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1. Introduction

One of the major developments in educational rebeaver the last twenty years has been
the widespread implementation of cross-nationalistiof pupil achievement, including the
Programme for International Student AssessmentARB&ends in Mathematics and Science
Study (TIMSS) and Progress in International Readibgracy Study (PIRLS). These aim to
produce cross-nationally comparable informatiorcbitdren’s abilities at a particular age in
at least one of three areas (reading, math ande®ieRegular reports are then published by
the survey organisers where countries are rankedeims of school children’s test
performance. This has had a major impact upon yroldkers from a number of countries,
with many treating these international ‘league d@ablas an evaluation of their school
system’s success. English policymakers have shoamicplar concern over England’s
position of 28, out of 65 countries, in the PISA 2009 mathemadissessment. Although a
few northern European countries have fared ratbdeb(e.g. Finland), it is the consistently
strong performance of East Asian nations that baByrcaught policymakers attentforor
instance, in the PISA 2009 mathematics study, Sheingas ranked top, Singapor8 Hong
Kong 3%, Korea &, Taiwan %' and Japan™® Given the important role of human capital in
economic productivity and growth (OECD 2010; Haraelsland Wdl3mann 2008; Barro
2001) England has looked towards the strong pedoom of these countries with an envious
glare. Indeed, it is now widely believed that ifgfand does not raise the academic skill of its

school children, then its long-run prosperity sgiliffer as a result.

This has led policymakers to consider what carebent from the East Asian nations
to help English educational standards improve. iAstance, the Secretary of State for
Education Michael Gove recently stated that

‘These regions and nations — from AlberteStaogapore, Finland toHong Kong, Harlem to

South Korea - should be our inspiratiofEmphasis our own]

! Finland has only routinely taken part in the PISAdy and not the other international assessmergsRIRLS

or TIMSS). On the other hand, a number of leadirglaA economies (e.g. Hong Kong, Singapore) have
participated in PISA, PIRLS and TIMSS for a numbgyears. It is the East Asian countries consigfesitong
performance (throughout various studies and nunsesawvey waves) that is perhaps most impressive.

“See http://www.education.gov.uk/inthenews/inthenews/&BID8/secretary-of-state-comments-on-pisa-study-
of-school-systems




With agreement from the shadow Education ministepSen Twigd:
‘we must learn from high-performing nations like dap

Similarly, the East Asian nations have been higiiéd as strong education systems in the
on-going review of England’s mathematics curric{Department for Education 2011), with
an implicit suggestion that at least some of tBelrool practises and policies hold the key to
England’s future educational success. Table 1 titiss this point still further, where
educational and economic inputs are compared tocatidmal outputs across England and
four comparator countries (Japan, Hong Kong, Siagapnd Taiwan). Despite similar levels
of GDP per capita, public expenditure on educafind school enrolment rates, educational
outcomes towards the end of secondary school (assumed by PISA test scores) are

significantly lower in England.
<<Table 1>>

It is therefore surprising that we do not know maisout the achievement gap
between England and the high performing East Asiions. Although insightful, studies
such as PISA are often considered in isolationyigiog a limited snapshot of children’s
abilities at one particular point in time. It woutgérhaps be more useful for academics and
policymakers to understand the specific point(sjhia education system that England falls
behind these world leaders, and whether this iagodriven by the experiences of certain
sub-groups. For instance, the math skills of Ehglisd East Asian children could be roughly
equal at the end of primary school, but then mdgkdderge during secondary school. In
this situation, reform of secondary education wopkthaps be the most obvious policy
response. On the other hand, it could be that mio8te England — East Asia achievement
gap emerges early in children’s life (e.g. diffeves are apparent even by age 10) and that
cross-national differentials do not grow much ferttbeyond this point. Indeed, as the
evidence base currently stands, one cannot rulethmutpossibility that English children
actually catch up with their East Asian peers dyrgecondary school. In this situation
resources and efforts for reform might be bettercentrated at earlier points in children’s
life (e.g. before their 10 birthday). It would also suggest that analysisstfdies such as

PISA, which focuses upon the latter stages of s#mgnschool, would be of little use in

3 Seehttp://www.bbc.co.uk/news/education-18057883




revealing why young people in East Asia are so muetter at math than young people in

England.

The aim of this paper is to thus develop a betteteustanding of how children’s
performance on internationally standardised maghstehanges between ages 10 and 16,
comparing the experiences of English children wséhfrom the four aforementioned East
Asian jurisdictions (Japan, Singapore, Taiwan ammhdiKong). This is, in our opinion, a
vital first step towards identifying why childrem iEast Asian countries outperform their

English peers. Within this broad topic, we consither following three specific issues.

Firstly, we illustrate how mean math test scoreange with age. This is important for
identifying the point(s) in the education systenattlienglish children fall behind young
people in other countries (on average) and thusreve#orts for school reform should be
concentrated. Secondly, we investigate inequalityeducational outcomes, and how the
distribution of math skill changes between agesd® 16. Our initial focus will be upon the
spread of achievement, and whether this widensaaiows in England relative to the four
East Asian countries. This is followed by an assesg of whether the gap between the
highest achieving children in England and highesieving children in East Asia widens (or
declines) during secondary school. This is a padity prominent policy issue, as having a
pool of very highly skilled individuals is vital fotechnological innovation and long-run
economic growth (Bean and Brown 2005, Toner 20Eihally, we consider an output-based
measure of equality of educational opportunity,uking upon math test score differentials
between socio-economically advantaged and disadgadtgroups (a topic of much recent
academic and political debate). Previous researad found that the socio-economic
achievement gradient widens in England betweeretiteof primary school and the end of
secondary school (Goodman et al 2009, Ermisch atdBbno 2012), but that the same is not
true in other English-speaking countries (Ermisthle012). However, there has been little
work considering this issue using the TIMSS andAPdatasets, and how England compares
with the high performing East Asian jurisdictions this respect. We make this important

contribution to the existing literature.

Our results suggest that, although average mathsteses are higher in East Asian
countries than England, differences do not seema®ase between the end of primary and
the end of secondary school. However, the gap letwee highest achieving school children
in East Asia and the highest achieving school okildin England does seem to widen



between ages 10 and 16. We also find that the megbrity of the socio-economic
achievement gradient in mathematics skills in Emglés already apparent by age 10. This

leads to the following policy recommendations:

* To narrow the mathematics achievement gap witHehding East Asian nations,
English policymakers should concentrate on educatioeforms in primary and

pre-school.

