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PHILOSOPHICAL INSIGHTS INTO PISA AND MATHEMATICS 
EDUCATION POLICY ISSUES 

Ian Cantley 
Queen’s University Belfast 

 

The mathematical attainment of schoolchildren around the world is assessed in PISA (the Programme 
for International Student Assessment), which is administered on a three-yearly cycle by the 
Organisation for Economic Co-operation and Development (OECD). PISA is purported to provide 
valid and reliable comparisons of students’ mathematical achievements in a range of different national 
education systems, and the results can have major implications for the mathematics education policies 
of these nations, sometimes leading to policy-borrowing from high-performing countries/regions. 
Aspects of Ludwig Wittgenstein’s later philosophy of mind are used to problematize an over-reliance 
on the use of PISA to inform policy decisions in mathematics education. It is suggested that, when 
PISA is viewed through a later Wittgensteinian lens, a potential deficiency in the underpinning 
psychometric model, pertaining to the inherent indeterminism in unmeasured mathematical abilities, 
may weaken PISA’s utility in guiding mathematics education policy decisions. 

INTRODUCTION 

High-performing countries in the Programme for International Student Assessment (PISA) often take 
great pride in their achievements and attribute them to the success of their mathematics education 
policies (Dossey & Wu, 2013). By contrast, in lower-performing countries, there are frequently 
widespread calls for reform of mathematics education policies by both the public and the relevant 
governments. Politically, lower than desired performance has the potential to legitimise increased 
government involvement in re-orientating mathematics education policies. As Dossey and Wu (2013) 
noted, “the very existence of rankings provided by assessments such as the … OECD studies provide 
a perceived base of scientific rationality for policy proposals and their public explanations” (p. 1019). 
Even if it is assumed that the PISA measurement model has a high level of technical fidelity, basing 
policy decisions on PISA performance is problematic. For example, the education systems of 
participating countries are diverse and they advocate different approaches to mathematical pedagogy, 
the national mathematics curricula may not be closely aligned with the PISA framework for 
mathematical literacy, and approaches to student sampling are inconsistent, thus creating challenges 
in relation to drawing direct comparisons between PISA performance levels. However, policy 
decisions predicated on PISA outcomes would be potentially even more problematic if the 
underpinning psychometric model, which is based on item response theory (IRT), were found to have 
inherent weaknesses. This paper examines the technical fidelity of the PISA measurement model from 
a fundamental philosophical perspective, and explores the consequent implications for PISA-informed 
policymaking. Whilst the technical robustness of PISA has been questioned by numerous other 
researchers (e.g. Goldstein, 2004), there is a dearth of fundamental philosophical critiques such as the 
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one advanced in this paper. Irrespective of whether differences in the PISA performance of 
participating countries are attributable to the different mathematics curricula and pedagogical 
approaches employed by teachers, different sociocultural contexts, deficiencies in the underpinning 
psychometric model, or some combination of these factors, lower than desired achievement in PISA 
can have significant policy ramifications. 

In lower-achieving countries, the “shock” that is generated by the publication of PISA results often 
leads to a reappraisal of mathematics education policies, and there is an increased tendency to ‘borrow’ 
policies from high-performing nations (Grek, 2009). In an attempt to improve a country’s international 
standing, its mathematics education policymakers may borrow policies which were developed, and 
perceived to be effective, in other nations without due regard for the contexts in which the policies 
were initially operating. Limited cognizance may be taken of the support structures that ensured the 
success of the policies, the different cultural contexts in which they were situated, the effect of policy 
borrowing on the coherence of existing mathematics education provision, or the power of PISA scores 
to predict students’ future mathematical behavior (Clapham & Vickers, 2018). 

INHERENT INDETERMINISM IN UNMEASURED MATHEMATICAL ABILITIES 

Ludwig Wittgenstein’s so-called ‘private language argument’ (PLA), in which he contrasts his 
perspectives on thought and cognition with those espoused in cognitive psychology, is an important 
pillar of his later philosophy. In cognitive psychology, constructs such as mathematical ability are 
viewed as mental entities that provide causal explanations for other human behaviour or action, e.g. 
the response of a child to an item on a mathematics test. However, to exemplify the implications of 
PLA for undermining such a worldview, a hypothetical example involving a test designed to assess 
children’s ability to accurately use the mathematical operation of addition will be outlined. 

Consider the case of George, who takes such a test which, for the sake of simplicity, consists of just 
two addition questions – q1 and q2 – each of which is entirely new to George. The test is designed to 
measure George’s mathematical ability with respect to these two questions, and suppose that the 
teaching George received in arithmetic was highly successful so that he might confidently proclaim to 
have “learned the concept ‘add’”. Suppose that George gives the correct answer for q1. What can be 
said about George’s ability (or grasp of the meaning of ‘add’) after answering q1 but before q2 has 
been attempted? It is tempting to suggest that, before he answers q2, it is to his mind one should look 
in search of his ability even if, from his first-person perspective, the PLA implies George can find 
nothing in his mind that tells him how he should respond to q2.  

