Wang et al.

Large-scale Assessments in Education
https://doi.org/10.1186/540536-023-00174-8

Large-scale Assessments

(2023) 11:24 . .
in Education

®

Check for

Factors predicting mathematics
achievement in PISA: a systematic review

Xiaofang Sarah Wang'"

, Laura B. Perry', Anabela Malpique? and Tobias Ide?

*Correspondence:
sarah.wang@murdoch.edu.au

! School of Education, Murdoch
University, 90 South St, Murdoch,
WA 6150, Australia

2 School of Education, Edith
Cowan University, 270 Joondalup
Drive, Joondalup, WA 6027,
Australia

3 Murdoch University, Harry
Butler Institute, 90 South St,
Murdoch, WA 6150, Australia

@ Springer Open

Abstract

The Programme for International Student Assessment (PISA) has become the world's
largest comparative assessment of academic achievement. While hundreds of studies
have examined the factors predicting student achievement in PISA, a comprehensive
overview of the main predictors has yet to be completed. To address this gap, we con-
ducted a systematic literature review of factors predicting mathematics performance
in PISA. Guided by Bronfenbrenner’s ecological model of human development, we
synthesized the findings of 156 peer reviewed articles. The analysis identified 135 fac-
tors that fall into five broad categories: individual student, household context, school
community, education systems and macro society. The analysis uncovered seven
factors that are consistently associated with math achievement in PISA. Student grade
level and overall family SES (socio-economic status) are consistently positively associ-
ated with math achievement while five factors are consistently negatively associated
with math achievement: student absenteeism and lack of punctuality, school repeating
and dropout rate, school prevalence of students' misbehavior, shortage of teachers and
general staff, and student-centered instruction. Fourteen factors tend to be positively
or negatively associated with math achievement. The explanatory power of many
other factors, however, remain mixed. Explanations for this result include methodologi-
cal differences, complex interactions across variables, and underlying patterns related
to national-cultural context or other meso or macro-level variables. Implications for
policy and research are discussed.

Keywords: Math, Academic performance, PISA, Secondary school, Ecological model

Introduction

Results of international large-scale assessments (ILSAs) in education have attracted
increasing attention from policy makers, educational researchers and practition-
ers, and the public. Among all the ILSAs, the Programme for International Student
Assessment (PISA) has become the largest internationally executed assessment (Mar-
tens & Niemann, 2013). PISA has been administered every three years since 2000 and
the number of participating countries' has grown substantially, from 32 countries in

1 OECD uses the term “countries/economies” in its reports because some regions which participated in PISA are not
independent countries. For example, Macao (China), Hong Kong (China), Beijing-Shanghai-Jiangsu-Zhejiang (China)
are three separate PISA economies. For the convenience of this article, the word “countries” is used to refer to all the
participating regions in PISA.
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2000 to 85 countries in the 2022 cycle (OECD, 2022), with 170 participating nations
anticipated by 2030 (Xiaomin & Auld, 2020). PISA aims to evaluate how well 15-year-
old students, who are approaching the end of compulsory schooling, can apply
learned knowledge and skills to real-life situations (Hopfenbeck & Gorgen, 2017;
OECD, 2022).

In each PISA cycle, three major cognitive domains—reading, mathematics and sci-
ence—are assessed with one subject domain tested in detail. The focused domain in the
2022 cycle was mathematics. The impact of PISA cannot be ignored. It provides refer-
ences to education system improvement and informs policy decisions across many
countries (e.g., Baird et al., 2016; Rocher & Hastedt, 2020; Thompson et al., 2016).

International PISA-related research has also experienced dramatic growth in the past
two decades (Addey et al., 2017; Herndndez-Torrano & Courtney, 2021). Because “math-
ematics and science scores are highly invariant and can be used to compare countries”
(Odell et al., 2021, p. 1), many researchers have investigated math achievement from
a wide variety of perspectives across multiple countries. Some researchers focused on
one or few factors in predicting math achievement in one or few countries (e.g., Silzer
& Heine, 2016). Researchers often focus on investigating one or few factors in multiple
countries (e.g., Fang et al., 2013); many factors in one or a few countries (e.g., Perera
& Asadullah, 2019); or many factors in many countries (e.g., Munir & Winter-Ebmer,
2018). Considering the various combinations of diverse factors and multiple countries,
researchers have found it increasingly complex to provide a clear picture of the fac-
tors predicting math achievement across countries and assessment cycles. The OECD
(Organisation for Economic Co-operation and Development) reports provide an over-
view of factors and single countries based on data from a single PISA cycle. However, fac-
tors are usually analyzed using one type of statistical analysis, which may leave unknown
findings that would be uncovered from other approaches. The reports also typically use
pooled data from all the participating countries, which may obscure cross-national dif-
ferences. Country reports produced by the OECD also offer an overview of single coun-
tries but no direct comparison across countries is made. Finally, contradictory results
have also been found between secondary analyses published as peer-reviewed journal
articles and OECD reports (e.g., Agirdag & Vanlaar, 2018). We therefore agree with
Gamazo and Martinez-Abad (2020, p. 12) that there is a clear need to “produce a thor-
ough systematic review to explore the different methodologies employed, and evidences
on the impact of diverse variables on student performance”

As of yet, no systematic review has examined the predictors of PISA math achieve-
ment. Gutiérrez-de-Rozas et al. (2022) conducted a systematic review of 80 meta-
analyses and presented the relationship between personal, family, school and teacher
variables and academic achievement, but did not focus on math achievement or PISA
performance. Another three reviews have been conducted about other aspects of PISA:
Hopfenbeck et al. (2018) provided a broad overview of PISA-related research but did not
examine math achievement; the scoping review of Odell et al. (2020) studied the rela-
tionship between Information and Communication Technology (ICT) and math/science
in PISA; and Teig et al. (2022) conducted a systematic review on science teaching and
learning using TIMSS and PISA data. A systematic review investigating major factors
driving PISA math achievement hence remains a key research gap.
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Addressing this knowledge gap, this study presents a comprehensive picture of the fac-
tors predicting PISA math performance. To do so, we proceed in five steps. First, we
explain our theoretical framework before outlining our core method, a systematic lit-
erature review. We then present our findings and discuss them in the light of existing
theoretical and empirical evidence. The limitations of our study and avenues for future
research are summarized before the concluding section.

Theoretical framework

The theoretical framework guiding this study is Bronfenbrenner’s ecological theory of
human development (Bronfenbrenner, 1981), which emphasizes the importance of sys-
tem-related factors and “the interaction of biological factors and the contexts in which
people develop” (Rosa & Tudge, 2013, p. 251). Academic achievement is not solely due
to the efforts of teachers or schools or individual students, and studies (e.g., Caro et al.,
2016; Scheeren, 2022) have shown substantial interaction among various factors predict-
ing math achievement. We therefore chose Bronfenbrenner’s “person-process-context
model” because it captures a wide range of factors and their complex interactions, as

well as interactions with social contexts.

Method

The method and reporting of this review were guided by the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA) 2020 (Page et al., 2021). The fol-
lowing steps were included: (1) search strategies were developed and applied to search
in databases at the literature identification stage; (2) records were screened according to
the eligibility criteria; (3) after confirming the included literature, data were extracted/
synthesized and the quality of papers was appraised.

Literature identification

During the process of determining the search terms, we followed a comprehensive strat-
egy to refine the search terms to ensure that all possible relevant papers were captured
by the final search. A list of keywords “PISA’, “math’, “performance’, “achievement’,
“result’, “score’; “outcome” was generated by the authors based on prior-knowledge, and
these keywords were initially entered into a single database (the Education Resources
Information Center-ERIC). The results of this scoping search were reviewed to identify
additional keywords and synonyms. Two additional keywords “attainment” and “suc-
cess” were added to the search terms. We also checked in-built thesauri in databases and
subject headings that were assigned to relevant retrieved articles, but no additional syn-
onyms were found. The search terms were also verified by intensive discussion between
the authors. Afterwards, the refined search terms were formulated.

For our search strategy, we combined relevant keywords using Boolean operators
AND, OR and “truncation *” to cover variations in the keywords. We created seven
search strings (e.g., PISA OR “Program* for International Student Assessment” AND
performance* AND math*; see Additional file 1: Appendix S1 for the complete list of
Boolean search strings used) and applied them to five bibliographic databases (APA
PsycInfo, ERIC, Informit, Scopus and Web of Science), set to three major areas (title,
abstract, and keywords). The electronic search was limited to peer-reviewed journal
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Identification of new studies via databases

Records identified from databases Records removed before screening:
= total (n = 8,209) Duplicate records removed by function in Endnote (n = 1,674)
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Records excluded: total (n =29)
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(n=164) Reason 2 Math scores are not from main PISA cycles (n = 10)
Reason 3 PISA math scores are combined with other data (n = 4)
l Reason 4 Analyze components of PISA math performance (n = 1)

5 Reason 5 Not analyze factors (n = 4)
s New studies included in review Reason 6 Theoretical articles (n = 3)
E (n=135) Reason 7 Section related to math score analysis cites other paper (n = 1)

Fig. 1 PRISMA 2020 flow diagram for the systematic review

articles published in the English language between 1 September 2011 and 30 September
2021. The search yielded 8,209 records, which was reduced to 6,535 records after remov-
ing duplicate records (see Fig. 1 for detailed information).

The remaining 6535 records were copied to an automation tool—Rayyan (http://
rayyan.qcri.org). Rayyan is “a process of semi-automation” with “a high level of usability”
and it helps accelerate the initial screening of abstracts and titles (Ouzzani et al., 2016,
p. 1). Certain keywords, such as patients, clinical, disorder, disease, were used to exclude
articles. Some keywords, such as model, sex, stress, functioning, yielded results which
could be relevant to the review question. Therefore, manually reviewing the article titles
and abstracts when needed was performed to each record identified by Rayyan. A total
of 3,391 records identified in Rayyan were removed due to their irrelevance to the study,

leaving 3,144 articles to be manually screened.

Record screening

Eligibility criteria were discussed among all authors, pre-defined and applied to the pri-
mary screening of the titles and abstracts of 3144 articles. The studies were included if
they met all the following criteria:

Peer-reviewed journal articles;

Published in English;

Published from 1 September 2011 to 30 September 2021;

Examined reasons/factors predicting PISA math performance;

Analyzed math scores from any of the PISA main cycles (2000, 2003, 2006, 2009,
2012, 2015, 2018).

6. Included data from other sources, but PISA math scores were analyzed separately.

A e

Conceptual or theoretical articles that do not analyze PISA math scores were

excluded.

Page 4 of 42
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7. Published in journals which are ranked in the top quartile (Q1) in any discipline in
Scimago Journal & Country Rank (https://www.scimagojr.com) at least once between
year 2016 and year 2020.