* Yet there is also a need to ensure that high aittgeachool children in England
manage to keep pace with the highest achievinglpupiother countries during

secondary school via, for instance, gifted andtele schemes.

* Further efforts are needed to raise the basicsstiflidisadvantaged groups, again

with a focus on the primary and pre-school years.

* Over the longer-term, a cultural shift in Englandiynbe needed, where the

importance of education is recognised and prombyeall.

The paper now proceeds as follows. In section 2legeribe our empirical methodology and
the TIMSS and PISA datasets. Section 3 providamatts of change in test scores between
ages 10 and 16 for England and a series of congraratintries. This is followed in section 4

by a discussion of our findings and a series oicgakecommendations.

2. Data

The aim of this paper is to examine the variatiorchildren’s math skills across countries,
and how this changes between the end of primargaddnd the end of secondary school.
Ideally, longitudinal data would be available, elirapone to track the progress of exactly the
same children over time. Unfortunately cross-natilpncomparative data of this type does
not exist. The next best alternative is to useatgabcross-sectional data, where samples have
been collected from the same, or very similar, ctshof school children at various points in
time. From such data one can draw inferences abeutlistribution of children’s math skill

at several ages, and thus how key points on thiexaahent distribution (e.g. mean, standard
deviation, 18 percentile, 98 percentile) change between the end of primaryaichiod the

end of secondary school. The approach we takeisnpdper is to compare how these key

statistics change across countries.



To do so, we draw upon data from the followingmads of the PISA and TIMSS

studies:

« The 4" grade (age 9/10) TIMSS wave from 2003
« The 8" grade (age 13/14) TIMSS wave from 2007
* The PISA (age 15/16) wave from 2009

Each of these resources collects nationally reptasee data and has been explicitly
designed to facilitate comparisons of children’gmitve skills across countries (OECD
2011a and Olson et al 2008 provide further inforomgt They also have similar sample
designs, with schools firstly selected as the prynsampling unit and then either one or two
classes (TIMSS) or 35 pupils (PISA) randomly choserparticipate (from within each
school). In all the analysis that follows, we aaabor this clustering of children within
schools by making the appropriate adjustment toetenated standard errors (using either
the STATA ‘svy’ survey command or by bootstrappitgndard errors by clustérResponse
rates for the countries included in our analysis ba found in Appendix 2. In most of the
countries considered, school response was arouat@90%, while pupil response typically
stood at over 909 In all three studies the survey organisers hawdyzed a set of weights
which attempt to correct for bias induced by nospanse, while also scaling the sample up

to the size of the national population. These wisigine applied throughout the anal{sis

A notable feature of the three studies is that tt@iect data for children who were
born at approximately the same timEor instance, the two TIMSS studies for Englagfe:r
to children who were born between September 1992Aagust 1993, while those who took
part in PISA 2009 were in the school year belowridoetween September 1993 and August
1994). Consequently, one can track the performahaevery similar cohort of children at
three different ages (9/10, 13/14 and 15/16). Thisnportant if one wishes to interpret the
changes observed as ‘age’ rather than ‘cohortteffedlthough discussion shall focus on the

performance of England relative to a set of leadidapt Asian nations, we include 13

* When considering mean test scores (section 3d )sacio-economic gradients (section 3.3) we uséesthg
STATA survey command. When investigating percestitd the test distribution (section 3.2) estimades
bootstrapped by clustéschools) using 50 replications to calculate appnaxe standard errors (see Appendix 1
for further details).

® The school response rate we refer to is afteapgphent schools have been included.

® Our experimentations with the data suggest subgeaobnclusions remain intact whether the weights a
applied or not.

" The TIMSS studies collect information from childreithin the same school ‘grade’ (i.e. the samestiear
group), while in PISA children are all the same ége between 15 years 3 months and 16 years andrzhs
old).



countries that took part in each of these thredisuinto our analysis. This includes six from
the rich western world (England, Scotland, Australialy, USA, Norway), four Asian ‘tiger’
economies (Hong Kong, Japan, Singapore, Taiwan)l timee with middle incomes
(Lithuania, Russia, Slovenia). Some additional cantary shall be presented regarding

England’s performance relative to this broadeio$ebuntries.

It is important to recognize that there are somédtions with this empirical strategy.
Firstly, although each study examines children’ditgbin mathematics, there are some
conceptual differences in the skills being measuFed instance, whereas TIMSS focuses
upon children’s ability to meet internationally agd curricula, PISA examines functional
ability — how well young people can use the skillsreal life’ situations. Whether this slight
difference in focus is of substantive importancehiswever, questionable. For example, the
correlation between children’s PISA math test ssos@d a curricula based measure in
England (key stage 3 scores) is high at over OMIk{ewright and Schnepf 2006).
Moreover, in Appendix 3 we also show the strongealation (r = 0.88) between mean PISA
and TIMSS & grade test scores at the country level. We alge timt other studies have
used the PISA, PIRLS and TIMSS data to investiglaechange in children’s math skills as
they age (e.g. Ammermueller 2005, Hanushek and VédRmM2006, Waldinger 2007,
Jakubowski 2018) Nevertheless, one cannot rule out the possititigt there are at least

some subtle differences in the precise skills benegisured.

Secondly, there are some differences between udineeys in the test score metric
generated. In all three studies children’s respeiigdhe test questions are combined into a
set of possible overall test scores via an iterpaese modél Five ‘plausible values’ are
then created for each child; these are five sepaestimates of children’s ability in
mathematics. The intuition behind this processhiat tchildren’s true ability cannot be
observed, and must be estimated from their ansaretbe test. This results in a measure of
children’s achievement that has a mean of 500 &madard deviation of 100 in all three
studie$®. However each of the surveys contains a diffepardl of countries upon which

these achievement scores are based. For instahde, FISA includes all members of the

% Indeed, the former head of the PISA study And@esleicher has also anecdotally made such compatiso
See http://www.tes.co.uk/article.aspx?storycode7a8Q

° A one parameter Rasch model PISA is used to genéeat scores in PISA while a three-parameter item
scaling procedure is used in TIMSS.

91n view of the large volume of data we are analgsiwe use the first plausible value only throughour
analysis. OECD (2009: 129) note that ‘analysing plausible value instead of five plausible valuesvjes
unbiased population estimates’.



OECD the two TIMSS studies do not. Consequentthoaigh the test metric across the three
surveys appears to be on the same scale, figueesoaractually directly comparable (e.g. a

mean score of 500 in PISA is not the same as a swaer of 500 in TIMSS).

