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INTRODUCTION

The Programme for International Student Assessment (PISA) is a study designed to 
measure 15-year-olds’ ability in reading, mathematics and science. According to the PISA 
technical reports (PISA technical standard 2.11), students should take the test in the lan-
guage in which they are most comfortable. This is so that their scores on the test reflect 
their actual skill in the subject(s) being assessed and are not unduly influenced by pupils 
having limited language skills2 (OECD, 2012, pp. 369–370). In doing so, the Organisation 
for Economic Co-operation and Development (OECD) implicitly acknowledges how a 
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Abstract
In this paper we investigate the link between the 
language in which pupils take the Programme for 
International Student Assessment (PISA) test and 
the scores they achieve in this assessment, focusing 
upon the case of Wales. Using five rounds of PISA 
data and an instrumental variable approach, we show 
how pupils who took the test in Welsh score around 
0.3 standard deviations (30 PISA test points) lower in 
reading, mathematics and science than their peers 
who took the test in English. This finding is robust 
to different model specifications and statistical ap-
proaches. We argue that this may indicate that the 
academic performance of teenagers in Wales may 
be underestimated in PISA – particularly amongst 
those who take this test in Welsh.
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difference between pupil’s “home language” (i.e. the language they speak outside of 
school, such as with their friends and family) and their “test language” may have an im-
pact upon the results.

Kennedy and Park (1994) have studied the link between test language, home language 
and academic achievement in the context of middle-school Asian-American and Mexican 
pupils in the United States. They found that those students who did not speak English at 
home obtained lower reading test scores. Similarly, in an analysis of PISA 2000 data for 
Australia, De Bortoli and Cresswell (2004) found that pupils who took the test in a language 
they did not regularly speak at home achieved lower scores overall. The work by Mancilla-
Martinez and Lesaux (2011) in the United States found that students whose home language 
was Spanish – but who took a test in English – tended to achieve lower test scores than 
native English speakers.

This issue is also prominent in international public policy and political debates. In many 
countries the existence of multilingualism has been used as a symbol of nationalism by po-
litical parties. That is the case for French in Canada, Catalan in Spain and Welsh in Wales. 
In the present study, we focus on the latter.

In this context, a distinctive characteristic of the Welsh education system is the existence of 
schools that use Welsh as the primary language of instruction (Johnes, 2020). Concretely, in 
Wales, there are different types of school, which vary in their use of English and/or Welsh in the 
classroom. According to the Welsh Assembly Government (2007): “a school is Welsh-speaking 
if more than one half of the following subjects are taught (wholly or partly) in Welsh: (a) religious 
education, and (b) the subjects other than English and Welsh which are foundation subjects in re-
lation to pupils at the school” (Parliament of the United Kingdom, 2002, 105(7)). In particular, there 
are four categories of secondary school (Jones, 2016; Welsh Assembly Government, 2007):

a.	Welsh-medium secondary schools. Schools where all subjects (apart from English) 
are taught in Welsh, with this language used for everything throughout the school.

b.	Bilingual secondary schools. These schools use a combination of Welsh and English. 
There are four sub-groups within this category, which differ in the percentage of subjects 
taught in Welsh and whether they are also offered in English at the same time. These 
sub-groups are: 2A (at least 80% of subjects, apart from English and Welsh, are taught 
in Welsh), 2B (at least 80% of subjects, except English and Welsh, are taught in Welsh, 
but also in English), 2C (50–79% of subjects, excluding English and Welsh, are taught 
in Welsh, but also in English) and 2CH (all subjects, apart from English and Welsh, are 
taught in both languages). Both languages are used for communication in these schools, 
but priority is given to Welsh.

Key insights

What is the main issue that the paper addresses?

We investigate the link between the language in which pupils take the PISA test and 
the scores they achieve in this assessment, focusing upon the case of Wales.

What are the main insights that the paper provides?

We find that pupils in Wales who took the test in Welsh score around 0.3 standard 
deviations lower in reading, mathematics and science than their peers who took the 
test in English.
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c.	Predominantly English-medium secondary schools with significant use of Welsh. In these 
schools English and Welsh are used in teaching (with 20–40% of subjects in Welsh) and 
both languages are used for communication in the school, giving priority to Welsh.

d.	Predominantly English-medium secondary schools. In these schools most subjects are in 
English, and only one or two subjects are optionally offered in Welsh. English is the pre-
dominant language for communication, but some Welsh is also used.

The distribution of these schools across different areas within Wales can be found in 
Table 1. This highlights how around 72% of secondary schools in Wales are English-medium 
only, although there is significant regional variation. For instance, whereas 90% of schools 
are English medium in south-east Wales, this falls to around 52% in the north, where Welsh-
medium (or Bilingual with a strong emphasis on Welsh) education is much more prevalent.

Interestingly, previous research has suggested that the socio-economic composition of 
English-medium, Welsh-medium and Bilingual schools may also differ. For instance, Van den 
Brande et al. (2019) illustrate how the average rate of disadvantaged pupils in English-medium 
schools is 21%, which is notably higher than in Bilingual (14%) and Welsh-medium (10%) schools. 
According to these authors, “Welsh medium schools have frequently been supposed to be ‘bet-
ter’ than English-medium schools, and thus may attract parents with cultural capital and partic-
ular aspirations for their children, regardless of their own linguistic background” (p. 49). Jones 
(2017b) also noted how Welsh-medium schools have a reputation of being highly successful, 
which is likely to be attractive for upper- and middle-class parents. In addition, Welsh-medium 
schools attract a profile of higher socio-economic status students also owing to the bilingual 
education that they offer, a feature which has been found to be beneficial to students’ learning 
(Edwards & Newcombe, 2006; Jones, 2017a). Yet the existing literature (e.g. Jerrim & Shure, 
2016) has also found average reading and science scores to be lower amongst pupils attending 
Welsh-medium schools than amongst pupils attending English-medium schools.