Publication’s ranking (criterion 7) was not applied initially in the inclusion criterion.
However, screening the titles and abstracts without including this ranking criterion
yielded over 500 results, which would have constrained subsequent screening and anal-
ysis. Q1 journals are also known to have particularly strict quality controls. After the
articles were restricted to those published in Q1 journals, the results were reduced to
167 articles (see Fig. 1). Considering the ranking fluctuation of some journals over the
years, the condition was set to any journal which appeared in Q1 in Scimago Journal &
Country Rank between 2016 and 2020 at least once, to reduce potential bias related to
the ranking. 2021 ranking was not considered because it was not available at the begin-
ning of this review.

All 167 papers were retained, except for three articles which were written in languages
other than English, even though their titles and abstracts were available in English.
This left 164 papers for the second screening of the full text. Twenty-nine articles did
not meet the inclusion criteria and were removed after detailed discussion among the
authors. A total of 135 articles were eligible from the first run of databases.

Before final data synthesis, and considering the length of the review being taken, we
conducted a second screening limiting the timeframe from 31 August 2021 to 1 July
2022. We applied the same search strategies in the same five databases, which yielded
1169 records in total. After the process of removing the duplicates and screening the
title and abstract according to the inclusion criteria shown above, 26 records remained.
The full text of all the articles were retrieved and five articles were excluded according
to the inclusion criteria, leading to an additional 21 articles, for a total of 156 articles
included in this systematic review.

Data extraction and synthesis

All 156 eligible articles were imported to NVivo for data extraction and synthesis (see
Additional file 2: Appendix S2 for the summary of reviewed articles). During coding, an
inductive approach was initially applied (Braun & Clarke, 2006, 2021). Codes and themes
were formulated when the articles were examined. After the data from 50 papers were
extracted, an overview of the emerging themes was set. Both deductive and inductive
approaches were then utilized in examining the remaining papers as new themes occa-
sionally appeared. Data were coded into fine-grained themes which were recorded sepa-
rately. Since emerging patterns echoed Bronfenbrenner’s theory of human development,
a synthesis framework was developed based on the phase two “person-process-context
model” (Bronfenbrenner & Morris, 1998, 2006; Rosa & Tudge, 2013), as shown in Fig. 2.

Interrater reliability

Three interrater reliability (IRR) tests were conducted at primary screening, second
screening and data extraction to reduce human factors that can affect decision-mak-
ing in a systematic review. We adopted the most common consensus estimate of IRR,
namely the percent agreement statistic (Salkind, 2011). During the primary screening
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Fig. 2 synthesis framework Source: authors'own compilation based on Bronfenbrenner’s ecological theory
of human development

of titles and abstracts, a random selection of 10% of the 3144 articles were assigned to
the second and third authors. Their screening results were compared to the results of
the first author. Agreement was not reached for a total of 40 records and therefore these
were assigned to the fourth author, following which 32 records were resolved. The final
eight records were discussed among all the authors until consensus was reached. The
IRR agreement was high (94%).

At the second screening, 10% of 164 records were assigned to the second and third
authors to read the full texts. The screening results of the second and third authors were
compared to the results of the first author, which yielded five records in disagreement.
Further discussion was made among these three coders until consensus was reached.
The IRR agreement rate was 85%. Both IRR rates have exceeded the commonly accept-
able percentage of 80% (Belur, et al., 2021).

The third layer of IRR check occurred during data extraction. The first author selected
the articles thought not to clearly meet inclusion and exclusion criteria (n=16). Subse-
quently, the second and third authors read the articles in detail and discrepancies were
discussed and resolved.

Risk of bias assessment

The articles’ quality was also assessed against the Johns Hopkins nursing evidence-based
practice rating scale (Dang et al., 2021), which comprises two main aspects—evidence
level and quality ratings. The three levels of evidence are true experimental designs
(Level I), quasi-experimental studies (Level II) and nonexperimental designs (Level III).
Quality rating is classified into three categories: high quality (A), good quality (B), and
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low quality (C). It includes considerations as to whether studies provide sufficient sample
size, generalizable results, adequate control, and definitive conclusions, to name a few
(Dang et al., 2021). All included studies in this review were Level III non-experimental
studies but the quality of papers ranged from high quality A to low quality C. Limitations
in quality generally related to how much control was applied to variables, how definitive
the conclusions were, and how generalizable the results were. The quality rating for each
article is included in Additional file 2: Appendix S2. No article was excluded due to low
quality and all 156 articles were synthesized.

Results

In this article, we reviewed 156 studies that investigated factors predicting mathemat-
ics achievement in PISA. Our aim was to capture as many of the factors that have
been investigated as possible and identify the major patterns and key factors emerging
from research in the field. In the following section, we will first provide an overview of
included studies, followed by a detailed explanation of each major factor.

Overview of included studies

One-third of the studies (n=55) investigated math achievement in single countries.
Twenty-two countries were examined, with 20% of the studies examining data from
the US, followed by Spain, Italy, Australia and Turkey. Another dominant proportion of
studies (30%, n=47) investigated math performance in more than 30 countries. Some
used pooled data from multiple countries (e.g., Borgonovi & Ferrara, 2020); some com-
pared individual countries (e.g., Caro et al., 2016); and others combined both approaches
in one study (e.g., Bhutoria & Aljabri, 2022). Approximately 65% of the reviewed studies
used the PISA 2012 cycle, which is not surprising as PISA 2012 is the latest cycle with
available data focused on the mathematics domain. Less than 20% of the studies (n=30)
examined more than one PISA cycle.

Regarding the methodological approaches, almost all studies used a form of corre-
lational analyses, with hierarchical linear regressions (30%) being the most common.
Only two studies used other methods: Borgna, (2016), who used Qualitative Compara-
tive Analysis (QCA), Lee and Borgonovi (2022), who used Necessary Condition Analysis
(NCA). Two common limitations were identified among the reviewed studies. First, fac-
tors included in each study varied and variables were omitted due to different reasons.
Omitted factors may explain variation in math achievement (e.g., Leung, 2014; Sousa
et al,, 2012). Second, most studies stated that no causal claims can be made due to the
cross-sectional nature of PISA data (e.g., Lezhnina & Kismihok, 2022).

Emerging categories

We used Bronfenbrenner’s theory of human development phase two “person-pro-
cess-context model” to categorize factors into five levels, namely individual student,
household context, school community, education systems, and macro society. One
hundred and thirty-five factors were identified (see Additional file 3: Appendix S3).
Due to the large number of studies included in this review, we only report factors in
the main text below if five or more studies investigated their association with math-
ematics achievement, which leads to 57 major factors. Figure 3 shows the number of
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relevant studies that examined each of these 57 major factors. A detailed map of fac-
tors associated with each article can be found in Additional file 2: Appendix S2. The
definition of each factor referenced in this review can be found in Additional file 3:
Appendix S3. It should be noted that discrepancies existed among studies in terms
of how to measure some factors. Even when studies use the definition of PISA ESCS
(economic, social and cultural status) as a measure of family socio-economic status
(SES), “the operational definition of ESCS has changed in almost every cycle” (Avvi-
sati, 2020, p. 30). Our definition incorporates aspects from all relevant studies in the
review.

Gender (68 relevant studies) was the most frequently investigated factor, followed
by overall family SES. However, if considering the sub-factors under family SES, such
as parental educational background, 93 studies in this review investigated family SES
(60% of reviewed papers). The other two factors attracting extensive research were
ethnicity and immigrant status, and school SES composition. Factors at Level 4 and 5
were not as extensively investigated as factors at the other three levels.

Figure 4 provides an overview of the association between these major factors and
math achievement. Specifically, we indicate whether the relationship is positive, nega-
tive, insignificant (as a measure of statistical significance), or mixed (meaning that
the association differed across or within studies). Among the 57 major factors, two
major factors identified in the review were consistently positively associated with
math achievement, namely student grade level and overall family SES. Five factors
were consistently negatively associated with math, namely student absenteeism and
lack of punctuality; school repeating and dropout rate; school prevalence of students’
misbehavior; shortage of teachers and general staff; and student-centered instruction.
Twelve major factors tended to be positively associated with math and two major fac-
tors tended to be negative, meaning such association were reported in 80% or more of
the relevant studies. For the remaining 36 major factors, we found mixed results.
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included different elements, each of which was investigated in less than
five studies. Refer to main text for details.

Fig. 4 overview of the association between major factors and math achievement

The main text below is divided into five sections with each section corresponding to
major factors at each level. We introduce each section with a brief summary, followed by

detailed results related to major factors at that level.

Level 1: individual student factors

Six major factors emerged at Level 1, namely individual/demographic characteristics;
psychological factors; learning opportunities; behavior and engagement at school; learn-
ing outcomes; students’ approaches to learning. The definition of these factors can be
found in Additional file 3: Appendix S3. Student grade level was consistently positively
associated with math achievement while absenteeism/lack of punctuality was consist-
ently negatively associated with math. Student age and math self-efficacy tended to be
positively associated with math achievement, while math anxiety and grade repetition
tended to be negatively associated with math achievement. Results related to all the
other major factors, such as gender, ethnicity/immigrant status, were mixed within and
across studies.

Individual/demographic characteristics

Individual/demographic characteristics included four major sub-factors, namely gender;
ethnicity and immigrant status; grade level; and age. The key sub-factor under ethnicity
and immigrant status was language background and use.

Gender Our review found 68 relevant studies reporting mixed results regarding the
relationship between gender and math achievement. Fifty-two studies found that gen-
der was associated with math achievement favoring male students (e.g., Gevrek et al,,
2020; Hana et al., 2017). Four single-country studies found an insignificant association of
gender with math achievement, such as in Portugal (Melkonian et al., 2019), and in eight
Western countries (Hoffmann, 2022). Twelve studies found mixed results within studies,
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seven of which reporting associations between gender and math performance depending
on countries (e.g., Kim & Law, 2012; Zhang et al., 2022). Three studies found a positive
association between male and math achievement using overall/pooled data, but mixed
results were reported in individual countries (Sortkeer & Reimer, 2018), in the top grade
percentile (Matéjit & Smith, 2015), and among different racial groups (Schmidt et al.,
2021). Females were found to outperform male students in Georgia (Kameshwara et al.,
2020), Malaysia (Thien & Ong, 2015), among first generation immigrants in the US (Kim,
2018), white females in the US (Schmidt et al., 2021), and on the high-reading-demand
math questions, regardless of their reading literacy level (Ajello et al., 2018).

Ethnicity and immigrant status Our review found 42 relevant studies reporting mixed
results regarding the relationship between ethnicity/immigrant status and math achieve-
ment. Twenty-eight studies found ethnicity/immigrant status was negatively associated
with lower math scores, with the performance of immigrants lower than native students
(e.g., Luschei & Jeong, 2021; Radl et al., 2017). Compared to second-generation students
and native students, first-generation students were found to score the lowest (e.g., Rod-
riguez et al., 2020; Sporlein & Schlueter, 2018). Ferraro (2018) found the opposite result,
with native students negatively associated with lower math scores in Italy, although the
major focus of the study was on ICT. Thirteen studies found mixed results within studies
(e.g., Martin et al,, 2012). For instance, immigrant status was not significantly associated
with math in all countries investigated (e.g., Cheung, 2017; Cobb-Clark et al., 2012).

