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INTRODUCTION

In 2007, the Department for Children Schools anchifles (DCSF) in England announced a new policyclthi
would allow every pupil who had reached a certéamdard in their science examinations at age bbhtinue
to study Physics, Chemistry and Biology as thrqeasse sciences at the ages of 15 and 16 (as appmse
studying them in a condensed manner, compressedit@ or two subjects). This more intensive opfion
studying science is called “Triple Science” anthésieved to provide young people with a better prafion for
the study of science later on. The stated intentibthe policy was to increase the number of yopegple
taking Physics and Chemistry at A Level (the exatdm sat by most pupils in England at age 18) thedt
attainment in those subjects. Ultimately, the polaims to increase the number of people takingnseie
subjects in Higher Education, as well as the qualithe scientists supplied to the economy.

Despite the fact that some commentators are soimmety of the effectiveness of the policy that they
have argued that it should be made compulsoryifgr chieving pupils (see Section | below), no aatbn of
the policy has so far been carried out. In the dxseof experimental data with well-defined treatmand
control groups it is difficult to draw conclusiomdout the causal impact of Triple Science on Iatéject
choice and attainment. This is a particular problarthe case of Triple Science, because the kirigsaupils
who are offered Triple Science tend to be veryedéht from those who are not. Although controlliiog
observable characteristics will help alleviate soofethis problem, there are bound to be unobseevabl
characteristics that the standard regression framewannot control for, and which would bias th&émeate of
the effect of Triple Science on subject choice attdinment.

In this paper | shall argue that, in the absencexpkrimental data, a better estimate of the caaffadt
of Triple Science on later subject choice and matt@nt can be arrived at by exploiting the fact thagr time
some schools have dropped Triple Science and oflaees taken it on. Adjacent cohorts of young pegpliag
through these schools should be more comparatdadb other, and they would have been subjected/ésya
similar school environment — but one cohort wasmff Triple Science whereas the other was nogjueathat
this strategy enables me to eliminate at least sofrtbe unobservable characteristics associateld svibject
choice and attainment in science, and would proaitetter estimate of the causal effect of Trigle&ce.

As far as | am aware, this is the first paper terapt an estimate of the causal effect of Triple®m on
later subject choice and attainment. More generbliyn not aware of any economic studies (partityia the
context of the UK) which have looked at the effetturriculum structure and offer on later educadicsubject

choice. In this sense, | believe the current siadlge first of its kind.
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My results indicate that pupils who are offeredplei Science are 8.3% more likely to take A Level
Chemistry; 13.4% more likely to take A Level Mathatios; and 15.0% more likely to achieve a grade A
Level Physics. In addition, | find that the effecsTriple Science are restricted to men only amat pupils
from more deprived backgrounds appear to benef@itmo particular, more deprived pupils who weréed
Triple Science were 13.7% more likely to choose rGisey at A Level and 19.6% more likely to take
Engineering and Technology in HE.

The remainder of this paper is set out as follo8exction | offers some background on the educational
system in England and on the Triple Science poliaySection Il, | briefly review the economic litgtre on
subject choice, and in Section Il | describe teg features of my dataset. Section IV documentemgirical
strategy and Section V contains the basic resmtSection VI | extend the analysis to certain gubups and

check for heterogeneity in the treatment. Finaélgction VIl offers some discussion and concluderparks.

l. BACKGROUND

General Certificates of Secondary Education (GC@Es)the most common qualification taken by 14-g&éry
olds in England. They are taken in a variety ofiscis (usually around eight), which are chosenheystudents
themselves. However, if the student is in the stataintained”) sector, he or she will be requitedstudy at
least English and Mathematics, as well as a scisulsgct.

In terms of science, there are a number of optstndents can choose from, the main ones being&ingl
Double or Triple ScienceSingle Award Science is the most basic optiona@dbines Biology, Chemistry and
Physics into one single GCSE. 13§ pupils in England take this option, and theg aot allowed to progress
to an A Level in a science subject. Most studeB894) in England will take Double Science, whichthe
combined study of Biology, Chemistry and Physicat tresults in two GCSEs. Although students witls thi
gualification are allowed to progress to sciencd dtevel, Double Science is not as in-depth as\shglthe
individual sciences separately (which is calledolEriScience and leads to three separate scienc&€CR%
of pupils in England take the latter optidn.

Because it is the most in-depth option, Triple Beceeis considered by many in the scientific and
business communities to be the best preparatiorfuither study of science at both A Level and Highe
Education, as well as for future careers in scieAsea result, there have been various calls ferGbvernment

to increase the number of pupils taking Triple Sceeat GCSE. The Confederation of British Indug@gl),
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for instance, has argued that bright pupils shdaddautomatically entered for Triple Science GCSHh whe
option to opt out of the exams (CBI, 2008). SintjlalLord Sainsbury’s Review of Science and Innowati
(HMT, 2007) recommended that the Government shaoldtinue to increase the number of young people
studying the three sciences as separate GCSEthatnthe school profile (which provides valuableoimation

for parents) and the accompanying guidance shoalldrbended to encourage schools to provide infoomati
about whether they offer Triple Science.

These calls come amidst claims from both the sifieaind business communities that the HE system is
not producing enough Science, Technology, Engingednd Mathematics (STEM) gradudteand that
Britain’s international competitiveness is beingetitened by this shortage of STEM skikge, for example:
CBI, 2008 and BCC, 2008) — claims that have regeindlen given some substantiation when the Migration
Advisory Committee (MAC - an independent body setto advise the Government on where labour market
shortages exist) produced its shortage occupasgmany of which were in the sciences.

It is believed that increasing the number of yoteigstaking the Triple Science option at GCSE is on
way of improving the supply of scientists in thendorun, via the impact it will have on take up afd
attainment in, science subjects both at A LeveliandE.

This lobbying by interest groups to put Triple $e at the forefront of the policy agenda has bfear
been successful and, in 2007, the DCSF announeddith September 2008: (i) all pupils achievingeatst
level 6 at Key Stage®3KS3) Science would be entitled to study TripléeBce GCSE; and (ii) that all specialist
science schools would offer Triple Science at léaglll pupils achieving level 6+ in science at &l of KS3.

In addition, the Government said it would encourajeschools to make Triple Science available tgapils
“who could benefit” (DCSF, 2007). The underlyingnai of the policy were to increase the number ofngou
people taking Physics and Chemistry A Levels (whilaintaining the number taking Biology) and raise
attainment in A Level science — but, as the tifithe document suggests (“Nurturing Tomorrow's 8tms”"),
the ultimate goal of the programme is clearly wréase to number of young people who choose ty SU&EM

in HE and, from there, the number of STEM graduateslable to employers.

The announcement of the policy went hand-in-hartth trie setting of a Government target to get 14%
of all pupils in maintained schools in England sind Triple Science by 2014 - which was increaged#% in
2009. In 2007, about 53,000 pupils took Triple 8ceand the target of 17% in maintained schoolsesponds

to approximately 100,000 pupils.



Although the DCSF does not support schools findlycta offer Triple Science, they do contract with
the Learning and Skills Network to support awarsresd take-up of GCSE Triple Science through theldr
Science Support Programfmélthough the financial cost to a school of sejtirp a Triple Science programme
is relatively minor, there are some barriers tovigion which mean that some schools find it hattian others
to offer Triple Science. These barriers might liedihg and recruiting specialist teachers willimgtéach the
subjects, revising the curriculum offer (as takifigple Science means students don’t do somethisg).el
adjusting careers advice and training to show stisdihe benefits of taking three sciences in tesfrjeb and
career prospects, and additional expenditure abdeks and materials. Although some schools migbteed
in offering Triple Science to their pupils througbllaborative arrangements with other schools, thisot
possible for all schools (particularly those inalusreas with no other schools nearby).

If no financial support is available to offer TigpScience, why would any school make the switch to
Triple Science? The answer, according to the D@SEimply that schools are keen to meet the legrnaeds
of all their pupils, and Triple Science helps thdmso. In addition, teaching staff tend to enjogcténg the
separate sciences, so job satisfaction plays datmaie in the decision to offer Triple Sciencendlly, for
schools that have their own sixth fdtnTriple Science might support progression of mifiibm GCSE to A

Level, which is beneficial to the school.

. DETERMINANTS OF SUBJECT CHOICE

As | mentioned in the introduction, | am not awafany previous research which has attempted tmatt the
causal effect of Triple Science on later subjediiah and attainment. More generally, | don't knofvaoy
economic studies (particularly in the context af thK) which have looked at the effect of curriculstructure
and offer on later educational subject choicehls $sense, | believe the current study is the difsts kind.

Of some relevance, however, is the economic likeeabn subject choice in schools and HE, whichlll wi
briefly review in this section. This (limited) Itature covers either: (i) the socio-demographicattaristics
which are associated with the study of particuldojects; or (ii) the role of rates of return on jgab choice. The
former is predominantly descriptive in its natundhereas the latter attempts to get at the intrinsitivations
behind pupils’ choice of subject.