To overcome this problem, all test score data emestormed (within each survey) into
international z-scores. In other words scores hmean normalised at the pupil level, so that
in each survey the mean is 0 and the standard ta®viess 1 across the 13 countries
considered. This is a standard method for obtaimimignparable units of measurement for
variables that are on different scales and is amtid the approach taken by Brown et al
(2007) in their comparison of the PISA and TIMSS$adats. One implication of this is that

estimates refer to English pupils’ test performaredative to that of children in the 13 other

countries. Thus our focus is upon how England’dgoerance relative to other countries
changes between primary and secondary school. Tidkkenselative decline’ shall therefore
be used as international z-scores are comparatasunes.

Similar difficulties arise when one considers theaikbility and comparability of
children’s background characteristics. For instarthe TIMSS studies contain very little
information on pupils’ socio-economic status. Tpases a problem for estimating the socio-
economic gradient in mathematics achievement, ahéthver this gradient steepens as
children age. We therefore turn to what many carstd be the best available proxy for
family background that is contained within eachtloé¢ three datasets and measured in a
comparable way — the number of books in the famdyné™. Sociologists (e.g. Evans et al
2010) have argued that this reflects the scholadljure of a household, and is thus a
measure of the educational environment in whiclikd ¢s being raised. On the other hand,
various economists have argued that books in thmehare ‘the single most important
predictor of student performance in most countri@gd63mann 2008) and that there is
evidence that this is a cross-nationally compargirexy for socio-economic position
(Hanushek and W6Rmann 2010, Schiitz et al 208has been widely used in this manner
by various academics in analyses of the PISA, PIRh TIMSS datasets (Wo6lZmann 2008,

™ In a background questionnaire, children in PISA @MSS are asked about the number of books theréna
their household, and instructed to tick the coroesling category.

12 For instance, Hanushek and WéRmannn (2010) ‘Sateitz, Ursprung, and W6Rmannn (2008) corroborate
the cross-country validity of the books-at-homeiatale by showing that the association between Huwlde
income and books at home does not vary signifigamttween the six countries for which both income a
books measures are available in the PIRLS dataset’.



Waldinger 2007, Schitz et al. 2008, Ammermuellat Brschke 2009, Machin 2009, Evans
et al 2010, Jakubowski 2010, Ermish and Del BonbO2&lermann and Horn 2011, Brunello
et al 2012) including investigations of how the iseeconomic gradient changes with age
across countries (Jerrim and Micklewright 2012a,menmueller 2006). Nevertheless, Jerrim
and Micklewright (2012a, 2012b) discuss some of lthetations with using books as an
indicator of family background, focusing upon diffities with measurement. We thus
proceed with caution, acknowledging this to beraparfect proxy for socio-economic status,
though one which has been widely used in the dateces under our investigation.

In each dataset we use this variable in a seri€l & regression models to estimate how

inequality of educational opportunity varies acrosantries. This takes the form:
Aijk =o+ Bl' SESL + BZ' Sexi + B3'Ii + B4SESL * Ii + Sij vk (l)

Where:

A = Children’s score on the TIMSS or PISA math test
Sex = A binary indicator of the child’s gender (female, 1 =male).
I= Whether the child is a first or second generatramigrant (O = Native , 1 = Immigrant)

SES = A set of four dummy variables reflecting tiuenber of books in the family home

(Reference: Less than 25 books)

i=child i
j=child j
k = country k

This specification follows the existing literatuoa international comparisons of socio-
economic achievement gradients (e.g. Schitz et08iB8,2Wo6Rmann 2008, Jerrim and
Micklewright 2011, Jerrim 2012). Socio-economicg$a(as measured by books in the home)
is the covariate of interest, with controls incldder gender and whether the child was a first
or second generation immigrant. As argued by WolBn(@008) other characteristics (e.g.
type of school attended) are intentionally not colied, so that the SES parameter proxies all

the channels by which family background influencésidren’s test performanté The

13 We recognise that there are many important fadgtditsencing children’s educational development]inling
early education, parental education, material stpititudes and aspirations. One would therefdesally



estimated coefficients will thus proxy thmumulative impact of family background on
children’s test performance, including their expedes during the first years of life (which
Cunha et al 2006, amongst others, have stresseskiemely important)During this paper
we focus upon test score differences between thst attvantaged (more than 200 books) and
least advantaged (less than 25 books) groups. @uagy interest is: (a) how does this socio-
economic achievement gradient vary across courdnes(b) how does the gradient change

as children move from the end of primary schodh®end of secondary school.

Given the data difficulties described above, owalgsis shall proceed with some caution.
Specifically, our strategy is to treat the TIMSS drade survey as a broad indicator of
children’s math skills towards the end of primachaol (when children are aged 9/10) with
the TIMSS & grade and PISA 2009 studies as two separate todicaf math skills towards
the end of secondary school. Our intention is tiouok for evidence of robust changes in
math achievement (at the country level) that holether either TIMSS 2007 {&grade) or

PISA 2009 is used as the secondary school followstupey.
3. Results

3.1 Average test scores

In Table 2 countries are ranked by mean test scaremyes 9/10, 13/14 and 15/16. The
countries of interest are highlighted in shadebgbit (England) or dark (East Asia) grey. At
each point England sits in the middle of the cromsatry ranking, with average test scores
roughly in-line with those achieved by children rfrothe United States. Indeed, on no
occasion can one reject the null hypothesis thairame test scores in England are
significantly different from zero at the 5% levéh. other words, England’s performance is
always roughly in-line with the cross-national age (within this pool of 13 countries). A
particularly notable feature of Table 2 is that Hast Asian nations are consistently at the top
of the international rankings, with a sizeable ¢apwveen this group and all other countries
included in the analysis. For instance, even whalldren are in primary school (age 9/10)
there is a big difference (almost 0.4 of an intéomal standard deviation) between the

lowest performing East Asian country (Taiwan) ahd highest performing other country

include multiple variables into the analysis totcap these various effects. Unfortunately, the P&é#d TIMSS
dataset contain limited comparable information, tmeé books in the home is used as the best alaitmbxy
to reflect the combined influence of such factérsimilar approach has been used by other authbeswsing
these data (e.g. W6RBmann 2008, Ammermueller 2006).

10



included in the sample (Lithuania). Thus a subsarand statistically significant cross-

national achievement gap has emerged long beferstént of secondary school.