Relating to the impact of race, eight studies investigated the various races in the US.
Seven studies found that African and Hispanic students scored lower than White stu-
dents while Asian ethnicity was positively associated with higher math results (e.g., Li
et al., 2015; Pivovarova & Powers, 2019b). However, Cheng et al. (2014) combined the
racial groups with generations of migration and found substantial difference across racial
groups, with one example of the difference between the first-generation African/Asian
immigrants and native students being statistically insignificant. The factors included in
these eight studies differed across studies, but Cheng et al. (2014) was the only study
which used t-test and simple liner regression analysis. Another three studies investi-
gated the impact of race in two other countries. Indigenous Australians were found to
underperform compared to non-Indigenous students (Dockery et al., 2020; Posso, 2016).
Jewish students were found to perform higher than Arab students in Israel (Razer et al.,
2018).

Relating to the age of arrival in the destination country for the immigrant students, six
out of seven studies found it to be negatively associated with math achievement, with a
strong negative association among immigrants who arrived around or after the age of
12 (e.g., Borgonovi & Ferrara, 2020; Isphording et al., 2016). Compared to these cross-
national studies, Cheng et al. (2014) using data from the US found mixed results with
respect to the age of students’ arrival, depending on students’ race.

Relating to the other factors which interacted with ethnicity and immigrant status,
family background (e.g., family SES, household structure) and school background (e.g.,
content coverage) were found to reduce the negative impact of ethnicity and immigrant
status on math achievement (e.g., Schmidt et al.,, 2021; Sporlein & Schlueter, 2018).
Two studies found that the negative association between immigrant status and math
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achievement became insignificant after accounting for school mean SES (Karakolidis
et al,, 2016) and students background—gender, race, language gap, parental education
and wealth (Pivovarova & Powers, 2019b). Students’ country of origin being highly-
ranked in math was also found to reduce the negative impact of ethnicity/immigrant sta-
tus (Giannelli & Rapallini, 2016).

Language background and use

Apart from the investigations of the impact of ethnicity/immigrant status in general, 16
studies investigated the impact of students’ language background. Nine studies found
that students’ not speaking the test language/host country language at home was associ-
ated with lower math achievement, using multiple PISA cycles in single countries (e.g.,
Pivovarova & Powers, 2019b) and large cross-national studies (e.g., Orén Semper et al.,
2021). Two studies found students’ language background and use was insignificantly
associated with math in Portugal (Melkonian et al., 2019), and Italy and Spain (Azzo-
lini et al.,, 2012). The remaining five studies found mixed results within studies, three of
which found speaking the test language at home positively associated with higher math
achievement in some countries but not in others (Agirdag & Vanlaar, 2018; Borgna,
2016; Zhu & Kaiser, 2020). Two studies found mixed results within a single country. In
Australia, speaking English as a second language was found to be negatively associated
with math for immigrants in general but negligible for second-generation immigrants
(Dockery et al., 2020). In Spain, the impact of test and home languages was found to vary
according to regions and PISA cycles (Lopez-Agudo et al., 2021).

Grade level All 12 studies found a positive association between grade level and math
performance, meaning the higher grade levels students were at, the higher their math’
scores (e.g., Aguayo-Téllez & Martinez-Rodriguez, 2020; Sporlein & Schlueter, 2018).
This is not surprising, as students at higher grade levels have typically been exposed to
more extensive math content, and this review has shown that content coverage is mostly
positively associated with math achievement (e.g., Barnard-Brak et al., 2018). It is worth
noting that while PISA is administered to 15-year-old students, rather than a particular
grade level, most 15-year-old students in any given country are typically in a particular
grade, although there may be some variation.

Age Age tended to be positively associated with math achievement in 11 relevant stud-
ies. Nine studies found a positive association between age and math achievement, mean-
ing the older students were, the higher the math scores that they obtained (e.g., Giannelli
& Rapallini, 2016; Rodriguez et al., 2020). Two studies found opposite results, with older
students performing significantly worse in Australia (Posso, 2016) and in 62 countries
(Schmidt et al., 2015). Closely examining two studies which investigated the impact of
age in Australia but found contradictor results, both studies used regression models but
Dockery et al. (2020) used PISA 2015 data while Posso (2016) used PISA 2012 data. The
factors included in both studies also differed.
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Psychological factors

Psychological factors included two major sub-factors, namely drive and motivation;
and math self-beliefs, dispositions and participation in math-related activities. The
key sub-factor under drive and motivation was intrinsic and instrumental motivation
to learn math. The key sub-factors under math self-beliefs, dispositions and participa-
tion in math-related activities were math self-efficacy, math anxiety, math self-con-
cept, and dispositions towards math.

Intrinsic and instrumental motivation to learn math Our review found 16 relevant
studies reporting mixed results regarding the relationship between intrinsic/instru-
mental motivation and math achievement. Seven studies found a positive association
between motivation and math achievement, using data from a single country like Aus-
tralia (Gabriel et al., 2020) and Israel (Razer et al., 2018) or large cross-national sam-
ples (e.g., Bhutoria & Aljabri, 2022). Another seven studies found mixed results in a
limited number of countries (e.g., Liu et al., 2022; Zhang et al., 2022). We were unable
to uncover clear patterns that could explain the mixed results, although three studies
found the impact of motivation varied according to the analytical methods used (Chen
& Lin, 2020) or the interaction with other factors, such as math anxiety (Xiao & Sun,
2021) or attitudes toward school (Pitsia et al., 2017). The remaining two studies used
different PISA cycle data in Turkey and found contradictory results, namely negative
(Niehues et al., 2020) and insignificant (Yildirim, 2012) associations between student
motivation and math performance. Although the measure of motivation in both stud-
ies seemed alike, the factors included in the studies and the analytical methods dif-
fered.

Math self-efficacy Math self-efficacy tended to be positively associated with math
achievement in 19 relevant studies. Eighteen studies found self-efficacy positively associ-
ated with math achievement (e.g., Brow, 2019; Zhao & Ding, 2019), with only one study, a
three-country comparison, reporting mixed results (Thien et al., 2015). In terms of inter-
action with other factors on math achievement, self-efficacy was found to positively inter-
act with disciplinary climate (Cheema & Kitsantas, 2014); perseverance, math intentions,
and work ethic (Kitsantas et al., 2020); family SES (Niehues et al., 2020); and opportunity
to learn (OTL; F. Wang, Wang et al., 2022).

Math anxiety Math anxiety tended to be negatively associated with math achievement
in 15 relevant studies. Twelve studies found math anxiety was negatively associated with
math achievement, with 10 studies using data from a single or small number of countries
(e.g., Fan et al.,, 2019; Zhao & Ding, 2019) and two large cross-national samples (Lee &
Stankov, 2013, 2018). Two small-n comparative studies (Cheung, 2017; Thien et al., 2015)
found mixed results across several Asian countries. In terms of interaction with other
factors, math anxiety was found to be negatively associated with math self-concept (Pitsia
etal., 2017).

Math self-concept Our review found 13 relevant studies reporting mixed results
regarding the relationship between math self-concept and math achievement. Nine
studies found a positive association between math self-concept and math achieve-



Wang et al. Large-scale Assessments in Education (2023) 11:24 Page 13 of 42

ment, with eight studies using data from a single or small number of countries (e.g.,
Guglielmi & Brekke, 2018; Parker et al., 2014) and one study using data from 41 coun-
tries (Lee & Stankov, 2013). Four studies (Cheung, 2017; Thien & Ong, 2015; Thien
et al., 2015; Zhang et al., 2022) found mixed results across several Asian countries, and
even within the same country (Singapore).

Dispositions towards math Our review found mixed results regarding the relation-
ship between dispositions towards math and math achievement. Dispositions towards
math contained math intentions and subjective norms in math. Four studies investi-
gated the impact of subjective norms in math, three of which found a negative associa-
tion between subjective norms in math and math achievement, meaning students who
perceived a higher level of friends/parents enjoying and valuing mathematics tended
to have lower math scores in the US, China and Qatar (e.g., Areepattamannil et al.,
2016). Munir and Winter-Ebmer (2018) found a positive association, with higher sub-
jective norms reducing male—female gaps using data from 65 countries. In terms of
math intentions investigated in three relevant studies, two studies found mixed results
depending on countries, namely negative in the US but positive in East Asia and Mex-
ico (Guglielmi & Brekke, 2018); and negative in Romania, positive in Finland and Aus-
tralia, and insignificant in Singapore (Zhang et al., 2022). Kitsantas et al. (2020) found
a positive association, with high math intentions positively associated with math out-
come in the US. Despite using the same PISA cycle and sample size, the two studies
investigating the impact of math intentions in the US produced contradictory results,
but the analytical methods and factors included in each study varied (Guglielmi &
Brekke, 2018; Kitsantas et al., 2020).

Learning opportunities
Learning opportunities included two major sub-factors, namely ICT learning experi-

ence; and early years learning experience.

ICT learning experience Our review found 16 relevant studies reporting mixed results
regarding the relationship between ICT learning experience and math achievement.
Twelve studies found mixed results related to student ICT, with ten studies examining
a single to small number of countries (e.g., Meng et al., 2019; Unal et al., 2022) and two
large cross-national studies using different PISA cycles (Bhutoria & Aljabri, 2022; Hu,
Gong et al., 2018). Among these 12 studies, the association between ICT use/attitude
and math achievement varied substantially cross-nationally, ranging from positive to
negative to insignificant, with clear patterns difficult to identify. Three studies found a
positive association between math achievement and ICT accessibility using five PISA
cycles in 48 countries (Erdogdu, 2022); between math achievement and spending more
time in educational ICT use and leisure ICT use in 39 countries (Skryabin et al., 2015);
and between math and more favorable attitude towards ICT in Spain (Tourdn et al.,
2019). The remaining study investigated the impact of one type of leisure ICT use
(videogaming) in 22 OECD countries and found an insignificant association with math
achievement (Drummond & Sauer, 2014).
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Five studies investigated the impact of the intensity of ICT use, four of which found
the moderate use of ICT was more positively associated with higher math scores com-
pared to no or excessive use (e.g., Bhutoria & Aljabri, 2022). For example, students
who reported some Internet use outside of school were found to score higher than
students who reported no use or 6+ hours use per day (Rozgonjuk et al., 2021). The
intensity of general ICT use and the earlier age students first use ICT were found to
be negatively associated with math achievement (Navarro-Martinez & Pefa-Acuiia,
2022), as was the higher ICT use for social networks (Posso, 2016).

Early years learning experience Our review found eight relevant studies reporting
mixed results regarding the relationship between early years learning experience and
math achievement. Six studies found a positive association between early years learning
experience and math achievement, meaning having attended pre-school contributed to
higher math scores, using three PISA cycles in a small number of countries (e.g., Giannelli
& Rapallini, 2019) and one large cross-national study (Gamazo & Martinez-Abad, 2020).
A negative association was found in Mexico by Aguayo-Téllez and Martinez-Rodriguez,
(2020). The remaining study, a comparative study of five East Asian contexts, found
positive association in two countries and an insignificant association in three countries
(Cheung, 2017).

