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1. Introduction

Perhaps one of the most influential educationabmspof the 28 century, The
Coleman report (Coleman et al (1966), 86) intreduthe idea that “Attributes of
other students account for far more variation m dlchievement of minority children
than do any attributes of school facilities andldlly more than do attributes of staff.”
The report was commissioned to investigate the |léwgewhich school level
integration was progressing following the removéltloe segregation laws. The
conclusions were that schooling increased the dtgpaetween whites and blacks.
This led to an interest in the impact of peer geoap educational outcomes. This led
to interest in the impact of the make-up of therggeup on educational outcomes.
Early studies include Winkler (1975) who found difintial effects of the
composition of peer groups on different races, 8achmers and Wolfe (1977) who
found that both black and non-black pupils bendfitem a more balanced mix of
black and non-black pupils, and also commentedghatents who tested at or below

grade level were helped by being in a school wigjn lachievers.

However, Manski (1993) identifies problems withity to measure peer group
effects. Peer effects can be split into threeedéffit types; endogenous effects,
correlated effects and exogenous effects. In #ise of endogenous effects, decisions
made by the individuals within the peer group diseaffect the decisions made by
other members of the peer group. The second efextcorrelated effect, which is
largely due to members of a peer group having swaiein common, which in turn
influences the outcomes of the peer group. Thal tiype of effect is an exogenous
effect, where one’s actions depend on the exogenbasacteristics of one’s peers.
Learning outcomes appear to be endogenous effet®r instance, a child’s desire
to work hard could affect other children in thesslas’ decision on whether to work
hard or to misbehave. Manski discusses the prableherent with such endogenous
peer effects when trying to infer the effects thrmbers of a reference group have
on its own members (the reflection problem), anguas that it is not possible to
make inferences on effects unless one has priowledge of the make-up of the
reference group. Furthermore, he argues that egudising apparent random
distribution may experience bias to the appareat pfect if there are unseen family

characteristics that are in common with the refegegroup.



This paper builds on work by Hoxby (20&@jsing exogenous changes in the gender
make-up of the within school peer group to estimhgeeffect of a child’s peers on
their educational outcomes. Hoxby’s initial stptautilizes the credibly exogenous
variation in the distribution of females across @a$ within a grade, using the raw
proportion of girls as a measure of the peer groBpe then combines this with the
test-score gap between girls and boys to estirhateffect of an exogenous change in
the ability of the peer group. This paper utilizes same strategy, but builds upon it
in three important ways. First, | take advantafythe fact that in England, there is a
legal upper limit of 30 on class sizes for childierinfant schools | use this fact to
separate schools that appear to only have one pssohort to estimate classroom
level effects rather than school-level effectscdpelly, | investigate whether there is
any bias to the estimates by including a measutbheofverage socioeconomic status
of the male and female pupils separately usingptioportion of boys (or girls) who
receive free school meals (FSM) within the cohorthie school. Finally, | examine
the effect of a more female peer group on the aeeralue added score from one
national assessment to the next. This analysis dag&a on English pupils from the
Pupil Level Annual School Census (PLASC) and th&édwal Pupil Database (NPD).
This data includes pupils’ results from nationaessments and demographics of the
pupil, such as age within year, gender, ethniaitg tee school meals status. These
assessments are Key Stage 1 (KS1) sat at age Stigg 2 (KS2) sat at age 11, Key
Stage 3 (KS3), sat at age 14 and GCSE sat at &ge 16

Whilst the majority of the literature addresseseffects of either the ability of a peer
group or the racial make-up, there is a smallerdiure addressing the effects of the
gender make-up of the peer group, with most studiesessing the effects of single
sex schools against mixed sex schools. For exaMphish and Rowe (1996) find
little effect of single sex classes, with male psifeeling less favourable to single sex
classes. In the UK, Malacova (2007) employs naugl methodology, and finds an

advantage for girls educated in single sex classspobut with this advantage

! Also published in abridged form as Hoxby (2002)
2 Infant schools cover ages 4 to 7.
% A more detailed description of the English schayistem is given in the data section.



decreasing according to prior ability, whilst thévantage of single sex education

decreased for boys according to the level of schelelctiveness.