<< Table 2 >>

England is clearly quite some distance behindehdihg East Asian nations (in terms
of pupils’ average math achievement) before childreach their tenth birthday. But do
English children fall further behind during secondschool? The answer to this question can
be found in Table 3. This provides the change erage test scores between ages 10 and 14
(left hand columns) and 10 and 16 (right hand cols)racross the 13 countries. The column
labelled ‘Sig Diff to 0’ indicates whether there as statistically significant change in a
country’s performance relative to the cross-naticnaerage between the two ages (based
upon a two sample t-test with independence betwaereys). On the other hand, the column
labelled ‘Sig Diff to Eng’ illustrates whether tleeis a significant improvement or decline in
average test scores relative to the change obsemteith England (based upon a two sample
t-test assuming independence between countriesinvebch of the surveys). This has
similarities to a classic difference — in — diffece test, where change in one ‘treatment
group’ over time (e.g. English secondary schoolind culture) is compared to the change in

other ‘treatment groups’ (e.g. various form of E&sian secondary schooling and culture).

<< Table 3 >>

Starting with England, notice that the change iramgest scores between both ages
10 and 14 (-0.107) and 10 and 16 (-0.051) are samallstatistically indistinguishable from O
at conventional thresholds. Thus there is littledemce that the math skills of English
children either improve or deteriorate (relativeytming people in our pool of 13 countries)
between the end of primary school and the end afrs#ary school (on average). This is in
contrast to some countries (Norway and Slovenigre/laverage test scores clearly increase,
while in others (Lithuania and Russia) there is @ked decline. Yet there is also little to
suggest that English pupils fall further behindldtan in the leading East Asian nations. For
instance, notice that the change in mean test s¢mtveen ages 10 and 16 in England is not
significantly different to that in any of the Easdian countries. A similar result also seems to
hold for Scotland (if anything, children in thiswdry may actually catch up with their East
Asian peers). This point is further emphasisedigufe 1, which plots mean test scores for
the countries of interest at the three ages. Aljhotne gap between England and the four
East Asian countries is always large (often haliraarnational standard deviation or more)

11



there is no consistent evidence that the gap widemeclines during the primary (age 9/10)

to secondary (age 13/14 or 15/16) transition.
<<Figure 1>>

A clear implication for policymakers is that itm®t during secondary school that the
leading East Asian countries pull away from Englanderms of school pupils’ math skills.
Rather, the causal factor(s) behind these coungsiesg performance seemingly occurs
much earlier in life (i.e. before the age of 9/a4aY this relative advantage is then maintained.
Consequently, reforming the secondary school systey not be the most effective way for
England to ‘catch up’ with such countries in theSRIrankings. Earlier intervention (e.qg.
during pre-school and primary school) may be needstkad. Moreover, it seems unlikely
that analysis of datasets that focus upon therlatéges of secondary school (like PISA) will
be able to explain why average math performancsoisnuch higher in East Asia than

England.

3.2 Inequality in educational outcomes

Although England’s relative performance in termspapils’ average math test scores may
not change significantly between primary and seaondschool, it is possible that the

distribution of achievement could alter as childegye. Evidence on this matter can be found
in Figure 2. This plots the standard deviation bildren’s math test scores at ages 9/10,
13/14 and 15/16 (note that Ferreira and GignouxXL2ftihsider several possible measures of
inequality in educational outcomes and concludé tha standard deviation is the most
appropriate when analysing the international aamesnt datasets). England is highlighted

using a light grey line with square markers.
<< Figure 2 >>

At age 9/10, inequality in mathematics achievems&tainds at roughly 1.1 international
standard deviations in England. This is notabhhbrgthan in the East Asian nations, with the
standard deviation being only 0.9 in Japan andtless 0.8 in Hong Kong and Taiwan. Yet
this situation seems to reverse towards the enskodbndary school; whereas inequality in
mathematics achievement falls in England (to 0.B&mointernational standard deviation by
age 16) it increases in a number of East Asian tt@sn(e.g. it is up from 0.80 at age 10 to
1.02 at age 16 in Hong Kong). Thus, although therkttle change in average test scores
between ages 10 and 16, the same does not appérr tawe with regards educational

12



inequality. In particular, whereas mathematics eatinent seems to become more equal in

England during secondary school, in the East As@amitries it becomes more disperded

What is behind this apparent change in educatiomeduality? Table 4 panel A
presents the i’OpercentiIe of the achievement distribution atttimee ages. This reflects the
math skills of the lowest achieving pupils withiach of the 13 nations. Figure 3 illustrates
how the 18' percentile changes between primary and seconganosfor England and East
Asian nations. The left hand side refers to the Hi}¢4 comparison and the right hand side
the age 10-16 comparison. The thin black line mgnihrough the centre of the bars
represents the estimated 90% confidence intemtdrdstingly, there is some evidence of an
increase in P10 within England, particularly foetage 10 to age 16 comparison. In other
words, the low achievers in England manage to impn@lative to low achievers in other
countries. The opposite is true, however, in SingapHong Kong and Taiwan, where P10
declines (e.g. in Hong Kong P10 declines from -Oat8age 10 to -0.72 at age 16).
Consequently, one can see that between primarybkahd the end of secondary school, the
gap between the lowest achieving children in Ergjland the lowest achieving children in
East Asian countries is reduced. This is consistatit government policy in England during
this period, when a number of initiatives attempti@daise the basic skills of low achieving
groups. However, it should be noted that, despite progress, a significant gap remains
between the lowest achievers in England and thesoachievers in East Asia, even at age
16",

<< Table 4 >>
<< Figure 3 >>

Does the same hold true for the highest achieemtgiren? In Table 4 panel b we
provide analogous results for the™@ercentile of the math achievement distributioe. (ihe
test performance of the highest achieving childwéhin each of the countries). Figure 4 then
compares the change in thé"g@ercentile between the end of primary school &edend of
secondary school. Worryingly, it seems that Engldnds lose some ground relative to its
international competitors (and particularly the t2asian nations) in this respect. The bars in

both the left and right hand panel of Figure 4 megative for England, with the estimated

* Here we refer to inequality in educational outcen{the spread of achievement) and not equality of
opportunity (how achievement differs between sagonomic groups). The latter shall be the focushef
following sub-section.