Behavior and engagement at school

Attitudes toward school  Our review found eight relevant studies reporting mixed results
regarding the relationship between attitudes toward school and math achievement. Four
studies found that positive attitudes toward school were positively associated with math
achievement, using data in India (Areepattamannil, 2014) and the US (Gjicali & Lipnev-
ich, 2021), large cross-national samples (e.g., King et al., 2020). Two studies found a nega-
tive association between attitudes toward school and math, in Greece (Pitsia et al., 2017)
and in 41 countries using PISA 2003 data (Lee & Stankov, 2013). Lee (2016) found an
overall insignificant direct and indirect association between attitudes toward school and
math using PISA 2003 and 2012 data in 41 countries, with some countries showing a posi-
tive relationship and others a negative relationship. Similar cross-national variation was
found by Thien et al. (2015) in their comparative study of three southeast Asian countries.

Absenteeism and lack of punctuality All seven studies found a negative association
between absenteeism/lack of punctuality and math achievement, with four studies using
data from single countries (e.g., Ferndndez-Gutiérrez et al., 2020; Sélzer & Heine, 2016)
and three large cross-national studies (e.g., Yamamura, 2019).

Learning outcomes

Graderepetition Grade repetition tended to be negatively associated with math achieve-
ment in 10 relevant studies. Nine studies found a negative association between grade
repetition and math achievement, with seven studies using data from single to a limited
number of countries (e.g., Salas-Velasco et al., 2021) and two large cross-national samples
(Lee & Stankov, 2018; Luschei & Jeong, 2021). One small-n comparative study of five East
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Asian countries (Cheung, 2017) found a negative association in four countries, and an
insignificant association in the fifth.

Students’ approaches to learning

Our review found mixed results regarding the relationship between students’ approaches
to learning and math achievement, depending on types of approaches, as well as within
approaches. Four out of eight studies investigated the impact of meta-cognitive strate-
gies and all of them found it positively associated with math achievement, using data
from Asian countries (e.g., Wu et al., 2020) and one large cross-national sample (Bhuto-
ria & Aljabri, 2022). Four studies investigated the impact of memorization and all of
them found it negatively associated with math performance, using data from a single
or small number of countries (e.g., Sousa et al., 2012) and one large cross-national sam-
ple (Lee & Stankov, 2013). Three studies investigated the impact of elaboration, showing
mixed results. One of these studies found a positive relationship in India (Areepatta-
mannil, 2014); another study found positive, negative and insignificant results that var-
ied cross-nationally in six East Asian contexts (Wu et al., 2020); and a third study using
data from 41 countries found a negative association (Lee & Stankov, 2013). Two studies
investigated the impact of competitive learning and cooperative learning, finding it to
be negatively associated with math achievement using data from 41 countries (Lee &
Stankov, 2013), but positively in Hong Kong, Japan, Korea and the US (except for insig-
nificance with respect to cooperative learning in the US) (Ma & Ma, 2014).

Level 2: household context

Three major factors emerged at Level 2, namely family SES; family structure; and paren-
tal expectation and behavior. Family SES also contained three sub-factors. The definition
of these factors can be found in Additional file 3: Appendix S3. The direct impact of fam-
ily SES was consistently positively associated with math achievement. The overall impact
of home possessions, home educational resources, available books at home and paren-
tal educational background tended to be positively associated with math achievement.
Results related to all the other major factors were mixed within and across studies, such
as household wealth and family structure.

Family SES

Fifty-nine out of 93 studies investigated family SES using the overall concept of this
factor, while the other studies investigated three sub-factors. Both direct and indirect
effects of overall family SES were examined. All 59 studies found a positive association
between the direct effect of the overall family SES and math achievement (e.g., Sulis
et al., 2020; Xiao & Sun, 2021). Family SES was found to have less impact compared to
school SES (Liu et al., 2022; Spagnolo et al., 2020).

The indirect effect of SES on other factors impacting on math was also investigated.
These factors which had a positive association were cognitive activation (Caro et al.,
2016), general attitude towards school (Lee, 2016), disciplinary climate/self-efficacy/
OTL (F. Wang, Liu, & Leung, 2022; F. Wang, Wang et al., 2022; Schmidt et al., 2015),
gender (stronger for girls) (Zhu et al., 2018), and parents’ education-related beliefs
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hence leading to student self-concept and self-efficacy (Niehues et al., 2020). On the
other hand, the results related to the interaction between family SES, math achievement
and other factors were mixed within studies depending on the country’s context (Caro
et al,, 2016; Hwang et al.,, 2018). For instance, Caro et al. (2016) found the interaction
of teacher-directed instruction and SES was negative in some countries, but positive in
others. Apart from the effect of the overall family SES, three sub-factors under family
SES were also investigated, namely home possessions, parental educational background,
and parental occupational status.

Home possessions  Six out of 36 studies investigated home possessions using the overall
concept of this factor, while the other studies investigated three sub-factors, namely home
educational resources, household wealth, and cultural possessions. The overall home
possessions tended to be positively associated with math achievement in six relevant
studies. Five studies found overall home possessions were positively associated with math
achievement (e.g., Lee & Stankov, 2018; Shapira, 2012). Azzolini et al. (2012) found mixed
results relating to home possession, positive for first-generation students and insignifi-
cant for second-generation students in Spain and Italy. However, caution should be taken
in interpretation due to the small sample size for the second-generation students in this
study.

Home educational resources

Home educational resources tended to be positively associated with math achieve-
ment in 13 relevant studies. Twelve studies found the overall concept of home educa-
tional resources was positively associated with math achievement (e.g., Dockery et al.,
2020; Tan, 2017), although it failed to be a necessary condition when Lee and Borgonovi
(2022) applied NCA analytical method (but positive correlation). Tsai et al. (2017) found
mixed results, with a strong relationship in East Asian countries (Taiwan, Japan, South
Korea), but not in Western countries (the US, Germany, the Czech Republic).

When examining two smaller factors under home educational resources, eight out
of nine studies identified a positive association of books at home with math achieve-
ment (e.g., Brow, 2019; Cordero & Gil-Izquierdo, 2018). On the other hand, three out of
six studies found a negative or insignificant association between home ICT availability
and math achievement (Fernandez-Gutiérrez et al., 2020; Hu, Gong et al., 2018; Tan &
Hew, 2019), while two studies found a positive association (Giannelli & Rapallini, 2016;
Kim, 2018). Moreover, one study found that the association between home ICT avail-
ability and math achievement in Taiwan changed from a weak positive association to
negative after other factors (ICT use pattern and family SES) were controlled for (Chiu,
2020). Mixed findings with this factor may be due to variations in the countries, student
groups, and other variables included in each study.

Household wealth

Our review found 12 relevant studies reporting mixed results regarding the relationship
between household wealth and math achievement. Seven studies found that household
wealth had a positive association with math achievement (e.g., Marks & Pokropek, 2019;
Pivovarova & Powers, 2019b), although it failed to be a necessary condition (although



Wang et al. Large-scale Assessments in Education (2023) 11:24 Page 17 of 42

still a positive correlation) when Lee and Borgonovi (2022) applied NCA analytical
method. Posso (2016), however, found a negative association between household wealth
and math achievement in Australia, meaning students from wealthier families scored
lower in math. Kim and Law (2012) did not find household wealth moderating the
effect between gender and math in South Korea and Hong Kong. Three studies found
mixed results, depending on countries (Xie & Ma, 2019), the interaction with other fac-
tors (Barnard-Brak et al., 2018; Sousa et al., 2012), or different PISA cycles (Sousa et al.,
2012).

In terms of the interaction with other factors, household wealth was found to be posi-
tively associated with math achievement in the US (Barnard-Brak et al., 2018; Pivovarova
& Powers, 2019a, 2019b), but Barnard-Brak et al. (2018) found that the significant associ-
ation of household wealth became statistically non-significant after accounting for OTL.
Similarly, a negative association of the number of cars/computers at home with math
was found to change to insignificant association after school factors were accounted for
(Sousa et al., 2012).

Cultural possessions

Our review found six relevant studies reporting mixed results regarding the relationship
between cultural possessions and math achievement. Three studies found that cultural
possessions had a positive association with math achievement in large cross-national
studies (Chiu, 2015; Lee et al., 2019; Tan & Hew, 2019). Two studies found insignificant
association between cultural possessions and math achievement (Kim & Law, 2012; Lee
& Borgonovi, 2022). Xie and Ma (2019) found mixed results, with the positive medi-
ating effects of cultural possessions on the relationship between other factors (such as
parental occupational status, household wealth) and math achievement in most coun-
tries but insignificant in few, such as Chile. Mixed results may be due to methodological
differences, as suggested by the conflicting findings of Lee and Borgonovi (2022) and Lee
et al. (2019). Both studies used the same PISA cycle for sixty or more countries, but the
former removed five Asian contexts and added national development status as an addi-
tional predictor variable.

Parental educational background Parental educational background tended to be
positively associated with math achievement in 31 relevant studies. Twenty-nine stud-
ies reported a positive association between parental educational background and math
achievement, especially for parents with tertiary education qualifications (e.g., Ferndn-
dez-Gutiérrez et al., 2020; Gimenez et al., 2018). Tertiary education was found to be a
necessary condition for high math achievement (Lee & Borgonovi, 2022). Parental years
of schooling was found to have a better predictive power compared to parental edu-
cational levels (Giannelli & Rapallini, 2019; Lee et al., 2019). Moreover, paternal edu-
cational level was found to be more important compared to maternal (Dockery et al.,
2020; Tao & Michalopoulos, 2018). The impact of parental education was also found to
be stronger for first-generation immigrants or immigrants in general (Azzolini et al.,
2012; Shapira, 2012). Just two studies found an insignificant association between parental
educational background and math achievement: Cobb-Clark et al. (2012), who found an
insignificant association for late immigrant students in 34 OECD countries, and Tsai et al.
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(2017), who found an insignificant association in six Western and East Asian countries
after controlling for the factor of scholarly culture at home.

Parental occupational status Our review found 22 relevant studies reporting mixed
results regarding the relationship between parental occupational status and math
achievement. Seventeen studies found a positive association between parental occu-
pational status and math achievement (e.g., Gimenez et al., 2018; Tsai et al., 2017),
two studies found an insignificant association (Sousa et al., 2012; Stoet et al., 2016),
and three studies (Erdogdu, 2022; Giannelli & Rapallini, 2016; Lee & Borgonovi, 2022)
found mixed results that varied for paternal and maternal occupational status. Erdog-
du’s (2022) analysis of aggregated data from five PISA cycles in 48 countries found a
positive association between math achievement and maternal occupational status but
insignificant association for paternal occupational status. By contrast, Lee and Bor-
gonovi’s (2022) analysis of PISA 2012 data from 60 countries found that paternal occu-
pational status was positively associated with math achievement and was a necessary
condition, but maternal occupational status was neither significant nor necessary. The
other study found that paternal part-time employment was associated negatively with
math achievement, whereas maternal part-time employment showed a positive asso-
ciation (Giannelli & Rapallini, 2016).