This has led most existing work in this area to focus upon differences in academic perfor-
mance between Welsh-medium and English-medium schools. For instance, Gorard (1998) 
shows that, once differences in local-area characteristics are taken into account, there is 
no significant difference between the performance of Welsh-medium and English-medium 
schools in Wales. However, to our knowledge, there is no evidence as to whether taking the 
PISA test in Welsh might be detrimental for the scores obtained by Welsh pupils (compared 
with the alternative of taking the test in English). As we will see, in spite of the PISA tech-
nical standard 2.1, Welsh students may not be freely choosing the language in which they 
take the PISA test (according to Sizmur et al., 2019, p. 199, students take the PISA test in 
the school’s language of instruction in Wales). Specifically, we aim to address the following 
research question:

TA B L E  1   The distribution of secondary school types across Wales by area in 2019/2020

Welsh 
medium

Bilingual 
– 2A

Bilingual 
– 2B/2C

English with 
significant Welsh

English 
medium Total

North Wales 5 10 7 2 26 50

South-west and mid Wales 4 4 6 5 32 51

Central south Wales 6 — — — 44 50

South-east Wales 3 — — — 29 32

All schools 18 14 13 7 131 183

Notes: There were no bilingual 2CH schools in Wales in 2019/2020.
Source: Retrieved from Welsh Government StatsWales, https://stats​wales.gov.wales/​Catal​ogue/Educa​tion-and-Skill​s/Schoo​
ls-and-Teach​ers/Schoo​ls-Censu​s/Pupil​-Level​-Annua​l-Schoo​l-Censu​s/Schoo​ls/schoo​ls-by-local​autho​rityr​egion​-welsh​mediu​
mtype

https://statswales.gov.wales/Catalogue/Education-and-Skills/Schools-and-Teachers/Schools-Census/Pupil-Level-Annual-School-Census/Schools/schools-by-localauthorityregion-welshmediumtype
https://statswales.gov.wales/Catalogue/Education-and-Skills/Schools-and-Teachers/Schools-Census/Pupil-Level-Annual-School-Census/Schools/schools-by-localauthorityregion-welshmediumtype
https://statswales.gov.wales/Catalogue/Education-and-Skills/Schools-and-Teachers/Schools-Census/Pupil-Level-Annual-School-Census/Schools/schools-by-localauthorityregion-welshmediumtype
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Does taking the test in Welsh reduce students’ PISA test scores?

To do this, we use five cycles (2006–2018) of PISA data for Wales. These data allow us to 
identify both the language spoken by pupils at home and the language in which they took 
the PISA test (students in Wales took the test in either English or Welsh). One novel aspect 
is that we attempt to move a step closer towards estimating a causal effect by implementing 
an instrumental variable approach.

The paper now proceeds as follows: Section 2 provides a description of the data, followed 
by an overview of the methodological approach in Section 3. Results are reported in Section 
4, followed by discussion and conclusions in Section 5.

DATA

Data description

PISA is a test taken by 15-year-old pupils from 80 countries. It aims to assess their skills in 
reading, mathematics and science and has been conducted every three years since 2000. 
Participating students also complete a background questionnaire, while headteachers com-
plete a school questionnaire. We analyse those PISA cycles in which both test and home 
languages are known for Wales: 2006, 2009, 2012, 2015 and 2018. These cycles have been 
chosen because (a) they are the most recent ones; (b) an oversample was drawn for Wales 
to facilitate national reporting; and (c) information on test and home languages has been 
collected.

The test language variable has two options: “English” and “Welsh”. The home language 
variable indicates the language spoken most often at home by the pupil, with five options: 
“English”, “Welsh”, “Irish”, “Ulster Scots” and “Other languages”. Other relevant variables 
for our analysis are pupil’s, father’s and mother’s region of birth, which includes “Germany”, 
“India”, “Ireland”, “Pakistan”, “Poland”, “United Kingdom (England)” and “Other countries”.

Descriptive analyses

Table 2 illustrates the percentage of students who took the PISA test in each language 
(English or Welsh) and the percentage of students who spoke each language at home. The 
percentage of students who took the test in English is stable across PISA cycles (87%), 
along with the percentage who speak each language at home (91% for English, 6% for 
Welsh, 0.1% for Irish, 0.1% for Ulster Scots and 3% for other languages). These figures are 
broadly similar to those reported by StatsWales (2021).

Table 3 illustrates how almost all pupils who took the PISA test in English also spoke 
English regularly at home. The situation is rather different for those who took the PISA test 
in Welsh, of whom more than half spoke English regularly at home. In other words, many 
pupils who usually speak English at home end up taking the test in Welsh. This might be 
due to English-speaking parents enrolling their children in Welsh or bilingual schools be-
cause of the bilingual education that they offer – a feature which may have benefits for 
students’ learning (Edwards & Newcombe, 2006; Jones, 2017a). This would also be consis-
tent with standard policy in many Welsh-medium schools (as previously described), where 
Welsh language is preferred. Indeed, Sizmur et al. (2019, p. 199) note in the official Welsh 
Government PISA 2018 report how “pupils in Wales were assigned assessments and ques-
tionnaires according to the relevant language of instruction”.3 This suggests that students 
in Welsh-medium schools were not offered a choice of test language, but were forced (or 
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strongly encouraged) to take the test in Welsh. Yet this would be a violation of PISA technical 
standard 2.1 – which stipulates that pupils should take the test in the language that they are 
most comfortable with. In fact, from a total of 607 school-by-PISA-cycle observations in our 
data, all pupils took the test in English in 503, in 44 all pupils took the test in Welsh and in 
60 there was a mix of English and Welsh test takers. The fact that in some schools all of the 
pupils took the test in Welsh suggests that students may not have had complete freedom in 
choosing the language to take the test.

Table 4 compares the background characteristics of pupils who took the PISA test 
in English and Welsh. Those who took the test in Welsh tend to come from more ad-
vantaged socio-economic backgrounds than those who took it in English (a difference 
which is statistically significant at convention levels). For instance, Welsh-language test 
takers were significantly more likely to be in the top socio-economic status quartile and to 
have a mother and father who hold a degree-level ISCED 5A or 6 qualification than their 
English-language peers. Table 4 hence clearly illustrates how there are some observable 
differences between students who took the test in English and those who took the test in 
Welsh. In the following Methodology section we discuss how we use regression analyses 
and an instrumental variable approach to attempt to control for such differences between 
these groups.

Finally, Table 5 presents the raw, unconditional differences in PISA scores between 
students who took the test in English and Welsh. These estimates are reported on the 
PISA scale, with a mean of approximately 500 and standard deviation of approximately 100 
across OECD countries. When no other factors are controlled, pupils who took the test in 
Welsh score 41 points lower on average in reading than those who took the test in English. 
The difference is smaller, although still non-trivial, in mathematics (14 points) and science 
(27 points).

