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International large-scale assessments (ILSAs) such as PISA play a powerful role in shaping debates
about mathematics education, yet their findings are often used to support claims that extend beyond
what their designs can warrant. Responsible use of ILSA data requires alignment between the
constructs measured, the study design, the questions asked, and the conclusions drawn. In this
paper, I consider three areas in which these issues arise: the policy and public narratives
surrounding international comparisons; the methodological and measurement characteristics of
ILSAs; and the use of ILSAs to address substantive questions in mathematics education research.
The evolving design of ILSAs offers many opportunities to examine important issues within
mathematics education, whilst also creating new questions about construct, design and contextual
alignment.
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Introduction

International large-scale assessments (ILSAs) such as the OECD’s Programme for International
Student Assessment (PISA) play a powerful role in shaping debates within mathematics education.
However, misunderstandings of the epistemic scope of PISA can distort how the findings are used
by politicians, the media and by ourselves as mathematics education researchers. ILSAs have an
important role within mathematics education assessment research (Giberti & Maffia, 2020), but we
need to be clearer about the methodological affordances and constraints of these large-scale
assessments to enable both researchers and other stakeholders to use the findings responsibly.
International assessments do not speak for themselves; their meaning is constructed statistically,
politically and publicly.

In this paper, I argue that responsible research using ILSA data requires careful alignment between
the epistemic affordances of the ILSA design, the questions we ask of it, and the claims being made.
These ILSAs still hold a great deal of untapped potential, but they need to be treated responsibly if
they are to contribute to our understanding of mathematics education. Responsible use of these data
involves considering three dimensions: construct alignment, design alignment, and contextual
alignment. That is, does the claim correspond to what was actually measured? Does the study
design support the inferences made? And are associations being interpreted at the appropriate level
and within their educational context?

To do this, I consider three different but interdependent domains of research that draw on ILSA
data. Firstly, research that considers ILSAs in terms of the policy and public narratives that
surround them, and the impact on curricula, policy and practice. Secondly, research that considers
the more methodological and measurement aspects of ILSAs. Finally, research that uses data from



ILSAs to address wider questions arising from existing research within mathematics education. I
will largely focus on PISA, though many of the arguments apply similarly to other ILSAs and
international large-scale surveys.

PISA includes an assessment of mathematical literacy using an age-based sample of students aged
15-years-old. It is a cross-sectional study historically conducted every three years (usually). This
assessment is accompanied by contextual questionnaires completed by students, schools and, in
some countries, parents. These questionnaires cover general topics, including details about students’
backgrounds, and also include items specific to students' experiences when learning mathematics.
The design and sampling involved in PISA and other ILSAs is complex, with any analysis needing
to make use of both sample weights and plausible values. Sample weights account for the
differences in students’ probabilities of being selected and participating in the study that allow the
estimates from the sample to represent the intended population. Plausible values are used to
repeatedly estimate students’ achievement as each student only completes some of the assessment
items; they are designed to support estimates and comparisons at population and group levels (e.g.,
differences between genders), though they do not enable claims to be made about individual
students.

ILSAs as policy and public narratives

PISA in particular has attracted a great deal of public attention, yet policy and public narratives are
shaped by political narratives and agendas as much as by the results themselves (Jerrim, 2024).
Results that are not reported in the headlines on the day the international report is published
disappear from the debate. The rankings that often accompany these studies are a powerful
simplification of the results that can be used to celebrate climbing the ranks or be weaponised to
justify reform. Well-known examples include the “PISA shock” in Germany, the crisis of “relaxed
education” in Japan, the Nordic Awakening, or descriptions such as being the “Runt of the Litter”.
However, ranks are not necessarily indicators of statistically significant differences — there may be
no statistically significant differences between the performance of students in the country ranked
8th for mathematics and the performance of students in the country ranked 14th. Rankings illustrate
a simple form of misalignment between the data and the claims made, where crude ordering of
average scores in countries is interpreted as evidence of meaningful differences between education
systems, even where the assessment does not support that distinction (also an issue for the different
league tables in which universities are ranked).

This focus on rankings has also contributed to the emergence of what have been termed “reference
societies”, such as Finland, Singapore, Shanghai, etc., leading to policy tourism, borrowing, and
narratives that justify or support a reform agenda (You & Morris, 2015). Yet policy borrowing and
referencing is often selective, with the identified differences in outcomes not necessarily
establishing which features produce these differences (Cantley, 2019). Such referencing does not
necessarily involve borrowing actual practices but rather borrowing narratives around policies
(Jerrim, 2024; Volante & Klinger, 2023), as illustrated in England’s focus on Shanghai
mathematics, which contributed more to dialogue about mastery than changes in practice (Probert,
2021). The inference that characteristics of practice in higher-performing countries can be used to



explain the high performance of their students and that this practice should therefore be transferred
to other contexts raises several questions of alignment. Does the measurement of that practice in
these ILSAs accurately reflect the aspects of that practice in classrooms? Can an association
between that practice and performance in mathematics in one country be meaningfully transferred
to another?