Hoxby (2000), however, considers the effect of angfe in the proportion of the peer
group who are female, and uses multiple strategiesstimate the effect of gender
and race make-up of the peer group on individuatmues. The initial strategy
makes use of her argument that there is a crediklygenous variation in the
distribution of female pupils across cohorts withigrade, and simply uses the raw
proportion of girls as a measure of the peer graBp.utilising this strategy she finds
that if all of the peer effects operate throughrpegglity, then a 1 point increase in
peer ability should lead to a rise in pupils scdmgsbetween 0.3 and 0.5 points in
reading, and in maths a raise of between 1.7 éhg@dints. However, she goes on to
argue that this is far too large an effect to blitle, and so other mechanisms must
be in operation. For example, Lavy and Schio§2@07) use an individual level
dataset of children in Israel to estimate the éffemd mechanisms of a more female
peer groups. They use a rich dataset of childré@kaviour and their peers’
perceptions of behaviour. They find significantspive effects on cognitive
outcomes of a more female peer group. Furthermibwey find that the higher
proportion of female peers lowers the amount o$sti@om disruption and violence,
although they go on to argue that the greater twgnioutcomes are due to

compositional effects rather than behavioural eé$fec alternatively ability spillover.

Meanwhile, Whitmore (2005) finds positive effects a high fraction of girls in

kindergarten through to the second grade on theom#s ofl both boys and girls,
whilst in the third grade, finds evidence that balgs worse in a class with a high
fraction of girls. Hansen et al (2006) find thatfale dominant and equally mixed

groups perform better than male dominated groups.

One of the mechanisms that may be affecting theoous of pupils by a change in
the proportion of peers that is female is a changee average ability of the peer
group, as measured by prior performance in keyesa@minations. In order to
estimate this, there needs to be a differencedmtiicomes of girls and boys.

* A more complete analysis of the advantages aratlditages of single sex education is provided in
Campbell and Sanders (2002)



Burgess et al (2004) consider possible reasonthégender achievement gap at age
16 in English schools. They find that the gapaigély seen with girls outperforming
boys in English, with very little difference in pemmance in maths and science
between equivalent male and female students. Getaal (2001) propose that much
of the gender difference between girls and boyshiessn misunderstood in previous
research. They contest that in all subjects dii@n maths and science (for which
there are few significant gender specific diffees)cthat all pupils start at the
beginning of education on an equal footing, andr dwee the apparent gender gap
develops. This is partially driven by proportiogigtmore girls gaining high grades

and more boys achieving middle level grades thay lmeaexpected.

Machin and MacNally (2005) consider how the gerghgy has evolved over time at
the end of primary school and secondary educatidhey find the largest gender gap
in primary schools is with relation to girls outfiming boys in reading, although
this has decreased since the introduction of teeakty hour. Furthermore, they find
that the increase of coursework at GCSE has beddjitls, and increased the gender
gap. This finding is corroborated by Younger andrivgton (1996), and they find
that teachers are apparently more lenient witts givhn boys, indicating differential
treatment. However, Myhill (2002) contradicts tlisd shows that the gender gap
increased when the proportion of coursework wasedsed. Stobart et al (1992) also

find evidence that coursework does not favour girls

Within mathematics, Shibley, Hyde et al (1990) finthle dominance, which is
decreasing over time. This finding is corrobordtgdraemer (2000) who comments
on the gender gap with males possessing superills 8k mathematics and non-
verbal tasks, with even 2-year-old boys better abléuild bridges with toy bricks
than similar girls. Girls, however, have bet@mnduage skills and are more aware of
their feelings. Furthermore, Hallinan and Sorengl®87) consider reasons for the
differential achievement levels in mathematics,hwitoys holding the advantage.
Whilst they conclude that mathematics teaching iwigratified groups does not have
a differential effect for girls and boys, they diodf that the initial grouping decision is
indeed influenced by the sex of the pupil. Malghhachievers are far more likely to

® Primary school covers age 4 to 11, Secondary ftbrto 16. A further description is given in sentio
3



be assigned to a high achieving group than femigle &chievers, indicating some
unseen factors also affecting the grouping deciqjon alternatively just some

prejudice against girls in mathematics).