TA B L E  2   Percentage of students who took the test in each language and who spoke each language at 
home in Wales

Language

English Welsh Irish Ulster Scots Other language

Language of the test

2006 87 13 — — —

2009 87 13 — — —

2012 87 13 — — —

2015 90 10 — — —

2018 86 14 — — —

All cycles 87 13 — — —

Language at home

2006 92 7 <0.1 — 1

2009 91 6 <0.1 <0.1 2

2012 92 6 <0.1 <0.1 2

2015 90 6 0.2 0.2 4

2018 89 6 <0.1 0.1 5

All cycles 91 6 0.1 <0.1 3

Notes: All OECD recommended practices (final student weights and balanced repeated replication (BRR) weights) have been 
employed. The “—” indicates that there are no data for that region in the PISA cycle.
Source: authors’ own calculations.
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METHODOLOGY

Ordinary least squares

To begin, we analyse the influence of taking the test in Welsh using ordinary least squares 
(OLS). The model is specified in the following way:

where i is the individual, j the school and c the PISA cycle; Cijc are students’ standardised 
scores in reading, mathematics and science (alternatively); WTijc is a dummy variable which 
indicates whether the pupil took the PISA test in Welsh (1) or English (0); Xijc are students’ 
background characteristics (i.e. sex, grade retention, student’s region of birth, if the student has 
lived in the UK since age 6 or older or not4 and month of birth); Fijc are family characteristics 
(socio-economic status, father’s region of birth and mother’s region of birth)5; SCHjc are school 
characteristics (private or public funding); PISAc controls for PISA cycle; and εijc is the idiosyn-
cratic error term.

The estimated β coefficient will illustrate whether taking the PISA test in Welsh continues 
to be associated with lower PISA scores than taking the test in English, controlling for a wide 

(1)Cijc = � + �WTijc + �Xijc + �Fijc + �SCHjc + �PISAc + �ijc

TA B L E  3   Percentage of students who took the test in English or Welsh by language spoken at home in 
Wales

Language spoken at home

English Welsh Irish Ulster Scots Other language Total

Language of the test

2006

English 97 2 0.1 — 1 100

Welsh 58 42 0 — 0 100

2009

English 94 3 <0.1 <0.1 3 100

Welsh 67 32 0 0 0.3 100

2012

English 95 2 <0.1 <0.1 3 100

Welsh 67 33 0 0 0 100

2015

English 93 2 0.2 0.2 4 100

Welsh 59 40 0.3 0 1 100

2018

English 92 2 <0.1 0.1 6 100

Welsh 69 29 0 0.3 1 100

All cycles

English 94 2 0.1 <0.1 3 100

Welsh 64 35 0.05 <0.1 0.4 100

Notes: All OECD recommended practices (final student weights and BRR weights) have been employed.
Source: authors’ own calculations.
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TA B L E  4   Comparison of the demographic characteristics of pupils who took the PISA test in English and 
Welsh and test of mean differences

Variables

Test language: English Test language: Welsh

Observations Mean Observations Mean

Sex of the student

Male 13,467 0.50 1942 0.50

Female 13,467 0.50 1942 0.50

Socio-economic status quartile

Fourth quartile (top) 12,936 0.21D 1824 0.31D

Third quartile 12,936 0.24 1824 0.27

Second quartile 12,936 0.27D 1824 0.24D

First quartile (bottom) 12,936 0.28D 1824 0.18D

Father’s level of education

None 11,391 0.01 1547 0.02

ISCED 1 11,391 0.01 1547 0.01

ISCED 2 11,391 0.09D 1547 0.06D

ISCED 3b, c 11,391 0.28D 1547 0.23D

ISCED 3a, 4 11,391 0.19D 1547 0.13D

ISCED 5b 11,391 0.18 1547 0.18

ISCED 5a, 6 11,391 0.24D 1547 0.37D

Mother’s level of education

None 12,164 0.01 1650 0.01

ISCED 1 12,164 0.01 1650 0.01

ISCED 2 12,164 0.03D 1650 0.02D

ISCED 3b, c 12,164 0.27D 1650 0.21D

ISCED 3a, 4 12,164 0.21D 1650 0.13D

ISCED 5b 12,164 0.23 1650 0.22

ISCED 5a, 6 12,164 0.24D 1650 0.40D

Number of books at home

0–10 books 13,081 0.17D 1849 0.13D

11–25 books 13,081 0.18D 1849 0.15D

26–100 books 13,081 0.30 1849 0.31

101–200 books 13,081 0.16 1849 0.18

201–500 books 13,081 0.12D 1849 0.15D

More than 500 books 13,081 0.07 1849 0.08

Term of birth

First term 13,467 0.25 1942 0.24

Second term 13,467 0.25 1942 0.25

Third term 13,467 0.25 1942 0.24

Fourth term 13,467 0.25 1942 0.26

Notes: All OECD recommended practices (final student weights and BRR weights) have been employed. The “D” indicates that 
there are significant differences (at 5% or lower) between “Test language: English” and “Test language: Welsh” columns.
Source: authors’ own calculations.
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array of observable characteristics. Note that PISA scores have been standardised within 
Wales for each cycle in each subject. Results are hence presented in terms of effect sizes.

However, this β coefficient may be biased owing to potential unobservables that are not 
included in our model (and hence form part of the error term – εijc) and which are also cor-
related with the language of the test variable. An example of these unobservables could 
be students’ prior achievement. For instance, higher-achieving pupils may be more likely 
to take the PISA test in a particular language (English or Welsh), owing to for instance pa-
rental school selection,6 but we are unable to control for that factor within our model. This 
omitted variable problem has been highlighted by many authors when dealing with observa-
tional cross-sectional data such as PISA (Cordero & Pedraja, 2018; Hanchane & Mostafa, 
2010; Lounkaew, 2013; Micklewright et al., 2012). The direction of this bias could either be 
positive or negative, depending on the relationship between the omitted variable(s) (e.g. 
prior achievement), test language and PISA scores as the outcome. We hence employ an 
instrumental variable approach to try and overcome this problem, which is implemented via 
two-stage least squares (2SLS).

