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Abstract

Recent PISA 2022 results show that a relatively large proportion of EU students underachieve in
mathematics. While this outcome has been partially driven by Covid-19, one should not forget that
the decline in student performance was already under way before the pandemic. Evidence indicates
that poor mathematics skills can have a detrimental impact on people’s life, leading to financial prob-
lems, academic struggles and professional setbacks. This situation underscores the urgent need for
Member States to invest in programmes aimed at improving students’ mathematics achievement.

In an attempt to assist Member States in identifying effective programmes to enhance students’
mathematics competences, this report synthetises relevant literature and adds some original re-
search work. A rapid umbrella review is carried out to summarise evidence on what policies work
best and which do not. Furthermore, PISA 2022 data are used to investigate the impact of digital re-
sources on mathematics test scores.

The results from the umbrella review highlight the effectiveness of tutoring interventions. They also
emphasize the benefits of explicit instruction programmes targeted at students with learning difficul-
ties. On the other hand, both the umbrella review and the analysis of PISA 2022 data question the
role of digital technologies in raising students’ performance in mathematics. Existing review studies
do not consistently find technology-aided instruction to be among the best policies. Similarly, our
analysis of PISA data does not show a positive association between the use of digital resources in
mathematics classes and mathematics test scores. However, the empirical estimates suggest that stu-
dents perform better in mathematics in those schools offering their teachers professional develop-
ment in the area of integrating digital resources into mathematics instruction.
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Executive summary

Recent PISA 2022 results show that a relatively large proportion of EU students underachieve in
mathematics. While this outcome has been partially driven by Covid-19, one should not forget that
the decline in student performance was already under way before the pandemic. Evidence indicates
that poor mathematics skills can have a detrimental impact on people’s life, leading to financial prob-
lems, academic struggles and professional setbacks. This situation underscores the urgent need for
Member States to invest in programmes aimed at improving students’ mathematics achievement.

In an attempt to assist Member States in identifying effective programmes to enhance students’
mathematics competences, this report synthetises relevant literature and adds an original research
work based on PISA 2022 data.

First, the report reviews the evidence on what policies work well and which work less well to enhance
students’ achievement in mathematics. While tutoring consistently appears as an effective measure
in the literature, technology-aided instruction shows mixed results at best.

Second, to gain new evidence on technology-aided instruction, the report employs PISA 2022 individ-
ual data to dig into the effects of digital resources on students’ mathematics test scores. Consistent
with the findings from the literature review, the empirical results suggest the lack of a positive associ-
ation between the use of digital technologies in mathematics classes and students’ mathematics per-
formance. However, the estimates show that using digital tools for learning rather than for leisure is
associated with some gains in mathematics achievement.

Additionally, the empirical analysis indicates that students tend to achieve higher mathematics test
scores in those schools providing their teachers with professional development in the area of inte-
grating digital resources into mathematics instruction. Several studies highlight the importance of giv-
ing teachers the opportunity to engage in professional development in such a field. Teachers often
need support to be able to build confidence and motivation with technology, creating an environ-
ment conducive to learning.

Finally, the findings provide support for the hypothesis that offering in-house training opportunities
to mathematics teachers is beneficial for student outcomes in mathematics. This result is in line with
research showing that professional development approaches focused on helping teachers gain in un-
derstanding of mathematics content and pedagogy have a positive impact on student mathematics
achievement.



1 Introduction

Basic skills in literacy and numeracy are building blocks for a life of learning and fulfilment (World
Bank, 2024). Without these skills, individuals may find themselves unable to be active citizens, enter
adult life fully prepared, and continue learning throughout life. This may potentially ultimately lead
to poverty and vulnerability. At macro level, in an economy that is becoming more and more based
on knowledge, basic skills play a key role in promoting economic growth by boosting labour
productivity and fostering innovation (Egert et al., 2022).

There is a large consensus in the literature that basic skills in mathematics are especially relevant.
Mathematics is a subject that builds on itself beginning in early childhood (Guhl, 2019). Basic skills in
mathematics acquired through schooling are consistently found to shape individuals’ personal,
academic, and professional success. Using data from a longitudinal nationally representative US
sample, Claessen and Engel (2013) find that early mathematics skills predict reading, mathematics
and science achievement as well as grade retention from kindergarten through 8" grade. In a similar
vein, ten Braak et al. (2012) show that children’s early mathematical proficiency is correlated with
later academic achievement. Employing data collected in 2004 from the British Cohort Study on
people born in 1970, Vignoles et al. (2011) demonstrate that the age 10 mathematics score is
positively associated with earnings at age 34.

In the context of the European Education Area, in order to ensure that all young people will reach a
minimum competence level in basic skills, the EU has set an EU-level target: the share of
underachieving 15-year-olds in reading, mathematics and science should be less than 15%, by 2030
(Council of the European Union, 2021). Data from the OECD’s Programme for International Student
Assessment (PISA) are used to monitor EU Member States’ progress towards this target. In PISA,
students are underachievers if they do not reach competence Level 2, considered as the minimum
standard for active participation in society.

The latest PISA results (PISA 2022) were published on 5" December 2023 (OECD, 2023). The
underachievement rate in mathematics at EU level is 29.5% and the only Member State that would
meet the 2030 target is Estonia (European Commission, 2024). There is significant variability among
EU countries. The percentage of students who do not reach Level 2 in mathematics is more than 50%
in Cyprus and Bulgaria. One should also observe that all Member States experienced an increase in
underachievement rate in mathematics between 2012 and 2022 (7.3 percentage points in the EU as
a whole). However, most of this increase occurred between 2018 and 2022 (6.6 percentage points in
the EU as a whole).

As illustrated above, the 2022 PISA findings are disappointing for the EU. Not only are most Member
States far away from the target on underachievement in mathematics, but what is even more
worrying is that the distance from the target is increasing. While it is certainly true that the outbreak
of the pandemic in 2020 has had a detrimental effect on student achievement, especially in
mathematics (Di Pietro, 2023a), several arguments suggest that Covid-19 is unlikely to be the only
factor that drove these results. First, it is important to note that in several Asian countries students
have not fallen behind in mathematics despite the pandemic. For instance, in Japan
underachievement rate in mathematics hardly changed between 2018 and 2022. Second, as argued
earlier, the decline in student performance in many EU countries was already under way before the
pandemic. Covid-19 simply strengthened an existing negative trend. This indicates that longer-term
issues are at play. Third, there are other factors that could contribute to explain the 2022 PISA
findings and that have occurred at the same time as Covid-19. One of them is the worsening of



teacher shortages. While the lack of qualified teachers has been a persistent problem in the EU, this
has aggravated in recent years (Di Pietro, 2023b). Gambi and De Witte (2023) find that the effect of
Covid-19 on student performance is stronger in schools with high shares of teacher shortages.

In the light of these considerations, it is therefore necessary to take measures to help students
recover from the learning losses due to the pandemic, but also seize this opportunity to improve
educational systems. The need to adopt relevant and successful policies is urgent as there is the risk
that, without effective intervention, learning losses could accumulate over time. The conclusions of a
recent meta-analysis (Di Pietro, 2023c) would seem to support this hypothesis given that students
are found to have fallen behind in their learning more in the later stages of the pandemic compared
with the earlier stages.

The purpose of this report is to look into the effectiveness of different strategies designed to improve
mathematics performance. The idea is that information on successful teaching activities may provide
valuable insights into the learning process and the factors that influence student’s mathematical
achievement. This exercise may be useful given that a number of Member States have recently
launched programmes aimed at improving student performance (for instance, in Spain ‘el plan de
mejora en matematicas y comprension lectora’ was announced in January 2024 and started its
implementation phase in September 2024) and these rely on the identification of successful
strategies to which resources are channelled.

The report is divided into two parts. In the first part, we first identify some of the most popular
mathematics interventions and then attempt to synthetise current evidence about the most effective
methods relying on results from relevant systematic reviews and meta-analyses. An advantage of this
approach is that it draws on the findings of a vast array of primary studies that have already been
screened for research quality and undergone some synthesis. In the second part, employing PISA
2022 data, we restrict our attention on the educational use of digital technologies because of its
topical relevance for today’s education systems and the heterogeneous research findings about its
effectiveness, and undertake some original research about the impact of this strategy on
mathematics achievement.