The present study probably fits in most with thstf{descriptive) tradition — although it diffens an

important respect from that literature to the ektdat | am seeking to establish a causal relatipnsetween



curriculum on offer and later subject choice. Hoem\weven if | find that offering Triple Science GCSE
increases pupils’ likelihood of studying STEM in Hfay results will say nothing about the underlymegsons
why that may be the case. For instance — is itumedriple Science increases pupils’ enjoyment@ee? Or
is it because it makes them better at science andehmore likely to continue to take the subjec &igher
level (where generally it is considered to be aiffio’ subject)? It is in this sense that my papeéf lvé mostly
“descriptive”, and a good understanding of othegstttiptive” factors which have been found to beoeissed
with subject choice will thus be crucial for theesfication of my regression models.

It is worth noting that a substantial amount hasrberitten on the topic of subject choice in bdih t
psychological and education literatures. In ordekeéep the present review manageable, | will trg sestrict
myself to the few studies which have been writtethe field of economics.

Tackling the “descriptive” studies first, the mastent research in the UK context was carried gut b
Chowdry et al. (2008). The authors used a datasglas to mine (consisting of matched school andjhidir
Education administrative records for young, Englisimiciled students) and fitted both linear proligband
multinomial logit models. They were particularlyténested in which students were more/less likelsttaly: (i)
STEM subjects; (ii) Law; and (iii) high-wage-retusnbjects. They found that a student’s level ofrid@tion
was not statistically associated with whether drivedshe chose to study a STEM subject and thaandylarge,
more deprived students were more likely to studgjessts with clear economic returns in the labourkaga
(including Law). They also found that ethnic mingrgroups were significantly less likely to enrola STEM
subject than their White counterparts, but moreljiko enrol in high-wage-return degrees, includiragv. This
appears to chime with earlier analysis by Connoale{2004) which looked at Higher Education Statss
Agency (HESA) records on students in HE and fourmbmsiderably higher concentration of minority ethn
students in Medicine/Dentistry, Computer Science lsaw. By contrast, ethnic minority students weoé well
represented in the Physical Sciences, Languagésanr Design, Humanities, Education, VeterinaryeSce
and Agriculture.

The finding about socio-economic class is also icangfd in a 2006 study by Bratti, who uses data from
the Universities’ Statistical Record in the UK (@egecessor of HESA) for the period 1981-1991 awot#daat
young (<21) UK-domiciled students on full-time ungi@duate courses. He investigates primarily whrdtiere
are any differences in the likelihood of studyimgee different subject groups: “quantitative sutg&c‘non-
guantitative subjects”, and “Law and Medicine”. é&planatory variables, he includes gender, agaratraent,

secondary school type, A Level subjects taken, rarnad A Levels achieved, score in best three A leve



region of residence prior to university enrolmearid social class. The study concludes that therlatis no
effect on students’ undergraduate degree subjestehin fact, the author finds that the bulk opkxatory
power of his models can be ascribed to A Leveiratiant and school type attended. Unfortunatelyddwes not
discuss (or present the results for) the otherasgibry variables he included in the model (e.gqndge and
age).

One further study looking at tertiary level subjehbice in Britain is by van de Werfhorst et al0@3)
who use longitudinal data from the 1958 NationallcCiDevelopment Study (NCDS). The authors use a
multinomial regression model where the outcomealdei is subject choice at university and which e six
different values: “Medicine and Law”, “Engineering"Science”, “Economics”, “Social studies” and “Aft
Contrary to the two previous studies cited, vanMrfhorst et al. (2003) find that children of thefessional
class were relatively more likely to choose Medécand Law in university (although, as the authbesrtselves
point out, this might be due to the specific chteastics of the cohort studied: at the time of gtedy only a
very small minority of the working class entered ,Hd this could be considered as a very particasar
selected group (e.g., in terms of academic abjlityan de Werfhorst et al. (2003) do find (consisteith the
aforementioned studies) that ability/prior attaiminplays a crucial role, as well young people’sriparative”
advantage in certain subjects (i.e. young peopt@sh to study subject that they are relatively gapdFinally,
the authors also find a strong association betweeder and subject choice.

The above studies are the only (economic) ones hwaare of which look at subject choice in Higher
Education in the context of the UK. At secondamelethese are even fewer and further in betweand-often
tend to be more closely affiliated with the edumatliterature than with the economics one (seejrfstance,
Ashworth and Evans, 2001; Davies et al., 2004; Badnd Barrow, 2006; and Vidal Rodeiro, 2007). Most
these find similar effects of socio-demographidatales and prior attainment as | have already disad in the
context of Higher Education, although there are esamteresting additional findings. For example hbbDavies
et al. (2004) and Ashworth and Evans (2001) firat the characteristics of the cohort of the stusletitthe
school (peer effects) are strongly associated withject choice (e.g. proportion of students el@ifir Free
School Meals, the proportion of female studentsl\shg a particular subject, and the overall abitfyfellow
students).

Turning now to studies carried out outside the Witext, Smyth and Hannan’s 2006 study of the take-
up of Biology, Physics and Chemistry at the uppecosdary level in the Republic of Ireland is worth

mentioning, as it is the only study | am aware dick looks at how school factors (such as subjextigion



(including time-tabling), the timing of subject d¢be, and ability grouping) influence subject tale-u
Unfortunately, the authors only look at the effentimmediate subject choice (i.e. whether the albdity of
one subject in the school has an effect on wheplogils take up other subjects or not), and not ater|
outcomes (which is the focus of my study). The argthave a very rich dataset at their disposaldwhbvers
data from student questionnaires, detailed intervieith members of staff, as well as informationtba prior
attainment of students), and this allows them ftuklat the role of student perceptions (whether exttbjare
useful, interesting and/or difficult, career aspinas; academic self-image and gender role expen&taffect
subject choice at the secondary level. They firad students are more likely to take science subjétiey find
them interesting and useful, and if they do wellstience. However, this study indicates that a oon
individual student attitudes is not sufficient tepkain variation in take-up patterns since importdifferences
are found between schools in the proportion of exttsl taking science subjects at upper secondaey. [E€tre
take-up of science subjects is found to refleattesl’s decision about whether to provide a subjpectot along
with school organisation and process at both lcamer upper secondary levels.

This brings us onto the studies which have triedirtoover some of the reasons behind subject choice
(rather than just unveiling statistical associagidmetween observable factors and subject studiksl)l
mentioned previously, in economics, these studiege htended to focus almost exclusively on the wadle
(expected) earnings on subject choice, as wellnapemple’s attitudes towards risk. Moreover, neatlyof
these studies have been carried out outside djkheontext.

Using Canadian data, Montmarquette et al. (200dudte an “expected earnings” variable in a model
which otherwise includes most of the socio-demolgia@and other observable variables already discusse
These expected earnings are calculated at theididivlevel and draw on information about the shitde
perceived probability of success, the predictediags of graduates in all subjects, and the stisiexpected
earnings if he (she) fails to complete a colleggréle. They find that expected earnings influendxest choice
over and above all other factors they control gl that the effect of this variable is twice agdafor men as
for women. The effect is also larger for the nonite/ipopulation than for the white group, but doesvary by
socio-economic class.

Using data on first year students in Belgium in daly 1990s, Rochat and Demeulemeester (2001)
show that young people pay attention not only & éxpected economic benefits, but also to the feonft
studies and the probability of succeeding in a ehoerientation. The authors use a three-step Hetkma

procedure to adjust for the potential self-selecti@sociated with the fact that the probabilitysoécess will



depend on the discipline chosen. Interestinglyy fived that the richest students do not appearetgdnsitive to
either the expected chances of success or the mobenefits linked with their orientation choice.

Replicating the above methodology to the Italiantest, Buonanno and Pozzoli (2007) also find that
students take into account the a priori probabditpuccess when choosing a college subject, atdsthdents
coming from a lower socio-economic background aigphore risk aversion. They believe that their ifiigd
can help explain an apparent paradox in the labwarket where quantitative subjects are highly reedy yet
the supply of suitable graduates does not appeactease in response to those signals.

As | mentioned at the beginning of this section, stydy probably fits in best with the “descriptive”
tradition in the literature on subject choice. hetnext two sections (which discuss the data usedtlae
methodological approach, respectively) | will ube evidence presented in the first half of thistieacto

construct my models of subject choice.

[Il.  DATA AND DESCRIPTIVE STATISTICS

The data | use in this paper consists of matchedirastrative data: the National Pupil Database (NP
England matched to data from HESA.

The NPD is a longitudinal database of children igland holding detailed information on attainment
(for pupils in both the maintained and independsstor) at all the Key Stages (KSXS3° KS4', and
KS5%), as well as pupil characteristics (gender, ethnienother tongue, Special Educational Needs (SEN)
eligibility for Free School Meals (FSM), postcodepdivation indicators, and month of birth). Becapsgpil
characteristics are generally not available forngpeople in the independent settok restrict my analysis to
young people who were in the maintained sectdneatitne they sat their GCSEs.