Family structure

Our review found 14 relevant studies reporting mixed results regarding the relationship
between family structure and math achievement. Nine studies found a positive associa-
tion between two-parent families and math achievement (e.g., Cordero & Gil-Izquierdo,
2018; Sousa et al., 2012), with students living in extended households scoring lower math
scores (Bokhove & Hampden-Thompson, 2022; Hillier et al., 2021; Yamamura, 2019).
The remaining five studies reported mixed results, with associations that varied cross-
nationally or by student group. For example, Azzolini et al. (2012) found the association
between two-parent household structure and math achievement was positive for first-
generation immigrant students but insignificant for second-generation students in Italy
and Spain. Cheung (2017) found the association between two-parent household and
math achievement was positive in one East Asian context but insignificant in another
four. Radl et al. (2017) found that the absence of the father in a family had an insignifi-
cant association with math achievement in four out of 33 OECD countries. Dronkers
et al. (2017) also found the absence of the father to be insignificant once the factor of
individual truancy was controlled for, suggesting that paternal absence had an indirect
negative association with math performance because it was associated with increased
student truancy. Finally, a study conducted in India by Areepattamannil (2014) found a
completely contradictory result from the rest of the literature, namely that students liv-
ing in single-parent families had significantly higher scores in math in two states.

Parental expectation and behavior
Parental expectation and behavior included many sub-factors, and nine out of 10 stud-
ies found some factors to be significantly positively associated with math achievement.
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Some of these examples were parents’ higher educational, career, academic expectations
(Hillier et al., 2021; Tan, 2015, 2017); parents considering math important (Areepatta-
mannil et al., 2015); parental support, including emotional support (Karakus et al., 2022);
visits to museums three to four times per year (Hillier et al., 2021); and knowing a child’s
teacher well (Hillier et al., 2021). However, parents talking about school experiences and
spending time doing fun activities with children was found to be insignificant in predict-
ing math success in Canada (Hillier et al., 2021). Mixed results were also found within
and across studies. The association of parental pressure on schools’ academic standards
with math achievement was positive in three countries using PISA 2012 data (Perera &
Asadullah, 2019), positive in ten OECD countries using PISA 2009 (Sousa et al., 2012),
and insignificant in ten OECD countries using PISA 2006 (Sousa et al., 2012).

Level 3: school community factors
Two major categories emerged at Level 3, namely within-classroom factors, and school
characteristics.

Within-classroom factors

Four major factors emerged at Level 3 within classrooms, namely classroom character-
istics; teacher characteristics; pedagogy and assessment; and content coverage. Student-
centered instruction was consistently negatively associated with math achievement.
Learning time during regular school hours, teachers’ qualification, and content coverage
tended to be positively associated with math achievement. Results related to all the other
major factors, such as student—teacher ratio and teachers’ affective qualities, were mixed
within and across studies.

Classroom characteristics Classroom characteristics contained four sub-factors, namely
disciplinary climate; class size; student—teacher ratio; and learning time during regular
school hours.

Our review found 13 relevant studies reporting mixed results regarding the relation-
ship between disciplinary climate and math achievement. Ten studies found a positive
association between disciplinary climate and math achievement using data from four
PISA cycles in single countries (e.g., Cheema & Kitsantas, 2014) to multiple countries
(Santibariez & Fagioli, 2016). Three cross-national studies, however, found mixed results
within their studies depending on the countries investigated (e.g., Caro et al., 2016; Sort-
keer & Reimer, 2018). No negative association between classroom environment and
math achievement was found.

Our review found eight relevant studies reporting mixed results regarding the relation-
ship between class size and math achievement. Two studies found a positive association
between larger class size and math achievement, using data from 34 OECD countries
(Fung et al., 2018) and seven Confucian regions (Tan & Hew, 2019). Two studies, how-
ever, found the opposite, namely smaller class size associated with higher achievement
in 48 countries (Erdogdu, 2022), and larger class size marginally negatively associated
with math in the US (Pivovarova & Powers, 2019b). Contradictory results between stud-
ies, even for the same country and using the same PISA cycle, (e.g., between Pivovarova
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and Powers (2019b) and Kim (2018) in the US), can be explained by the inclusion of dif-
fering predictor variables, or different analytical methods (Denny & Oppedisano, 2013).

Our review found eight relevant studies reporting mixed results regarding the rela-
tionship between student—teacher ratio and math achievement. Three studies found
no association between student—teacher ratio and math achievement (e.g., Bokhove &
Hampden-Thompson, 2022); two studies found mixed results that varied by students’
immigrant background (Shapira, 2012) or country (Zhao & Ding, 2019); two studies
found a negative association (e.g., Gamazo & Martinez-Abad, 2020), i.e., higher number
of students per teacher was associated with lower math scores; and one study (Erdogdu,
2022) found a positive association (i.e., higher number of students per teacher was asso-
ciated with high math scores). The study by Erdogdu (2022) was a cross-national study
using pooled data from 48 countries in five PISA cycles. Caution should be taken as it
was suggested that “[s]tudent-teacher ratio in sample countries needs to be reviewed”
(Erdogdu, 2022, p. 18). Contradictory results between studies were even found for the
same country (the US) and PISA cycle, ranging from negative (Pivovarova & Powers,
2019a) to insignificant (Kim, 2018; Zhao & Ding, 2019). Differing analytical models and
approaches may explain some of these contradictory results. The nature of secondary
classrooms might have made it challenging for students to identify the exact number of
students per teacher. Cross-national contextual differences may also explain some con-
tradictory findings, as student—teacher ratios tend to be larger in the high-performing
East Asian countries than in other parts of the world. Similarly, low-performing students
may be separated into smaller classrooms in some countries as a way to remediate their
learning outcomes.

Learning time during regular school hours tended to be positively associated with
math achievement in six relevant studies. Five studies found a positive association
between learning time during regular school hours and math achievement (e.g., Marks
& Pokropek, 2019; Santibaiiez & Fagioli, 2016). Shapira (2012), however, found mixed
results, with learning time being positively associated with math achievement for first
generation of immigrants, but insignificant for second generation immigrants and native
students after family-background characteristics were controlled for. No negative asso-
ciation between learning time during regular school hours and math performance was
found.

Teacher characteristics Teacher characteristics contained two major sub-factors,
namely teachers’ affective qualities (commonly measured by teacher-student relations)
and teachers’ qualifications/training/expertise/age. Our review found 10 relevant studies
reporting mixed results regarding the relationship between teacher-student relations and
math achievement. Three studies found a positive association between teachers’ affec-
tive qualities and math achievement, using data from a limited number of countries (e.g.,
Lee, 2021). One study found a negative association, but the association was weak (Lee,
2016). Two studies found no direct association between teachers’ affective qualities and
math, in the US (Kitsantas et al., 2020) and in India (Areepattamannil, 2014). Four stud-
ies found mixed results depending on countries (e.g., Caro et al., 2016; Mikk et al., 2016),
or depending on countries at different levels of analysis (Mikk et al., 2016). In detail, the
association between teacher-student relations and math was found to be positive at the
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student and school level in most countries, but it was negatively correlated at the country
level (Mikk et al., 2016).

Teachers’ qualifications tended to be positively associated with math achievement
in seven relevant studies. Six studies found a positive association between higher level
of teachers’ qualifications and math (e.g., Chiu, 2015), associated with teachers having
a bachelor’s degree or higher (e.g., Luschei & Jeong, 2021; Orén Semper et al., 2021),
a major in math (Carnoy et al,, 2016; Kim, 2018), or having qualifications higher than
required (Cordero & Gil-Izquierdo, 2018). One study (Liu et al., 2022) found no asso-
ciation, but this may be because teacher qualification was operationalized by combining
formal education with years of work experience, which other studies (Carnoy et al., 2016;
Cordero & Gil-Izquierdo, 2018) found it was not associated with math achievement.

Two studies found mixed results related to the association of teachers’ professional
development with math achievement. While Or6n Semper et al. (2021) found a positive
association between professional development and math using data from 79 countries,
Zhao and Ding (2019) found it negative in the US and insignificant in China.

Pedagogy and assessment Pedagogy and assessment contained three major sub-factors,
namely student-centered instruction, teacher-directed instruction, and cognitive acti-
vation. All 10 studies found student-centered instruction overall negatively associated
with math achievement, using data from single countries (e.g., Cordero & Gil-Izquierdo,
2018) and large cross-national samples (e.g., Caro et al., 2016). However, one large cross-
national study (Hermann & Kopasz, 2021) also examined sub-samples and found that the
more prevalent student-centered instruction was, the higher girls’ math score was.

By contrast, five relevant studies reported mixed results regarding the relationship
between teacher-directed instruction and math achievement. Two cross-national stud-
ies (Caro et al., 2016; Razer et al,, 2018) found a positive association in some countries
and a negative association in other countries, while another cross-national studies (H.
Wang et al.,, 2022) found a positive association in both Taiwan and Australia. Using the
same PISA cycle and national context, Cordero and Gil-Izquierdo (2018) found a posi-
tive association between teacher-directed instruction and math achievement in Spain
using the school as the unit of analysis, whereas Tourdn et al. (2019) found no associa-
tion using the student as the unit of analysis.

Our review found eight relevant studies reporting mixed results regarding the rela-
tionship between cognitive activation and math achievement. Three studies found a
positive association in the US (Kitsantas et al., 2020), in Spain (Tourén et al., 2019) and
in seven Confucian regions (Lee, 2021). One study found that cognitive activation was
not directly associated with math but its impact through math self-efficacy and anxiety
on math was significantly positive in Turkey (Yildirim, 2012). Four studies found mixed
results, depending on the countries (Caro et al.,, 2016; Liu et al., 2022), student race
(Razer et al., 2018), country economic level (Santibafiez & Fagioli, 2016), or frequency
(Caro et al., 2016) or type of cognitive activation activities (Tourén et al., 2019).

Content coverage Content coverage tended to be positively associated with math
achievement in 11 relevant studies, with OTL being the common terminology used across
studies. Nine studies found a positive association between OTL and math achievement
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(e.g., Barnard-Brak et al., 2018). Two studies found mixed results. One of them found
overall OTL was positively associated with math in Russia but the sub-factors of OTL
had mixed results, with exposure to formal mathematics and exposure to word problems
positively associated with math but exposure to applied math was negatively associated
(Carnoy et al., 2016). The other study used data from 62 countries and found OTL was
positively associated with math in most countries using multiple analytical strategies,
although mixed results were found in a few countries, such as Sweden (Schmidt et al.,
2015). Moreover, OTL was found to interact positively with other factors impacting math
outcome, such as self-efficacy (F. Wang, Wang et al., 2022) and problem-solving perfor-
mance (Guo & Liao, 2022).

School characteristics

Seven major factors emerged across classes, namely school composition; school types;
school location; school resources and staffing; school size; average school ICT attitude
and student ICT use at school; and school prevalence of students’ misbehavior. Other
school factors and corresponding definitions can be found in Additional file 3: Appen-
dix S3. School repeating/dropout rate, shortages of teachers and general staff and
school prevalence of student misbehavior were consistently negatively associated with
math achievement. School SES composition, general academic schools and educational
resources tended to show a positive association. Results related to all the other major
factors, such as school size and school location, were mixed within and across studies.