Two-stage least squares

Our instrumental variable approach needs the identification of an instrument (Zijc), and also 
the use of control variables (Xijc, Fijc, SCHjc) to try and reduce the influence of any potential 
confounding from unobservable characteristics. The instrument we use is language spo-
ken at home, denoted as Zijc. This is a categorical variable which can be decomposed 
into a set of binary variables, each one representing a different language spoken at home. 
This methodology requires that the instrument is correlated with the endogenous variable 
(the “treatment”, i.e. taking the test in Welsh, WTijc)

7 and uncorrelated with the error term  
(εijc). This means that the instrument needs to have no independent effect on PISA scores, 
i.e. its sole effect is assumed to come through its influence on the language of test variable. 
Unfortunately, this is an untestable assumption; although certain checks can be performed, 
a potential link between the instrument (language spoken at home) and the outcome (PISA 
scores) cannot be completely ruled out. Concretely, there are four assumptions that the in-
strument has to meet, which we describe (and discuss how this applies within our context) 
in detail in Appendix A. We therefore attempt to address the potential endogeneity of taking 
the PISA test in Welsh (with respect to students’ test scores – Cijc) by using language spoken 
at home as an instrumental variable (IV).

This IV approach is implemented via two-stage least squares (2SLS). The first stage is 
specified as:

TA B L E  5   Average scores and standard errors for pupils taking the PISA test in English and in Welsh

English Welsh

Mean Standard error Mean Standard error

Reading 485*** 2.9 444*** 10.5

Mathematics 482*** 4.6 468*** 5.9

Science 493*** 3.9 466*** 7.2

Notes: All OECD recommended practices (final student weights, BRR weights and plausible values) have been employed 
(OECD, 2020) and standard errors are robust. The asterisks indicate significant differences between those students who 
took the PISA test in English (the “English” column) and those who took it in Welsh (the “Welsh” column): ***significant at 1%, 
**significant at 5%, *significant at 10%.
Source: authors’ own calculations based upon PISA data for Wales pooled between 2006 and 2018.
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where ωijc is the idiosyncratic error term. After estimating this equation we obtain a prediction of 
the Welsh test language variable (ŴTijc), which can be included in model (1) to define the fol-

lowing reduced form:

where β indicates the influence of taking the test in Welsh on academic performance in read-
ing, mathematics and science, respectively. The results obtained have been checked using the 
Stock and Yogo (2005) test of weak instruments and the Wooldridge (1995) endogeneity test 
(reported below). The recommended practices for analysing PISA data (final student weights, 
balanced repeated replication weights8 and plausible values) have been used throughout our 
analysis (OECD, 2020). In addition, instead of using a “manual” procedure for the 2SLS esti-
mations, i.e. estimating Equations (2 and 3) separately by OLS, these equations have been 
estimated using a canned routine in Stata (using the ‘ivregress’ command) to ensure that stan-
dard errors are estimated correctly (as suggested by authors such as Andrews et al., 2019 
and Angrist & Psichke, 2008). Note that these standard errors are also “robust” to correct for 
potential heteroscedasticity.

RESULTS

Table 6 presents three sets of results: first, an OLS model where the test language variable 
is included and no other variables are controlled;9 second, estimates from an OLS model 
including controls (with the full set of parameter estimates presented in Appendix B, Table 
B1); and finally, our instrumental variable results.

Starting with our conditional OLS model, one can see that taking the PISA test in Welsh is 
negatively associated with pupils’ test scores. Specifically, those who took the test in Welsh 
scored 0.42 standard deviations (SDs) lower in reading, 0.18 SDs lower in mathematics and 
0.36 SDs lower in science, than pupils who took the test in English. Interestingly, the inclu-
sion of controls has increased the magnitude of the effect sizes, compared with the OLS 
estimates without controls.

These OLS results may, however, omit certain (unobservable) variables, which may con-
found the relationship between students’ academic achievement and test language. We 
hence move on to results from our instrumental variable approach. The first-stage estima-
tions from Equation (2) are reported in Table B1 (Appendix B). The results for the instru-
ment (i.e. language at home) are significant in explaining the treatment variable (Welsh 
test language), which supports the relevance condition (see Appendix A for further details). 
Relatedly, the null hypothesis of the Stock and Yogo (2005) test (that the instrument is weak) 
can clearly and decisively be rejected, supporting the relevance condition.

The second stage of our instrumental variable estimates produces similar substantive 
results to those produced under OLS. Specifically, there continues to be a negative influ-
ence of taking the test in Welsh (relative to taking the test in English) upon pupils’ reading 
(0.39 SDs), mathematics (0.26 SDs) and science (0.33 SDs) PISA scores. To give readers 
a perspective of the magnitude of these effects, the difference in PISA scores between 
students from the most advantaged and least advantaged socio-economic status quartile is 
around 0.80 SDs (as reported in Table B1, Appendix B). In other words, in reading, the effect 
of taking the test in Welsh rather than English is equal to approximately half the size of the 

(2)WTijc = �0 + �1Zijc + �2Xijc + �3Fijc + �4SCHjc + �5PISAc + �ijc

(3)Cijc = � + �ŴTijc + �Xijc + �Fijc + �SCHjc + �PISAc + �ijc
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socio-economic status achievement gap. This is hence clearly a very sizeable influence. 
Furthermore, the Wooldridge (1995) endogeneity10 test cannot be rejected (in which the null 
hypothesis is that the endogenous variable is now exogenous), providing reassurance that 
our IV estimates are likely to move us a step closer to obtaining causal effects.

In order to check the robustness of our results, we have replicated the analysis using the 
subsample of schools where there was a mix of pupils taking the test in English and Welsh. 
This is to check whether our results are being driven by the particular characteristics of Welsh-
medium schools or not. These alternative results are presented in Table 7, with the full set 
of parameter estimates provided in Appendix B (Table B2). This leads to little change to our 
substantive results; we continue to observe a 0.38 SDs difference in reading, 0.32 SDs in 
mathematics and 0.34 SDs in science. Similarly, in Table 8 we replicate the analysis from 
Table 7 again, but now also additionally including school fixed effects (see Appendix B, Table 
B3 for the full set of parameter estimates). Including school fixed effects means that a dummy 
variable for each school (omitting one as reference) has been included in the regression. The 
aim of this methodology is to control by variables that are fixed within the school and hence 
remove all between-school differences (such as differences in language of instruction used by 
different schools) that may impact upon the results. This further confirms that our findings are 
driven by within-school – and not between-school – differences. In particular, the inclusion of 
the school fixed effects allows us to rule out that the results are being driven by school-level 
factors (most notably secondary school language of instruction). Again, there is little change 
to our substantive conclusions, with a sizeable difference continuing to be observed in reading 
(0.41 SDs), mathematics (0.22 SDs) and science (0.29 SDs).11