| find significant negative effects of a more femaker group for males in English at
all levels of assessment, and significant posigffects of a more female peer group
on both boys and girls in maths and science, afthdbese effects largely disappear
post age 11. These effects all combine to givgeland significant average negative
effects of ability of the peer group. The omissarthe socioeconomic status in the
initial models has no significant bias on the cioeght on the proportion of the
school-cohort that is female. The value added maetiews strong significant
positive effects of a more female peer group betwages 7 and 11 in English for
both girls and boys, and between ages 11 and ldirferin mathematics and science.
Furthermore, considering the effect of more femateshe class as a proxy for
changes in ability, | demonstrate that the mageiuadf the effects are too large, and
of the wrong sign, to be explained by small changexbility.

This paper begins by discussing the methodologyl usethis paper. Section 3
examines the PLASC and NPD dataset used heregpmsettexamines the summary
statistics and section 5 discussed the resultsallffj section 6 offers discussion and

conclusions.

2. Methodology

The methodology in this paper uses the same bastbadology used by Hoxby
(2000), utilising idiosyncratic changes in the pydn of pupils in the school cohort
that are female as a measure of the peer groups céh then be combined with the
difference in outcomes associated with the genfiéneopupils to try to estimate the
effects of a more able peer group on outcomes,t@amavestigate whether there are
more mechanisms in play than simply higher abitigers helping to increase the

performance of the rest of the peer group.

| begin with an individual-level educational protioa function. The model uses the
assumption that any schgodt a given key stagg, has an average outcome for male

(female) pupils, which is constant across cohant@nd differences from this mean



can be explained by peer group effects, other faabot correlated with the peer
effects and some unobserved random factor. Soa ft@male pupili, there is a

production function thus

A,gjc = quemalegj + yfemalepgjc + afemalexi,gjc + gi,gjc (1)

where i is a school-level fixed effect, consisting of @nstant, an average school
outcome and a school-level fixed effegptis the proportion of pupils in the school-
cohort that are female, which is the peer grotip@mce that we are interested in, and
X represents other pupil-level exogenous and constaiables, which also includes
year and key-stage dummies. The dependent varfalidethe individual’'s score
within the school year. The levels represented oeeachindividual pupil, female
(or malg, g representing grade, or exam-level being takeepresenting the school
attended and representing the cohort the pupil is a member ©his production
function assumes that male and female studentsierpe different effects from the
proportion of pupils who are female, as well asotxogenous factors. | later try to
control for changes in the demographics by inclgdim measure of relative
deprivation in the school; that is the proportidnpopils who receive free school
meals (FSM). There may be a possibility that female pupilsthwa low
socioeconomic status have a different effect toales with a high socioeconomic
status, so to try and control for this effect, teznthe proportion of male pupils

receiving FSM and the proportion of female pupdsaiving FSM separately.

The exogenous and constant variab¥es;onsists of fixed family background effects
(F), the pupil’'s underlying abilityY) and various exogenous factosg, (including
year dummies and dummies for the level of the eratiun.

X =F

|,gjca+ui,gjcb-+_)(i,gjcc-+_e'vgjc (2)

i,gjc
Since the identification strategy operates at aoaklhevel, when taking means, |

assume thaF and U are drawn from a population with unchanging dempigics.

® Free school meals are only available to “Childrose parents receive Income Support (IS);
Income-based Job Seekers Allowance (IBJSA); suppater Part VI of the Immigration and Asylum
Act 1999; or Child Tax Credit, but who are not #atl to Working Tax Credit and whose annual
income (as assessed by the Inland Revenue) thmat&rApril 2005 does not exceed £13,910; or the
Guaranteed Element of State Pension Credit ardeehto free school meals. Children who receive IS
or IBJSA in their own right are also entitled tedrschool meals”. Current eligibility criteriar fioee
school meals from
http://www.parentscentre.gov.uk/educationandleayisichoollife/schooladministration/schoolmealsan
dmilk/



Furthermore, | assume that these effects are wlated with the probability of a
child being female, and any time-invariant effestould not bias the effects of a

more female peer group.

This individual model (1) can be averaged to a etlevel average. However, since
males and females have different average outcontelst a school average would be
directly affected by the proportion of pupils inetlschool that are female, | use
separate specifications for male and female puwitsch will not be affected in this
way.