School composition School composition contained four major sub-factors, namely
school SES composition; school ethnic composition; class and school gender composi-
tion; and school repeating/dropout rate.

Our review found school SES composition tended to be positively associated with
math achievement in 32 relevant studies. Thirty studies found that school SES composi-
tion was positively associated with math, using large cross-national samples and mul-
tiple PISA cycles (e.g., Karakolidis et al., 2016; Sortkeer & Reimer, 2018). In only two
countries was the effect of school SES composition insignificant: in Turkey, after con-
trolling for school type (Ozdemir, 2016), and in Singapore (Thien & Ong, 2015), likely
because school SES and school type were highly correlated in these countries. Some fac-
tors were found to weaken the association of school SES with math achievement, such
as school truancy policies (Dronkers et al., 2017) and stronger instructional leadership
(Gumiis et al., 2022). The strength of the association decreased as the level of school SES
increased in Italy (Spagnolo et al., 2020); whether this non-linear relationship occurs in
other contexts is unknown.

Our review found seven relevant studies reporting mixed results regarding the rela-
tionship between school ethnic composition and math achievement. The relationship
was negative in three studies (Bokhove & Hampden-Thompson, 2022; Karakus et al.,
2022; Murillo & Belavi, 2021), positive in two studies (Gamazo & Martinez-Abad, 2020;
Pivovarova & Powers, 2019a), and insignificant in one study (Spagnolo et al., 2020). Zhu
and Kaiser (2020) found the relationship varied across the three East Asian countries.
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Our review found seven relevant studies reporting mixed results regarding the rela-
tionship between class/school gender composition and math achievement. Two studies
found an insignificant association between gender composition and math in China B-S-
J-G (Beijing-Shanghai-Jiangsu-Guangdong; Zhu et al., 2018) and Malaysia and Singapore
(Thien & Ong, 2015). However, two studies found the impact of a higher number of girls
at schools was negatively associated with math in Italy using two different PISA cycles
(Meggiolaro, 2018; Spagnolo et al., 2020). One study found that the higher number of
girls at schools was positively associated with math achievement using PISA 2018 data
from 79 countries (Orén Semper et al., 2021). Moreover, two studies found mixed results
in large cross-national studies using multiple PISA cycles, with a higher number of girls
at schools positively associated with higher male students’ scores, but an insignificant
association with female math outcome (Munir & Winter-Ebmer, 2018; Tao & Michalo-
poulos, 2018).

All five studies found a negative association between school repeating/dropout rate
and math achievement, in the US (Pivovarova & Powers, 2019b), Italy (Spagnolo et al.,
2020), and in three cross-national studies (e.g., Or6n Semper et al., 2021).

School types Our review found 18 relevant studies reporting mixed results regard-
ing the relationship between public/private schools and math achievement. Five stud-
ies found students in public school performed better in math in the US (Pivovarova &
Powers, 2019a, 2019b), Ireland (Pfeffermann & Landsman, 2011), Italy (Ferraro, 2018),
and in one large cross-national sample using PISA 2012 data (Munir & Winter-Ebmer,
2018). Four studies found students in private schools performed better in math in Spain
(Rodriguez et al., 2020; Tourdn et al., 2019), in Australia (Dockery et al.,, 2020), and in
one large cross-national sample using PISA 2018 data (Orén Semper et al., 2021). Three
studies found insignificant relationship between private/public schools and math scores
in Mexico (Aguayo-Téllez & Martinez-Rodriguez, 2020), in Spain using aggregated PISA
2009, 2012 and 2015 data (Ferndndez-Gutiérrez et al., 2020), in Denmark, Sweden, Fin-
land and Iceland (e.g., Sortkeer & Reimer, 2018). The remaining six studies found mixed
results within their studies, across different PISA cycles (Ryan, 2013; Sousa et al., 2012),
or across different analytical models (Brow, 2019) or across different countries (Kamesh-
wara et al., 2020; Tsai et al., 2017).

It should be noted that nine studies included various measures of average school SES
(e.g., Ferndndez-Gutiérrez et al., 2020) while the other nine did not (e.g., Aguayo-Téllez
& Martinez-Rodriguez, 2020). However, the results from these two groups did not vary,
meaning all the positive, negative, and insignificant relationships existed between public/
private schools and math achievement, no matter if average school SES was controlled
for or not. Overall, the association of public and private schools with math achievement
is “hardly interpretable in a single sense” (Gamazo & Martinez-Abad, 2020, p. 9).

Six out of eight studies investigated the association of general academic schools versus
vocational schools with math achievement, using data from single countries or a small
number of countries. Academic schools were found to be associated with higher math
scores compared to vocational schools in Italy (Meggiolaro, 2018; Spagnolo et al., 2020),
Germany (Silzer & Heine, 2016), Turkey (Ozdemir, 2016), China B-S-J-G (Zhu et al,,
2018), and Taiwan, Japan, South Korea, Germany and the Czech Republic (Tsai et al.,
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2017). Tsai et al. (2017) did not find a relationship in the US, which is not surprising as
vocational schools are rare and many secondary schools offer both academic and voca-

tional streams.

School location Our review found 19 relevant studies reporting mixed results regarding
the relationship between school location and math achievement. Eight studies found that
schools located in urban areas or larger cities were positively associated with higher math
scores. A positive association was found in six studies of individual countries, includ-
ing Australia (Dockery et al., 2020), Spain (Ferndndez-Gutiérrez et al., 2020) and the US
(Pivovarova & Powers, 2019a, 2019b). Two large cross-national studies (Luschei & Jeong,
2021; Orén Semper et al., 2021) also found a positive association. However, two large
cross-national studies (Bokhove & Hampden-Thompson, 2022; Giimds et al., 2022) found
a negative association and one study (Bhutoria & Aljabri, 2022) found an insignificant
association. Four cross-national studies found both positive and negative associations,
depending on the country (e.g., Sortkeer & Reimer, 2018; Zhu et al., 2018). The cross-
national studies differed in their selection of PISA cycles, variables, countries and analyti-
cal approaches, which may explain why their findings differ from each other. Two studies
found that the impact of school location varied according to the different analysis meth-
ods (Zhu et al., 2018), or if the factor of school type was included (Ozdemir, 2016).

School resources and staffing  Seventeen studies investigated school resources and staff-
ing, which contained three major sub-factors, namely educational resources; ICT infra-
structure; and shortages of teachers and general staff. Our review found educational
resources tended to be positively associated with math achievement in nine relevant stud-
ies. Eight studies found a positive association (e.g., Bhutoria & Aljabri, 2022; Luschei &
Jeong, 2021); one study found it insignificant (Sousa et al., 2012).

Our review found seven relevant studies reporting mixed results regarding the rela-
tionship between ICT infrastructure and math achievement. Two cross-national stud-
ies found a positive impact of ICT infrastructure (Orén Semper et al., 2021; Shapira,
2012); one study found a negative association between more instructional computers
per student and math achievement in 10 OECD countries (Sousa et al., 2012); and one
study found the impact of an ICT shortage in seven Confucian countries to be insignifi-
cant (Tan & Hew, 2019). Moreover, three studies (Chiu, 2020; Eickelmann et al., 2017;
Hu, Gong et al,, 2018) found mixed results within their respective studies. For example,
aggregated school mean student ICT availability was found to be positively associated
with math while other measures (such as student ICT availability at school, ratio of com-
puters to school size) was found to be insignificant (Hu, Gong et al., 2018). School ICT
availability was found to be insignificant on math after controlling for other factors, such
as ICT use patterns and family SES in Taiwan (Chiu, 2020). More computer availability
was found to be negative in Germany while Internet connectivity was found to be posi-
tive in Australia (Eickelmann et al., 2017).

All seven studies found a negative association between shortages of teachers/gen-
eral staff and math achievement, in studies that used data from five PISA cycles in a
small number of countries (e.g., Daniele, 2021; Tan & Hew, 2019) to large cross-national
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studies (e.g., Bokhove & Hampden-Thompson, 2022; Luschei & Jeong, 2021). This is a
very consistent finding, one of the strongest in our review.

School size Our review found 12 relevant studies reporting mixed results regard-
ing the relationship between school size and math achievement. Seven studies found
that a larger school size was significantly positively associated with math (e.g., Giimiis
et al., 2022; Luschei & Jeong, 2021), while three studies found a negative association
(Erdogdu, 2022; Gamazo & Martinez-Abad, 2020; Ryan, 2013). One study of three East
Asian countries (Perera & Asadullah, 2019) found a positive association in Malaysia
and Singapore but an insignificant impact in Korea. Sousa et al. (2012) found the asso-
ciation was negative using PISA 2009 data but insignificant using PISA 2006 data.

Average school ICT attitude and student ICT use at school Our review found eight
relevant studies reporting mixed results regarding the relationship between ICT atti-
tude/student use at school and math achievement. Three studies found a positive asso-
ciation between math achievement and use of ICT at school (Erdogdu, 2022; Ferraro,
2018), and school offering a specific program to educate students in responsible inter-
net behavior (Orén Semper et al., 2021). Two studies, however, found a negative asso-
ciation between math achievement and use of ICT at school (Skryabin et al., 2015), and
use of ICT in mathematics lessons involving student participation in seven Confucian
regions (Tan & Hew, 2019). One study found that use of ICT at school was not associ-
ated with math achievement in Spain (Fernindez-Gutiérrez et al., 2020). Two cross-
national studies found mixed results that varied by country: Eickelmann et al’s (2017)
analysis of school strategies promoting ICT use and students ICT use in mathematics
lessons, and Hu, Gong et al’s (2018) analysis of school mean ICT attitudes and student
ICT use at school.

School prevalence of student misbehavior The association between school prevalence
of student misbehavior and math achievement was consistently negative across stud-
ies. Utilizing five PISA cycles and consisting of both single country and cross-national
samples, all six studies found school prevalence of student misbehavior negatively
associated with math along a range of dimensions, including prevalence of truancy
(Dronkers et al., 2017; Spagnolo et al., 2020), prevalence of school bullying experience
(Karakus et al., 2022), frequency of students’ disruptions (Sporlein & Schlueter, 2018),
and student misbehavior in general (Pivovarova & Powers, 2019b; Sousa et al., 2012).

Level 4: education systems
Three major factors emerged at Level 4, namely financial resources for education;
decentralization; and tracking. Results related to all three major factors were mixed
within and across studies.

Financial resources for education
Our review found nine relevant studies reporting mixed results regarding the rela-
tionship between financial resources for education and math achievement. Four
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studies found a positive association (e.g., Gamazo & Martinez-Abad, 2020; Sha-
pira, 2012). Two studies found that government funding in schools in some Asian
countries (Perera & Asadullah, 2019) or regional expenditure per student in Spain
(Salas-Velasco et al., 2021) was insignificantly or negatively associated with math
achievement. Three studies found threshold effects, with positive associations for
poor and middle-income countries but diminishing or vanished returns for higher-
spending countries (Breton, 2021; Santibanez & Fagioli, 2016; Vegas & Coffin, 2015).