TA B L E  6   Influence of taking the test in Welsh on students’ competences in Wales, effect sizes

Effect of 
taking test in 
Welsh (compared 
with English)

Standard 
error

Stock and 
Yogo (2005) 
test of weak 
instruments

Wooldridge 
(1995) 
endogeneity 
test

Reading

OLS (no controls) −0.341*** 0.042 — —

OLS (with controls) −0.421*** 0.036 — —

2SLS −0.392*** 0.074 63.774*** 0.226

Mathematics

OLS (no controls) −0.106*** 0.042 — —

OLS (with controls) −0.183*** 0.034 — —

2SLS −0.262*** 0.069 63.774*** 1.880

Science

OLS (no controls) −0.282*** 0.039 — —

OLS (with controls) −0.363*** 0.034 — —

2SLS −0.328*** 0.063 63.774*** 0.380

Notes: PISA recommended practices (final student weights, balanced repeated replication weights and plausible values) 
have been employed (OECD, 2020) and standard errors are robust. The null hypothesis of the Stock and Yogo (2005) test of 
weak instruments is that the instrument is weak and the null hypothesis of the Wooldridge (1995) endogeneity test is that the 
endogenous variable is now exogenous. Complete estimations are presented in Table B1 (Appendix B). The sample size of 
these estimations is 14,951 students.
Estimation method: ordinary least squares (OLS) and two-stage least squares (2SLS). The instrument is student’s language at 
home and the rest of variables in the estimation.
Dependent variable: student’s standardised scores in reading, mathematics and science, using Welsh mean and standard 
deviations in each PISA cycle.
Coefficient: ***significant at 1%, **significant at 5%, *significant at 10%.
Source: authors’ own calculations.
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CONCLUSION

This paper has investigated the influence of PISA test language on students’ academic 
performance in Wales, an issue that is at the core of this country’s education debate. It is 
the first time that a study has attempted to produce quasi-experimental evidence on this 
issue, using an instrumental variable approach applied to five cycles of PISA data. Our re-
sults show that students who took the test in Welsh performed around 0.39 SDs (39 points 
on the PISA scale12) lower in reading, 0.26 SDs (26 PISA points) lower in mathematics and 
0.33 SDs (33 PISA points) lower in science, compared with their peers who took the test in 
English. Taking into account that 25–30 points in the PISA scale is equivalent to one year of 
schooling (OECD, 2019), this is clearly a sizable effect. As one would anticipate, reading is 
the subject most affected by this problem, although with non-trivial differences in achieve-
ment between English and Welsh test-takers also observed in science and mathematics.

These findings should of course be taken in light of the limitations of this study. First, the 
use of observational and cross-sectional data means that, in spite of using an instrumental 
variable approach, it may be prudent to continue to interpret our estimates as correlations. 
Second, although this research has internal validity for Wales, results may or may not gen-
eralise to other national settings. They nevertheless raise some important questions about 
how the PISA test has been conducted in Wales, and changes that may need to be made to 
the data collection in the future.

In particular, it is important to consider what may be driving our results. As our analysis 
demonstrated, the negative influence of taking the PISA test in Welsh does not seem to be 
due to studying in Welsh-medium schools per se. We continue to find a sizeable difference 
in PISA scores even in bilingual schools, where some students took the test in English and 
others took the test in Welsh. One plausible alternative explanation is that our findings may 
reflect a problem with translation, with authors such as Blum et al. (2001) noting how such 

TA B L E  7   Influence of taking the test in Welsh on students’ competences in Wales. Sample restricted to 
schools with a mix of English and Welsh test-takers, effect sizes

Effect of taking test 
in Welsh (compared 
with English)

Standard 
error

Stock and Yogo 
(2005) test of weak 
instruments

Wooldridge 
(1995) 
endogeneity test

Reading

OLS −0.417*** 0.068 — —

2SLS −0.383*** 0.109 36.525*** 0.149

Mathematics

OLS −0.256*** 0.06 — —

2SLS −0.321*** 0.105 36.525*** 0.516

Science

OLS −0.360*** 0.057 — —

2SLS −0.340*** 0.094 36.525*** 0.061

Notes: PISA recommended practices (final student weights, balanced repeated replication weights and plausible values) 
have been employed (OECD, 2020) and standard errors are robust. The null hypothesis of the Stock and Yogo (2005) test of 
weak instruments is that the instrument is weak and the null hypothesis of the Wooldridge (1995) endogeneity test is that the 
endogenous variable is now exogenous. Complete estimations are presented in Table B2 (Appendix B). The sample size of 
these estimations is 1502 students.
Estimation method: OLS and 2SLS. The instrument is student’s language at home and the other variables in the estimation.
Dependent variable: student’s standardised scores in reading, mathematics and science, using Welsh mean and standard 
deviations in each PISA cycle.
Coefficient: ***significant at 1%, **significant at 5%, *significant at 10%.
Source: authors’ own calculations.
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problems have affected the validity of other cross-national studies (e.g. the International 
Adult Literacy Survey). Indeed, we note how the PISA 2018 technical report (OECD, 2020, 
Chapter 5) states that “international verification was carried out for all national versions in 
languages used in schools attended by more than 10% of the country’s target population”. 
Importantly, this would seem to suggest that there has not been independent verification of 
the translation of the Welsh PISA survey instruments – given how Wales makes up around 
5% of the population of the UK.13 This is also confirmed by the PISA 2012 technical report 
(OECD, 2014, p. 94), which notes how the Welsh translation only went through national – 
rather than international – verification. We therefore recommend that, in the future, there is 
greater independent verification of the Welsh versions of the PISA test.

The challenges with translation of the PISA test in Wales are likely to be exacerbated by 
the important disparity between spoken and literary Welsh (see Fife, 1986 for a discussion 
of this issue). The difference between literary and colloquial Welsh means that many people 
who grew up speaking mainly in Welsh find the written form difficult to understand. Thus, 
while the translation of the PISA questions into Welsh may be technically correct, they may 
also not be how people would say them, thus making them harder to understand (than the 
English versions).