These individual pupil records have recently beeaiched by the DCSF to HESA data which holds
information on all people attending UK Higher Ediima Institutions (HEIs), including what subjectsey
study and which institutions they attend. HESAadatatched to the NPD provides us with information o
whether pupils entered Higher Education or not.

In addition, | merge in data from the Annual Sch@ehsus (ASC) which contains some information on
staffing resources available to each school in &mgyl Although the ASC does not contain informatdrout
the subject specialisms of teachers, it does peoinébrmation on the number of qualified teachéosher”

teachers, technicians, as well as on the sizeeo$t¢hool.



| have information on two cohorts: one consistyaing people born in 1985 (who would have sat their
GCSEs in 2001/02) and the other one of those bol®86 (who would have sat their GCSEs in 2002/03)e
1985 cohort could have been in HE at the age doh 2Z®04/05 (19 in 2005/06), and the 1986 cohoric¢have
been in HE at the age of 18 in 2005/06 (19 in 2006/

As mentioned before, | only keep young people whewenin a maintained (state) Year 11 school (in
order to have socio-demographic information for mmspils in my dataset). In addition, | only kedmge
pupils who were of the right academic age (i.es¢haged 15 at the end of K&4)This leaves me with 547,924
individuals in the 1985 cohort and 562,089 in t8&8@. cohort — giving me a total of 1,110,013 obséowns in
the entire dataset.

Table 1 provides some basic socio-demographic ightiser statistics for the pupils in this datasetst]
under half my sample is female, and almost 19%ugilp are from an ethnic minority background. Nedrd%
of pupils were on Free School Meals (FSM) at the afgl5, around 16% had special educational negihl);
and 9% had a mother tongue other than English.eTalalso indicates some issues with both the ethrdad
SEN variables. Both of these were affected by angban classification systems between 2002 and 20@3
although in theory it should be possible to matete system up to another, teething problems with the
introduction of the new classification clearly l&mlsome inconsistencies in these variables betwsse two
years. To deal with this problem in my econometnmdels, | shall include a list of dummies for atmcities

and SEN, as well as interactions of these dummittsaxcohort dummy.

[Table 1 here]

Tables 2 and 3 provide some information on the kegasures of prior attainment | will be using
throughout this analysis: attainment on the KS2 688 tests in English, Mathematics and Scienceractice,
young people are awarded a “level” (taking discrieteger values from 1-6 at KS2 and from 1-9 at KS3
depending upon the difficulty of the paper they(4¢r”) and the score they achieved in it. In erdo obtain a
more precise measure of prior attainment, howdvadopt the intrapolation method used by Chowdrgalet
(2008) to transform these discrete levels into minaous measure on a similar scél@his allows me to use
much more fine-grained measures of prior attainmant to compare pupils who sat papers of different
difficulties. Table 2 provides an idea of what theriables look like. The KS2 attainment variakifesd to

range from zero to a maximum of around seven, withean of just over four and a standard deviatmging
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between 0.70 and 0.85. KS2 attainment informatsomissing for 9-10% of my sample. The KS3 attainmen
variables also have a minimum value of zero, bathemaxima of just under 10. Standard deviationgega

from 1.08 to 1.28 and attainment information issitig for 5-8% of the sampf&.

[Table 2 here]

[Table 3 here]

In Panel B of Table 3, | show how attainment orséhtests varies by: (i) whether or not the pupkto
Triple Science at GCSE; and (ii) whether or notpbeil attended a school which offered Triple Sceen that
particular year. It is clear that: (i) pupils whaok Triple Science had, on average, higher pri@iranent than
pupils who did not take Triple Science; and (iipjisl attending schools where they were offered [€rfcience
had, on average, higher prior attainment than pugilose schools did not offer Triple Science. Aspkvalues
in this table show, these differences are all igltistically significant.

Table 3 (Panel A) also provides information on thenber of pupils who took Triple Science in both
years of my dataset, as well as the number of pugilo attended schools where Triple Science waseuffto
them. Between 2002 and 2003, the proportion oflpugking Triple Science increased from 4.3% ofabbort
to 4.6% of the cohort — i.e. the equivalent of 23,4oung people in 2002, and 25,822 in 2003. Thebar of
people who attended schools where they were offérgrde Science increased by 1.5 percentage pdints)
142,321 in 2002 (or 26.0% of the cohort) to 154,B08003 (or 27.5% of the cohort).

Table 4 summarises some key statistics for theadshio my dataset. There were 3,125 schools in 2002
and 3,103 in 2003. 24.2% of schools in 2002 offéfgdle Science (n=755), compared to 25.8% of sthoo
2003 (n=802) — an increase of 6.2%. As | will shiater, however, there is considerable movemeittoitn
directions as a large number of schools apparsitly offering Triple Science over this two-yearipdr Table
4 also provides information on the size of the sthiand on some of the resources available to $eljoomber
of qualified teachers, number of other teachers, t@chnicians). As | will show in the next secti@ehools
which offer Triple Science tend to have more qiedifteachers, but also tend to be larger, so Het pupil-

teacher ratio is not very different from that ofhgols that did not offer Triple Science.

[Table 4 here]

-11 -



Finally, Table 5 summarises some of the key outcoar@bles that | will be looking at in this paper,
including: proportion attaining two A Level passsabject choice at A Level (proportion entering rakaations
in Biology, Chemistry, Physics and Mathematics Asdls - conditional on entering any A Level examio@as
at all); attainment in those subjects at A Levet.(proportion attaining a grade A — conditional ftaving
entered an examination in that subject); the IH@id of being: in HE; in a Russell Group institutioh
(conditional on being in HE); doing a STEM degreenditional on being in HE); as well as the likelild of
studying certain STEM subjects in HE (conditionaltmeing in HE)™® The table breaks this down by whether:
(i) pupils did Triple Science or not; and (ii) plgpattended a school which offered Triple Sciencedt. It is
clear that students who took Triple Science at G@8Emuch more likely to take science courses #t Bo
Level and in HE, and they are more likely to dolveglthem. They are also more likely to achieve évéls in
the first place, to be in HE at the age of 19, tmthe attending a Russell Group institution. Sirhlylapupils
who attended a school which offered Triple Scieame more likely to have a positive outcome on ladise
variables than pupils who attended schools which riit offer Triple Science — except when it comes t

studying Mathematics and Computer Scieffce.

[Table 5 here]

IV. EMPIRICAL STRATEGY

As was clear from Table 3, young people who atteeitbols that offer Triple Science are very différigam
young people who don't: they tend to have much drigbrior attainment. Table 6 further demonstratext t
young people who attend schools that offer Triptee®ce are slightly more likely to be male, le¢zly to be
on Free School Meals, more likely to be White UKd dess likely to have either Special Educationeédis or
English as a second language. Furthermore, as shgwiable 7, the outcomes of interest are correlatith
the above student characteristics. Overall (althotigere are some exceptions), people who choossci
subjects, etc... are more likely to be male, framethnic minority background, not on FSM, with nBNsand
with English as foreign language. Finally, as il by Table 8, schools that offer Triple Scierathough

having more teachers, tend to be larger than sshbat do not offer Triple Science.

[Table 6 here]

[Table 7 here]
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[Table 8 here]

Any analysis looking at the relationship betweemgpen a school that offers Triple Science andrlate
outcomes will, at the very least, have to contml Such confounding factors. Fortunately, my ddtéseery
rich in information on the prior attainment of pispias well as on their socio-demographic charesttes, so
many selection issues will be dealt with by simjplgluding detailed information on observable cheeastics
into the regression model. In addition, becausebdeove which schools young people attend, | cao als
eliminate any time-invariant unobserved heteroggnai the school level by including school fixedeets.
Finally, including a time dummy will control for graggregate changes between the two cohorts whachdw

have occurred in the absence of the programmeiniae the following Linear Probability Model:
Yi=PBo +BiTS +PDy + PAD + CDgsf + CAgsp + SRy + Vy + 05 +€; 0]

Where Y is the outcome of interest for pupil i aF is a dummy variable indicating whether the pupil
attended a school which offered Triple Science{sé the coefficient of interestPD is a vector of pupil
socio-demographic characteristics (including dunsnf@@ gender, ethnicity, Free School Meal statyzcil
Educational Needs, English as a foreign languagative deprivation of the area the pupil livesand month
of birth?Y) and PA is a vector measuring individual pupil attainmgedntinuous KS2 and KS3 scores in
English, Mathematics and Science). B&th andCA capture the make-up of the year gra@uhat the pupil is
in when taking his/her GCSE’s: the socio-demogramiomposition of the year group (e.g. proportiomdiée,
proportion on FSM, etc...) and the average KS2k&d8 attainment of pupils in the year group. Cledhgse
year group characteristics will not vary wildly ewene within a school, and so will capture someha school
characteristics as welSR is a vector of school resources in year t, androtmfor the size of the school
(number of Full-Time Equivalent pupils), the numh#rqualified (and other) teachers, and the numdfer
techniciansy; is a dummy for the 1986 cohort and captures ang-specific effects, whereag; represents a
full set of school fixed effects. | estimate eqaoati(i) by Ordinary Least Squares, adjusting for
heteroscedasticity (as my outcomes are dichotommug)allowing for clustering of the standard errarghe
school level. In Appendix A, | provide more detaih each of the dependent and explanatory varidbles
included in my analysis.