Atemategic = Mremategy T ViemaePgic T temaleX femategic T € temalegic (3)

The motivation behind this model is that at a giexam, a school has an average
outcome that is achieved, and each year therev@iation around this mean, that is

influenced by the proportion of pupils that are &enand other exogenous effects.

In order to remove the school-level fixed effettske first differences across cohorts

within a given key stage,
Afemalegjc - Afemalegj(c—l) = }'Apfemalegjc + O'AX female gjc + gfemalegjc - gfemalegj(c—l) (4)

= DAsemaiegic = Premategic T IBX temategic T AE temaegic (5)

This identification strategy depends on there b@&iagendogenous component of the
change in gender make-up of a school. Since 8taldition of genders of pupils can
be seen as credibly random, then it can be argusdchanges in gender makeup
should also be credibly random, and as the sizelodol increases the proportion of

girls should tend to the national average.

There is a potential problem with this strategync® there is no data on classroom
level interactions within the school, it is possilthat the magnitude of effect could be
mis-estimated. That is, a pupil who attends a alchvith a large proportion of pupils
who are female may not experience this groupinfpiwithe classroom. In order to
address this possibility, | use the fact that irgland there has been a legal limit
placed on the size of infant class sizes (ages 7) wf 30, which was instituted in
2002. This allows me to examine schools with 3@earer pupils within the school-
year as a proxy for schools that teach their pupilsne class per year. | show later
that this can be extended for infant schools ferghriod before 2002. Whilst there is



no such limit imposed on junior schools (servingifgiaged 7 to 11), many junior
schools are linked to an infant school, and follawsimilar policy with regards
classroom allocation. | will later show that these similar structure of school sizes
in junior and infant schools. Thus, | define a Bre@hool to be one that has thirty or
fewer pupils in every observed cohort, whilst yéaschool is defined to be one that
has more than thirty pupils in every observed coh&upils over the age of 11 are

educated in larger schools, and so we cannot extenstrategy further.

Thus far, |1 have simply considered using the lewblat students receive from
examinations at ages 7, 11, 14 and 16. Theseslavelhighly correlated with other,
unobserved, factors such as family background adghbourhood affluence. In
order to try to control for this, | also examingaue added score within subject. The
value added measure | use is simply the test sudrieved by an individual pupil at
one key stage subtracted from the score obtaind¢keasubsequent key stage. For
instance, the value added at age 11 is simplydabtescore at age 7 subtracted from
the test score at age11In order to examine the effects of a more fempaler group,

| would like pupils to remain in the treatment goofor the whole period between
examinations. Due to the structure of schools nigl&d almost all pupils (98.6%)
have changed schools between Key Stage 2 and 3t wew pupils change from Key
Stage 3to 4 (3.1%). Wilson (2003) shows thatehem low correlation between test
scores and value added, and thus the effect ofokdbeel inputs may be better

viewed using this value added score.

In order to try and keep the treatment group constaross the treatment period, |
consider only the pupils who stay in the same schetween Key Stage 1 and 2 and
between key stages 3 and 4. However, the vastrityamf children in England
change schools between year 6 (key stage 2) amd/y@ay stage 3), and so without
any further information about the school attendedin make the assumption that the
pupils are at a fixed school in years 7 to 9, whigh be the case for the vast majority
of pupils. Thus, for the key stage 2 to 3 measuresnsider those pupils who have
moved schools between the exams. The number aspupo appear in the sample,
and the number omitted are shown in table 2.

" There are other methods of calculating value added

10



Since | am not interested in the time or gradect$fen the structural model, | simply

include year and grade dummies in the first difieeeequation.

Tests of robustness.

It is possible that particular schools have poficen admission that makes the
proportion of pupils that are female as an endogemaeasure, or that variation in the
gender makeup of the school follows a non-randottepadue to some other external
factor. In order to examine this possibility, leus similar strategy to Hoxby (2000).