15 This can be seen in the right hand column of Talpanel A.

13



90% confidence interval not crossing zero. The iogpion is that the test score gap between
the highest achieving children in England and tlghést achieving children in the twelve
other countries we consider incred§e®n the other hand, the opposite is true in sédra
the East Asian countries — the highest achievinglptend to further extend their lead. For
instance, Table 4b reveals that thd @@rcentile in Hong Kong moves from 1.56 standard
deviations above the cross-country mean at ageo 1N90 standard deviations at age 16.
Pulling these results together, Figure 4 suggéststhe gap between the highest achieving
children in England and the highest achieving e¢kitddn East Asia increases between the end

of primary school and the end of secondary school.
<< Figure 4 >>
3.3 Inequality of educational opportunity

Finally, we turn to the issue of inequality of edtional opportunity, defined as the
difference in math test scores between high (mbaa 200 books) and low (25 or fewer
books) socio-economic groups. Table 5 providesmedéis at the three ages. It becomes
immediately apparent that England has a partigulEdge socio-economic achievement
gradient when measured in this way. For instantgga 9/10 children from advantaged
backgrounds score (on average) 0.87 standard gmsahore on the TIMSS math test than
children from disadvantaged backgrounds. This ggéi than any other country included in
the analysis at the 5% level (with the exceptiorBofgapore). Moreover, no country has a
significantly bigger socio-economic achievement tfggn England at either age 13/14 or age
15/16. It is also interesting to note that therexdascommon pattern across the East Asian
countries, with quite large socio-economic diffexes occurring regularly in some (e.qg.

Singapore, Taiwan) but not in others (e.g. Hongddon

<< Table 5>>

Does the socio-economic test score gradient inerémtween ages 10 and 16 in
England? Evidence on this issue can be found iarEi§. This plots the socio-economic test
score gap at the three ages. Children from advadtagckgrounds do indeed extend their
lead over their disadvantaged peers in Englandhass been found in previous research
(Goodman et al 2009, Ermisch et al 2012). Althotigis increase of 0.26 of a standard

' It is important to once again stress that in tkipgr we are referring to relative differences betweountries.
Thus although English children’s maths ability valearly improve between the end of primary schaa the
end of secondary school, this may be at a slower ttean their East Asian peers (and hence be ativel
decline).
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deviation (from 0.87 at age 10 to 1.13 at age &8}atistically significant (t= 2.5, p = 0.61)
and of reasonable magnitude, the vast majorityoafoseconomic inequality in educational
achievement is nevertheless apparent by age 1Cedver, Figure 5 would seem to suggest
that the socio-economic gradient also increasdldarfour East Asian countries by roughly

the same (Singapore, Japan) or even greater (Hong,Kraiwan) amounts.
<< Figure 5 >>

Thus although we have replicated previous findiofan increasing socio-economic
achievement gradient between ages 10 and 16 imkthglve have also presented evidence
that suggests the same holds true in the leadirgl Baian nations. As inequality in
educational achievement is already large beforll@m finish primary school, this further
suggests that public investment into increasing odppities for young people from

disadvantaged homes may be best placed in theesatg (Cunha et al 2006).
4. Discussion, policy recommendations and conclusie

The Programme for International Student AssessifdBtA) and Trends in Mathematics and
Science Study (TIMSS) are two highly respected isticbf school pupils’ academic
achievement. Policymakers have shown great intenesheir findings — particularly the
dominance of East Asian countries towards the fofh® PISA and TIMSS rankings. The
Secretary of State for Education, Michael Gove, hisdshadow, Stephen Twigg, have both
suggested that England must learn lessons frone thigh performing jurisdictions, including
policies that could be successfully implementedhis country. We have provided some
guidance on this issue by attempting to identifg #ge at which children in England are
overtaken by their peers in East Asia (in termava@drage mathematics test scores), and thus
where efforts to reform the schooling system shdagdconcentrated. This leads us to the

following three policy recommendations.

Firstly, policymakers should concentrate on refoignmathematics education in the
early primary and pre-school years. This paperdtasvn how there is a large gap in math
achievement between England and leading East Am#ons even at age 10, but also that
this gap does not appreciably widen during secogndahool. Thus, despite major policy
focus on secondary schools, there is little evidathat these institutions are responsible for

England’s disappointing position in the PISA and/BIS rankings. What policies from East

' Statistical significance based upon a two-sampéstwith independent samples.
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Asian countries could England adopt to boost mkilts before the end of primary school?
Unfortunately, the answer does not seem to begsiifarward. One might suggest that there
is a need for government to provide more (and highmality) pre-school care, as there is
evidence that this has a positive impact upon orld later academic achievement (Cunha
et al 2006). However, pre-school enrolment ratesadready higher in England than Japan,
Singapore, Taiwan and Hong Kong (recall Table 1lyprédver, although we are unable to
compare pre-school quality, it is interesting téenthat the OECD has recently suggested that
certain East Asian nations should learn lessons fitee UK in this respect (Taguma et al.,
2012). Investment in education also seems unliteelye the cause, as the percentage of GDP
per capita spent on education has been consistentlyr in the East Asian countries than the
UK during the 1999-2009 period (World Bank 2012)nfary school class sizes also tend to
be larger in East Asia and instructional hours lo¢@ECD 2011a). However, one factor that
does notably differ is the quality and status @icteers. For instance, teachers in East Asia
tend to be high academic performers (OECD 2011w),leve a duty to study and research,
aswell as teach (Jensen et al. 2012). Moreovely tieeeive high earnings both in
comparative international terms and relative to eotlprofessional groups. Although
establishing the causal impact of this higher pay status is beyond the scope of this paper,
we do suggest that raising the prestige of teactpagicularly at the primary school level)
could be an important lever upon which English gohakers may draw. Consequently,
further research should be devoted for understgnthe impact of different school-level
educational resources. Our results, based on thematics competence and however
limited, are nevertheless valuable for pointing thése analyses should principally focus on

the pre-primary and primary levels.

Our second recommendation calls for further invesinin the skills of children from
disadvantaged backgrounds, again with a focus emptimary and pre-school years. Section
3.3 illustrates that the socio-economic gradienmath test scores seem to be steeper in
England than East Asian countries. While this gay midening slightly in England during
secondary school, socio-economic differences inewac achievement are largely in place
by age 10. Although some caution is required whaterpreting this result, given the
limitations of the data available (Jerrim and Maktight 2012), we note that our findings
(and subsequent policy recommendation) are consistéth a host of other academic
research (e.g. Schitz et al 2008, Jerrim and Miakdgnt 2011, Cunha et al 2006, Heckman
2007). As primary education is free or nearly fre&ngland and most East Asian countries,
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alternative explanations for the large socio-ecoscachievement gradient in England must
be sought. One possibility is that ability groupingprimary school mathematics classes is
relatively common in England, but not East Asia {Bo et al. 2011, OECD 2012) As
Gamoran (2004) and OECD (2012) note, there i l@tlidence that such streaming improves
average performance, but may exacerbate test slhffeeences between advantaged and
disadvantaged groups. Similarly, between schoatctehn processes are weaker in East
Asian countries than England (OECD 2012), mearinag tlisadvantaged children are likely
to have better access to quality educational reesuReducing the segregation of pupils in
England, both within and between primary schoolay thus make an important contribution

to narrowing the socio-economic achievement gapathematics.