One consequence of these ILSAs has arguably been a homogenisation of mathematics curricula
around the world (Johansson & Hansen, 2019), PISA in particular is explicitly normative (Sjgberg
& Jenkins, 2022). Kadijevich et al. (2023) illustrate the different influences of PISA and TIMSS,
with TIMSS encouraging convergence around content and skills while PISA encourages ideas
around competency and mathematical literacy. Construct alignment therefore matters before any
statistical analysis can begin. The issue is not simply that these two ILSAs contain different items;
their frameworks constrain what can become visible as “successful” mathematics education.
Systems may appear relatively stronger or weaker depending on which conception of mathematics
is providing the basis for the comparison. These studies are not neutral about what mathematics is,
what mathematics education is for, or what should get attention in national and international
debates.

These narratives arise because ILSA define what outcomes are valued in ways that mean that
education systems can be compared on these outcomes. Higher-performing systems then become
treated as having authority and expertise in what high-quality mathematics education is, and
become potential sources of policy or practice borrowing. These narratives around which outcomes
are valued, combined with this policy borrowing, then lead to greater homogenisation in the drive to
improve rankings within these assessments - but is improving rankings the goal or improving
mathematics education?

ILSAs as measurement

The political authority of ILSAs depends partly upon their presentation as measurements, yet what
is measured is itself the result of substantive decisions informed by existing research, organisational
priorities and agendas, as well as current public narratives. These substantive decisions include
what mathematics is assessed, what contextual variables are important and how they should be
measured, and how achievement should be statistically constructed. In this section I briefly examine
each of these to highlight the importance of construct alignment in handling ILSA data responsibly.

There are subtle differences in the nature of mathematics that different ILSAs are assessing. PISA,
for example, focuses on mathematical literacy and “preparing students to use mathematics in every
aspect of their personal, civic and professional lives, as part of their constructive, engaged, and
reflective 21st Century citizenship” (OECD, 2023, p. 52). This emphasis on the utilitarian value of
mathematics to society and individuals is consistent with the broader OECD focus on education as a
driver of economic growth (Beccuti, 2024). The nature of mathematics is one of utility; it is a tool
to be used, which is also reflected in the emphasis on mathematical modelling. In contrast, TIMSS
focuses on what students have learned from the school curriculum and mathematics is treated as
disciplinary knowledge. Consequently, apparently similar claims about mathematics achievement



do not necessarily refer to equivalent or comparable constructs across ILSAs as they operationalise
mathematics differently.

Alongside mathematics, these studies also include items designed to measure latent constructs such
as a student’s sense of belonging in school or their growth mindset. These measures are often quite
limited, with few items used for each construct in order to minimise the time students need to spend
completing the questionnaires. They are also restricted to constructs that can be meaningfully
measured across a range of country contexts. Cultural and social differences in the interpretation of
questions can lead to differences in results that may not reflect differences in the prevalence (or not)
of the construct itself. For example, Min et al. (2016) show how culturally patterned responses may
have contributed to differences in mathematics self-confidence reported across countries, which
complicates the interpretation of comparisons involving this construct. This creates both a construct
and contextual alignment issue which requires us to consider the different operationalisations and
interpretations before any comparisons are made.

Working with these large-scale studies as researchers is challenging. They are designed to support
inferences about populations from samples, and it is therefore essential that we consider what
population that particular sample is representative of (Atasever et al., 2025; Micklewright et al.,
2012). This is key to design alignment. This sampling means that weights are used, yet there is
debate about the extent to which these weights matter — ignoring them often produces biased
estimates but does not often change conclusions (Jerrim et al., 2017). Historically there have been
many published articles that have essentially ignored the sample design, yet whether this necessarily
means that their conclusions should be ignored is debated (Atasever et al., 2025; Jerrim et al.,
2017). Design alignment is not simply a matter of using established statistical methodologies that
include these weights; it requires us to be clear about the population to which we are intending to
generalise and whether the sampling design can support this.

Achievement is estimated using plausible values to generate population-level scores because
students answer only a fraction of the items available in the assessment, and this estimation also
considers background characteristics such as gender and socioeconomic background. Achievement
in mathematics as measured in these assessments is therefore a population-level latent estimate, not
observed individual scores on the assessments. Responsible analysis requires us to match the levels
of our claims to the levels at which the assessment was designed to provide reliable data.

Over time, these assessments have also changed the methodology of the assessments themselves,
with updated frameworks and more complex assessment designs. This includes shifts from paper-
based assessments to computer-based assessments, and to the use of an adaptive design where
students are given different items depending upon their performance in previous items. Key
constructs are also not fixed over time; items change, frameworks evolve, domains enter and leave,
and latent constructs are redefined. Many of these evolutions challenge what can and what should
be compared over time.

Finally, the sheer number of variables and constructs that these ILSAs contain also pose a risk of
data mining, particularly in an age of machine learning and Al tools which can analyse these large



datasets. The sophistication of these methods is increasing faster than our discussions about what
should and can be researched.