Specifically, the remainder of this report is structured as follows. Section 2 briefly reviews different
teaching strategies that have been employed in an attempt to boost student performance in
mathematics. In Section 3, we conduct a rapid umbrella review in order to aggregate and summarise
findings from existing reviews on the effectiveness of various mathematics teaching interventions.
The second part of this report starts in Section 4. In this Section, we provide information on the
dependent and independent variables from PISA 2022 that we use to construct our model
investigating the impact of digital technologies on student achievement in mathematics. Section 5
presents and discusses the empirical findings emerging from our analysis based on PISA data. Section
6 concludes by highlighting the common results from the two parts of the report.



2 Teaching mathematics: strategies for improved student performance

Based on an examination of existing studies in the field of education, we were able to identify ten
different categories of mathematics strategies. They are:

1) Technology-aided instruction

2) Tutoring programmes

3) Class size reduction

4) Curriculum

5) Assessment types

6) Homework

7) Supplemental time

8) Problem-based learning approach

9) Manipulatives and multiple representation-based instruction
10) Parental involvement measures

It is important to note that the above categories are not mutually exclusive. For example, the
category “Tutoring programmes” may overlap with the category “Technology-aided instruction”. This
is because tutoring programmes may take place face to face or online. Reducing the number of
categories in an attempt to address this problem may not always work. Even using a simple binary
distinction between interventions inside school and outside school may not provide a clear-cut
separation of categories (e.g., again tutoring programmes may take place inside school or outside
school).

For each category, we provide a brief summary of existing relevant research and evidence.
1) Technology-aided instruction

There is a very large body of studies analysing the effect of digital technologies on student outcomes.
However, results of these studies do not provide a clear-cut picture but suggest the existence of
heterogeneous effects. While certain technology interventions may be effective, there are doubts
about others. Findings from studies attempting to synthetize existing research indicate that
measures designed to provide access to technology (e.g., One Laptop per Child programme) create
an environment conducive to learning but do not have a direct impact on student achievement
(Escueta et al., 2020; Rodriguez-Segura, 2022).

By contrast, computer-assisted learning (CAL) programmes have the potential to positively affect
cognitive skills (e.g., reading, mathematics) by promoting the use of specific software packages (e.g.,
Bianchi et al., 2022; De Witte et al., 2016). In particular, CAL has two important features that may
benefit learners. First, it does enable personalised learning, allowing students to receive the support
that is right to them and empowering them to choose when and how they learn. Second, CAL may
increase student engagement by making learning an enjoyable and exciting experience through, for
instance, games, quizzes, and simulations.



Technology-enabled behavioural interventions are also considered as promising. Their aim is to
compensate for non-cognitive skill deficits that may have a detrimental effect on student
performance. These include, for instance, programmes encouraging parents to become more
engaged in their children’s learning activities (e.g., delivery of text messages providing parents
information about their child’s grades and missed assignments) (e.g., Bergman and Chan, 2021).

Several meta-analyses have been conducted looking at the effect of technology on student
achievement in mathematics. Ran et al. (2022) review evidence about the impact of educational
technology on mathematics outcomes for students in kindergarten, elementary and secondary
education. They find a positive and statistically significant impact, with an average Hedge's g effect
size of 0.23. This finding is in line with that of an earlier similar meta-analysis (Cheung and Slavin,
2013) that also reports a small impact of educational technology on students’ mathematics
achievement. Similarly, Young (2017) carries out a meta-analysis of meta-analyses (or second-order
meta-analysis) and concludes that the mean effect size of the impact of technology on students’
mathematics performance is 0.38 (Hedge’s g).

2) Tutoring programmes

Tutoring - defined as one-on-one or small group instruction —is an increasingly popular teaching
practice designed to improve student performance. It is often used in an attempt to reduce the gap
between high-achieving and low-achieving students. Tutoring is expected to be beneficial to learners
in three main ways. First, it often takes place outside the school time, meaning that additional
learning time is provided to students. Second, tutoring gives learners the possibility to receive
personalised instruction tailored to their specific needs and abilities. Third, by creating an
environment in which students often feel comfortable expressing their thoughts and concerns,
tutoring may boost students’ socioemotional skills such as motivation and self-confidence. This
method has been frequently indicated as a promising strategy to tackle the pandemic-related
learning loss in light of its cost-effectiveness (Patrinos, 2022).

While many studies investigating the effectiveness of tutoring find positive results as well as null
findings, recent papers employing robust methodologies (e.g., randomised controlled trials (RCTs))
demonstrate the performance-enhancing effects of this method. For example, Bonesrgnning et al.
(2022), using data on 7-9 years old students in 159 Norwegian schools, conclude that tutoring
improved student performance in mathematics. Similarly, Gortazar et al. (2022) show that an online
tutoring programme conducted in Spain during Covid-19 was successful in increasing standardized
test scores and end-of-year mathematics grades among less advantaged students. Finally, de Ree et
al. (2023) look at the effects of a high-dosage mathematics tutoring programme implemented in

1 The Hedge’s g statistic is employed to measure the effect size for the difference between means of two groups. It is
calculated by dividing the mean difference in student performance between treatment (exposure to educational
technology intervention) and control conditions (no exposure to educational technology intervention) by the pool weighted
standard deviation. A Hedge’s g lower than 0.2 indicates a small effect, between 0.2 and 0.5 a medium effect, between 0.5
and 0.8 a medium-to large effect, and if the value exceeds 0.8 it belongs to the category of large effects (Valentine and
Cooper, 2003).



three primary schools in a low-income neighbourhood in the Netherlands. They find that this
programme led to a sizeable gain in student mathematics scores.

3) Class size reduction

Smaller class size generates two conflicting theoretical effects on student attainment. On the one
hand, increased individual attention from the teacher may boost students’ motivation to learn,
leading to improved schooling performance. On the other hand, however, it is also possible that in
these new circumstances students may choose to diminish their academic efforts as the greater
support makes it easier for them to achieve the same learning outcome (Correa and Gruver, 1987).
Parents’ response to a reduction in their children’s class size may also offset the potential benefits of
this intervention. This situation may, in fact, induce parents to help their children less with
homework and cut other forms of academic assistance.

Following the above theoretical considerations, it is therefore not too surprising that the existing
evidence does not clearly support the efficacy of class-size reductions. In their systematic review
focused on Europe, Leuven and Oosterbeek (2018) conclude that the empirical studies on the effects
of class size on student outcomes show mixed results. Filges et al. (2018) also attempt to summarise
the findings of the current literature on this topic. They argue that the overall estimate of the impact
of reducing class size on student achievement in mathematics is negative, though statistically
insignificant. Furthermore, similar results are also obtained by few studies employing cross-country
datasets. For example, using data from TIMSS 2011 on 8th grade students, Li and Konstantopoulos
(2017) examine the association between class size and mathematics achievement in 14 European
countries. The results indicate that in most European countries class size reduction was not
successful in improving mathematics achievement.

4) Curriculum

Several studies examine the extent to which differences in terms of content and type of instruction
(i.e., the curriculum) across school programmes affect student performance. There are, for instance,
papers examining the impact of the Montessori curriculum on mathematics achievement. Results
appear to be mixed. While a positive effect is found in some works (e.g., Denervaud et al., 2019), a
null effect is observed in others (e.g., Lillard, 2012). The effect of other perhaps less known school-
based curriculum programmes has also been studied. Solomon et al. (2019) look at the effectiveness
of JUMP Math, a curriculum-aligned classroom mathematics programme developed by a Canadian
mathematician and used by more than 210,00 students worldwide. Using information on students
enrolled in a number of schools in Canada, they find that the adoption of JUMP Math led to
statistically significant gains in mathematics.

There exist also a few papers attempting to investigate whether the mathematics contents of
curricula can influence student performance in international tests. Ibrahim and Othman (2010)
conclude that, even though the curriculum of Malaysia included more mathematical reasoning than
that of Singapore, TIMSS results showed that students in the latter country did better in mathematics
than their peers in the former country. Safrudiannur and Rott (2019) compared the mathematics
curriculum in Singapore with the similar one in Indonesia. They found that problem solving in the
learning process is more emphasized in the former than the latter. Additionally, they also noted that
the Singaporean curriculum covered more mathematical contents tested in PISA 2012 than the
Indonesian curriculum.



5) Assessment types

Three characteristics/types of assessment policies/methods are found to have a positive impact on
student performance in mathematics.

First, there is evidence showing that students tend to perform better during high-stakes tests, such
as end-of-year examinations. They are especially incentivised to do well because they are aware that
the grade in these examinations has a lot of weight when computing the final grade. Students are
also particularly eager to increase their efforts in their final years of primary and secondary education
as they know that their academic achievement in these years may have relevant consequences on
their future academic and labour market outcomes. For instance, in countries with early tracking,
students in their final year of primary school may be particularly willing to do well in their final exam
as their final grade will have an important impact on the type of secondary education they will be
able to follow. Brunello and Kiss (2022), using a difference-in-differences approach, find that in
Germany mathematics scores increased between 0.17 and 0.22 standard deviations during high-
stakes grades.