Including school fixed effects means that the madehmarised in equation (i) identifies the effett o

being offered Triple Science by exploring variatiaithin school&. For such identification to be possible, it
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needs to be the case that some schools changestieiice curriculum on offer from one cohort to text.
This is indeed the case: | find that there are sd®ols that did not offer Triple Science in 200, did offer it
in 2003, and there are a further 145 schools tffated Triple Science in 2002, but stopped offerihdgn
20033, This compares to 610 schools which offered ibath years, and 2,149 schools which offered it in
neither years. The attraction of this identificat&trategy is that | am comparing two adjacent cshaf young
people who went through the same school, but onehath was offered Triple Science, whereas therotfes
not. So, apart from the science curriculum offei@them, these two cohorts of young people shothidravise
be very similar and be subjected to a very sinsl#rool environment. In addition, much of the vaoiatthat
may exist between the two cohorts will be pickedbypthe detailed controls for prior attainment audio-
demographic characteristics included in the moaeld,some of the variation that may exist withincsas over
time will be captured by the controls for schochictteristics.

However, despite my ability to control for time-amant unobserved heterogeneity at the school evel
well as detailed pupil characteristics, a few g#ecissues remain — some of which are easier lie shan
others. One issue, as mentioned before, is that @riple Science is offered, the selection of pupito the
programme is non-random. The way | deal with thifiestimate an “intention to treat” rather thiam éffect of
“treatment on the treated”. So my interest is irethler or not a cohort that was offered Triple Soéeis more
likely to choose and do well in science subjecterl@n, and not in whether pupils who actually takiple
Science are more likely to do so.

A slightly more difficult issue to address is whetlpupils select into/out of schools once they krioat
Triple Science will be offered or taken off the ewlum in any particular year. Although there st much |
can do about this issue with the data availabledo there are a number of reasons to believe hisatype of
selection is not a major problem. First of all, rthés very little movement of pupils in and out sithools
between KS3 (which is when pupils start secondahpgl) and KS4 (which is when they sit their GCSES)
fewer than 5% of pupils do so, and the proportienvéry similar for schools that change their saenc
curriculum and those that do not. In fact, the prtipn is slightly lower for schools that drop/ta&a Triple
Science (around 4% for both types of school). &Weng my analysis on the subset of pupils who farma
the same school between KS3 and KS4 does notthaéiaronclusions reached in this p&fievost importantly,
it is worth mentioning that, although pupils mighbve in and out of schools in search of a betteoalc(or one
with a better reputation), it is very unlikely te the case that pupils select into and out of dehmo the basis

of whether or not they offer Triple Science. Thidikely to be true particularly at the time whdw fpupils in
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my dataset were observed, when information abowethen the school offered Triple Science was ndtioed

in the School Profile (which provides valuable imf@tion for parents picking schools). In additiony datasets
predate the big push by the Government and itektdllers to get Triple Science on the curriculuonmsich of
the current publicity around Triple Science anditpposed benefits will not have existed.

A much more serious objection to my identificat&tnategy, and one which | cannot really rule osit, i
that the decision at the school level to stop art gtffering Triple Science is not entirely randcand that these
unobserved factors which lead to a change in tlense curriculum on offer might, in turn, be coateld with
the outcomes of interest. Any such time-varianthgsoved heterogeneity at the school level corrélatéh the
outcome variables would bias my estimates of thgahof offering Triple Science on later subjeabich and
attainment. Although, by definition, | cannot asskew important this type of endogeneity is likedybe, | can
demonstrate that any changes in the Triple Scieffee are unrelated to changes in observable ctexistics at
the school level. A lack of relationship betweeglswbservable changes and a switch in the TriplenSe
offer is not final proof that there aren’t any usebvable changes which might be driving my restitswvever
it does at least provide some hope that there tamgagjor changes happening at the school level whizhld be
driving my results.

Table 9 explores some of the observable changdeeatchool level which might have been correlated
with changes in the science curriculum on offere@nossible reason for dropping Triple Science,rfetance,
might be staff turnover. However, the data sugglest the number of qualified teachers in schodtéciv
dropped Triple Science increased (from 63.3 to 6dll&time equivalents) rather than decreased betwéne
two years | study. Unfortunately, there is no wéyerifying the subject specialism of those teashep it still
possible that science teachers left the school,veeré substituted by non-science teachers (orehdéhat a

good science teacher was replaced by a bad one).

[Table 9 here]

Another possibility is that those schools that g Triple Science from their curriculum did so
because they had been experiencing drops in thrageability of their student cohorts over time wéwoer, as
Table 9 shows, even though schools that droppgaeT8cience saw a drop in attainment in KS2 Mathesa
and Science, the same was true for schools thatdnadlriple Science in that year. And, even thosghools

that dropped Triple Science from their curriculutsoasaw a slight fall in KS3 English attainmentvbeen
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cohorts, it is hard to see why that would affeet #igience curriculum on offer (particularly sinc83KScience
and Mathematics scores were higher for the secohdrtthan for the first).

Table 9 also shows that there was no drop in teeage number of pupils who had achieved Level 6 on
their KS3 Science tests in those schools that drdpkriple Science from their curriculum: the numbemt
from 50 in the cohort that was offered Triple Scerto 59 in the cohort that was not. This increse
comparable to the one that happened in schoolshwimt from not offering Triple Science to offeriitg51 to
63 pupils.

Finally, Table 9 shows how changes in absolute kdddipe are not driving the decision to drop oreoff
Triple Science either. In all school types, inchglithose that stopped and those that started rdfefriple
Science, the cohort size increased from one yedlretoext. The data does suggest, however, thédikdigood
of changing the science curriculum on offer is tedato school size. Indeed, it appears that schbatsnever
offer Triple Science are the smaller schools, ograge, whereas schools that always offer Tripler®a tend
to be the larger ones. Schools that either drogtant offering Triple Science are somewhere in betwthese
two extremes in terms of average cohort size, atiig that a school’s ability to offer Triple Sceenmay be
related to total school resources and economissadé in teaching.

The DCSF also kindly provided me with informatiom whether the schools in my dataset offered Triple
Science in the two years following the ones | obseAnalysis of this data suggests that, for th¢onts of
switching schools | identify in my dataset, thetsWiappears to be a permanent one. So of the sctiwdlstart
offering Triple Science in my dataset, 52% contthte offer it in the next two years. Similarly, thfe schools
that stop offering Triple Science in my datase®o7d@o not offer it in the next two years. This sugigehat, for
most schools, the switch is a relatively permarmer@ and does not depend on the particular chaistaterof

the current cohort of students.

V. RESULTS

The basic results of my analysis are in Table fickvpresents the effect of attending a school oiffers
Triple Science on our outcomes of interest usingawés of the LPM model specified in equation (ipnly
present the coefficients on the “Triple School”ighte (i.e. whether or not the student attendechad which
offered Triple Science). Table 11 then translatesé coefficients into percentage changes fronmbéseline
probability for young people who were not offeredple Science. Only a selection of specificatiorsf Table

10 has been included in Table 11.
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[Table 10 here]

[Table 11 here]

Column (1) in these tables presents the “raw” éftdcattending a school which offers Triple Science
and corresponds to the descriptive statistics ptedein Table 5. These raw effects of attendisgraol which
offers Triple Science are very large if comparedhe baseline for young people who did not attemchs
schools. For example, it increases the likelihdwt someone will: attain two A Level passes by %4@.take A
Level Physics by 20.8%; attain a grade A in A LeRélysics by 39.4%; be in HE at 19 by 40.5%; andystu
Physical Sciences in HE by 15.2%.

In subsequent columns, | add additional controlslu@n (2) adds an indicator for which cohort the
individual belonged to: in equation (i)) as well as controls for individicio-demographic characteristics
(PDj); column (3) adds individual prior attainment \adolies PA;); column (4) adds socio-demographic
characteristics of the individual's year grodfDgy); column (5) adds the average attainment of tia geoup
(CAgg); column (6) adds some information on school resesi GRy); and, finally, column (7) adds school fixed
effects ).

As column (3) shows, the addition of controls fadividual prior attainment reduces the effects of
attending a school which offers Triple Science @bersibly. To take the same examples as above ffiwet en
the likelihood of attaining two A Level passes educed from a “raw” 40.5% to 7.9%; the effect oe th
likelihood of taking A Level Physics is reduced3d%,; the effect on the likelihood of achievingrade A in A
Level Physics is reduced to 6.3%; and the effecthenlikelihood of being in HE at 19 reduced to%.1The
effect on the likelihood of studying Physical Saenin HE is now negative, and no longer statidfjcal
significant at conventional levels. Also note thaine of the coefficients have now turned negative.