That is, for every school within grade, | perfornresgression of the proportion of

pupils that are female against a linear time trand a constant. The order of the
years within the schools is then randomised, affakther regression is performed,

again on a linear (false) time trend the R-squaeddes from the two regressions are
compared. Schools with a ratio of greater tha® 102 the real time trend R-squared
to the false time-trend R-squared are dropped tfmrsample. Whilst Hoxby (2000)

also included non-linear trends, since | only hawene observations for GCSE, this
is not possible at this level in my data, due tack of degrees of freedom. This
results in approximately half of the schools beiligpped, and a comparison of the

results for the sub-sample and the full samplep®rted in table 5

Finally, in order to ensure that the linear modelthee peer effects is the correct
specification, | use a regression including thenattion between the change in the

proportion of pupils that are female and the gleathat this is in.

A'A‘femalegjc = }'Apfemalegjc + élApfemaIegjaﬂ. + 62Apfemalegjcq2
+ 53Apfemalegjcq3 + A‘E‘femalegjc

(6)

| then use an F-testto testthgt=9, =9, = O

Weighting of data

This analysis uses several specifications, withesoonsisting of results from several

key stages. This raises two issues. First, dineedependent variable is created by
taking a mean of pupils’ test scores, simply using score unweighted would lead to

a mis-specification of the model, as large schoatslld necessarily have the same

11



weight in the model as small schools. Thus, th& fpart of the weighting is the
number of pupils used to create this average scbhe. second issue is raised when |
pool multiple key stages in the analysis, as fetance, there are only 3 observations
of GCSE results, whilst there are 8 years of keygest2 results. Since | take first
differences, there is one fewer observation inQh& specification, and so, | consider
the number of cohorts less one. Thus, the secaridpthe weighting is to divide the
weights by the number of cohorts, less one, thatdarserved for each key stage
assessment.  Furthermore, this only gives the Wwewpguired for each individual
year, rather than for the change between yeaiig, aaler to deal with this, | take the

average of the weightings for consecutive years.

i.e. The weight is calculated thus:

( N male gjc + N male, gjc—l%
Wmalegjc = C (7)

g

WhereN is the number of male (female) pupils in the s¢teowl C is the number of
cohorts observed at levgl

3. Data

| use data from the National Pupil Database (NPBJ the Pupil Level Annual
School Census (PLASC), containing data on all puilstate funded education in
England. Pupil level characteristics that ardeotéd include the pupils’ age within
the year, their gender, ethnic group, their exolisstatus and a measure of low
income with the free school meals (FSM) indicatdFhere are also school level
characteristics such as the type of school, numbdull time teachers within the

school, whether there are pupils present who aaedeos, etc.

Pupils are assessed at 4 key stages through thneiolscareers, at ages 7, 11, 14 and
16. The National Pupil Database (NPD) gives rssaft pupils in the key stage
assessments. The structure of the available dasddwn in Figure 1, with results
available for pupils who sat key stage 1 (KS1) leetww 1998 and 2004, key stage 2
(KS2) between 1996 and 2004, key stage 3 (KS3)dmtw 998 and 2004 and GCSE
between 2002 and 2004. The pupil-level data coathin PLASC, however, can
only be linked to pupils who were in full time edtion when PLASC was initiated in

12



2002. Thus, the pupils who sat Key stage 2 in 18@6example, have no PLASC

data.

Pupils are examined in reading, writing and mathemat KS1, English maths and
science at KS2 and KS3, and in multiple subject&@8E. Pupils’ achievement at
KS1, KS2 and KS3 is measured in national levels. edch subject, the national
curriculum is separated into strands which assaseus skills within the subject, and
each level is associated with a certain skill lekat needs to be achieved. Levels can
be achieved between 1 and 8, with a further gradg available for exceptional

performance.

Within GCSE, results are presented using the rafige* to G, with a U for a fail,
A* indicating the highest grade and G the lowedVhilst the GCSE grades are
measured in a different way from the key stagel$ewe order to quantify the results,

| simply consider an A* to be worth 8 points an@ & be worth 1 point.

At present, it is not possible to observe any mughilrough the entire assessment
process in schools with the data in PLASC, butnl aghserve the cohorts who sat key

stage 2 in the three years, 1997, '98 and '99 #t key stage 3 and key stage 4.

Science at key stage 4 needs to be treated cgreftit all pupils are assessed in the
same way for science. There are three possibletstes that are examined for
science; one single award, covering all of physasmistry and biology, a dual
award, which gives the students two identical gsade up to three separate sciences.
Thus, a student may receive 1, 2 or 3 grades astege 4 science. As such, to create

a comparison across pupils, | consider the medineaf science scores.