Second, several studies find that formative assessment is beneficial to student achievement in
mathematics. Formative assessment can be defined as a process in which teachers assess students’
learning with the aims of giving feedback to students as well as modifying instructional materials to
better meet students’ needs (Bostrom and Pam, 2023). For example, Faber et al. (2017), using data
on Dutch primary education students and employing a randomised experimental design, provide
evidence supporting the effectiveness of a digital formative assessment tool in raising mathematics
achievement.

Third, some studies observe a relationship between test frequency and student achievement. This is
known in the literature as the ‘testing effect’. The idea is that tests improve later retention more
than traditional study methods (e.g., attending classes), which are more passive. When taking a test,
students are required to provide answers to a number of questions. This process, which assumes an
active role of students, is expected to make a more durable impression on memory (Brown et al.,
2014). Alenton (2022) shows that daily testing has a positive effect on mathematics student
performance among 7th grade students. Similar evidence about the beneficial effects of frequency
testing is presented in Khalaf et al. (1992).

6) Homework

Homework has been traditionally considered by educators and teachers as one of the main channels
through which students continue their learning when they are outside school (Jerrim et al., 2020).
Cooper et al. (2006) provide evidence for the US suggesting that there is a positive relationship
between homework and children’s achievement. Similarly, an OECD study (2011) shows that
students in developed countries who were assigned more homework perform better in science.
Scheerens et al. (2017) conduct a meta-analysis of 21 studies and conclude that homework increases
student achievement especially in the US and in the Netherlands. Additionally, they find that there is
a positive association between homework and academic performance in mathematics of around 0.17
standard deviations.

Many studies examine the homework-achievement relationship using the amount of time spent by
children on this task during a typical school week. However, it is important to bear in mind that this
measuring approach is subject to two criticisms (Trautwein and Lidtke, 2007). First, it is quite
possible that homework time picks up the effect of relevant unobserved student traits (e.g.,
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motivation). Second, while homework time comprises periods of hard work and concentration as
well as periods of distraction, only the former are expected to have an effect on student
achievement. To address this concern, several researchers (e.g., Zimmerman and Kitsantas, 2005)
have used self-reported effort on homework.

7) Supplemental time

Several works conclude that after-school mathematics programmes and mathematics clubs are
successful in fostering students” mathematics achievements. These initiatives, which typically take
place at school, provide opportunities for further practice, reinforcement, and inquiry beyond the
confines of the regular school day (Casing and Casing, 2024). A study based in Israel (Amit and
Naaman, 2014) provides evidence suggesting that participants especially value the collaborative and
interactive nature of such schemes. Using data from a school in Johannesburg (South Africa), Brodie
(2022) shows that participation in a mathematics club boosts student achievement, with gains
increasing over time. Black et al. (2008) evaluate the effect of an after-school programme after one
year of its implementation in the US. This programme consisted in providing 45 minutes of daily
instruction to students who struggled to meet local academic standards. Students were randomly
assigned to the treatment group and the control group. It is found that this after-school programme
had a positive and statistically significant impact on student mathematics outcomes.

8) Problem-based learning approach

Problem-based learning is a teaching approach where students are encouraged to deal with complex
real-world problems and attempt to solve them by sharing and comparing ideas with their peers. This
method promotes the development of critical thinking skills, problem solving skills and
communication skills.

Mathematics is a subject that can be taught using a variety of applications in different fields in the
real world. This helps creating an enjoyable environment where students can participate and become
active learners. Several papers highlight the benefits of studying mathematics through problem-
based learning. For example, using data on 8th grade students from Pakistan, Ali et al. (2010) show
that problem-solving methods boost student mathematics achievement. Similarly, Holmes and
Hwang (2016), using data on 8th and 9th grade students from a US school, find that problem-based
learning was successful in helping at-risk and minority students with mathematics. On the other
hand, however, Juandi (2021) carries out a systematic literature review on this topic and concludes
that results of existing studies do not seem to provide a clear-cut picture. Arbo and Ching (2022)
argue that teacher’s expertise is indeed a critical factor for an effective implementation of the
problem-based learning approach.

9) Manipulatives and multiple representation-based instruction

Manipulatives (e.g., blocks, shapes) and multiple representation-based instruction can be used by
teachers to help students learn mathematics. They can be defined as any objects that allow students
to explore an idea in an active, hands-on approach (Horan and Carr, 2018). The rationale behind it is
that this enables students to link mathematical ideas to symbols and physical objects, hence
supporting a better understanding of the subject.

Several studies (e.g., Golafshani, 2013) support the hypothesis that manipulatives are an effective
tool for teaching mathematics. Uribe-Flérez and Wilkins (2017), exploiting the longitudinal dimension
of the Early Child Longitudinal Study (ECLS) in the US, find that there is a positive association
between student mathematics learning and manipulative use at the elementary school level (K-5). A
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meta-analysis by Cetin and Aydin (2020) finds that multiple representation-based instruction has a
positive effect on mathematics achievement. A similar result has been obtained by Akkus and
Cakiroglu (2009) who, using data on four 7th grade classes from two public schools in Tirkiye, show
that multiple representation-based instruction improved students' algebra performance compared to
the conventional teaching.

10) Parental involvement measures

A large number of studies have investigated whether parental involvement does play a role in
enhancing student learning. It is important to bear in mind that the expression parental involvement
comprises various actions on the parts of the parents (e.g., learning support at home, parents’
valuing of education, etc.). Ho Sui-Chu (1997) finds that parental involvement exerts no direct impact
on the learning outcomes of students, but she does not exclude the possibility that it has indirect
effects by increasing the time spent in educational activities after school (Keith et al., 1993).
Phillipson and Phillipson (2012) emphasise another type of indirect effects. They provide evidence
supporting the hypothesis that parents shape their child's academic achievement indirectly through
the mediational role of cognitive ability beliefs.

Employing data on 8th grade students from TIMSS 2011 assessments in Israel, Shapira-Lishchinsky
and Zavelevsky (2020) find a positive relationship between student-reported indicators of parental
involvement and mathematics achievement. Fiskerstand et al. (2024) look at a similar issue using
information from several primary and secondary schools in Norway. They conclude that parental
values and communication regarding education and academic achievement are positively related to
children’s attitudes and performances in mathematics.

In a meta-analysis, Fan and Chen (2001) show that there is a small to moderate relationship between
parental involvement and academic achievement. In a review of studies published between 2003 and
2007, Boonk et al. (2018) argue that, while parental involvement is related to student performance,
the magnitude of this association is not as large as traditionally believed. This conclusion is broadly
supported by the findings of a second order meta-analysis carried out by Kim (2022). She also finds
that parent expectations and aspirations were the types of involvement that have the strongest
impact on achievement.
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3 Rapid umbrella review: what mathematics strategies work best?

In this Section, we attempt to summarise the results of meta-analyses and systematic reviews that
synthesise the existing evidence about the effectiveness of different strategies aimed at enhancing
student performance in mathematics. This exercise is known as umbrella review, a review of reviews.
We focused our attention on meta-analyses and systematic reviews that include primary studies on
kindergarten, primary or secondary education. Additionally, we considered meta-analyses and
systematic reviews that include primary studies evaluating the impact of mathematics strategies
targeted at all students or only at more vulnerable students (e.g., students with learning difficulties).

To locate the relevant studies, we came up with a list of keywords and used them to search in a few
electronic databases (e.g., Google Scholar and Scopus) and in several key academic journals (e.g.,
Review of Educational Research and Educational Research Review). References included in identified
relevant studies were also manually searched in an attempt to find additional studies. Finally, we
contacted some colleagues and researchers and asked them if they were aware of any studies fitting
the criteria for our research.

We were able to identify twelve meta-analyses or systematic reviews. Our final list of review studies
includes not only articles published in peer-reviewed journals but also a working paper. The
advantage of including the latter is that it is expected to reduce the effect of publication bias given
that academic journals are less likely to publish papers with null or negative findings (Adams et al.,
2016). The review studies included in our sample were published between 2003 and 2022. Relevant
data on the selected studies are shown in Table 1. Given the purpose of our analysis, the most
relevant information is included in the last two columns of Table 1. While column (5) lists all the
categories of mathematics interventions considered by each meta-analysis or systematic review,
column (6) reports those interventions that have been found to be the most successful ones (the
best ones).