The inclusion of cohort and school characteristgpecification (6)) further reduces the effect afiimg
attended a school which offered Triple Science. éNof the effects on HE outcomes are now any longer
statistically significant, and there have beenHhertreductions in the effects on A Level outcomedividuals
who attended schools that offered Triple Scienee hA% more likely to achieve 2 A Level passe8¥@more
likely to choose A Level Physics; 6.4% more likédychoose A Level Biology; 9.1% more likely to aebe a
grade A in A Level Chemistry and 5.4% more likadyaichieve a grade A in A Level Physics.

Specification (7) adds in school fixed effects. @hereas previously the effect of offering Tripleeice

was identified using variation across all schosizcification (8) relies on variation within scheab identify
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the Triple Science effect. This changes the resalisewhat — suggesting that controlling for unolesg:ischool
characteristics is clearly important. According ttos (preferred) model, offering Triple Science papils
increases their likelihood of: taking A Level Cheiny by 8.3%; taking A Level Mathematics by 13.4a6d

achieving a grade A in A Level Physics by 15.6%.

VI. HETEROGENEOUS EFFECTS

In this section, | shall explore whether the effadt offering Triple Science varies depending on the
characteristics of the pupils it is offered to.hiahh explore the differential effects on: (i) pugpivho were in
schools that dropped Triple Science as opposeldogetwho were in schools that took on Triple Saeifit)
pupils who had and did not have high prior attaintma science; (iii) males v. females; (iv) morasugs less
deprived pupils; and, finally, (v) young people waitended schools with sixth forms, and those dictot.
The results of this analysis are summarised in& &gl

Columns (1) and (2) compare the effect of droppingle Science as opposed to taking it on. Solfar,
have been assuming that the effect of Triple Seléasymmetrical — i.e. that it is the same in sthithat drop
it as in schools that take it on. However, theeraasons to believe that this effect may be asynwak It may
be the case that setting up a Triple Science pnog&iis a costly investment and that it takes aenbdéfore it is
up and running properly, so that effects may otdytkicking in properly after the programme hasrbeunning
for a couple of years. By contrast, taking Triplee®ce off the curriculum is a much more sudden raeat
event, so one would expect the effect on pupil @utes to be much more marked. Column (1) shows the
coefficient on the Triple Science variable in aresgion run on the subsample of schools that eitbger
offered Triple Science, or those that started ofteit in the second year of my dataset. So thisroa explores
the effect of taking on Triple Science. Column @&),the other hand, does the same on the subsaimgtbools
that always offered Triple Science and those thiéially offered it, but then dropped it. So heréobk at the
effect of discontinuing a Triple Science programffiee results suggest that there is no strong evaéor the
asymmetry hypothesis.

In columns (3) and (4), | check whether the TriSldence effect varies depending on the aptitude for
science of the pupils who are offered it. As memgibin Section | (Background), DCSF’s policy appleainly
to those young people who achieved Level 6 (ordvigbn their KS3 Science test. So far, the anajygsented
has covered all young people (regardless of th&€8 Kcience attainment). Here | re-run the anabegimrately

for young people who achieved Level 6 or highettmir KS3 science test, and those that did noth©f1985
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(1986) cohort, 30% (34%) achieved Level 6 or higmetheir KS3 Science test and, of these, 34% (35%)
attended schools which offered Triple Science.régiingly, the results suggest that there are ipesifffects of
offering Triple Science for pupils who did not aele Level 6, as well as for pupils who did achieesel 6.
This suggests that it might be useful to encoutage up of Triple Science even in lower attainiogo®ls.

Columns (5) and (6) explore whether there are amndgr differences in the effect of offering Triple
Science. The results are striking, and suggestthtigaeffect of Triple Science is restricted to nwatly. One
possible explanation for this surprising resulthiat the later subject choice and attainment of emis simply
not affected by Triple Science. However, a morevawring explanation for the lack of effect found feomen
probably lies in the fact that they are much Idssy than men to take up Triple Science: in 198886), 5.0%
(5.3%) of men took Triple Science, compared to 3(3%8%) of women. These findings suggest that polic
makers concerned about raising the proportion ohemtaking science in HE should think about othayswof
making science more attractive and interestingdmen.

In columns (7) and (8), | explore whether more degar pupils stand to gain more from being offered
Triple Science than less deprived pupils. Agaiis ihan important policy question, because thergiv ample
evidence to demonstrate that there is a labour ehgmemium for holding a science dedfeeTo answer this
question, | split my sample into two: the 50% mdsprived pupils (as defined by the Income Deprorati
Affecting Children Index (IDACT") and the 50% least deprived pupils. | then rethenregressions on the two
samples separately. As in the case of genderethdts are striking: most of the effects of Trifleience are
found for the 50% most deprived pupils. We can sé@h some confidence that deprived pupils who were
offered Triple Science were 13.7% more likely t@abe Chemistry at A Level and 19.6% more likelyatke
Engineering and Technology in HE. In addition,ndfithat pupils from more deprived backgrounds wisoew
offered Triple Science are more likely to: take Avels in Physics and Mathematics; achieve a grade A
Level Mathematics and Chemistry; be in HE at 19 ha in a Russell Group institution at 19 — althoadj of
these latter effects are only significant at théocldbnfidence level. Clearly, these results arengigosupportive
of the drive to try and make Triple Science avddab all those pupils who could benefit, but anerently not
offered it.

Finally, in columns (9) and (10), | explore whetlwernot the effects | found are restricted to sé¢hoo
which have their own sixth form. In those schodie Triple Science effect might be caused simplyabse
teachers and headmasters have an incentive taigi$ o progress to (science) A Levels and do wethem —

regardless of whether Triple Science was offeredatr So one would worry if the Triple Science effeas
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found only in schools with sixth forms, and notlise without. In my dataset, out of 192 schodds thok on
Triple Science, 73 did not have their own sixtinfoSimilarly, out of 145 schools that dropped Teificience,
55 did not have their own sixth form. The resuftsolumns (9) and (10) of Table 12 suggest thaeffert of
Triple Science can be detected in both types obash supporting the evidence presented so fardtffeting

Triple Science does indeed have a causal impaptpits’ subject choice and attainment.

VIl. CONCLUSION

In this paper, | have tried to evaluate an Englisivernment policy which aims to increase the nunab@upils
taking A Levels in Physics and Chemistry, theimiatinent in those subjects and, ultimately, the nenrdf
young people studying science in HE. The policyststs in offering pupils a more intense option widying
science when they are aged 15 (Triple Sciencehdrhope that this will better prepare them for shedy of
science at a higher level. | have argued that anentake use of the fact that some schools chahgedtensity
of their science offer to study the causal effdatféering Triple Science on pupil subject choicelattainment
by exploring within-school variation.

My results indicate that pupils who are offeredplei Science are 8.3% more likely to take A Level
Chemistry; 13.4% more likely to take A Level Mathatios; and 15.0% more likely to achieve a grade A
Level Physics. In addition, | find that the effecsTriple Science are restricted to men only amat pupils
from more deprived backgrounds appear to benefgtmo particular, more deprived pupils who werted
Triple Science were 13.7% more likely to choose rGisey at A Level and 19.6% more likely to take
Engineering and Technology in HE.

These effects appear very large, however one rteedsnember that they are increases on a very small
baseline. For example, the proportion taking A lLéwathematics was around 5.4% (or around 30,000lpap
year). So, if Triple Science were made availablalt@upils in my dataset achieving Level 6 at K&8ence
(i.e. an additional 145,000 students in the fishart in my dataset and an additional 174,000 e gécond
cohort — over and above the 18,000 (19,000) wheadly received it in the first (second) cohort),nthikis
would lead to an estimated increase in the numbgowng people with an A Level in Mathematics ofand
2,150 in the first cohort of my dataset, and aro@r&DO0 in the second cohort of my dataset. Thegesent
increases in the number of young people with A Ld@hematics of 7.2% and 8.4%, respectively.

Given these small numbers, it is perhaps not ssingrithat | found only very few statistically si§jnant

effects of offering Triple Science on subject cleoic HE. In addition, it is worth pointing out thétere are a
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number of additional potential benefits of Triplei&hce | was not able to explore in this paper. &ample,
even if offering Triple Science does not have aoreus impact on subject choice in HE, it may gtibduce
scientists of a “higher quality” — which could beflected, for instance, in the proportion of gradgawho

achieve a 1 class degree, or the proportion of students takingre difficult optional modules.
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ANNEX A: Identifying Schools That Offer Triple Science

The DCSF classifies a school as offering TripleeBce if at least one pupil in the school is obseéee
enter the separate sciences. Although | use the saathod as the DCSF throughout this paper, | ddresure
that all schools in my dataset will be correctlgdied. In particular, | cannot be 100% certairt thachool did
not offer Triple Science. This is because a schaght be offering Triple Science, but no pupil di=s to take
it on. So, in schools where | observe a switch ffoot offering” to “offering” Triple Science, | magimply be
observing pupil take-up of Triple Science rathartla change in the school’s curriculum offer itskelforder to
test the extent to which this affects my resultsin two robustness checks.