Infant schools cover the first three years of prim&rom age 4 to age 7. In infant
schools since the start of the 2001/2002 acaderse there is a legal requirement
that there should not be more than 30 pupils tawaified teacher (the Education
(Infant Class Sizes) Regulations 1998). Effectiveéhis means that the maximum
class size in infant's school is 30. However, adog to Smithers (2006),

Department for Education and Skills statistics shioat 29,000 pupils, or 2.1% of all

infant age pupils, are taught in classes of 31 arem However, this is qualified since

13



some of the large class-sizes are approved dugltyen being moved into a school’s
area after the start of the school-year or whenldbal authority has placed a child
with special needs into a school. Figure 2 shdwesdistribution of school sizes at
key stage 1. Itis clear that there is clusteahgnd below schools of size 30 and 60
at key stage 1, indicating that the schools aliadilup the available spaces, and then
stopping admissions. Figure 3 examines the digidh of school sizes at key stage 1
before the introduction of the legal limit of 30ks to a class in 2002, and figure 4
examines the data after the introduction. Whiisté¢ is a more pronounced fall in the
number of schools with 31 pupils compared to 342002 there is still a significant
drop. Thus, at key stage 1, it seems a validegyato consider schools with 30 pupils
as being schools which primarily teach all of thmipils within the school-year in one

class.

At other levels, there is no legal maximum clage siHowever, figure 5 shows the
distribution of school sizes at key stage 2. Ther@ similar distribution as that seen
in key stage 1, but again with less pronounced fafler school sizes of 30 and 60.
However, this evidence is sufficient to make theuasption that schools with 30 or
fewer pupils consist of one class. Figure 6 shthesdistribution of school sizes for
key stage 3 and figure 7 shows the distributiosatfool sizes for key stage 4. It is
clear that in secondary schools, no such strateggvailable to us, as the size of

schools is much larger.

Sample Selection

In order to control for endogeneities caused bgdin, | only consider here schools
in non-selective local authoritfe§LAs); that is, where fewer than 10% of the pupils
are selected by ability. For the purposes of éimalysis, | consider a local authority

that performs selection to be one where over teoepe of the pupils are in schools

that select pupils according to ability. Whilstetmon-selective schools in the

selective local authorities do not select direatlye to the fact that there are schools
in the same catchment area that have the opportingelect pupils based on ability,

the non-selective schools are left with a non-ramdelection of pupils. Furthermore,

| only include community, community special, volant aided, voluntary controlled,

8 As defined in Atkinson et al (2006)
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foundation, foundation special and city technolegilege schools. In addition, any

school that has records of having boarding pupitfropped as well.

It is apparent that some of the schools appearat@ vastly different numbers of
pupils from one year to the next. In order to pravthese outlying schools from
adversely affecting the results, | only considérosts that lie within the®ito the 98
percentiles of cross cohort changes in school siZdsat is, schools which have an
improbably large change in size from one year ® tlext are removed from the
sample. In real terms, at key stage 1, | only @hansschools that fall by a maximum
of 20 pupils from one year to the next and rised®yat key stage 2, a maximum fall
and rise of 21, at key stage 3, a maximum fall2b#d a rise of 52 and at key stage 4,
a maximum fall of 34 and a rise of 54.

Further, some schools have very large (or very Inpabportions of girls in the
school. In order to remove the possibility thatmsoof these schools have some sort
of endogenous selection policy based on gendeootsihhat lie outside of theto
99" percentile of the gender mix (after single sexosth are dropped) are also
dropped. This leads to a range of the proportibpupils that are female between
16.66% and 80%.

Finally, in order to have a consistent sample acthe time series, only schools that
appear in all of the observations are included.usThany school that closed, (or
opened or failed to report results) during the tpeeiod of the data is omitted. Table
1 shows the total number of schools available endata, and the number of schools

that remain once | have dropped observations agided above.

The raw data is presented in terms of nationali@utm levels achieved by the
pupils in the specific key stage, which should bmparable across years. In order to
make the results easily comparable across keysstdgeraw results are standardised

by subject and level to a mean zero and standasidtam of one.