Finally, although we maintain that policymakerswld focus on the earlier stages of
young people’s educational career, some importaanges are needed to improve aspects of
mathematics provision during secondary school. mbet pressing issue is to ensure that the
curriculum stretches the best young mathematicéaosigh, and that they are motivated (and
incentivised) to fully develop their already accuated academic skill. Evidence presented
in this paper has suggested that the gap betweehigihest achieving children in England
and the highest achieving children in East Asiaenglbetween ages 10 and 16 (at least in
mathematics). This is something that needs to beecied as highly skilled individuals are
likely to be important for the continuing succedscertain major British industries (e.g.
financial services) and to foster the technologinabvation needed for long-run economic
growth (Bean and Brown 2005, Toner 2011). One pbss&xplanation for this finding is the
widespread use of private tuition by East Asianili@s for both remedial and enrichment
purposes (Ono, 2007; Sohn et al., 2010). This heelgsoost the performance of all pupils,
including those already performing well at schdoelcomparison, private tutoring in England
is mainly undertaken by a relatively small selectad children from affluent backgrounds,
often for remedial purposes. While a large proportof East Asian families are willing to
personally finance such activities through the gievsector, the same is unlikely to hold true
in the foreseeable future within England. Consetijyethe state may need to intervene.
Gifted and talented schemes, a shift of school@ml incentives away from reaching floor
targets (e.g. a C grade in GCSE mathematics) ananeed tuition for children who excel in

school are all possible policy responses.

18 Hallam and Parsons (2012) show that one in sixctikiren are being taught in ability streams at age
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These recommendations do, however, come with itapbcaveats. Firstly, although
it is true that most of East Asia’s modern educalsystemswere strongly and deliberately
modelled after the Western educational rubfleynes, 2008: 900)' the identification of
successful policies in some countries does not ssacty ensure the success of their
implementation in others. Even when policies arathég methods have been proven to be
effective in East Asia, culture and context potahti limits the extent to which such
initiatives can be successfully transferred to ottmuntries (Cowen, 2006). Secondly, it is
worth underlining that cultural and social factorsght be behind these countries strong
PISA and TIMSS test performance. In East Asianutef, education has historically been
considered a highly valued good and the main Iegite method for social mobility. This can
be seen not only in the East Asian teachers’ hadgries, but also by the heavy investment of
families in private tutoring services. Family anocigl commitment to education is also
reflected in the large number of weekly hours EAstan students spend in self-study
activities and, as Zhu and Leung (2011) argue gtleat impact extrinsic motivation has on
their mathematics test performance (much more ao their Western peers). Consequently,
the implementation of some of the characteristicthe East Asian educational model may
imply the need for a cultural shift towards gredielief in the value of education amongst all
and the importance of a hard work ethic. Indeedjsitimportant for academics and
policymakers to recognise that East Asian childvastly out-perform their English peers
even when they have been through the English sitlppalystem’. This is perhaps the
clearest indication that it is actually what happeutside of school that is driving these
countries superior PISA and TIMSS math test perforoe. We recognise, of course, that
such cultural shifts cannot be expected to takeepia England in the short run, as it is
notoriously difficult to modify people’s attitudeand beliefs. Similarly, although such
policies can lead to higher academic performarie®; have well known side effects, such as
the pressure which students (physical and psycie@gnd parents (financial) must put up
with (Bray 2003). Yet, in an increasingly competiworld, such a cultural shift may be
necessary to ensure England’s future prosperity@mgirun economic success.

91n 2011, 78.5% of Chinese children achieved 5 oramA* - C grades including math and English. This
compares to a national average of 58.2%. See
http://www.education.gov.uk/rsgateway/DB/SFR/s00A/0&ex.shtml
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Table 1. Key characteristics of the UK, Japan, Sirgpore, Hong Kong and Taiwan

Hong United

Japan Kong Singapore Taiwan Kingdom
1. GDP per capita (PPP 2005 US $000) 32.0 36.3 47.3 28.7 33.4
2. % GDP spent on education (2009) 3.8 4.8 3.1 4.1 5.4
3. Enrolment rates in pre-primary education
(%) 90 97 - 29 81
4. Enrolment rate: primary education (%) 100 92 - 8 9 100
5. Enrolment rates: secondary education (%) 99 76 - 95 96
6. Enrolment rate: higher education (%) 59 57 - 82 59
7. Mean PISA math score (2009) 529 (94) 555 (95) 55(104) 543 (105) 492 (87)
8. Mean PISA reading score (2009) 520 (100) 533 (84 526 (97) 495 (86) 494 (95)
9. Mean PISA science score (2009) 539 (100) 549 (87 542 (104) 520 (87) 514 (99)
Sources:

1 Pennworld Tables (https://pwt.sas.upenn.edu/ptgdpet_index.php).

2 to 6 World Development Indicators and Taiwanpfrislinistry of Education. Data refers to 2009.

7 to 9 PISA survey websitétfp://www.oecd.org/pisa/46643496. pdbtes:

In brackets, standard deviation.

PISA 2009 scores for England and Scotland werperively: 493 (87) and 499 (93) in math; 495 (863 500

(94), in reading; 515 (99) and 514 (96) in science.
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Table 2. Average math test scores at ages 9/10,1¥8And 15/16 (international z-scores)

Age 9/10 Age 13/14 Age 15/16
Mean SE Mean SE Mean SE

Lithuania 0.064 0.041 England -0.072 0.064 Australia 0.215* 0.032
Russia 0.037 0.051 Russia -0.103* 0.041 Slovenia 07@. 0.060
England 0.035 0.053 USA -0.130* 0.035 Norway 0.032 0.025
USA -0.128* 0.034 Lithuania -0.166* 0.038 Scotland 0.004 0.047
Italy -0.326* 0.047 Slovenia -0.219* 0.0z England -0.016 0.041
Australia -0.375* 0.052 Australia -0.278* 0.057 USA -0.077 0.046
Scotland -0.473* 0.042 Scotland -0.379* 0.054 Italy -0.121* 0.029
Slovenia -0.623* 0.033 ltaly -0.477* 0.035 Lithuani -0.193* 0.042
Norway -0.959* 0.031 Norway -0.596* 0.023 Russia .285* 0.038
Notes:

1 * indicates where average test scores are $tatlgtdifferent from 0 at the 5% level. This illmates whether

average math test scores are significantly diffiefiem the 13 country cross-national average. 3stdindard
errors take into account the clustering of childngthin schools.