Wittgenstein’s (2009) line of reasoning implies that, prior to actually answering q2, there are no criteria 
for judging the correctness, or otherwise, of a potential answer to the question, and any answer can be 
deemed to agree with the requirements of the rule for addition if a relevant interpretation of the rule is 
adopted. Wittgenstein (2009) makes the point that, prior to an answer being proffered, a rule can be 
interpreted in multiple ways, so that there are no criteria for a correct application of the rule: 

This was our paradox: no course of action could be determined by a rule, because every course of action can 
be brought into accord with the rule. The answer was: if every course of action can be brought into accord 
with the rule, then it can also be brought into conflict with it. And so there would be neither accord nor 
conflict here. (§201) 
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He also implies that the problem is not resolved by attaching a further interpretation to the initial 
interpretation as this simply leads to an infinite regress, and it is only when George gives his answer 
to the addition problem that the answer can be judged as either correct or incorrect. George’s teacher, 
from her third-person perspective, can compare his answer with the consensus view of the community 
of mathematicians, and pronounce it to be either correct or incorrect. One is forced to conclude that 
ability is a relational (rather than an innate) attribute. In other words, his response is George’s relation 
to q2 rather than an innate property of George. It would appear to be problematic to refer to George’s 
ability as a thing-in-itself divorced from the measuring instrument (the practice of addition). Given 
that what can be said about his ability changes radically with the environmental contingencies, in this 
case the question being asked, one cannot meaningfully speak of ability divorced from the instrument 
of measurement. Furthermore, the argument outlined above implies that George’s ability relative to a 
specific question is indefinite prior to answering it, but becomes definite when he gives his answer. 

It is conceivable that a rebuttal of the inherent indeterminism in mathematical abilities prior to their 
measurement might be attempted by appealing to neural processes in the brain. However, a 
philosophical conundrum persists even if it is assumed that mental states are correlated with brain 
states, which is a very reasonable assumption. The PLA suggests that it is impossible to reduce mental 
states to brain states since, according to the logic outlined above, there are no criteria to identify 
subjective mental states. Therefore, it would seem that, prior to George giving an answer to a question, 
the uncertainty in his mathematical ability is irreducible since it cannot be further reduced by 
measuring his brain states due to the inherent indeterminism in the associated mental states. Thus 
unmeasured mathematical abilities are ontologically rather than merely epistemologically 
indeterminate. 

PHILOSOPHICAL INCOHERENCE OF ITEM RESPONSE THEORY 

The apparent indeterminism in mathematical abilities prior to measurement suggests that the 
probabilities linked to measuring these attributes are necessarily objective as opposed to subjective. 
Subjective probabilities are used to describe an event where the associated uncertainty is reflective of 
an incomplete knowledge of factors influencing the event, such as the outcome of tossing a fair die. 
With complete knowledge of the die, and the variables that affect its motion, the result of a die-tossing 
experiment could, in principle, be predicted with certainty. However, ignorance of relevant 
information mandates the use of subjective probabilities to characterize the possible outcomes of the 
experiment. Objective probabilities, on the other hand, are associated with events where there is 
irreducible uncertainty that is not symptomatic of an incomplete knowledge of all relevant factors. The 
Wittgensteinian reasoning summarized above seems to imply that there is irreducible uncertainty in 
the ascription of mental predicates, which does not emanate from human or measuring instrument 
restrictions. Even if the mental states of another person could be directly accessed, no further relevant 
information would be divulged. In IRT, the probability of a student answering a test item correctly is 
modelled as a function of the student’s mathematical ability and the item properties (e.g. its difficulty). 
Lord (1980, pp. 227-228) argued that the probability function in IRT necessarily represents a 
subjective rather than an objective probability and, in so doing, he implicitly assumed ability levels 
are definite, albeit unknown, prior to measurement. However, as outlined above, Wittgenstein’s PLA 
implies that ability levels are actually indefinite prior to their measurement, thus potentially 
compromising the accuracy of mathematical ability estimates derived from the PISA IRT models. 
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CONCLUSION 

All tests purporting to measure mathematical ability are placed under tension by the Wittgensteinian 
critique outlined in this paper, but those predicated on IRT are particularly vulnerable because of IRT’s 
reliance on hypothetical test-independent mathematical ability constructs that are assumed to have 
definite, but unknown, values prior to measurement. Whilst the critique of IRT in this paper 
undermines the validity of PISA in its current cross-sectional guise, faith in the OECD assessment 
programme may be restored if it were remodelled to incorporate a longitudinal dimension. If the same 
students were followed over a number of years, it may be possible to establish predictive validity of 
the PISA mathematical ability measures in terms of their potential to accurately predict later 
mathematical behaviour, for example at the end of secondary education or in employment scenarios. 
Indeed, due to the difficulties associated with establishing causal inferences, cross-sectional studies of 
the type currently conducted by PISA do not generally permit the effect of different educational 
policies or practices on academic achievement to be studied. On the other hand, a longitudinal study 
would facilitate an investigation of the extent to which individual students’ PISA mathematics scores 
predict later mathematical performance. If PISA scores were shown to be strong predictors of 
subsequent mathematical outcomes (at the level of the whole PISA study rather than in selected 
countries), it would extirpate the potential concerns about the technical fidelity of PISA that emanate 
from the Wittgensteinian analysis outlined in this paper. Furthermore, if PISA scores were confirmed 
to be technically robust using such an approach, a longitudinal study would permit a more rigorous 
investigation of the effects of different national education policies on student achievement. The 
apparent influence of different policies or practices on student achievement can change very 
significantly when cognisance is taken of prior achievement, which has a major bearing on subsequent 
performance. Given the prominent role of studies such as PISA in influencing the mathematics 
education policies and practices of individual nations, it is suggested that a reorientation of PISA to 
include a longitudinal aspect should be a priority, although the associated practical and logistical 
challenges are acknowledged. 
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