First, | verify whether, in schools that droppedple Science from their curriculum, there was an
accompanying increase in the number of pupils taKiouble Science (the next best alternative). Siryil in
schools which took on Triple Science after notiest fhaving offered it, | check whether there wasuaden
drop in the number of pupils taking Double Scienkethe latter type of schools, | find that theraswva
simultaneous drop in the proportion of studentemaftting Double Science from 42.1% (prior to the
introduction of the programme) to 39.0% after iheTproportion of pupils who take Triple Sciencetlinse
schools is 4.6%. Similarly, in schools which iniffaoffered Triple Science but then dropped it,indf an
increase in the proportion of pupils who take DeuBtience from 37.1% to 41.2%. The original praparbf
pupils taking Triple Science in those schools w&86 These results suggest that there is indeédrage in the
science curriculum on offer in the schools thatdlgse and that changes in Triple Science statig@trdriven
solely by measurement error.

As a second robustness check, | raise the thresboidentifying schools which offer and do not eff
Triple Science. In effect, rather than classifysahools according to whether at least one pupi tbople
Science, | now classify them according to whetheleast two/three/four/five/six pupils took Tripfcience,
and then re-run my analysis. So the schools whicfrgm not offering to offering Triple Science wileed to
have zero pupils registered as taking Triple S@dncthe first year, and then two/three/four/fise/supils in
the second year. Similarly, in schools which itigiaffered Triple Science but subsequently dropfiethere
would need to have been two/three/four/five/sixilsutaking Triple Science in the first year, andhadn the
second year.

The results of this analysis can be found in Takle which shows the coefficients on the “Triple
Science” variable from the a set of regressionsravtiBe threshold for identifying schools that offeniple

Science is gradually increased from one to six.s€hesults are different from the main results greed in
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Table 10 in the paper, and this was to be expeadetie effect of Triple Science is now being idedi using
variation within a different set of schools (seentner of schools in each treatment type at the bottb the
table). Not only will some schools have droppeddfuhe analysis, but some other ones might nomtleded
as being “treatment” schools. Consider the case sithool which, in the first year, had 10 pupildrtg Triple
Science, but which only had 1 in the second ye@viBusly, this school would have been classifisé achool
that offered Triple Science in both years. Howebgrraising the threshold above 1, this school dawdw be
classified as a school that offered Triple Sciendbe first year, but not in the second.
At some thresholds, the results suggest margisaihyificant effects on the likelihood of taking Bigy,

Chemistry, Physics and Mathematics at A Level; el as on the likelihood of doing well in A Levehysics.
Interestingly. | now find very strong effects ofering Triple Science on the likelihood that pupildl achieve

A Levels, as well as on the likelihood of enterhiB.
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ANNEX B: Description of Variables Included in Regressions

EXPLANATORY VARIABLES

Individual Socio-D: graphics

Variable Description Unique Values Mean Min Max

female Dummy for whether individual is female. 2 0.494 0 1

fsm_reg Dummy for whether individual was on Free School Meals at age 15. Missing values have been set to 2 0.138 0 1
0.

fsm_missing Dummy for whether FSM information is missing. 2 0.001 0 1

quartilel Dummy for whether individual lived in 25% most deprived areas. Omitted category is for individuals 2 0.248 0 1
living in 25% least deprived areas.

quartile2 Dummy for whether individual lived in 25% second most deprived areas. Omitted category is for 2 0.248 0 1
individuals living in 25% least deprived areas.

quartile3 Dummy for whether individual lived in 25% second least deprived areas. Omitted category is for 2 0.248 0 1
individuals living in 25% least deprived areas.

quartilem Dummy for whether area deprivation information was missing. 2 0.009 0 1

eth_w_oth Dummy for whether individual belonged to White Other ethnic group. Omitted category is White UK. 2 0.022 0 1

eth_a_ind Dummy for whether individual belonged to Asian Indian ethnic group. Omitted category is White UK. 2 0.025 0 1

eth_a_pak Dummy for whether individual belonged to Asian Pakistani ethnic group. Omitted category is White 2 0.024 0 1
UK.

eth_a_ban Dummy for whether individual belonged to Asian Bangladeshi ethnic group. Omitted category is 2 0.009 0 1
White UK.

eth_a_oth Dummy for whether individual belonged to Asian Other ethnic group. Omitted category is White UK. 2 0.003 0 1

eth_b_car Dummy for whether individual belonged to Black Caribbean ethnic group. Omitted category is White 2 0.014 0 1
UK.

eth_b_afr Dummy for whether individual belonged to Black African ethnic group. Omitted category is White UK. 2 0.013 0 1

eth_b_oth Dummy for whether individual belonged to Black Other ethnic group. Omitted category is White UK. 2 0.006 0 1

eth_chi Dummy for whether individual belonged to Chinese ethnic group. Omitted category is White UK. 2 0.004 0 1

eth_mix Dummy for whether individual belonged to Mixed ethnic group. Omitted category is White UK. 2 0.009 0 1

eth_oth Dummy for whether individual belonged to Other ethnic group. Omitted category is White UK. 2 0.057 0 1

eth_w_oth _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.009 0 1
category is White UK.

eth_a_ind _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.012 0 1
category is White UK.

eth_a_pak _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.012 0 1
category is White UK.

eth_a_ban _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.005 0 1
category is White UK.

eth_a_oth _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.003 0 1
category is White UK.

eth_b_car _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.007 0 1
category is White UK.

eth_b_afr _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.007 0 1
category is White UK.

eth_b_oth _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.002 0 1
category is White UK.

eth_chi_86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.002 0 1
category is White UK.

eth_mix _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.009 0 1
category is White UK.

eth_oth _86 Dummy for whether individual belonged to Other ethnic group AND to the 1986 cohort. Omitted 2 0.032 0 1
category is White UK.

sen Dummy for wether individual had Special Educational Needs 2 0.160 0 1

sen_86 Dummy for wether individual had Special Educational Needs AND belonged to the 1986 cohort. 2 0.074 0 1

language_reg Dummy for whether individual had a mother tongue other than English. Missing values set to zero. 2 0.089 0 1

language_missing Dummy for whether information on the individual's mother tongue was missing. 2 0.001 0 1

_Imob_2 Dummy for being born in February. Omitted category is January. 2 0.081 0 1

_lmob_3 Dummy for being born in March. Omitted category is January. 2 0.087 0 1

_lmob_4 Dummy for being born in April. Omitted category is January. 2 0.084 0 1

_Imob_5 Dummy for being born in May. Omitted category is January. 2 0.087 0 1

_lmob_6 Dummy for being born in June. Omitted category is January. 2 0.080 0 1

_lmob_7 Dummy for being born in July. Omitted category is January. 2 0.084 0 1

_Imob_8 Dummy for being born in August. Omitted category is January. 2 0.084 0 1

_lmob_9 Dummy for being born in September. Omitted category is January. 2 0.081 0 1

_lmob_10 Dummy for being born in October. Omitted category is January. 2 0.083 0 1

_lmob_11 Dummy for being born in November. Omitted category is January. 2 0.081 0 1

_lmob_12 Dummy for being born in December. Omitted category is January. 2 0.082 0 1
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Individual Attai

Variable Description Unique Values Mean Min Max
ks2_e_level_reg Individual attainment in KS2 English test. Missing values set to zero. 259 3.818 0 6.58
ks2_e_level_miss Dummy for whether individual attainment in KS2 English test is missing. 2 0.101 0 1
ks2_m_level_reg Individual attainment in KS2 Mathematics test. Missing values set to zero. 271 3.821 0 6.90
ks2_m_level_miss Dummy for whether individual attainment in KS2 Mathematics test is missing. 2 0.092 0 1
ks2_s_level_reg Individual attainment in KS2 Science test. Missing values set to zero. 237 3.936 0 6.89
ks2_s_level_miss Dummy for whether individual attainment in KS2 Science test is missing. 2 0.091 0 1
ks3_e_level_reg Individual attainment in KS3 English test. Missing values set to zero. 240 4.954 0 9.73
ks3_e_level_miss Dummy for whether individual attainment in KS3 English test is missing. 2 0.082 0 1
ks3_m_level_reg Individual attainment in KS3 Mathematics test. Missing values set to zero. 1,122 5.407 0 9.95
ks3_m_level_miss Dummy for whether individual attainment in KS3 Mathematics test is missing. 2 0.052 0 1
ks3_s_level_reg Individual attainment in KS3 Science test. Missing values set to zero. 689 5.111 0 9.78
ks3_s_level_miss Dummy for whether individual attainment in KS3 English test is missing. 2 0.055 0 1
Year Group Socio-Demographics