Table 1. Meta-analyses and systematic reviews on the effectiveness of mathematics interventions

Author/s and year | Level of educa- | Type of pub- Type of stu- All interventions considered Best interventions
of publication tion lication dents
(1) (2) (3) (4) (5) (6)

Pellegrini et al. elementary academicar- | all students 1) Tutoring Tutoring

(2021) ticle 2) Professional development focused - Professional de-
on mathematics content and peda- velopment focused
gogy on classroom or-
3) Professional development focused ganization and
on classroom organization and man- management (e.g.,
agement cooperative learn-
4) Professional development focused ing)

on implementation of traditional and
digital curricula

5) Traditional and digital curricula
with limited

professional development

6) Benchmark assessments

Williams et al. pre-kindergar- academicar- | all students 1) Curriculum -Supplemental
(2022) ten through ticle 2) Pedagogical/instructional time
grade 12 3) supplemental time
Haas (2005) secondary academicar- | all students 1) Cooperative learning -Direct instruction
ticle 2) Direct instruction - Problem-based
3) Communication and study skills learning

4) Technology-aided instruction
5) Problem-based learning
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6) Manipulatives, models and multi-
ple representations

Slavin and Lake elementary academicar- | all students 1) Curriculum - Instructional pro-
(2008) ticle 2) Computer-assisted learning cess programmes
3) Instructional process programmes (e.g., cooperative
(classroom practices) learning, classroom
management and
motivation pro-
grammes, supple-
mental tutoring
programmes)
Jacobse and elementary working pa- all students 1) Direct instruction -No statistically sig-
Harskamp (2011) per 2) Indirect instruction nificant difference
found
Mononen et al. elementary academicar- | children at 1) Instructional design features - Instructional de-
(2014) ticle risk for math- 2) Conductor and professional devel- sign features (ex-
ematics diffi- opment support plicit instruction,
culties 3) Supplemental instruction interven- | game playing, com-
tions puter-assisted
learning,
the use of con-
crete-representa-
tional-abstract lev-
els in representa-
tions of mathemat-
ics concepts
Myers et al. secondary academic ar- | adolescents 1) Technology-based interventions - Technology-based
(2021) ticle with mathe- 2) Schema-based interventions interventions
matics diffi- 3) Use of visual representations - Use of visual rep-
culties 4) Cognitive-based instructions resentations
5) Other type of interventions - Cognitive-based
instructions
Codding et al. elementary academicar- | all students 1) Drill - Drill
(2011) ticle 2) Practice with modelling - Practice with
3) Practice without modelling modelling
4) Self-management
Gersten et al. elementary academicar- | students with 1) Approaches to instruction and/or - Approaches to in-
(2009) and secondary | ticle learning disa- curriculum design (Explicit instruc- struction (Explicit
bility tion, Multiple heuristics, Verbaliza- instruction and
tions, Visuals, Range and sequence) multiple heuris-
2) Formative assessment and feed- tics).
back to teachers
3) Formative assessment and feed-
back to students
8) Peer assisted mathematics instruc-
tion
Kroesbergen and elementary academicar- | students with 1) Direct instruction -Direct instruction
Van Luit (2003) ticle special needs 2) Self-instruction -Self-instruction
3) Mediated/assisted instruction
Rakes et al. secondary academicar- | all students 1) Curricula -Instructional
(2010) ticle 2) Instructional -Curricula
3) Manipulatives
4) Technology-tools
5) Technology-curricula
Methe et al. primary academic ar- all students 1) Contingent reinforcement - Speed-based in-
(2012) ticle 2) Cover, copy, compare (CCC) tervention
3) Interspersal -CRA

4) Speed-based intervention

5) Combined (2 or more)

6) Concrete Representational Abstract
(CRA)
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One potential limitation of this exercise is that the selected meta-analyses and systematic reviews an-
alyse different sets of mathematics strategies. This means that while some strategies are frequently
considered, this is not the case for others. To address this problem, a success rate measure can be cal-
culated for each strategy. This is defined as%:

number of time a given strategy is among the best ones

number of times a given strategy is considered

Another issue lies in the fact that strategies are classified differently in these studies. Meta-analyses
and systematic reviews differ in that they use bigger or smaller categories, which make the compari-
son of the strategies difficult. However, especially when employing broader categories, the authors
often in their conclusions (or in the abstract) provide examples of specific strategies within the most
successful categories. This is exploited in our analysis as these specific strategies (often coinciding
with intervention categories used in other studies) are reported in column (6). We take this into ac-
count when computing the aforementioned success rate measure. Specifically, specific strategies
mentioned among the best ones in studies using broader intervention categories are included both in
the numerator and denominator of the fraction of the above indicator.

Tutoring is found to have a 100% success rate (;). It is among the intervention categories considered

by Pellegrini et al. (2021) and is identified by them as one of the most effective strategies. Further-
more, supplemental tutoring programmes are explicitly mentioned by Slavin and Lake (2008) as one
of the examples of instructional process programmes, which turned out to be the most successful
category in their analysis.

Explicit instruction® has also a 100% success rate (;), but one should observe that all the relevant

studies involved (i.e., Gersten et al., 2009; Mononen et al., 2014) look at the effectiveness of mathe-
matics interventions targeted at students with learning difficulties. This would seem to suggest that
explicit instruction is especially successful among this group of students. Existing individual studies
examining the effect of this strategy tend in fact to focus on more vulnerable children (e.g., Nwa-
bueze, 2020).

On the other hand, technology-aided instruction is found to have a relatively low success rate, i.e.,
40% (é). This result is in line with the idea that, as argued earlier, research on the use of technology in

education has delivered mixed results and the estimated effects are often small and insignificant
(Karlsson, 2022).

One important consideration that unfortunately is not reflected in Table 1 relates to the existence of
heterogeneous effects. Certain strategies work better if addressed at a specific group of students or

2 One should note that this success rate measure may be influenced by the frequency with which a strategy is considered

(denominator). Specifically, when the denominator is low, there is a higher risk of polarization in the success rate values
(e.g., skewing towards 0% or 100%). This polarization effect diminishes as the number of times the strategy is considered
increases.

3 Explicit instruction is described by Torgesen (2004) as “instruction that does not leave anything to chance and does not
make assumptions about skills and knowledge that children will acquire on their own.”
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if strategies have some characteristics. The meta-analyses and systematic reviews included in Table 1
consider the average effect size for each type of intervention across a number of primary studies that
differ in several important aspects. For instance, evidence shows that to be effective, tutoring re-
quires regular and frequent sessions (de Ree et al., 2023). High-dosage tutoring is defined as “more
than three days per week or at a rate of at least 50 hours over 36 weeks” (Robinson et al., 2021, p.
2). Several studies indicate that a reduction in class size is likely to benefit especially minority and
economically disadvantaged students (e.g., Zyngier, 2014). Moreover, as already argued, the type of
intervention within the same category also matters. For example, while there are several types of ed-
ucational technology programmes, some are found to be more effective than others. CAL pro-
grammes are generally found to be more beneficial than access to technology provisions (Rodriguez-
Segura, 2022).

Our focus so far has been on the effectiveness of mathematics intervention strategies. However,
from a policy perspective this is not enough. An important information is missing, namely the costs of
the different interventions. Different options should be evaluated and compared not only looking at
their effectiveness but also taking into account their costs. Which interventions are more efficient,
thereby providing the greatest value for money? However, unfortunately, this can be rarely done as
very few studies include information on the costs of the intervention. So, for instance, while research
suggests that high-dosage tutoring is successful in raising student mathematics achievement, one
should note that is an expensive strategy compared to other interventions. Therefore, the relevant
policy question is whether the benefits resulting from high-dosage tutoring do compensate for its
high costs. Similarly, as argued in a report drafted by the Expert Group on quality investment in edu-
cation and training (European Commission, 2022), while reducing class size has the potential to be an
effective measure in schools/areas with a large proportion of disadvantaged students, it is an expen-
sive intervention. On the other hand, the literature has identified some promising initiatives that
have limited costs but exert a positive impact on student achievement. For example, several studies
(e.g., Bergman and Chan, 2021; Berlinski et al., 2022) highlight the performance-enhancing effects of
the above cited low-tech behavioural interventions designed to encourage parental involvement in
their children’s learning activities.
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4 Digital resources and student mathematics performance: data and
variables from PISA 2022

The importance of digital educational devices such as computers, tablets, smartboards or apps has
been growing exponentially in recent years. They are now key elements of teaching and course
delivery. While the outbreak of Covid-19 has accelerated the digital transformation of the education
sector, this process was already under way. Now that the pandemic is over, it would be a mistake to
think that educational digital resources are no longer a relevant policy issue. Evidence from the US
shows that remote schooling options developed and adopted during Covid-19 are considered as a
replacement of in-person teaching when school might otherwise be suspended. For example, on
June 2023 about 290,000 New York City public school students shifted to online learning due to poor
air quality (Zimmerman, 2023). It is therefore crucial to gain a better understanding of how digital
technologies affect student learning, especially in light of the mixed results discussed earlier.