2 Age 9/10 refers to TIMSS 200%' grade data, age 13/14 is TIMSS 20878ade and age 15/16 PISA 20009.

3 All figures presented are international z-scores.
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Table 3. Change in average math test scores betwegrmmary and secondary school

Change 10 - 14 Change 10 - 16
Sig Diff to Sig Diff to
Change SE 0 Sig Diff Eng Change SE 0 Sig Diff Eng
Norway 0.363 0.038 xk ok 0.991 0.039 owx ok
Slovenia 0.404 0.042  *** ok 0.693 0.068 Hoxx ok
Australia 0.097 0.078 - * 0.590 0.062 owx ok
Italy -0.151 0.058 ok - 0.205 0.055 Hoxx ok
Scotland 0.094 0.068 - * 0.477 0.063 oxx bl
USA -0.002 0.049 - - 0.051 0.058 - -
England -0.107 0.083 = - -0.051 0.067 = -
Lithuania -0.230 0.056 ok - -0.257 0.058 Hoxx ok
Russia -0.140 0.066 ** - -0.322 0.063 oxx ok

Notes:

1* ** and *** indicate statistical significancetdhe 10%, 5% and 1% level. ‘Sig Diff to 0’ illuates whether
the change in average math test scores are sigmtificdifferent from the change for the 13 countrgss-
national average (using a two sample t-test wittependent surveys). ‘Sig Diff Eng’ illustrates winet the
change in average math test scores are significdifferent from the change seen in England (usingvo
sample t-test assuming independence between cesintd All standard errors take into account thestering

of children within schools.

2 The left hand columns refer to the change inayemath test scores between age 10 (TIMSS 206} alad
age 14 (TIMSS 2007 data). The right hand columfex ite the change in average math test scores batage
10 (TIMSS 2003 data) and age 16 (PISA 2009 data).

3 All figures presented are international z-scores.
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Table 4. The estimated 19and 90" percentile of the math test score distribution atges
9/10, 13/14 and 15/16 (international z-scores)

(a) Test scores at the 10 Percentile

Age 9/10
P10 SE P10

Age 13/14

SE

Age 15/16
P10 SE

Lithuania -1.21 0.071 USA -1.28 0.048 Australia 04l 0.034
Russia -1.22 0.062 Slovenia -1.32 0.031 Norway 4.1 0.032
USA -1.39 0.044 Lithuania -1.36 0.0¢ England -1.23 0.044
England -1.41 0.052 Russia -1.39 0.050 Slovenia -1.24 0.043
Italy -1.69 0.053 England -1.38 0.074 Scotland -1.27 0.049
Australia -1.73 0.076 Australia -1.48 0.084 USA 34L. 0.056
Scotland -1.74 0.060 Italy -1.61 0.056 Italy -1.40 0.040
Slovenia -1.93 0.037 Norway -1.61 0.031 Lithuania 1.41 0.040
Norway -2.30 0.049 Scotland -1.63 0.052 Russia 41.4 0.037
(b) Test scores at the 90 Percentile (international z-scores)
Age 9/10 Age 13/14 Age 15/16
P90 SE P90 SE P90 SE

England 1.41 0.048 England 1.15 0.072 Australia 1.51 0.040
Russia 1.29 0.081 Russia 1.12 0.043 Slovenia 1.41 .078

Lithuania 1.21 0.044 USA 1.02 0.041 Scotland 1.29 .060

USA 1.07 0.031 Lithuania 1.02 0.049 Norway 1.21 33.0
Italy 0.94 0.063 Australia 0.91 0.0¢ England 1.20 0.052

Australia 0.86 0.059 Slovenia 0.86 0.032 USA 1.20 .050

Scotland 0.74 0.052 Scotland 0.81 0.052 ltaly 1.14 0.026

Slovenia 0.56 0.051 Italy 0.62 0.044 Lithuania 1.01  0.057

Norway 0.31 0.028 Norway 0.37 0.019 Russia 0.87 50.0
Notes:

1 Age 9/10 refers to TIMSS 2003 grade data, age 13/14 is TIMSS 2087g8ade and age 15/16 PISA 2009.

2 All figures presented are international z-scores.

3 All standard errors take into account the clusteof children within schools. See Appendix 1 farther
details on calculation of standard errors.
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Table 5. Socio-economic differences in children’s ath test scores at age 10, 14 and 16
(international z-scores)

Age 10 Age 14 Age 16
Beta SE Beta SE Beta SE
Singapore 0.882 0.079 0.939 0.093 0.999 0.082
England 0.871 0.087 1.141 0.082 1.126 0.052
USA 0.680* 0.044 0.782* 0.043 1.051 0.057
Australia 0.612* 0.095 0.853* 0.079 1.063 0.041
Scotland 0.582* 0.080 0.963 0.075 1.211 0.078
Japan 0.566* 0.062 0.722* 0.070 0.692* 0.057
Taiwan 0.533* 0.039 1.046 0.063 1.047 0.066
Norway 0.513* 0.074 0.648* 0.038 1.007 0.045
Lithuania 0.489* 0.075 0.798* 0.067 0.948* 0.061
Russia 0.422* 0.093 0.677* 0.074 0.700* 0.063
Hong Kong 0.335* 0.088 0.652* 0.116 0.865* 0.083
Slovenia 0.266* 0.084 0.686* 0.051 1.130 0.096
Italy 0.115* 0.077 0.637* 0.057 0.913* 0.045

Notes:
1 Authors’ calculations based upon the regressiodehpresented in section 2.

2 Figures refer to the difference in average testes between children with few (0 — 25) versuddecén with
many (more than 200) books.

3 Al figures presented in terms of internationacores.

4 * indicates where socio-economic gradient sigaffitly different to England at the 5% level. Alastard
errors take into account the clustering of childnétinin schools.
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Figure 1. Average math test scores at ages 9/10/18and 15/16 — England compared to
a selection of East Asian countries
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Notes:

1 Age 9/10 refers to TIMSS 2003 grade data, age 13/14 refers to TIMSS 200f@de data and age 15/16
refers to PISA 2009.

2 Al figures presented in terms of internationacores.
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Figure 2. Standard deviation of mathematics test sces (inequality in math outcomes)
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Notes:

1 Age 9/10 refers to TIMSS 2008 grade data, age 13/14 refers to TIMSS 200@r@de data and age 15/16
refers to PISA 2009.

2 All figures presented in terms of internationacores.
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Figure 3. Change in the 18 percentile of the math test distribution betweenhe end of primary school and secondary school

(a) Age 9/10to 13/ 14 (b) Age 9/10to 15/ 16
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Notes: 1 The left hand panel refers to the changke 18' percentile of math achievement between age 9/IM$% 2003 4 grade) and age 13/14 (TIMSS 2007¢Bade).
The right hand panel provides analogous figureshferchange between age 9/10 (TIMSS 2008rade) and age 15/16 (PISA 2009) .