Yet translation issues are only one potential explanation for our findings. Minor differ-
ences between source versions and national translations have been found elsewhere in the 
literature (e.g. Murat & Rocher, 2004, for PISA 2000 data, and Grisay et al., 2007, for PISA 
2006 data), but the impact of this was thought to be minimal. Similarly, Oliden and Lizaso 
(2013) analysed PISA 2009 data for Spain and found that the Spanish translation and those 
for the other languages in this country (Galician, Catalan and Basque) were equivalent and 
would not have had a substantial impact upon the results.

An alternative explanation is that, as previously indicated, there may be issues with how 
the PISA test language is chosen in Wales. Specifically, some students may be forced – or 
strongly encouraged – to take the test in Welsh if that is the most commonly used medium 
of instruction in their school, when English (the language they most often speak at home) 
would actually be a more appropriate choice. This is important, as PISA is meant to capture 
pupils’ skills in each subject area and not their level of understanding of the test language 
per se. Thus, in Wales, PISA technical standard 2.1 (pupils should take the test in the lan-
guage they are most comfortable with) might not be fully applied. This could, in turn, mean 
that the academic abilities of Welsh 15-year-olds are being underestimated in PISA, owing 
to the inappropriate allocation of test language for some children. We hence encourage 
those conducting the PISA test in Wales to provide greater reassurance that this technical 
standard is being properly applied in the future.

How should such issues be resolved?

One option could be that all children who take the PISA test in Wales get a genuinely free 
choice of whether to take the test in English or Welsh – regardless of the medium of instruc-
tion most frequently used within their school (even if this means some teenagers taking PISA 
in English within Welsh-medium schools). An alternative could be testing whether students 
have sufficient Welsh language skills before they are asked to take the Welsh version of the 
PISA test. However, perhaps the optimum solution would be for a very simple change to be 
made to how the PISA assessment is delivered. Currently, when sitting the PISA test, young 
people can only see the test questions in a single language (e.g. Welsh). This is at-odds with 
what happens in GCSE and A-Level examinations in Wales, where young people are pro-
vided with the test questions in both English and Welsh. Now that PISA is a computer-based 
assessment, it should be relatively simple to include a “toggle” button on each question, 
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allowing young people to see each question in the language that they prefer. This would, of 
course, not help to only improve the PISA test-taking experience (and data quality) in Wales, 
but also in other countries where similar issues arise as well.
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E N D N OT ES
	 1	Following this standard, students with insufficient experience in the language of assessment are excluded 

from PISA. In particular, these students are those who: (a) are not native speakers of the assessment lan-
guage; (b) have limited proficiency in the assessment language; and (c) have received less than one year of 
instruction in the assessment language. Furthermore, students are also excluded from PISA when there are 
no available materials in the language in which the student is taught.

	 2	This is also indicated in the technical reports of all the PISA cycles under analysis in the present study in 
OECD (2009, 2014, 2017, 2020).

	 3	More information on PISA administration in Wales can be found in Sizmur et al. (2019, pp. 199–200).
	 4	This variable controls the potential differences in language skills between those students who arrived in 

the UK and started compulsory education at age 6 or before, and those who arrived and started after that 
age.

	 5	The combination of the student’s, father’s and mother’s region of birth variables also controls for student’s 
immigrant status.

	 6	In this sense, Freeman and Viarengo (2014, p. 405) indicated that “the assignment of students among schools 
is not random. Students of similar ability are likely to be sorted among schools”.

	 7	The case of using a binary endogenous variable with 2SLS was analysed by Angrist and Psichke (2008), who 
reached the conclusion that using the “garden-variety 2SLS” (i.e. common 2SLS, in which having a binary 
treatment means having a linear probability model in the first stage) would be the best alternative (Kyriopoulos 
et al., 2018; Carlin, Olafsson, & Pagel, 2019). Thus, this is the methodology that we employed in the present 
study. However, we replicate our 2SLS main results using a first-stage probit and, as we will see, the results 
changed only slightly.

	 8	Balanced repeated replication (BRR) weights control the multi-level structure of the data, producing unbiased 
standard errors, also clustering at school level (OECD, 2020).

	 9	The complete estimations with the test language variable and no additional controls, for both OLS and 2SLS, 
are presented in Table S1 (Online Data S1).

	 10	The Wooldridge (1995) endogeneity test is a standard for testing endogeneity in estimations with a robust 
variance–covariance matrix (Stata, 2021).
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	 11	The estimations of Tables 6–8 were replicated using probit estimations in the first stage of the two-stage least 
squares models and the results changed only slightly. The coefficients of our variable of interest, “Effect of 
taking test in Welsh (compared to English)”, and their standard errors are presented in Table S2 (Online Data 
S1), replicating in specification I the coefficients of Table 6, in specification II the coefficients of Table 7 and in 
specification III the coefficients of Table 8.

	 12	This scale presents a mean of 500 and standard deviation of 100.
	 13	The UK was treated as a single country in PISA and students’ results were reported for it as a whole, rather 

than for each of the four countries within. This is because Wales is not an “adjudicated sub-region”, so the 
10% rule will not be applied to it separately; rather, it will be applied to the UK as a whole, so Wales was con-
sidered as part of the UK for sampling purposes and hence represents 5% of the UK population. This was the 
case for all the PISA cycles under analysis (OECD, 2009, 2012, 2014, 2017).

R E FE R E N C E S
Andrews, I., Stock, J. H., & Sun, L. (2019). Weak instruments in instrumental variables regression: Theory and 

practice. Annual Review of Economics, 11, 727–753. https://doi.org/10.1146/annur​ev-econo​mics-08021​
8-025643

Angrist, J. D., & Psichke, J.-S. (2008). Mostly harmless econometrics. An Empiricist's companion. Princeton 
University Press.

Barua, R., & Lang, K. (2016). School entry, educational attainment and quarter of birth: A cautionary tale of a local 
average treatment effect. Journal of Human Capital, 10(3), 347–376. https://doi.org/10.1086/687599

Blum, A., Goldstein, H., & Guérin-Pace, F. (2001). International Adult Literacy Survey (IALS): An analysis of in-
ternational comparisons of adult literacy. Assessment in Education: Principles, Policy & Practice, 8(2), 225–
246. https://doi.org/10.1080/09695​94012​3977

Carlin, B., Olafsson, A., & Pagel, M. (2019). FinTech and Consumer Financial Well-Being in the Information Age. 
Federal Deposit Insurance Corporation.