Decentralization

Decentralization included many sub-factors and mixed results were reported within
and across 10 studies. For instance, two large cross-national studies (Breton, 2021;
Han, 2018) found that school autonomy to hire teachers had an insignificant asso-
ciation with math achievement, but personnel autonomy was found to be positive in
Singapore, negative in Malaysia and insignificant in Korea (Perera & Asadullah, 2019).
These findings suggest that the association of school autonomy to hire teachers on
math is likely to vary substantially across countries. Another sub-factor was school
autonomy over curricula, which had a negative or insignificant association in Italy,
Spain, Australia, Belgium and Canada (Daniele, 2021), or in Malaysia, Korea and
Singapore (Perera & Asadullah, 2019), but a positive impact on native students in
18 OECD countries (although not on first generation of immigrants in many OECD
countries) (Shapira, 2012). Moreover, autonomy for resource allocation was insignifi-
cantly associated with math achievement (Fernidndez-Gutiérrez et al., 2020; Perera &
Asadullah, 2019), but it was positively associated with math in Costa Rica (Gimenez
et al., 2018) and also on native students in OECD countries (although not on first gen-
eration of immigrants in many OECD countries) (Shapira, 2012). Increased teacher
responsibility, in staffing and curricula (Luschei & Jeong, 2021) or measured by over-
all responsibility index (Tan, 2018), was also found to be positive. Kameshwara et al.
(2020), however, found no association. Increased decision-making power among prin-
cipals and government was negative (Kameshwara et al., 2020; Luschei & Jeong, 2021)
but increased school board autonomy over school budgeting was positive (Luschei &
Jeong, 2021).

Tracking

Our review found eight relevant studies reporting mixed results regarding the rela-
tionship between tracking and math achievement. Five studies found that tracking
had a negative association with math achievement (e.g., Azzolini et al., 2012; Bor-
gna, 2016). However, two studies found that tracking was insignificantly associated
with boys’ performance (Hermann & Kopasz, 2021; Scheeren, 2022). Moreover,
one study found mixed results, suggesting that the impact of tracking depended on
the intensity of tracking, with some ability tracking positively associated with math
achievement while tracking in all subjects having detrimental effects (Cobb-Clark
et al., 2012). Looking at mixed results, two studies (Hermann & Kopasz, 2021; Spor-
lein & Schlueter, 2018) used the same PISA 2012 math outcome in almost the same
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countries (over 60 countries) but their results varied probably because the factors
included in these two studies, their measure of tracking, and its data sources differed.

Level 5: macro society factors

Three major factors emerged at Level 5, namely socioeconomic country factor;
national culture; and immigration and related policies. Socioeconomic country factor
also contained two major sub-factors: gender equality and economic development.
Results related to all major factors were mixed within and across studies.

Socioeconomic country factor

Socioeconomic country factor contained the overall concept of country SES, as well
as the in-depth investigation of social development and economic development. Two
out of 30 studies investigated SES using the overall country SES and both (Schmidt
et al., 2015; Shapira, 2012) found overall country SES was positively associated with
math achievement.

Social development—gender equality One major factor—gender equality—emerged
from our review; all other factors of social development are listed in Additional file 3:
Appendix S3. Our review found 11 relevant studies reporting mixed results regard-
ing the relationship between gender equality and math performance. Six large cross-
national studies found mixed results that varied by level of national level of economic
development (Anghel et al., 2020), as well as PISA cycle (Eriksson et al., 2020), measure
of gender equality (Reilly, 2012), or both (Stoet & Geary, 2013, 2015; Tao & Michalo-
poulos, 2018). On the other hand, four studies found a positive association, utilizing
a range of gender equality indicators such as the Gender Gap Index (GGL; Munir &
Winter-Ebmer, 2018), tertiary education and labor market (Gevrek et al., 2020), gen-
der wage gap (Yamamura, 2019), and secondary school enrolment rates in students’
ancestral country (Dockery et al., 2020). Santibanez and Fagioli (2016) found a nega-
tive association between female employment rate and math achievement, using PISA
2012 data in 50 countries, although the effect size was very small.

Economic development Our review found 16 relevant studies reporting mixed results
regarding the relationship between economic development and math achievement.
Eight studies found that higher economic development was significantly positively
associated with math achievement in large cross-national studies using multiple PISA
cycles (e.g., Chiu, 2015; Skryabin et al., 2015). However, seven studies found no asso-
ciation, with some PISA cycles and countries investigated overlapping with the first
group of studies (e.g., Breton, 2021; Hu, Leung, & Teng, 2018). Interestingly, Daniele
(2021) found that GDP per capita did not have a significant association but regional
poverty rates strongly and negatively associated with math achievement. Yamamura
(2019, p. 880) also found that “the positive effect of GDP decreases as the level of GDP
increases” No negative association was found among the 16 studies.
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National culture

Several sub-factors of national culture were investigated among seven studies. Two
sub-factors were associated with math achievement, namely Confucian culture (Bre-
ton, 2021; Tan, 2017), and long-term orientation (defined as societies which are will-
ing to foster virtues, especially perseverance and thrift, to achieve future rewards),
as found in three large cross-national studies using three PISA cycles (Breton, 2021;
Fang et al,, 2013; Hu, Leung, & Teng, 2018). However, other sub-factors of national
culture in these three studies were found to be contradictory (individualism, uncer-
tainty avoidance) or insignificant (masculinity).

Immigration and related policies

Our review found six relevant studies reporting mixed results regarding the relationship
between immigration/related policies and math achievement. Three studies found that
high immigrant concentration and selective immigration policies were positively asso-
ciated with higher math achievement (Cobb-Clark et al.,, 2012; Shapira, 2012; Tumen,
2021). But two studies found inclusive national policies did not have a substantive impact
(Arikan et al., 2017; Karakus et al., 2022). Countries with a recent history of immigration
(as in many European countries) together with other educational system factors were
also found to be associated with math disadvantage (Borgna, 2016). Important to point
out, not all the countries were included in these six studies, with the maximum number
of countries investigated was 34 OECD countries (Cobb-Clark et al., 2012). As immi-
grant profiles and historical trajectories vary across countries, it is likely that the associa-
tion between immigration and math achievement varies substantially cross-nationally.
We hypothesize that there are clear patterns that explain these cross-national differ-
ences, with immigrant status having a negative association with math achievement in
Europe but a positive or insignificant association in immigrant countries such as Aus-
tralia, Canada, or the US.

Discussion

The purpose of this study was to provide a comprehensive assessment of the state of
knowledge about the factors driving high (and low) PISA math achievement. We fol-
lowed the PRISMA 2020 guideline and conducted a systematic review on studies pub-
lished since September 2011. This study found 135 factors potentially predicting PISA
math achievement across studies, from specific factors (e.g., age, class size) to broader
factors (e.g., family SES, national culture). About 60% of the factors were only investi-
gated in less than five studies, mainly one or two studies. Fifty-seven factors were inves-
tigated in five or more studies and over 60% of them yielded mixed results regarding
their association with math achievement. Fourteen factors were found to be positive or
tend to be positive, namely student grade level, age and math self-efficacy from indi-
vidual student level; overall family SES, overall home possessions, home educational
resources, available books at home, and parental educational background from house-
hold context level; school SES composition, general academic schools, school educa-
tional resources, teachers’ qualification, learning time during regular school hours, and
content coverage from school community level. Seven factors were negative or tended
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to be negative, namely student absenteeism/lack of punctuality, grade repetition, and
math anxiety from individual student level; school repeating/dropout rate, school preva-
lence of students’ misbehavior, shortage of teachers/general staff, and student-centered
instruction from school community level.

Although explanatory power of factors in predicting math achievement at different
levels varied across different studies (e.g., Fung et al., 2018; Martin et al., 2012), it is clear
that student achievement is not attributed solely to factors at individual level, but also
factors at various levels from students to societies. Four areas arising during this review
are worth of discussing in depth, namely student-centered instruction, interactions
among factors, possible explanations for mixed results, and suggestions for policy.

Student-centered instruction

With the growth of more student-centered instruction in many countries, it is surprising
that student-centered instruction was recurrently found to be negatively associated with
math achievement. It, however, echoes the results by OECD (2016, p. 71) that “..in no
education system do students who reported that they are frequently exposed to enquiry-
based instruction score higher in science” Several explanations are possible. First, math-
ematics, one of the more technical subject domains, might need more guidance from
teachers to make sure students have grasped the basic understanding of mathematical
concepts. Sousa et al. (2012, p. 464) even suggested a “re-thinking of whether student-
centered instruction is a good approach for improving achievement, at least when it
comes to the more technical topics of math and science” Second, students who partic-
ipate in PISA are 15-16 years old, a majority of whom are still receiving compulsory
education. Many of them may have lost interest in mathematics. For such students, a
student-centered classroom without teachers’ direction might not be an effective way of
learning.

Third, a student-centered classroom with minimum teacher guidance might be more
effective for students with sufficient foundation and capacity to manage their own learn-
ing or projects, whereas students with knowledge and skill gaps may need more guid-
ance from teachers. Fourth, the misalignment between taught curricula and assessments
might also contribute to the negative association between student-centered instruc-
tion and academic performance. Lastly, measures of student-centered instruction need
to be unified. There are many components related to approaches to teaching. The bal-
ance between teachers’ guidance and freedom of students’ choices varies across studies
depending on whether certain components are categorized to student-centered instruc-
tion or teacher-directed instruction in a given study. Measures of composite index and
individual components representing student-centered instruction may also produce dif-
ferent results (Oliver et al., 2019). Comparisons of the findings of studies that use the
same measure of student-centered instruction would be of great value.

Interactions among factors

Dividing factors into five levels provides a clear picture of each factor and its associa-
tion with math achievement. However, it is very likely that the elements are intertwined
and interacting with each other. The interaction among captured factors in this review
occurred at different levels, with some factors interacting with each other at the same
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level. For example, Han (2018) found principals from lower school SES tended to report
a shortage of qualified teachers and Breton (2021) argued that without the existence of
a Confucian tradition in societies, the effect of adopting a central exit exam was limited.
Interaction also occurred among factors across levels. Math achievement of students
in high and medium self-efficacy groups, for example, increased when class discipli-
nary climate improved (Cheema & Kitsantas, 2014). Due to the vast number of factors
predicting math achievement, the interaction among factors has significant variation.
Researchers have started to include and test the interactions among factors, such as by
building path diagrams linking selected factors and their interactions with math achieve-
ment (e.g., Gabriel et al., 2020; Liu et al, 2022). However, the complex interactions
between the different factors require further study.