Variable Description Unique Values Mean Min Max
class_female Proportion of year group who are female. 2,772 0.494 0 1.00
class_fsm_reg Proportion of year group who are on Free School Meals. Missing values set to zero. 3,722 0.138 0 1.00
class_fsm_miss Dummy if FSM information for entire year group is missing. 2 0.000 0 1
class_qg1 Proportion of year group who come from 25% most deprived areas. 4,166 0.248 0 1.00
class_qg2 Proportion of year group who come from 25% second most deprived areas. 4,216 0.248 0 1.00
class_qg3 Proportion of year group who come from 25% second least deprived areas. 4,192 0.248 0 1.00
class_gm Proportion of year group with missing information on area deprivation. 950 0.009 0 1.00
class_w_oth Proportion of year group from White Other ethnic group.

class_a_ind Proportion of year group from Asian Indian ethnic group. 1,402 0.025 0 1.00
class_a_pak Proportion of year group from Asian Pakistani ethnic group. 1,322 0.024 0 0.91
class_a_ban Proportion of year group from Asian Bangladeshi ethnic group. 788 0.009 0 1.00
class_a_oth Proportion of year group from Asian Other ethnic group. 540 0.003 0 0.29
class_b_car Proportion of year group from Black Caribbean ethnic group. 1,193 0.014 0 0.82
class_b_afr Proportion of year group from Black African ethnic group. 1,031 0.013 0 1.00
class_b_oth Proportion of year group from Black Other ethnic group. 848 0.006 0 1.00
class_chi Proportion of year group from Chinese ethnic group. 606 0.004 0 0.11
class_mix Proportion of year group from Mixed ethnic group. 1,065 0.009 0 0.35
class_oth Proportion of year group from Other ethnic group. 2,006 0.057 0 1.00
class_sen Proportion of year group with Special Educational Needs. 3,731 0.160 0 0.86
class_language_reg Proportion of year group with mother tongue other than English. 2,517 0.090 0 1.00
class_language_miss Dummy if information on mother tongue us missing for entire year group. 2 0.000 0 1.00
Year Group At

Variable Description Unique Values Mean Min Max
class_ks2_e_reg Average KS2 English attainment of year group. 6,216 4.238 0 5.31
class_ks2_e_miss Dummy for KS2 English attainment missing for entire year group. 2 0.000 0 1.00
class_ks2_m_reg Average KS2 Mathematics attainment of year group. 6,219 4.201 0 5.71
class_ks2_m_miss Dummy for KS2 Mathematics attainment missing for entire year group. 2 0.000 0 1.00
class_ks2_s_reg Average KS2 Science attainment of year group. 6,213 4.322 0 5.29
class_ks2_s_miss Dummy for KS2 Science attainment missing for entire year group. 2 0.000 0 1.00
class_ks3_e_reg Average KS3 English attainment of year group. 6,220 5.377 0 7.78
class_ks3_e_miss Dummy for KS3 English attainment missing for entire year group. 2 0.000 0 1.00
class_ks3_m_reg Average KS3 Mathematics attainment of year group. 6,224 5.691 0 8.30
class_ks3_m_miss Dummy for KS3 Mathematics attainment missing for entire year group. 2 0.000 0 1.00
class_ks3_s_reg Average KS3 Science attainment of year group. 6,223 5.393 0 7.78
class_ks3_s_miss Dummy for KS3 Science attainment missing for entire year group. 2 0.000 0 1.00
School Resources

Variable Description Unique Values Mean Min Max
yrll_fte_pupils_reg Number of Full-Time Equivalent pupils in individual's school when s/he is in year 11. 1,543 1112.5 0 2624.0
yrll_fte_pupils_miss Dummy if information on FTE pupils in individual's school is missing. 2 0.000 0 1.00
yrll_fte_qualteach_reg Number of Full-Time Equivalent qualified teachers in individual's school when s/he is in year 11. 962 65.8 0 148.2
yrll_fte_qualteach_miss Dummy if information on FTE qualified teachers in individual's school is missing. 2 0.000 0 1.00
yrll_fte_othteach_reg Number of Full-Time Equivalent other teachers in individual's school when s/he is in year 11. 185 2.4 0 37.2
yr11_fte_othteach_miss Dummy if information on FTE other teachers in individual's school is missing. 2 0.382 0 1.00
yr1l_fte_tech_reg Number of Full-Time Equivalent technicians in individual's school when s/he is in year 11. 146 5.1 0 21.8
yrll_fte_tech_miss Dummy if information on FTE technicians in individual's school is missing. 2 0.146 0 1.00
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DEPENDENT VARIABLES

Variable Description Unique Values Mean Min Max

out_alevel Whether individual attained equivalent of 2 Vocational or Academic A Level passes. 2 0328 0 1.00
out_|3_bio Whether individual took A Level Biology. 2 0050 O 1.00
out_|3_bio_a Whether individual attained a grade A in A Level Biology. 2 0011 O 1.00
out_|3_che Whether individual took A Level Chemistry. 2 0036 O 1.00
out_I3_che_a Whether individual attained a grade A in A Level Chemistry. 2 0010 O 1.00
out_|3_mat Whether individual took A Level Mathematics. 2 0052 O 1.00
out_I3_mat_a Whether individual attained a grade A in A Level Mathematics. 2 0018 O 1.00
out_|3_phy Whether individual took A Level Physics. 2 0028 O 1.00
out_I3_phy_a Whether individual attained a grade A in A Level Physics. 2 0007 O 1.00
out_he_19 Whether individual is doing a 1st Degree at the age of 19. 2 0279 O 1.00
out_russell_19 Whether the individual is studying in a Russell Group institution at 19. 2 0058 0O 1.00
out_stem_19 Whether the individual is studying a STEM 1st Degree at 19. 2 0108 0 1.00
out_he_bio_19 Whether the individual is studying a 1st Degree in Biological Sciences at 19. 2 0027 O 1.00
out_he_eng_19 Whether the individual is studying a 1st Degree in Engineering and Technology at 19. 2 0011 O 1.00
out_he_mat_19 Whether the individual is studing a 1st Degree in Mathematics and Computer Science. 2 0017 O 1.00
out_he_med_19 Whether the individual is studying a 1st Degree in Medicine, Dentistry and Veterinary Science at 19. 2 0008 O 1.00
out_he_phy_19 Whether the individual is studying a 1st Degree in Physical Sciences in HE at 19. 2 0012 O 1.00
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ANNEX D: Effect of Triple Science on English

In this Annex, | look at what effect offering Tr@Bcience has (if any) on the take-up of, andrattant
in, English at A Level. | look at English, Englitlanguage and English Literattffé'. Although intended as a
falsification exercise, it is not a perfect one dngse the effects are not necessarily easy to predispecially
for attainment in English.

The effect on take-up of English is relatively gjtaforward to analyse from a theoretical perspectif
offering Triple Science makes pupils more likelyctwoose science subjects at A Level, than this heille to
come at the expense of some other subject. Thisl d@uEnglish (in which case we would expect tHeatfof
offering Triple Science on the take-up of Englishbe negative) or some other, more “marginal” stilsjéike
History, Geography, Economics or Psychology (inchigase the effect on English should be zero) eEitlay,
we would not expect the effect to be positive: @uhd be counter-intuitive if offering Triple Sciemincreased
the take-up of English at A Level, and this woultoiv some serious doubt on the results obtainddrsin this
sense, re-running the analysis with as outcomeablarithe take-up of English at A Level serves asica
falsification exercise which can be used as a &urtbbustness check.

By contrast, the effect of offering Triple Scienme attainment in English is more difficult to predi
This is because more intense study of the sciamegsincrease pupils’ ability all-round, and havsigiee spill-
over effects on other subjects outside ScienceMaithematics as well. By contrast, it could alsothe case
that offering Triple Science leads the brightestistits to go on to study science at A Level, legqtre slightly
lesser able ones to go on and study English, ilwbase we would expect a negative effect of aftefiriple
Science on attainment in English at A Level. A niagaeffect of offering Triple Science on attainrhén
English is also compatible with the idea that affgrTriple Science means pupils are less well-megbéor the
study of other subjects (remember that offeringl€riScience often means that some other subjetiteavie to
taken off the curriculum in order to free some regses).