We add to the existing evidence by using PISA data to investigate the effect that digital resources
have on student performance in mathematics. PISA is a cross-national comparative study aiming to
capture the academic competence of 15-year-olds in three broad areas: reading, mathematics, and
science®. PISA has been carried out every three years since 2000. In this report, we use data from its
most recent cycle carried out in 2022°. More than 600,000 students from 81 countries and
economies around the world participated in this cycle. In this report, however, we restrict our
attention to students from EU Member States. Further, this analysis uses data from an optional ICT
questionnaire which few EU Members States (i.e., Cyprus, Portugal, the Netherlands, and France) did
not include in their surveys. In addition, Luxembourg did not participate in PISA 2022 at all. All in all,
the present analysis is limited to 22 EU Member States which participated in PISA 2022 and included
the ICT questionnaire in their surveys.

In each participating country, a nationwide representative sample of students is selected from the
target population to sit the PISA test. They also fill in a background questionnaire which includes
detailed questions about their families, such as what education their parents have, what occupations
they work in, and what types of resources they have at home. A full description of the PISA
methodology and results for each cycle can be found on the study’s website.

4.1 Performance on PISA mathematics test

Our interest is in how students’ mathematics proficiency varies with the use of digital resources in
mathematics lessons net of the effects of a broad range of student-level and school-level
characteristics. Thus, mathematics proficiency is our dependent variable. It is reported in the form of
numerical scores scales to fit a normal distribution with the mean of 500 and the standard deviation
of 100 points. Mathematics proficiency is a latent construct that cannot be observed directly, but it
can be inferred from students’ responses to a set of relevant tasks or problems which require the
proficiency. Because such inferences are subject to some degree of uncertainty, each student is

4 Whenever we mention “students” in this report, we mean students belonging to the target population and not all
students in the education system.

5 Luxembourg did not participate in the 2022 PISA cycle. Thus, for 2022, we report the results for all education systems
except for Luxembourg.
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assigned not a single score, but a set of 10 “plausible values”. A general recommendation is to run
analyses on each plausible value separately and to aggregate the results afterwards using Rubin’s
aggregation rules (see Jewsbury et al., 2024 for an introduction into the use of plausible values in
education research). While some studies indicate that there is little variation in results across
plausible values and that using a single plausible value is sufficient (Mijs, 2016), we follow the
standard practice of including all 10 plausible values.

4.2 The use of digital resources in mathematics classes

The optional ICT questionnaire in PISA 2022 features a question concerning the use of “digital
resources” in various classes at school, including mathematics lessons. More specifically, the
question asks students how often they use digital resources in their classes, with available response
options ranging from “never or almost never” to “in every or almost every lesson” on a four-point
scale. We treat this variable as categorical, using “never or almost never” as the reference.

4.3 Variables related to motivation and effort

Like many other large-scale assessments in education, PISA is a low-stake test for students. Their
performance on the test is affected not only by their relevant knowledge and skills, but also by their
motivation to do well in spite of the lack of sanctions for poor performance. It is therefore important
that the differences between students with respect to motivation and effort are accounted for
(Borghans et al., 2008). However, motivation and effort are latent constructs which are notoriously
difficult to measure. In PISA 2022, students were asked to assess how much effort they put into
doing well on the test and how much effort they would put if the test results counted towards their
final grades. Responses to such direct questions are subject to various response biases (Apascaritei et
al., 2021). Therefore, we decided to use indirect measures following the approach taken in recent
literature in the economics of education where the focus is on patterns of responses to the test and
background questionnaire, rather than to specific types of responses (Borghans and Schils, 2018;
Borghans et al. 2016; Borgonovi et al., 2018). One specific measure focuses on the proportion of
questions in the background questionnaire that the student left unanswered: if a student does not
even bother to answer questions which do not require any specialist knowledge or expertise, it may
indicate that the student’s level of motivation and conscientiousness is rather low (Zamarro, et al.,
2019; Karpinski et al., 2023).

Along with the proportion of questions without answer, we also include the following variables in
this block:

e grade repetition, or a dummy variable which distinguishes between students who had never
repeated a grade and ones who had repeated a grade at least once;

e truancy/absenteeism, or a dummy which distinguishes between students who skipped a les-
son at least one time in the two weeks preceding the PISA test, and ones who had not
skipped any lesson;

e coming late to school, or a dummy distinguishing between students who came late to school
at least once during the two weeks prior to the PISA test and those who did not come late
even once.
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While students are likely to repeat a grade, miss a day in school, or be late for classes for various
reasons, the general assumption here is that these behaviours/variables reflect overall motivation
(Azzolini et al., 2019).

4.4 Attitudes and preferences regarding mathematics

Students participating in PISA 2022 were asked a series of questions about how they feel about
mathematics, how they perceive mathematics as a school subject and how they assess their
mathematics skills. Specifically, the following variables are included in our analysis:

being motivated to do better in mathematics than in other core subjects (i.e., reading and
science) which distinguishes between students:

o who agree more with the statement “l want to do well in mathematics class” than
with similar statements concerning other core subjects,

o who agree equally or less with the statement “l want to do well in mathematics
class” than with similar statements concerning other core subjects;

finding mathematics easier than other core subjects which divides students into those

o who agree more with the statement “Mathematics is easy for me” than with similar
statements concerning other core subjects,

o who agree equally or less with the statement “Mathematics is easy for me” than with
similar statements concerning other core subjects;

preference for mathematics over other core subjects which splits students into those who:

o who agree more with the statement “Mathematics is one of my favourite subjects”
than with similar statements concerning other core subjects,

o who agree equally or less with the statement “Mathematics is one of my favourite
subjects” than with similar statements concerning other core subjects;

mathematics anxiety, or an index based on students’ responses to a set of items concerning
how they feel about their performance in mathematics class. Specifically, the set of items
asked them about how much they (dis)agree with the following statements:

o | often worry that it will be difficult for me in mathematics classes;
o |getverytense when | have to do mathematics homework;

o | getvery nervous doing mathematics problems;

o |feel helpless when doing a mathematics problem;

o | worry that | will get poor marks in mathematics;

o | feel anxious about failing in mathematics.

Each item had four response options ranging from “Strongly agree” (coded 1) to “Strongly disagree”
(coded 4). We first reverse the coding to have higher values indicate higher anxiety. Then, we rescale
the values to have them range from 0 to 1. Next, for each student, we take the average of their
responses to the six items in the block.
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4.5 ICT at school

In addition to the variables listed above, our analysis employs the following variables concerned with
the use of digital tools and devices at school:

e using digital resources for learning vs entertainment at school, which distinguishes students:
o who spend more time using digital resources at school for learning than for leisure,

o who spend about as much or less time using digital resources at school for learning
than for leisure.

e students’ perceptions of the availability and quality of ICT infrastructure at their schools, or
an index built from students’ responses to the following set of items:

o There are enough digital resources for every student at my school;

o There are enough digital devices with access to the Internet at my school;
o The school’s Internet speed is sufficient;

o Digital resources function properly at my school;

o Digital resources are easily accessible within the classroom;

o Digital learning resources available at my school make learning interesting;

o The school provides sufficient technical support to help students in their use of digi-
tal resources;

o Teachers at my school have the necessary skills to use digital devices during instruc-
tion;

o Teachers at my school are willing to use [digital resources] for teaching.

For each item in the block, students are asked how much they agree with it. Available responses
range from 1 (“strongly disagree”) to 4 (“strongly agree”). Thus, higher-valued responses correspond
to a better assessment of school’s ICT infrastructure. For each student, we take the average of their
responses to obtain a single measure of the perceptions of school’s ICT resources. As before, the
responses are rescaled to vary between 0 and 1.