Cordero, J. M., & Pedraja, F. (2018). The effect of financial education training on the financial literacy of Spanish 
students in PISA. Applied Economics, 51(16), 1679–1693. https://doi.org/10.1080/00036​846.2018.1528336

De Bortoli, L., & Cresswell, J. (2004). Australia’s Indigenous Students in PISA 2000: Results from an International 
Study. ACER Research Monograph No 59, 1–42. Australia: Australian Council for Education Research.

Dhuey, E., Figlio, D., Karbownik, K., & Roth, J. (2019). School starting age and cognitive development. Journal of 
Policy Analysis and Management, 38(9), 538–578. https://doi.org/10.1002/pam.22135

Edwards, V., & Newcombe, L. P. (2006). Back to basics: Marketing the benefits of Bilingualism to parents. In O. 
García, T. Skutnabb-Kangas, & M. E. Torres-Guzmán (Eds.), Imagining multilingual schools: Languages in 
education and glocalization (pp. 137–149). Multilingual Matters.

Fife, J. (1986). Literary vs. colloquial Welsh: Problems of definition. Word, 37(3), 141–151.
Fiorini, M., & Stevens, K. (2014). Assessing the monoticity assumption in IV and fuzzy RD designs. The University 

of Sydney Economics Working Paper Series, 13, 1–52.
Freeman, R. B., & Viarengo, M. (2014). School and family effects on educational outcomes across countries. 

Economic Policy, 29(79), 395–446. https://doi.org/10.1111/1468-0327.12033
Gorard, S. (1998). Four errors … and a conspiracy? The effectiveness of schools in Wales. Oxford Review of 

Education, 24(4), 459–472. https://doi.org/10.1080/03054​98980​240403
Grisay, A., de Jong, J. H. A. L., Gebhardt, E., Berezner, A., & Halleux-Monseur, B. (2007). Translation equivalence 

across PISA countries. Journal of Applied Measurement, 8(3), 249–266.
Hanchane, S., & Mostafa, T. (2010). Endogeneity Problems in Multilevel Estimation of Education Production 

Functions: an Analysis Using PISA Data. LLAKES Research Paper 14, 1–45. London: Centre for Learning 
and Life Chances in Knowledge Economies and Societies.

Jerrim, J., & Shure, N. (2016). Achievement of 15-year- olds in Wales: PISA 2015 national report. UCL Institute 
of Education.

Johnes, G. (2020). Medium efficiency: Comparing Inputs and outputs by language of instruction in secondary 
schools in Wales. Wales Journal of Education, 22(2), 52–66.

Jones, B. (2017a). Translanguaging in Bilingual schools in Wales. Journal of Language, Identity & Education, 
16(4), 199–215. https://doi.org/10.1080/15348​458.2017.1328282

Jones, M. (2016). Research Briefing. Welsh-medium education and Welsh as a subject. National Assembly for 
Wales. Research Service.

Jones, S. L. (2017b). What do we know and not know about choice of medium of education in South-East Wales? 
Wales Journal of Education, 19(2), 143–162. https://doi.org/10.16922/​wje.19.2.8

Kennedy, E., & Park, H.-S. (1994). Home language as a predictor of academic achievement: A comparative study 
of Mexican- and Asian-American youth. Journal of Research & Development in Education, 27(3), 188–194.

https://doi.org/10.1146/annurev-economics-080218-025643
https://doi.org/10.1146/annurev-economics-080218-025643
https://doi.org/10.1086/687599
https://doi.org/10.1080/09695940123977
https://doi.org/10.1080/00036846.2018.1528336
https://doi.org/10.1002/pam.22135
https://doi.org/10.1111/1468-0327.12033
https://doi.org/10.1080/0305498980240403
https://doi.org/10.1080/15348458.2017.1328282
https://doi.org/10.16922/wje.19.2.8


16  |      JERRIM et al.

Kyriopoulos, I., Athanasakis, K., & Kyriopoulos, J. (2018). Are happy people healthier? An instrumental variable 
approach using data from Greece. Journal of Epidemiology and Community Health, 72, 1153–1161. https://
doi.org/10.1136/jech-2018-210568

Lounkaew, K. (2013). Explaining urban–rural differences in educational achievement in Thailand: Evidence 
from PISA literacy data. Economics of Education Review, 37, 213–225. https://doi.org/10.1016/j.econe​
durev.2013.09.003

Mancilla-Martinez, J., & Lesaux, N. K. (2011). Early home language use and later vocabulary development. 
Journal of Educational Psychology, 103(3), 535–546. https://doi.org/10.1037/a0023655

Micklewright, J., Schnepf, S. V., & Silva, P. N. (2012). Peer effects and measurement error: The impact of sampling 
variation in school survey data (evidence from PISA). Economics of Education Review, 31(6), 1136–1142. 
https://doi.org/10.1016/j.econe​durev.2012.07.015

Murat, F., & Rocher, T. (2004). The methods used for international assessments of educational competencies. In 
J. H. Moskowitz, & M. Stephens (Eds.), Comparing learning outcomes. International assessment and educa-
tional policy (pp. 190–214). Routledge Farmer.

OECD. (2009). PISA 2006 Technical Report. OECD Publishing.
OECD. (2012). PISA 2009 Technical Report. OECD Publishing. https://doi.org/10.1787/97892​64167​872-en
OECD. (2014). PISA 2012 Technical Report. OECD Publishing.
OECD. (2017). PISA 2015 Technical Report. OECD Publishing.
OECD. (2019). PISA 2018 Results (Volume I): What Students Know and Can Do. OECD Publishing.
OECD. (2020). PISA 2018 Technical Report. OECD Publishing.
OECD. (2021). PISA Data; OECD PISA web. https://www.oecd.org/pisa/data/
Oliden, P. E., & Lizaso, J. M. (2013). Invariance levels across language versions of the PISA 2009 reading com-

prehension tests in Spain. Psicothema, 25(3), 390–395. https://doi.org/10.7334/psico​thema​2013.46
Parliament of the United Kingdom. (2002). Education Act 2002. https://www.legis​lation.gov.uk/ukpga/​2002/32/

secti​on/105/enact​ed?view=plain
Sizmur, J., Ager, R., Bradshaw, J., Classick, R., Galvis, M., Packer, J., Thomas, D., & Wheater, R. (2019). 