2 All figures presented in terms of internationacores.

3 The thin black line running through the centreeath bar is the estimated 90% confidence inteAlbktandard errors take into account the clusgpiof children within
schools. See Appendix 1 for further details on méttogy.
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Figure 4. Change in the 98 percentile of the math test distribution betweenhe end of primary school and secondary school

(b) Age 9/10to 13/ 14 (b) Age 9/10to 15/ 16
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Notes: 1 The left hand panel refers to the chandbed 98 percentile of math achievement between age 9/IM$¥% 2003 4 grade) and age 13/14 (TIMSS 2007¢ade).
The right hand panel provides analogous figuresHierchange between age 9/10 (TIMSS 2008r4de) and age 15/16 (PISA 2009) .

2 All figures presented in terms of internationadcores. The thin black line running through thetieeof each bar is the estimated 90% confidentval. All standard
errors take into account the clustering of childnéthin schools. See Appendix 1 for further detatsmethodology.

3 Results for Taiwan have been excluded from tftehiend panel for clarity of presentation. The"ggkercentile is estimated to increase by 0.9 ofaadstrd deviation
between age 10 and age 14 in this country (seee®apénel b for further details).
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Figure 5. Socio-economic inequality in math test sces at ages 9/10, 13/14 and 15/16
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Notes:

1 Estimates refer to differences between childremfhouseholds with few books (0 — 25) to thoséa wiany

books (more than 200 books

2 Age 9/10 refers to TIMSS 200%' grade data, age 13/14 refers to TIMSS 200f@&de data and age 15/16

refers to PISA 2009.

3 Al figures presented in terms of internationacores.
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Appendix 1. Estimates at the 18 and 90" percentile — estimates and standard errors
()  Estimates of 18" and 90" percentile of the test distribution

In Table 4 we present estimates of th& 26d 9 percentile of the test scores distribution at
three ages (10, 14 and 16) along with the assac&tndard errors. These can be produced
in STATA by simply running a quantile regressiortla¢ given percentile (e.g. P90) with no
covariates included. An example of the STATA codedufor England at age 10 (TIMSS
2003 4" grade data) is given below:

greg Z_Math_Score if Country==826, q(0.90)
Where Z_Math_Score= The internationally standardised math z-score

The above provides an accurate estimate of tifep@@centile of the test distribution for
England. However, standard errors are likely toumelerestimated as the clustering of
children within schools has not been taken intooant. We therefore bootstrap by cluster
(schools) all of the estimates produced for th& add 98 percentile (using 50 bootstrap

replications). An example of the coding used cafobed below:

program 90
greg Z_Math_Score if Country==826, q(0.90)
end

bs, cluster(School_ID): g90

(i) Estimates of change for the 10 and 90" percentile of the test distribution

In Figure 3 and Figure 4 we present estimates of the 1d' and 98' percentile change as
children age (either between ages 10 and 14 ordmgivages 10 and 16). One way to
calculate these changes is to simply subtract éhevant values given in Table 4. For
instance, the change in the™@ercentile for England between ages 10 and 1&é&ndy the
calculation (1.15 - 1.41 = - 0.26).

An alternative is to the pool the TIMSS 2003 grade (age 10) and TIMSS 2007 8
grade (agel4) data into a single filpo$t standardisation) and to estimate a quantile
regression model with an ‘age’ dummy variable awaariate. An example of the STATA
code used for England is as follows:
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xi:greg Z_Math_Score i.Age if Country==826, q(0)9

Where the age dummy takes a value of 1 to indiddSS 2007 (age 14) data. The
coefficient for the age dummy variable is thus édqoathe change in the §0percentile
between ages 10 and 14 (this can be confirmedrigtaid — where we get a value of -0.26
as explained above). However, standard errors iasdylto be underestimated as the
clustering of children within schools has not bésten into account. We therefore bootstrap
by cluster (schools) all of the estimates produitecthe 18" and 98" percentile (using 50
bootstrap replications). An example of the codisgdican be found below:

program 90
xi:qreg Z_Math_Score i.Age if Country==826, {{0)
end

bs, cluster(School_ID): g90

Moreover, note that the above model can be extemdddclude an ‘Age’ by ‘Country’

interaction term:

xi:greg Z_Math_Score i.Age*i.Country, q(0.90)

If England is set to the baseline country, then Alge*Country interaction will indicate
whether the change in the"®@ercentile between ages 10 and 14 is statistiségjyificant
relative to this country. In other words, is theache in the 90 percentile significantly

greater in England than other countries?
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Appendix 2. Response rates across countries and says

4th grade TIMSS ~ 8th grade TIMSS
(2003) (2007) PISA (2009)

School Pupil School Pupil School Pupil

Italy 100 97 100 97 99 92
Russia 100 97 100 98 100 97
Slovenia 99 92 99 95 98 91
Lithuania 96 92 99 94 100 93
Norway 93 95 93 95 97 90
Australia 90 94 100 95 99 86
Scotland 83 92 86 90 89 84
England 82 93 86 93 87 87

United States 82 96 83 95 78 87

Notes:

1 School response rates refer to after replacesaols have been included.

2 See pages 355 and 357 hifp://timss.bc.edu/PDF/t03_download/T03 _M_AppA.pttr TIMSS 2003. See
http://timss.bc.edu/timss2007/PDF/T07_M_IR_AppeRAdpdf pages 389 and 391 for TIMSS 2007. For PISA
2009 sednttp://www.oecd.org/pisa/pisaproducts/pisa2009/8773 .pdf pages 165 to 168.
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Appendix 3. The cross-country correlation betweenaerage PISA 2009 and TIMSS
2011 (8th grade) test scores
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Notes:

1 Data refers to country average (mean) test stotbe PISA 2009 and TIMSS 2011 assessments.
These are presented in terms of the PISA / TIMSGnetric — meaning figures are not directly
comparable (i.e. a score of 500 on PISA does nanrtige same thing as a score of 500 on TIMSS).

2 Pearson correlation coefficient = 0.88, spearsiaanrik = 0.86

3 Official two letter country codes usesviw.iso.org/iso/country names_and_code_elements
GB(E) refers to England.
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