4.6 Background variables
Along with the above-listed variables, this analysis includes some background variables, namely:
e gender, or a dummy for being a female student;
e age (in years);
e having a native background which distinguishes between students
o whose both parents are foreign-born,

o who have at least one parent with a native background,
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e socio-economic status, measured using the PISA’s index of economic, social, and cultural sta-
tus (ESCS). It is a composite measure based on information provided by the students con-
cerning (a) their parents’ or guardians’ educational attainment, (b) their parents’ or guardi-
ans’ occupation, (c) their household’s cultural, material, and educational resources (Avvisati,
2020).

4.7 School-level variables

Along with student characteristics, PISA 2022 provides a lot of information about schools which the
students attend. The information comes from the school questionnaire filled out by the school
principals as part of the PISA 2022 survey.

We use the following school-level variables in our analysis:
e whether the school is private or public,
e the degree of urbanisation of where the school is located with the following categories:
o rural areas,
o small town (up to 100,000 inhabitants),
o cities (with more than 100,000 inhabitants)

e whether or not the school offers in-house training opportunities for mathematics teachers.
Specifically, the principals were asked if the following types of in-house professional develop-
ment existed in their schools:

o Ourschool invites specialists to conduct in-service training for mathematics teachers.

o Our school organises in-service workshops, which deal with specific issues that our
mathematics teachers face.

o Our school organises in-service workshops for specific mathematics teachers
(e.g. newly appointed teachers).

For each of the three items, the principals indicated whether the school offers it or not. Thus, it is
possible to divide schools into (a) those which offer at least one type of in-house professional
development for mathematics teachers and (b) those which offer none.

e whether or not the school offers training opportunities for mathematics teachers in the area
of integrating digital tools into mathematics instruction.

4.8 Treatment of missing values

Missing values are a common problem in many social studies, including large-scale educational
assessments. While there are some solutions which can be applied at the research design stage to
mitigate somehow the incidence of missing data, even carefully planned studies suffer from some
proportion of participants failing to answer some questions in the questionnaire or on the test. When
a participant has a missing value on at least one variable of interest, they have to be excluded from
the analysis. The larger the number of variables included in the analysis, the greater the risk that
students will have a missing value on at least one of them. As a result, missing data lead to
considerable reduction in the sample size and, potentially, to biased estimates given that individuals
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who do answer all questions in the questionnaire and those who do not are likely to differ in
systematic ways (Allison, 2001).

In the present analysis, we use information provided by students and school principals. Both groups
are a source of missing data. However, the consequences of missing data are slightly different in both
cases, because if a school principal fails to answer a relevant question — and if that question is to be
used in the analysis — removing the school from the analysis due to the missingness amounts to
removing all students from that school, too. Therefore, we take the following approach to handling
missing data. In the case of students, we apply listwise deletion, removing from the analysis students
who have missing values on at least one of the variables listed above. This reduces the available
sample by a fourth, from around 170,000 students to less than 130,000. As for schools, in turn, for
each of the variables, we define a separate category comprising schools for whom the relevant
information is not available. This way, we can retain the schools in the analysis.

Appendix 1 reports sample size information for the original and the final samples by EU country and
respondent category (i.e., student and school).
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5 Results

5.1 Results from fixed-effects models

Table 2 shows the results from a series of linear regression models of performance on the PISA 2022
mathematics test. In all the models, along with the variables of substantive interest and control
variables, fixed effects of schools and countries were included. Given the relatively large number of
independent variables included in these models, the table shows only the estimates for the variable
of primary interest, namely, the use of digital resources in the mathematics lessons. These estimates
are expressed in terms of departures, on the scale of the PISA mathematics test, from the reference
category, which comprises students who (declare that they) never use digital tools in mathematics
lessons. Thus, for example, an estimate of 10 for a given category means that students in that
category score 10 points more, on average, in comparison with the students in the reference
category. Similarly, an estimate of —7.5 would mean that students in a given category score 7.5 points
below those in the reference one, on average. A full regression table is shown in Appendix 2.

Table 2. Estimates of the effect of the use of digital tools in mathematics lessons from linear regression models
with country and school fixed effects

Model 1 Model 2 Model 3 Model 4 Model 5
Use digital tools in mathematics
lessons
Less than half 3.33" 2.00 2.42" 1.12 1.22
(1.10) (1.06) (1.07) (1.00) (0.99)
About half -8.03™" -8.92™ -7.877" -8.82"" -8.70""
(1.26) (1.21) (1.20) (1.14) (1.14)
More than half -7.32"" -9.35"* -8.78""" -9.16™" -8.99""
(1.40) (1.31) (1.29) (1.28) (1.27)
Nearly all 1.86 -0.91 -0.50 -2.27 -2.13
(1.43) (1.40) (1.38) (1.34) (1.35)
Background variables No Yes Yes Yes Yes
Motivation/effort No No Yes Yes Yes
Math attitudes No No No Yes Yes
ICT at school No No No No Yes
N 129924 129924 129924 129924 129924
R? 0.00 0.07 0.13 0.20 0.20

**p < 0.001; “"p < 0.01; “p < 0.05

In spite of small numerical differences between the estimates from different models, the overall pic-
ture emerging from Table 2 is pretty much the same across all of them: using digital resources in
mathematics lessons more often is not necessarily associated with better mathematics performance.
If anything, it is associated with worse performance, although the relationship is not linear. Students
who say that they use digital resources in “about half” or “more than half” of their mathematics les-
sons score nearly 10 points fewer than their otherwise comparable peers in the reference group
(who say that they hardly ever use digital resources in mathematics lessons). By contrast, students

who say that they use digital tools in “less than half” or in “nearly all” of their mathematics lessons
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are statistically indistinguishable, in terms of their mathematics scores, from their peers in the refer-
ence category. Thus, the relationship between the (self-reported) frequency of using digital re-
sources in mathematics lessons and the performance of the PISA 2022 mathematics test appears to
be curvilinear, as illustrated in Figure 1.

Figure 1. The relationship between the frequency of using digital resources in mathematics lessons and perfor-
mance on the PISA 2022 mathematics test in a fixed-effects model
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NB: Based on results from Model 5 in Table 2

The result holds even after adjusting for differences among students with respect to a number of
characteristics. For example, in Model 2 we control for gender, age, socioeconomic status and immi-
grant background. In Model 3, the estimates refer to students who, in addition to these characteris-
tics, have comparable levels of motivation, effort, and school engagement. Model 4, in turn, shows
estimates for students who, apart from the characteristics included in the previous models, are also
similar in terms of their general attitudes and preferences towards mathematics. Finally, Model 5
adds variables concerning the use of digital tools for learning purposes and the assessment of
school’s ICT infrastructure.
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As mentioned before, findings from research on the effects of technology-aided mathematics instruc-
tion suggest the existence of heterogeneous effects: some interventions may work better than oth-
ers, and they may work better when targeted at specific groups of students®. One should keep that
conclusion in mind when interpreting our results. That is, our proxy for the use of digital tools in
mathematics is based on students’ responses to a question asking them how frequently they use
such tools. The question is rather general, however. It does not specify the types of digital tools (e.g.,
is it a computer, tablet, smartphone, an advanced calculator, a piece of specialised software, an in-
teractive website, a dedicated companion to the mathematics textbook, or the like) or how they are
introduced (e.g., by a teacher as part of the teaching process or by a student themselves without su-
pervision from the teacher). For example, using a calculator or spreadsheet to speed up or facilitate
one’s calculations does not necessarily translate into a better understanding of mathematical con-
cepts and theorems or how mathematical tools can be used to solve specific problems.

Further, it is important to keep in mind that PISA is a low-stake test for students in the sense that
they face no sanction for failing it or doing poorly on it. Students who lack motivation or simply are
unwilling to exert themselves when it is not associated with extrinsic rewards may end up performing
poorly on the PISA mathematics test, but not because they lack skill or competence, but because
they do think it is worth it. If, in addition, such students are also more likely to declare that they use
digital resources in mathematics lessons more often (because, for instance, rather than trying work
out a solution to the problem at hand themselves they prefer to search for it online or use a calcula-
tor), the observed relationship between the use of digital tools in mathematics lessons and the score
on the PISA mathematics test would actually be a relationship between the former and (the lack of)
intrinsic motivation in disguise. However, our results do not support this interpretation. Model 2 in-
cludes a variable that is often used as a proxy for such personality characteristics as motivation, am-
bition, or conscientiousness, namely, item non-response rate (Zamarro et al., 2019; Karpinski et al.,
2023). If the relationship between mathematics performance and the use of digital tools in mathe-
matics lessons reflected the associations of both variables with motivation, we would observe a dif-
ference in the estimated effect of the use of digital tools in mathematics lessons between Model 1 in
Table 2, which does not include the proxy for motivation, and all other models, which do include it.
However, as mentioned above, the estimates do not change much across the models.