In Table D1 below, | present the coefficients oa thiriple Science” variable in regressions similar
specification (7) in Table 10, but where the outeowariables are now the likelihood of taking theiwas
English A Levels, as well as attainment in thosee¥els conditional on having taken them. The raswiich
show the effect on the take-up of English are wrgouraging: not a single one is statistically igent. The
results on attainment in English mostly suggeseffiect at all, although there is a marginally sfgaint (10%
confidence level) and negative effect on the Ihedid of attaining a Grade A in English. Intereding

abstracting away from the significance of the dogdfts, it is worth noting that they are all negat
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Table D1: Effect of Triple Science on Take-up of,rad Attainment in, English at A Level

Notes:Table shows coefficients on Triple Science foedes of regressions similar to those in specificaf7) of Table 10, but where the

outcome variables are now the likelihood of takiimglish A Levels, and of attaining a grade A innthe

Took A Level English (1) Triple Science -0.00114
(s.e.) (0.00323)
Took A Level English Literature (1) Triple Science -0.000593
(s.e.) (0.00459)
Took A Level English Language (1) Triple Science -0.000428
(s.e.) (0.00375)
Grade A in A Level English (2) Triple Science -0.0241
(s.e.) (0.0137)*
Grade A in A Level English Literature (2) Triple Science -0.0132
(s.e.) (0.00984)
Grade A in A Level Language (2) Triple Science -0.00140
(s.e.) (0.0110)

*p<0.10 *<0.05 **<0.01

(1) Conditional on having been entered for A Leore¢quivalent qualifications.
(2) Conditional on having been entered for exanainan the subject.
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NOTES

! From 2006 onwards, these qualifications were mEuldy “GCSE Science”, “GCSE Additional Science” 46€CSE
Separate Sciences” — but the concept of intensiyualy still applies to these in the same wayt didito Single, Double
and Triple Science.

2 Latest figures are for 2008.

3 Note that these figures are for all schools, idicly independent ones. Many independent schoolgpuli enter iIGCSE
science rather than a GCSE qualification. In addljittbe figures are based on pupils achieving aggiiac science subject,
and not all do. Together, these two categorieswatdor around 7% of the cohort. The remaining Wwibtake a variety of
other science qualifications, mainly vocational ®fike “Additional Applied”, BTEC/OCR, Double Applied/GCSE) and
GNVQ.

4 STEM covers the following subject groupings of theint Academic Coding System (JACS: Medicine andtiBep,
Subjects Allied to Medicine (which includes Nursin8iological Sciences, Veterinary Sciences, Agtizd and Related
Subjects, Physical Sciences, Mathematical and Ca@n@@diences, Engineering, Technologies, and Arctiite, Building
and Planning. For more information about the JACS, ee s
http://www.hesa.ac.uk/index.php?option=com_cont¢aé&=view&id=158&Itemid=233

5 Although, according to OECD statistics, the UK farather well compared to most of its competitoremone looks at
the number of science graduates per 100,000 2% tpe8r olds (OECD Education at a Glance 2008, TABI€) or the
number proportion of the 20 to 64 year old popalativith Level 4 qualifications in Science, Engiringrand Agriculture
(OECD Education at a Glance 2008, Table Al1.4).

®Key Stage 3 is the legal term for the three yeiszhooling in maintained schools in England arala&, normally known
as Year 7, Year 8 and Year 9, when pupils are bgadeen 11 and 14. At the end of this stage, papdsassessed as part of
the national programme of National Curriculum Assesst. Until 2008 this involved a series of extelyraharked tests.
However, from 2009, this will be based on on-goiegcher assessment, with results for each schanyg Ipeiblished in
performance tables.

" The DCSF spend around £3m per year to fund thdeT8pience Support Programme (TSSP) delivered &y garning
and Skills Network (http://www.triplescience.org/ukThe TSSP provides a range of support to sche@sting to
deliver/access triple science learning.

8 The sixth form (or Key Stage 5) is the final (opial) two years of secondary schooling when stidarg sixteen to
eighteen years of age and normally prepare for théievel examinations. The term is used to desctite final two years
spent in a secondary school as opposed to a sirth ¢ollege where students start at age sixtean Efaving secondary
school.

9 Key Stage 2 refers to the four years of schodiingaintained schools in England, normally knownYasr 3, Year 4,
Year 5 and Year 6, when pupils are aged betweerd7L4. At the end of this stage, pupils are teategart of the national
programme of National Curriculum Tests, colloquidhyown as SATs. These tests cover English, Mathiesnanhd Science.
19Key Stage 3 is the legal term for the three yeischooling in maintained schools in England, redlyrknown as Year 7,
Year 8 and Year 9, when pupils are aged betweeanti1l14. At the end of this stage, pupils aged I Year 9 - are
assessed as part of the national programme of NdtiGurriculum assessment, including in English, iMatatics and
Science.

11 Key Stage 4 corresponds to the two final yearsamfipulsory education when pupils are aged 15-16aartde end of
which they sit their GCSEs.

2 The dataset holds detailed information on the Aded Level General and Vocational Certificates afidation (GCE A
Level and VCE A Level, respectively). These arerttaén qualifications sat by young people in Englandey Stage 5 (the
two years of post-compulsory education for studaged 16-18. Unfortunately, the dataset does ridtdioy information on
other, equivalent qualifications such as Nationat&tional Qualifications (NVQs), BTEC other vocatibgaalifications.

13 Unless they have had a spell in the maintainetbse&round 7% of school children in England areieated in the
independent sector.

4 This gets rid of 144 observations in the 1985 cotamd 227 observations in the 1986 cohort.

15| am grateful to the authors for providing me wilte Stata syntax they used to derive these canimiKS2 and KS3
measures of prior attainment.

18 Note that | have also experimented with standarglithese prior attainment variables, and that rifekes no substantial
difference to the results presented in this pablave chosen to stick to non-standardised measirgsior attainment
because of the implicit assumptions about changestainment between cohorts that are made by atdised measures of
attainment.

Y HE in this paper is defined a8 Degree courses in Higher Education Institutionly.dn other words, it excludes “other”
undergraduate programmes such as Foundation Degeeegll as % Degree courses at Further Education Colleges péferi
Higher Education courses. Note thdtDegree courses are the main type of course takemdergraduate level, and are
considered as the “traditional” form of HE.

18 The Russell Group is an association of 20 majaaeh-intensive universities of the United Kingddrese include the
universities of: Birmingham, Bristol, Cambridge, Cafdidinburgh, Glasgow, Leeds, Liverpool, Manchesigwcastle,
Nottingham, Oxford, Sheffield, Southampton, as veall Imperial College London, King's College Londome t_ondon
School of Economics and Political Science, Queddisversity Belfast and University College London. Faore
information, visit:http://www.russellgroup.ac.uk/

19 Note that many of my outcome variables are comalti on having attained another outcome first.f@oexample, when |
look at the likelihood of attaining a grade A inLAvel Physics, this is conditional on having endese examination in that
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subject. This means my analysis is open to thectibjethat there are possibly some selection isatpsay which may lead
to some bias in my results. The standard way taagmind this issue would be to model the selegtimeedure separately
and then adjust for selection in the outcome eqnatHowever, this procedure relies on finding aditrke exclusion
restriction which should appear in the selectionatign, but not in the outcome equation. Unfortetyatsuch variables
were not available in my dataset.

20 This is due to the fact that Computer Science isenlikely to be taken by students from lower soemmnomic
backgrounds with lower prior attainment.

21 Month of birth has been linked to various eduaslooutcomes, including participation in HE. In tH& context, see
HEFCE (2005), Crawford, Dearden and Meghir (2007) @raivford and Dearden (2008).

22 Note that, in effect, the estimation strategy difference-in-differences one, where changes icaues in the treatment
schools are compared to changes in outcomes iriraatment schools. The difference in these chaisgatributed to the
Triple Science programme.

2| use the same methodology as used by the DCSfetify schools that offer Triple Science: i.elasy as at least one
pupil in the school enters exams in all three spascience subjects, then the school is considerbé offering Triple
Science. Using this methodology, there is a slggbblem in identifying schools that do not offeiiple Science, however.
This is because a school might be offering TripteSce, but no pupil decides to take it on. In ttase, a school would be
wrongly classified as not offering Triple Scien¢e.Annex A, | describe two robustness checks liedrout to test the
extent to which the conclusions drawn in this papersensitive to how Triple Science schools aeatified. First, | check
whether in schools that start/stop offering Trildence there is a simultaneous drop/increasesintimber of pupils taking
Double Science (the next best alternative to Triptgence). | find that this is indeed the case.oBéc| increase the
threshold for identifying schools that offer Tripieience from one pupil to two/three/four/five/giMpils, and re-run my
analysis. The results of this analysis are slightfferent from the main results presented in fhéper — and one would
expect them to be, as they are identified usinifferent set of schools. However, the overall casin that offering Triple
Science has positive effects on later outcomdshsiiidls.

% Results are shown in Annex C.

% Although not a perfect falsification exercise,id tbok at the effect of offering Triple Science Bnglish at A Level. The
full analysis is presented in Annex D to this paperbrief, the results are not counterintuitivadd certainly do not find a
positive effect of offering Triple Science on thikelihood of taking up English at A Level — whick what one would
expect.

% gee, for example, O’Leary and Sloane (2005), PWIDFRand Chevalier (2009).

27 IDACI measures the proportion of children under #mge of 16 in an area living in low income housdbol
It is a supplementary index to the Indices of MaétiDeprivation and is given at super output aesall Further information
is available fromhttp://www.communities.gov.uk/

* There are three different options available fadging English at A Level: English Literature, Eisyl Language, or
English (which is a combination of English Languagel English Literature into one subject).
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