PISA 2018
(r � 0.404) and democracy less strongly correlated in relation to
this survey (r � 0.100). Ethnic homogeneity had a weak
relationship with PISA math 2015 (r � 0.006) and PISA math
2018 (r � -0.060).

Robustness Checks
To test the robustness at the individual student level
(i.e., intranational level among Swedish PISA 2015
participants), the independent variables were regressed with a
bootstrapped method (1,000 cases). In these analyses reading
literacy scores were used instead of math scores, and all
independent variables within the frames of the PISA data set
(2015) were regressed to see if any other such could reach
statistical significance. Moreover, a one-paired sample t-test
which tests the significance for natives and immigrant
differences in PISA math scores was conducted for the
normally distributed data, but as these are typically sensitive
to larger sample sizes (e.g., see Thorsen et al., 2021; Myrberg &
Rosén, 2009) only was one such significance test was carried
through. Moreover, this study is mostly concerned about
inferential statistics. Furthermore, intra-class correlations (see

TABLE 4 | Regression output PISA 2015 (individual level data).

B β SE

Number of books at home* 19.453 0.326 782
Migration status* −25.969 −172 1.982

R2: 167. * � p-value: 0.000.

TABLE 5 | Regression output PISA 2015 (individual level data)

Standardized betas (β)

SES* 0.296
Migration background* −0.165
Ambition* 0.184
Worry* 0.071
Belongingness* 0.053
Parental support** −0.036

Notes: R2:.219. * � p-value: .000, ** � p-value: .010.
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Appendix A) for Swedish students and their specific school ID:s
were conducted in order to see if there were any nested effects but
these correlations were .000. Hence, the Swedish students could
be regarded as separate entities.

At the cross-national level, the strongest predictor, PIAAC
scores, were tested again but this time only numeracy scores were
used as an alternative to the mixed pooled score for both
numeracy and literacy (cf., Hanushek et al., 2019). However,
this did not change the relationships substantially (i.e., the
standardized beta coefficients). Moreover, data on NIQ, GDP
per capita, democracy, and ethnic homogeneity were included for
both some additional low-performers and high-performers in the
PISA league tables (China, Taiwan, Kazakhstan, the Philippines)
of the PISA 2018 wave and were tested in both bivariate
(Pearson’s r) and OLS models. These results are provided in
Supplementary Appendix SA.

CONCLUSION AND DISCUSSION

This study set out to answer three research questions related to
what factors are associated with high achievement in PISA 2015
and 2018 among Swedish students, if these patterns are similar at
the cross-country level, and what other factors at the cross-
country level are associated with differences in PISA math
achievement.

At the within-country and individual level, native Swedish
students who took the PISA test in 2015 outperformed first- and
second-generation migrants. This is similar to school and
municipality level studies on Swedish students such as Boman
(2021a) who found that non-natives generally performed worse
than natives, as well as for example Meunier (2011) in relation to
PISA. Moreover, the latent SES “number of books at home” was
associated with higher PISA math achievement. It does also
confirm similar research on the relationship between SES and
PIRLS achievement (Myrberg and Rosén, 2009; see also; Tan,
2015) and SES in relation to PISA science achievement (Reimer
et al., 2018). Some of the ambition indicators (e.g., “I want to be
one of the best students in my class”) were associated with a
higher PISA math score whereas others were not (e.g., “I want to
be the best, no matter what I do”). The latter indicator might be
tied to a counterproductive level of overconfidence whereas the
former is more balanced and appropriate (e.g., see Cheung, 2017
for a discussion). The same pattern was discerned for the
belongingness indicators. The picture was also a bit fuzzy as
regards the different indicators of parental support, which in part
constitutes a proxy of SES.