Large-scale datasets require specialised methodological care. The closer we move from system-
level patterns about which countries perform highly, where inequalities exist and what has changed
over time, towards claims about teaching and learning, and what teachers and schools should do, the
more careful we need to be. ILSA designs are less able to support the inferences made as we move
from system-level foci to teacher- or student-level foci. This goes beyond issues of attempting to
make explicitly causal statistical claims. Similar issues arise when descriptive international
differences are translated into explanations of effective teaching. For example, several policies have
focused on advocating for specific pedagogical practices borrowed from high-performing countries,
yet Bokhove (2022) showed that there was no consistent pattern of instructional practices both
within East Asian countries and between East Asian and Western countries using TIMSS 2019 data.
ILSAs can be used to identify systematic relationships between the measured features of
instructional quality and mathematics achievement (e.g., Bellens et al., 2019; Liu et al., 2024;
Nilsen et al., 2026), but the meaning, stability and nature of these relationships require considerable
care. The international nature of these assessments enables us to ask questions about whether
constructs matter similarly across countries and student profiles, yet the measurements included
may not be invariant across countries, time, modes or even groups of students. Issues of construct
and design alignment can be intertwined where we need to establish what is being measured over
time given changes to the study designs.

ILSAs can also tell us only so much. One key area that ILSAs have particularly highlighted is
educational inequalities, particularly those related to students’ gender, socioeconomic or migration
background. These studies make educational inequalities visible, but do not naturally answer the
questions about how to reduce them. They can often allow us to answer questions about what
constructs can explain some of the variances associated with these demographic variables. For
example, the construct of Opportunity to Learn (OTL) has been widely researched since its original
identification as a potential explanation for differences in performance associated with
socioeconomic background (Schmidt & McKnight, 1995) and, more recently, race (Schmidt et al.,
2024). OTL provides one possible mechanism connecting socioeconomic background to
performance in mathematics, supporting arguments that students’ opportunities to learn are more
limited if they have lower socioeconomic status, which consequently impacts their mathematics
attainment, but also that their mathematics attainment can also impact their subsequent
opportunities to learn (Ingram, 2026). Yet these associations are context-specific, existing in some
educational contexts (predominantly Western contexts) but not others. A cross-sectional association
between OTL and attainment in mathematics can be used to support several substantially different
arguments (Hansen & Strietholt, 2018).

ILSAs as a research opportunity

In this final section, I consider the potential questions that ILSAs are particularly suited to
answering, with a focus on emerging opportunities from the more recent methodological
innovations and refinements.



The first opportunity is a focus on population distributions. Although attention is frequently on
means and average performance, the large samples enable us to also look at distributions. In an age
of evidence-based policies and practices, these variations are increasingly important to understand —
what works for the ‘average’ student, or for students in one country context where a study took
place, may not work or may even further disadvantage other students. ILSAs can enable us to
examine the heterogeneity across education systems and challenge some of these universal ‘what
works’ claims.

Over time, these studies have shown how education systems are remarkably stable in terms of
average performance despite a context of curriculum reform, policy change, and shifting
government priorities. There is substantial persistence in system-level patterns in relation to the
relative performance of students in different education systems, inequalities, and relationships
between performance and some contextual variables. These assessments reveal how difficult
education change actually is. Furthermore, curriculum reform and policy change do not happen in
isolation, so attributing change to particular reforms is often challenging (Nilsen et al., 2026).
Existing research has highlighted the inconsistencies across different predictors over time and
cultural contexts (Wang et al., 2023), yet this tells us something about the contextual dependence of
these relationships. Instead of questions about what predicts mathematics achievement, questions
need to be asked around the educational contexts in which associations appear, disappear or even
reverse. Contextual alignment therefore includes considering the scope of a generalisation itself as
an empirical question. In which education systems and for which groups of students under which
educational conditions are these contextual constructs associated with mathematics achievement?

The most recent PISA cycle also offers new potential research directions, as the assessment
measures not only outcomes but also behaviour during the assessment. This includes response
times, item navigation, how often students revisit items, what they skip or omit, particular
sequences of actions and potentially problem-solving pathways. The improvements in technologies
and methodologies allow us as researchers to identify patterns in millions of interactions, perhaps
enabling us to go beyond students’ responses to items to aspects of their reasoning processes.
However, more data does not necessarily mean better explanations. It will be interesting to see
whether this richer process data expands the epistemic scope of ILSAs, or simply allows us to
identify more complex associations. Questions that can potentially be addressed relate to all three
dimensions: construct alignment — what does response time actually measure? Design alignment —
does observing a sequence of behaviours within or across items allow us to infer a reasoning
process? And contextual alignment — are comparable digital behaviours comparable across students
and cultures?

Care is also needed around the questions we ask of ILSAs that they were never designed to answer.
These studies can help us to identify patterns, not causes (Rutkowski et al., 2024). Yet research
responsibilities go beyond avoiding causal claims; we also need to ensure that different, sometimes
competing, interpretations or explanations of associations are visible. Responsible use is not about a
more cautious or conservative use of ILSAs. It is about aligning the questions we ask, the constructs
we use, the ILSA design with the claims and conclusions we make.
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