Along with the proxy for the use of digital tools in mathematics lessons, Model 5 includes an addi-
tional variable concerning the use of digital resources for learning, namely, the amount of time spent
by students in using digital tools for learning vs leisure while at school. As explained earlier, students
are divided into those who (declare that they) spend more time using these tools for leisure than
learning (the reference category) and those who (say they) spend more time using them for learning
than leisure. Relative to the baseline category, students who spend more time using digital resources
for learning than leisure while they are at school perform marginally better, the difference being
equal to around 2 points. Again, this variable is far from perfect and its effect is very small, but it sug-
gests that students who spend more time using digital tools for learning than for leisure while they

6 In additional analyses, not presented in this report but available upon request, we interacted the use of digital tools in
mathematics lessons with other variables included in the model. The estimated interaction effects turned out statistically
insignificant, though.
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are at school may be slightly more knowledgeable about how such tools can assist their learning, in-
cluding the learning of mathematics.

There are considerable differences in students’ predicted mathematics performance associated with
their attitudes towards and preferences for mathematics. For example, students with very high levels
of mathematics anxiety are found to lag behind their otherwise comparable peers with very low
mathematics anxiety, the difference exceeding 60 points on the PISA mathematics test. Similarly, stu-
dents who find mathematics easier than other core subjects perform better on the test than their
peers who do not find mathematics easier than other subjects. Also, students who prefer mathemat-
ics over other core subjects score more points on the PISA mathematics test than students who do
not share that preference. Motivation to do better in mathematics than in other core subjects, in
turn, is not associated with better test performance. One should be wary of making causal interpre-
tations of these results. While it is tempting to conclude, for instance, that it is higher levels of math-
ematics anxiety which make students perform worse on the mathematics test, it may actually be that
the reverse is true in the sense that it is students who consistently perform poorly in mathematics
that develop higher levels of mathematics anxiety. Similarly, it is not necessarily the case that prefer-
ence for mathematics over other subjects leads students to do better in mathematics. On the con-
trary, it may be that students prefer mathematics over other subjects because they do better in the
former than in the latter.

The effects of background variables are pretty consistent with the existing research. Students from
more advantaged socioeconomic backgrounds do better on the PISA mathematics test than students
from less advantaged backgrounds. Similarly, students with a native background fare better on the
test than their peers with an immigrant one. Male students outperform their female peers, but the
size of the gender gap varies considerably depending on the model specification. More specifically,
the gap is found to exceed 20 points in models which do not adjust for mathematics anxiety. After
adjusting for it, the gap drops to around 14 points. So, some part of the gender gap in mathematics
scores is associated with gender differences in mathematics anxiety. Finally, students who rarely skip
lessons perform better than their peers with more absences. For example, students who never re-
peated a grade score better than their peers who repeated a grade at least once by around 50 points,
on average. Similarly, students who report to have skipped at least some classes in the two weeks
prior to the PISA test are outperformed by their otherwise comparable schoolmates by around 10
points, on average.

5.2 Results from multi-level models

Up until now, we have discussed only the effects of student-level variables. Also, the approach we
took when estimating the models reported in the preceding sub-section removes between-school
and between-country variability, so the effects reported above refer to differences between students
within the same school. However, schools differ in many respects and some of these differences are
related to how mathematics instruction is delivered. In this section, then, we further explore
variation in students’ mathematics test scores in PISA 2022 by taking a different statistical modelling
approach. Namely, to allow for examining the effects of some school-level variables, we employ
multi-level modelling. Multi-level models are suitable for data with nested observations, such as, for
instance, data from large-scale educational surveys, where students are nested in schools and
schools are nested withing countries (see, e.g., Snijders and Bosker, 2012). Typically, students within
schools are more similar to one another in terms of relevant characteristics than across schools. In a
multi-level model, students are treated as level-1 observations, while schools as level-2 observations.
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Importantly, some level-1 parameters (i.e., intercept or a slope associated with a specific student-
level variable) are allowed to vary across level-2 units (i.e., schools). Thus, the overall variance of the
error term in a multi-level model is decomposed into parts associated with the levels of analysis.
While countries constitute a third level of analysis and, in principle, it would be possible to estimate a
3-level model, following Mijs (2016) we model country effects as fixed effects. Thus, each model
reported in this section is a two-level model with country dummies to control for between-country
variation.

This is not to say, however, that multi-level models are “better”, in some absolute sense, than the
fixed-effect models presented in the previous section. The preference for one modelling approach
over the other is related to specific research questions one is asking. The fixed-effect models are
suitable when one is interested only in the relationships between variables at the student level or
when the information about school-level characteristics is unknown or unavailable. Multi-level
models, in turn, are suitable when one wants to understand how student-level relationships vary
with school-level characteristics. For example, are socioeconomic differences in students’
mathematics performance larger in urban or in rural schools? By posing such a question, we allow for
the effect of socioeconomic status, a student-level variable, to vary depending on context, i.e.,
whether the school is located in an urban or rural area. Thus, rather than a single fixed effect of
socioeconomic status for all students in the sample, multi-level models allow for estimating separate
effects of socioeconomic status for students in urban and rural schools.

Table 3. Estimates of the effects of the use of digital tools in mathematics lessons and school-level variables
from multi-level linear models

Model 1 Model 2

The use of digital tools in mathematics lessons

Less than half 0.10 0.09
(0.64) (0.64)
About half -12.03"  -12.03™"
(0.68) (0.68)
More than half -14.37""  -14.37™
(0.89) (0.89)
All or nearly all -5.72™ -5.727
(0.75) (0.75)
Public or private school (ref.: Private)
Public (;4233
Unknown 6.51
(6.34)
Degree of urbanisation (ref.: Rural areas)
Town 19.05™
(2.51)
City 36.27"
(2.72)
Unknown 11.75

(6.34)




Model 1 Model 2

Training opportunities for mathematics teachers in the area of
integrating digital resources into mathematics instruction (ref:

No)
Training opportunities: Yes 491"
(1.65)
Training opportunities: Unknown 7.98
(8.42)
In-house professional development (ref: No)
In-house training: Yes 9.13™"
(1.48)
In-house training: Unknown -13.69
(9.77)
Background variables Yes Yes
Motivation/effort Yes Yes
Mathematics attitudes Yes Yes
ICT at school Yes Yes
School random effects Yes Yes
Country fixed effects Yes Yes
Num. obs. 129,924 129,924
Num. groups. 6,180 6,180
AIC 1,464,502 1,464,051

*

"p < 0.001; "p < 0.01; "p < 0.05

Results from the multi-level models are reported in Table 3. Model 1 has the same specification as
Model 5 in Table 2 in terms of its fixed-effect structure, but it also includes random effects associated
with schools. However, it does not include any school-levels variables. Model 2, in turn, extends
Model 1 by including a number of school-level variables. Before discussing the result, let us make
some general observations. First, all student-level independent variables are centered at their school
means. Thus, the intercept corresponds not to expected performance on the PISA mathematics test
when all predictors are set to 0, but when they are at their respective school means. Second, as men-
tioned earlier, to avoid further reductions in the available sample size, we decided against dropping
from the analysis schools which have missing values on the variables of interest. Instead, for each of
the variables, we defined a separate category comprising schools for which the relevant information
is unknown or unavailable. Finally, as in the previous section, we include only a subset of estimates in
Table 3 due to a large number of predictors. However, a table with all estimates is shown in Appendix
3.
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Figure 2. The relationship between the frequency of using digital resources in mathematics lessons and perfor-
mance on the PISA 2022 mathematics test in a multi-level model

o
|
|
|

n

Difference from the reference category

-10

-15

Less than half About half More than half Nearly all
NB: Based on results from Mode! 2 in Table 3

As regards the effects of using digital tools in mathematics lessons, the results in Table 3 largely re-
produce those reported previously. That is, using the digital tools more often does not lead to a posi-
tive performance on the PISA mathematics test. The only difference relative to the models presented
in Table 2 is that the coefficient on the dummy for using the digital tools in all or nearly all lessons is
now statistically significant and negative, albeit smaller in magnitude than the coefficients for
“around half” and “more than half”. In other words, the relationship between the use of digital re-
sources in mathematics lessons and mathematics performance is still captured by a U-shaped line
(see Figure 2), but it is less pronounced than in Figure 1.