At the cross-country level, GDP per capita was associated
with higher PISA scores. However, ethnic homogeneity was
not substantially associated with higher scores. NIQ scores,
PIAAC scores and teacher salaries were also moderately
correlated with PISA math scores, which corroborates
earlier research such as Rindermann (2007; 2018),
Hanushek et al. (2019), and Flores-Mendoza et al. (2021).
This implies that a country with high cognitive ability level, as
well as cognitively competent and well-paid teachers are likely
to perform better in large-scale international assessments such

as PISA. Thus, to merely add more school days and/or annual
instruction time does not seem to be a solution to lower
performance levels, ceteris paribus. When students within
the same country are compared at the individual level, it is
a “comparative advantage” (see Boman, 2020) to be a native
and have parents with a level of higher socioeconomic status,
as well as well-developed non-cognitive abilities such as a
balanced degree of ambition.

This study has several limitations. Because of the cross-
sectional design, the evidence is almost entirely correlational.
The same goes for the relatively small number of countries
included at the cross-national level (N � 31). For example, the
inclusion of two high cognitive ability level and high PISA
math achievement level countries such as Taiwan and China
and two with lower scores on these two measures
(Kazakhstan, The Philippines), leads to a higher correlation
between NIQ and PISA math (e.g., r � 0.629 in PISA 2018).
Similarly, the PISA math–ethnic homogeneity relationship
increases to r � 0.215 when these four PISA 2018 participants
are included.

Furthermore, despite the efforts made by Lynn and Becker
(2019) to weight and adjust scores from various IQ samples many
of these appear somewhat unaligned with the PISA data in a
temporal sense, as well as with regard to the mean and median
ages within those various samples (i.e., many of the samples
include both small children and adults). Nonetheless, the
combination of individual data at the intranational level as
well as aggregated data at the cross-national level can provide
a more comprehensive picture of PISA performance among
specific countries such as Sweden. Focusing merely on a single
level tends to neglect important factors such as SES andmigration
(at the intranational level) and cognitive ability and teacher
variables (at the cross-national level).

Moreover, some may notice the exclusion of gender variables
because it is clearly understood that girls outperform boys in
PISA reading and science but typically not in mathematics (e.g.,
Ma, 2008). However, these differences are smaller than the native/
immigrant differences, boys are typically stronger inmath and the
current study is concerned about math achievement, and these
differences are difficult to capture in a meaningful way with
aggregated cross-country data (at least with the current research
design). Hence, the inclusion of gender at the within-country
level but the exclusion at the between-country level would likely
lead to even more discrepancies between these two levels of
analysis.

As is noticeable in several tables in this article, the explained
variance in PISA math is greater at the aggregated cross-country
level compared to the individual student and within-country
level. This might be related to the lack of appropriate non-
cognitive ability variables and items and the total exclusion of
cognitive ability variables and items within the frames of the
student questionnaire and related student tasks. Hence, the
inclusion of two brief tests, one non-cognitive test (e.g., Big
Five-10, see Rammstedt and John, 2007) and one cognitive
(e.g., the Kaufmann Brief Intelligence Test) may explain the
variance to a greater extent than which is currently the case.
Some personality researchers have stressed that adolescents and
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older children may have trouble to understand and asses their
own personalities (e.g., see Andersen et al., 2020) to the same
extent as university students. However, these few Big Five items
seem not more difficult to grasp than the PISA items (c.f.,
Rammstedt and John, 2007, and the PISA 2015 Student
Questionnaire). Furthermore, complete cross-national data on
all PISA participants and not just OECD countries would lead to
more comprehensive and reliable estimates of the cross-national,
aggregated effect sizes (e.g., see OECD, 2018b).

Overall, the current article contributes to research on Swedish
students’ PISA performance and replicates relationships that are
found at the aggregated within-country level in regard to
SES, teacher competence, and migration background (e.g.,
Boman, 2021a) but adds other variables such as cognitive and
non-cognitive abilities which likewise are associated with PISA
math achievement. Future research may use a similar theoretical
andmethodological approach but in relation to other countries or
later PISA waves with regard to Sweden.
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