Achievement of 15-year-olds in Wales: PISA 2018 National report. NFER.
Stata. (2021). Stata 13: Ivregress postestimation. https://www.stata.com/manua​ls13/rivre​gress​poste​stima​tion.

pdf
StatsWales. (2021). Speaking Welsh at home, as assessed by parents, of pupils aged 5 and over in primary, 

middle and secondary schools by year, sector and category. https://stats​wales.gov.wales/​Catal​ogue/Educa​
tion-and-Skill​s/Schoo​ls-and-Teach​ers/Schoo​ls-Censu​s/Pupil​-Level​-Annua​l-Schoo​l-Censu​s/Welsh​-Langu​
age/speak​ingwe​lshho​mepup​ils5a​ndove​r-by-year-secto​r-category

Stock, J. H., & Yogo, M. (2005). Testing for weak instruments in linear IV regression. In D. W. K. Andrews, & J. H. 
Stock (Eds.), Identification and inference for econometric models: Essays in honor of Thomas Rothenberg 
(pp. 80–108). Cambridge University Press.

Van den Brande, J., Hillary, J., & Cullinane, C. (2019). Selective comprehensives: Great Britain. National 
Foundation for Educational Research (NFER).

Welsh Assembly Government. (2007). Defining schools according to Welsh medium provision. Welsh Assembly 
Government.

Wooldridge, J. M. (1995). Score diagnostics for linear models estimated by two stage least squares. In G. S. 
Maddala, T. N. Srinivasan, & P. C. B. Phillips (Eds.), Advances in Econometrics and Quantitative Economics: 
Essays in Honor of Profesor C. R. Rao (pp. 66–87). Blackwell.

SU PPO RT I NG I N FO R M AT I O N
Additional supporting information may be found in the online version of the article at the 
publisher’s website.

How to cite this article: Jerrim, J., Lopez-Agudo, L. A., & Marcenaro-Gutierrez, O. 
D. (2022). The impact of test language on PISA scores. New evidence from Wales. 
British Educational Research Journal, 00, 1–26. https://doi.org/10.1002/berj.3774

https://doi.org/10.1136/jech-2018-210568
https://doi.org/10.1136/jech-2018-210568
https://doi.org/10.1016/j.econedurev.2013.09.003
https://doi.org/10.1016/j.econedurev.2013.09.003
https://doi.org/10.1037/a0023655
https://doi.org/10.1016/j.econedurev.2012.07.015
https://doi.org/10.1787/9789264167872-en
https://www.oecd.org/pisa/data/
https://doi.org/10.7334/psicothema2013.46
https://www.legislation.gov.uk/ukpga/2002/32/section/105/enacted?view=plain
https://www.legislation.gov.uk/ukpga/2002/32/section/105/enacted?view=plain
https://www.stata.com/manuals13/rivregresspostestimation.pdf
https://www.stata.com/manuals13/rivregresspostestimation.pdf
https://statswales.gov.wales/Catalogue/Education-and-Skills/Schools-and-Teachers/Schools-Census/Pupil-Level-Annual-School-Census/Welsh-Language/speakingwelshhomepupils5andover-by-year-sector-category
https://statswales.gov.wales/Catalogue/Education-and-Skills/Schools-and-Teachers/Schools-Census/Pupil-Level-Annual-School-Census/Welsh-Language/speakingwelshhomepupils5andover-by-year-sector-category
https://statswales.gov.wales/Catalogue/Education-and-Skills/Schools-and-Teachers/Schools-Census/Pupil-Level-Annual-School-Census/Welsh-Language/speakingwelshhomepupils5andover-by-year-sector-category
https://doi.org/10.1002/berj.3774


       |  17THE IMPACT OF TEST LANGUAGE ON PISA SCORES. NEW EVIDENCE FROM WALES 

A PPE N D I X A
To have a credible two-stage least squares estimation approach, our instrument has to fulfil 
the following assumptions:

a.	The relevance condition or first stage. This means that the instrument should be 
strongly associated with the “treatment” variable (i.e. taking the test in Welsh). This 
is clearly the case in this study, as language at home (Zijc) is strongly linked to 
the language of the test (WTijc). We have already illustrated this point descriptively 
in Table 3, with more formal results from the Stock and Yogo (2005) test of weak 
instruments presented in the Results section.

b.	The independence/exogeneity assumption. This condition means that the instrument 
should be randomly assigned or “as good as randomly assigned”, meaning that it is un-
correlated with the omitted variables we might like to control for. In our study, the lan-
guage at home instrument might be considered as good as randomly assigned after 
controlling by Xijc, Fijc and SCHjc – specifically after controlling for pupils’ socio-economic 
status, their country of birth, their parents’ country of birth and school characteristics. This 
exogeneity of the language at home is due to: (a) there being no home language choice 
in monolingual households; and (b) in plurilingual households, once all of the control vari-
ables have been included, the choice between one language and another is assumed to 
be as good as random.

c.	 The exclusion restriction. This means that there is a sole channel (this is, through WTijc) 
for the effect of the instrument (Zijc, language at home) on the outcome (Cijc, students’ 
competences). This single channel requires the previous independence assumption, to 
the extent that the other potential channels of influence have been controlled (Xijc, Fijc and 
SCHjc).

d.	The monotonicity property (Barua & Lang, 2016; Dhuey et al., 2019; Fiorini & Stevens, 
2014). As defined by Barua and Lang (2016) “while the instrument may have no effect 
on some individuals, all of those who are affected should be affected unidirectionally” (p. 
348). This is also known as the no defiers assumption, i.e. there are no students who, if 
they are assigned to take the test in their home language, always choose to take it in an-
other language. Likewise, if they are assigned to take the test in a different language than 
the one spoken at home, they always choose to take the test in their home language. In 
schools where all pupils were made to do the test in the same language, the monotonic-
ity property is fulfilled, as students could not choose; as previously indicated, in mixed-
language schools this test-language obligation may not happen. Hence, in the cases of 
schools in which pupils could choose the test language, it is assumed they always chose 
the language they were most comfortable with. In particular, as previously indicated, from 
a total of 607  school observations in our dataset, all pupils took the test in English in 
503 schools, in 44 schools all pupils took the test in Welsh and in 60 schools there was a 
mix of English and Welsh test takers.
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