Principals in schools participating in PISA 2022 were asked about the types of “in-house professional
development” existing in their schools. As shown in Table 3 (see column labeled “Model 2”), students
in schools which have at least one form of in-house professional development are found to perform
better, on average, than students in schools which do not have any type of in-house professional de-
velopment programme. The difference is more than 9 points in favour of the former category. In ad-
dition, compared to schools without any in-house professional development, students in ones for
which the information is unavailable are found to perform worse, on average, by a margin of almost
14 points. However, the uncertainty around this estimate is so large that it does not reach statistical
significance.

The principals were also asked about areas in which their schools offer professional development op-
portunities to their mathematics teachers. Specifically, one of the items in the block concerned pro-
fessional development in the area of integrating digital resources into mathematics instruction. As
shown in Table 3, students in schools in which training opportunities in this area are offered fare some-
what better on the PISA mathematics test, by an average of roughly 5 points, than students in schools
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which do not offer such opportunities. As for schools for which the relevant information is not availa-
ble, their students have scores in the PISA test higher by an average of nearly 8 points, but the estimate
is not statistically different from 0.
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6 Conclusions

The latest PISA (PISA 2022) results show that a growing percentage of EU students are lagging behind
in mathematics. Not only are most Member States far away from the EU-level target on
underachievement in mathematics, but also the distance is increasing. Given the importance of basic
skills in mathematics in individuals’ personal, academic and professional life, this calls for increased
efforts towards the implementation of measures aimed at improving students’ mathematics
competences.

In this report, we have attempted to contribute to the discussion on what policies work best and
which do not work in order to enhance students’ achievement in mathematics. We have identified,
through an umbrella review of systematic reviews and meta-analyses, more effective (e.g., tutoring)
and less effective (e.g., technology-aided instruction) initiatives. Moreover, to gain new evidence on
technology-aided instruction, we employed PISA 2022 data to dig into the effects of digital resources
on students’ mathematics test scores. Consistent with the findings from the umbrella review, our
empirical results suggest the lack of a positive association between the use of digital technologies in
mathematics classes and students’ mathematics performance. However, our estimates show that
using digital tools for learning rather than for leisure is associated with some gains in mathematics
achievement.

Additionally, our analysis of PISA data indicates that students tend to achieve higher mathematics
test scores in those schools providing their teachers with professional development in the area of
integrating digital resources into mathematics instruction. Several studies (e.g., Norton et al., 2019)
highlight the importance of giving teachers the opportunity to engage in professional development in
such a field. Teachers often need support to be able to build confidence and motivation with
technology, creating an environment conducive to learning.

Finally, our empirical results provide support for the hypothesis that offering in-house training
opportunities to mathematics teachers is beneficial for student outcomes in mathematics. This result
is in line with the that of some review studies (e.g., Pellegrini et al., 2021) showing that professional
development approaches focused on helping teachers gain in understanding of mathematics content
and pedagogy have a positive impact on student mathematics achievement.
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Annexes

Annex 1. Sample size information on the original and final samples

Original sample

Final sample

Country Students Schools Students Schools
Austria 6,151 302 4,492 294
Belgium 8,286 285 5,437 262
Bulgaria 6,107 202 3,191 193
Czechia 8,460 430 6,586 415
Germany 6,116 257 4,181 239
Denmark 6,200 347 4,105 338
Spain 30,800 966 24,645 961
Estonia 6,392 196 5,371 195
Finland 10,239 241 7,138 239
Greece 6,403 230 4,964 229
Croatia 6,135 180 5,054 180
Hungary 6,198 262 5,057 251
Ireland 5,569 170 4,797 170
Italy 10,552 344 8,577 340
Lithuania 7,257 292 5,697 288
Latvia 5,373 225 4,093 224
Malta 3,127 46 2,219 45
Poland 6,011 240 4,680 235
Romania 7,364 262 5,425 253
Slovakia 5,824 288 4,255 263
Slovenia 6,721 345 5,468 310
Sweden 6,072 262 4,492 256
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Annex 2 (full Table 2). Estimates of the effect of the use of digital tools in mathematics
lessons from linear regression models with country and school fixed effects

Model 1 Model 2 Model 3 Model 4 Model 5
The use of digital tools in mathematics lessons
Less than half 3.33" 2.00 2.42" 1.12 1.22
(1.10) (1.06) (1.07) (1.00) (0.99)
About half -8.03""" -8.92"" -7.87"" -8.82""" -8.70""
(1.26) (1.21) (1.20) (1.14) (1.14)
More than half -7.32"" -9.35™" -8.78"" -9.16"" -8.99"""
(1.40) (1.31) (1.29) (1.28) (1.27)
All or nearly all 1.86 -0.91 -0.50 -2.27 -2.13
(1.43) (1.40) (1.38) (1.34) (1.35)
Female student -20.80™" -22.26™" -14.02" -14.01™
(0.82) (0.80) (0.77) (0.77)
Student’s age 10.69™" 11.56™" 11.55™" 11.56™"
(1.38) (1.33) (1.29) (1.28)
SES (ESCS) 15.79™" 13.64™" 12.20™" 1217
(0.53) (0.51) (0.48) (0.48)
Native background 17.28™" 11.91™ 11.77" 11.68™"
(1.58) (1.55) (1.53) (1.52)
Item non-response -147.59™" -150.39"" -149.89™"
(10.78) (10.86) (10.93)
Never repeated a grade 50.14"" 49.62""" 49,58
(1.40) (1.41) (1.41)
Doesn’t skip school 12.79™" 10.30™" 10.31™"
(0.82) (0.80) (0.80)
Doesn’t come late to school 10.47° 9.41™ 9.41™
(0.80) (0.74) (0.74)
Mathematics motivation 0.39 0.37
(1.44) (1.44)
Mathematics preference 12.46™" 12.49™
(1.00) (1.00)
Finds math easy 8.95™" 8.89™"
(1.26) (1.26)
Mathematics anxiety -66.14""" -66.42"""
(1.51) (1.52)
Digital tools: learning vs leisure 1.62"
(0.65)
School ICT resources -5.22"
(2.16)
Country fixed effects Yes Yes Yes Yes Yes
N 129,924 129,924 129,924 129,924 129,924
R? 0.00 0.07 0.13 0.20 0.20

p <0.001; “p<0.01; p<0.05
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Annex 3 (full Table 3). Estimates of the effects of the use of digital tools in mathematics
lessons and school-level variables from multi-level linear models

Model 1 Model 2
Constant 490.49™" 454,61
(3.40) (10.62)
The use of digital tools in mathematics lessons
Less than half 0.10 0.09
(0.64) (0.64)
About half -12.03™" -12.03™
(0.68) (0.68)
More than half -14.37"" -14.37""
(0.89) (0.89)
All or nearly all -5.72""" -5.72""
(0.75) (0.75)
Female student -10.80™" -10.80™"
(0.46) (0.46)
Student’s age 10.61™" 10.61™"
(0.78) (0.78)
SES (ESCS) 14.79° 14.79"
(0.26) (0.26)
Native background 9.89""" 9.91""
(1.03) (1.03)
Item non-response -171.42™ -171.43™
(13.81) (13.81)
Never repeated a grade 56.18""" 56.21"""
(1.20) (1.20)
Doesn’t skip school 11.68"" 11.69™"
(0.50) (0.50)
Doesn’t come late to school 9.74™" 9.74™
(0.41) (0.41)
Mathematics motivation -1.72 -1.72
(0.91) (0.91)
Mathematics preference 13.53"" 13.53™
(0.69) (0.69)
Finds math easy 11.37"" 11.37""
(0.70) (0.70)
Mathematics anxiety -68.54"" -68.54""
(1.02) (1.02)
Digital tools: learning vs leisure 0.44 0.44
(0.40) (0.40)
School ICT resources 2.51 2.51
(1.50) (1.50)
Public or private school (ref.: Private)
Public -14.43™"
(2.22)
Unknown 6.51
(6.34)
Degree of urbanisation (ref.: Rural areas)
Town 19.05™"
(2.51)
City 36.27"
(2.72)
Unknown 11.75
(6.34)
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Model 1 Model 2
Training opportunities for math teachers in the area of integrating digital resources into
mathematics instruction (ref: No)
Training opportunities: Yes 4,917
(1.65)
Training opportunities: Unknown 7.98
(8.42)
In-house professional development (ref.: No)
In-house training: Yes 9.13
(1.48)
In-house training: Unknown -13.69
(9.77)
Country fixed effects Yes Yes
Num. obs. 129,924 129,924
Num. groups. 6,180 6,180
AIC 1,464,502 1,464,051

" <0.001; “p<0.01; p<0.05
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