Possible explanations for mixed results
Over 60% of major factors yielded mixed results regarding their association with math
achievement within and across studies. Several reasons may explain these mixed find-
ings. Apart from the complex interactions across factors as discussed above, they may be
the result of methodological differences between studies that use different PISA cycles,
selected countries, sample sizes, measures of factors, or analytical methods. One exam-
ple is Sousa et al. (2012), who found that the number of cars in a family, as the indicator
of household wealth, was positively associated with math achievement using PISA 2006
data but negative using PISA 2009 data. As mentioned in the results section, many stud-
ies found cross-national variations in the association between math achievement and
several factors, such as gender (e.g., Kim & Law, 2012; Zhang et al., 2022), self-concept
(e.g., Cheung, 2017; Thien et al., 2015), teachers’ affective qualities (e.g., Caro et al., 2016;
Mikk et al., 2016). This echoes the assertion of Gamazo and Martinez-Abad (2020, p. 2)
that contradictory results occur “depending on the country and the PISA wave analyzed”
Regarding measures, some factors used a range of measures to test their association
with math achievement. For example, among eight studies which investigated the associ-
ation of early years learning experience with math achievement, three different measures
of early years learning experience were utilized, namely the number of years in preschool
(e.g., Cheung, 2017); whether students attended preschool (e.g., Giimis et al., 2022); and
starting first grade before six years of age (Aguayo-Téllez & Martinez-Rodriguez, 2020).
Moreover, it is also unclear if PISA scales can be compared across countries (Caro et al.,
2016). This agrees with the evidence provide by multiple studies (e.g., Strello et al., 2021).
Regarding analytical methods, different procedures might produce different results
even when applied to the same sample. An example is Denny and Oppedisano (2013),
who found a positive association between larger class size and math achievement in the
US using standard ordinary least-square estimation, but an insignificant relationship
when using an instrumental variables technique. Analytical procedures applied varied
across studies. Threshold of confidence interval and strategies to handle missing data
also varied across studies. The threshold of confidence interval to determine the statis-
tical significance varied from p<0.001 to p<0.10. Reviewed studies also used various
strategies to handle missing data, which may introduce bias in estimates and conse-
quently produce distortions in the results. Overall, these agree with the claim made by
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Heine and Robitzsch (2022, p. 22) that “different analytical decisions...can have a deci-
sive influence on...cross-sectional country comparisons... in large-scale assessments..."
Mixed results may also be explained by underlying patterns related to national-cultural
context or other meso- or macro-level variables. For instance, external examinations are
found to be positively associated with math achievement in some national contexts but
negatively associated in other contexts (Cobb-Clark et al., 2012). This might be explained
by the differences in national culture across countries, since a national culture is associ-
ated with the allocation of financial resources for schools and the impact of a central exit
exam (Breton, 2021). Breton (2021, p. 2) even claims that national culture is “the funda-
mental cause of family and school characteristics” One of the possible reasons to explain
the ambivalent results related to gender equality is that some other factors might play a
more significant role in determining math achievement, which echoes the conclusion
drawn by Anghel et al. (2020) that the effect of gender equality vanished when country
fixed effects are accounted for. It is essential to exercise caution when interpreting these
results, and it is crucial for researchers and stakeholders to contextualize the results of

studies for their specific context.

Suggestions for policy

Several factors can be considered for educational policy intervention. We discuss here
the factors that are amenable to policy interventions and that were (mostly)/consistently
linked with math performance in our study, namely school SES composition, educa-
tion resources, shortage of teachers and school staff, teachers’ qualification, and content
coverage.

School SES composition was found to be mostly positively associated with math
achievement. In other words, the higher the socioeconomic composition of a school,
the higher the math achievement of students, regardless of their individual SES. Most
policy makers and researchers in the field (e.g., Benito et al., 2014; OECD, 2019; Sciffer
et al., 2022) therefore conclude that efforts to reduce school socioeconomic segregation
will improve academic performance and educational equity. Educational policy makers
can take several steps to address socio-economic segregation in schools. Mechanisms
for allocating students to schools, such as lotteries and preference systems, can be used
to create more socially balanced schools (e.g., Jang, 2022; Schwartz, 2011). In general,
careful regulation of school choice policies is important as marketisation dynamics tend
to exacerbate school socioeconomic segregation (Lubienski et al., 2022; OECD, 2019).
Reducing between-school inequalities of human and material resources can mediate the
negative impacts of school socioeconomic segregation on student achievement (OECD,
2019), as well as promote socially integrated schools as it disrupts the vicious cycle
between school stratification and school segregation (Perry et al., 2022).

We found clear evidence of the importance of investing in human and material
resources. Increasing investment in high quality material resources, such as library
materials, laboratory equipment and audio-visual resources, may enhance learning
engagement and improve students’ achievement (e.g., Areepattamannil, 2014). How-
ever, as we found mixed results regarding the association between ICT infrastruc-
ture and math achievement, further research is needed to provide policy makers with



Wang et al. Large-scale Assessments in Education (2023) 11:24 Page 32 of 42

insights. Regarding human resources, we uncovered a very consistent negative associa-
tion between shortages of teachers/general staff and math achievement. Given the cur-
rent severe qualified teachers and staff shortages across many countries and its potential
flow-on impact on principal leadership and organizational functioning (Castro, 2023),
strategies to attract and retain these critical resources should be prioritized.

We found a positive association with teachers’ qualification and math achievement.
In the light of this finding, authorities could require potential math teachers to hold
at least a bachelor’s degree and receive specialized training in math. It is worth noting
that different countries have different requirements for math specialization for teach-
ers, particularly in primary schools. Given the critical role of primary school teachers
in building students’ foundational mathematical knowledge, policies should prioritize
the training and qualifications of these teachers to prevent students from falling behind
before entering secondary school (Lagies, 2021).

Finally, we discuss content coverage. While content coverage tends to be positively
associated with math achievement in this review, the sheer amount of content availa-
ble to teachers and students can be overwhelming. Thus, curriculum authorities should
prioritize key areas while also encouraging adaptation to local school contexts (Ryder,
2015). Incorporating math in transdisciplinary units can also increase students’ expo-
sure to math as well as promote opportunities for applying mathematical concepts and
skills in a more authentic context (IBO, 2019; Moss et al., 2003).

Limitations and future directions

Several limitations of this study must be acknowledged. The first set of limitations is
related to the procedure utilized in this systematic review. Even though the approach
in retrieving, identifying, and analyzing studies strictly followed the PRISMA 2020
guideline, no claim of fully inclusivity can be made. First, as we limited our sample to
articles published in the English language, we may have missed insights uncovered in
studies published in other languages. Second, the articles included in this systematic
review were only retrieved from searching in five electronic databases. Identification
via other methods, such as registers, websites, organizations and citation searching,
were not applied. This may have excluded some valuable studies related to the review
question. Applying the condition of Q1 journal ranking to the search criteria also led to
some potentially high-quality articles, which were not published in Q1 journals, being
excluded. Hence, potential factors investigated to predict PISA math performance were
also excluded. Furthermore, even though the interrater reliability agreement was high,
there is the possibility that relevant studies could have been overlooked. Another set
of limitations is related to the comparability of the review papers and their results. As
mentioned in the possible explanations for mixed results, varied measures of factors,
strategies to handle missing data and threshold of confidence interval applied make it
challenging to compare the results across studies.

Another point which needs to be mentioned is that the list of 135 factors might not
be exhaustive and there might be missing factors associated with math achievement
that have been excluded or not been investigated. There might be significant variables
that cannot be or have not been captured from the data, such as political influence and
length of school day (e.g., Sousa et al., 2012). Another factor that was measured only
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in three studies in our review is out-of-school tutoring, which has been posited as one
reason for the high overall achievement in many East Asian countries (Kim, 2015; Perera
& Asadullah, 2019). Furthermore, PISA collects data from students about their teachers
and classrooms, but the dataset only contains student-level and school-level identifiers.
This means that classroom-level analyses, for example those that examine the effect of
teaching practices by a particular teacher in a particular classroom on student academic
performance, are not possible.

Future research in this field could be enhanced by expanding the focus to the factors
that have not attracted extensive attention but were found to be positive/negative in this
review, such as student-centered instruction. More studies are also needed to investi-
gate factors at education systems and macro society levels so that we can have a more
thorough understanding of the impact of differences in national context. Studies using
various research methodologies are also needed to investigate the interactions among
factors at all levels and their impact on academic achievement, trying to understand the
mechanism between micro-meso-macro-level factors. To complement the nature and
limitation of secondary PISA data, future studies using longitudinal or experimental
designs to validate the results generated by PISA analyses are needed to extend to the
causality claims (Ma, 2021). In-depth qualitative work would also help unpack the mech-
anism among factors across levels. Moreover, researchers could consider conducting a
systematic review in other major domains in PISA and compare the factors predicting
math achievement and achievement in other domains to determine whether there is
consistency in influential factors. Such research would provide a thorough understand-
ing of factors predicting overall academic achievement. Systematic reviews focused on
particular factors, especially those that we found to have a mixed association with math
achievement, would also be useful for uncovering patterns that explain differences across
studies and/or contexts. A systematic review of tracking would be particularly useful, as
our study’s finding of a mixed association with math achievement contrasts with the lit-
erature which mostly finds a negative association (e.g., Le Donné, 2014; OECD, 2005;
Van de Werthorst & Mijs, 2010). Lastly, considering changes caused by major events or
experiences, such as the widespread impact of Covid-19 pandemic (e.g., Meinck et al.,
2022) and China’s crackdown on private tutoring since 2021, it would be worthwhile to
examine academic achievement pre and post these events in future studies using data
from PISA 2022 and further cycles.

Conclusion

This study provides a comprehensive assessment of the factors predicting math achieve-
ment in PISA based on a systematic review of over 150 high quality studies published
since 2011. We find 21 factors situated at the student, family, and school levels that have
a consistent association with math achievement. Some of these factors, such as overall
family socio-economic status, parental educational background, and teacher qualifica-
tions, are not amenable to change in the short term. Other factors, by contrast, can be
more easily monitored by students and their parents (e.g., math self-efficacy and home
educational resources), or influenced by teachers and school leaders’ choices (e.g., learn-
ing time during regular school hours and student-centered instruction). Furthermore,
there are several factors that policy makers can address, including reducing school
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socioeconomic segregation and the stratification of education resources, addressing
teacher and general staff shortages, improving teacher qualifications, and promoting
innovative pedagogical approaches.

Our findings further suggest that there is no universal magic bullet or easy solution for
promoting high math achievement. Findings related to many factors are mixed or incon-
clusive, especially for factors related to education systems and the societal macro-level. This
provides an impetus for further research. Some scholars claim that nations are “more likely
to borrow from culturally and structurally similar systems” because it is significantly easier
to import strategies from such systems (Mehta & Peterson, 2019, pp. 339-340). However,
one could argue that ideological boundaries should not confine education, and schools
often have beneficial practices to offer to others. Therefore, it is critical to understand
national contextual differences and their interactions with factors at micro and meso levels.
As “an emerging field currently situated at its take-off stage” (Hernandez-Torrano & Court-
ney, 2021, p. 28), more work needs to be done with future PISA related research regarding
macro-level factors, interactions among factors, and variety of methodologies to be applied,
to name a few. Equally important, policy makers and the wider education community need
to exercise extra caution when borrowing education practices and making improvement
decisions, rather than automatically taking PISA results as policy solutions (Rutkowski
et al., 2020).
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