4. Summary Statistics
Table 3 shows summary statistics for all of theadat various forms. Firstly, as a

general overview, summary statistics of all of theta pooled is shown, then by
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primary and secondary schools, then by key stagd, fanally, examining the
differences between small and large primary scho®le scores from English, maths
and science key stage assessments are presendedia@ighted form, as described
above. The proportion of girls within the cohantdahe size of schools are weighted
slightly differently, with the number of cohorts s#yved at each level used as the
weighting. Whilst this does not affect the statstfrom the raw statistics within key
stages, when they are pooled it does place morghivein the larger secondary
schools. Science appears to have a lower sampdeirsithe pooled specification

simply because science is not assessed at keystagmist English and maths are.

Since all of the key stage results are based omsnafanormalised results centred at 0
with standard deviation, it is possible to compgaemean scores between key stages.
Looking at the pooled data, it can be seen thavamage girls perform much better
than boys in English, but in maths and sciencerethg little or no difference,

although boys do have a very slight advantage ithsna

At key stage 1, in English, girls have a significadvantage in English, whilst there
is little difference between the genders in maths key stage 2, in English, there is
still a significant advantage for girls in Engliskhilst in maths and science, the boys
hold a small advantage. At key stage 3, the g&wdsn the genders is increased in
English, and boys still hold a very slight advaetag maths and science. However,
this changes slightly at key stage 4, with girlsintaning a large significant

advantage in English, but taking a small lead ith®and science as well.

The gender mix in the schools remains constanp@toximately 48% to 49% female

throughout, with cohort sizes within school of appmately 40 at key stages 1 and 2
and approximately 180 at key stages 3 and 4 (itidga nature of the English school
system, with secondary schools generally much tamgstitutions than primary

schools). This may make inferences at a schoeal lewich harder at the secondary
level much more difficult due to the fact that vehithere may be a larger proportion
of female pupils in one school than another, irdiral pupils may not feel the effect
of this due to a lack of within school interactionhat is, at a cohort level there could
be a large proportion of girls, but this may naigagate down to the classroom level,

whether due to ability setting or some other meigmn
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Furthermore, it appears that in general, boys ansl gh average perform better in a

small (one classroom) primary school than in adaane.

5. Results

In looking at the results, | start by looking asecification that includes all of the
schools, given sample selection, and all of thelabia key stages, followed by tests
of linearity of the specification. This is therléaved by specifications just including
primary and secondary schools, then results byirtdvidual key stages. | then
examine effects in small and large primary schoolsy to examine the effect of the
direct peer influence, and then examine the effegthin key stage within small
schools. 1 follow this up by examining the robests of the results by comparing the
results with results from a subset of the sampd¢ dimly contains schools that appear
to have completely random changes in the gendeefapkrom year to year. |then
consider the effects of a measure of poverty forskend girls. Finally, | repeat the
specifications using a value added model to exarthreeffects of a change in the

gender make-up of the peer group on the value afildedone key stage to another.

Results in all schools
Table 4 shows regression results for all schoolgriglish, maths and science. The
initial specification includes all schools and Iesyeand | estimate equation (5) using

the weightings described in equation (7):

A'A‘femalegjc = }'Apfemalegjc + O'AX femalegjc + A‘gfemalegjc
wherep is the proportion of pupils in the cohort withiretechool that are female and

Xincludes year dummies and dummies for the keyestag!.

In English, there is a significant negative effémt male pupils of having a more
female peer group, whilst for maths and sciencéh lgirls and boys experience a
significant positive effect of having a more femaleer group. Girls appear to be
unaffected by having a more female peer group gligm If one considers the effect
of the proportion of girls increasing by 10%, these raw effects would lead to a

fall in English scores for boys by approximatel@Xb standard deviations, a rise in
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maths of approximately 0.006 standard deviationd anrise of 0.007 standard
deviations for science. For girls, this would lgadan increase in maths score by

0.007 standard deviations and in science by 0.@@lard deviations.

In order to check that the model is valid, it i€@&sary to examine the linearity of the
estimates for the coefficient on the proportionpopils that are female. Figure 8
shows adjusted variable plots for the pooled respes in English, maths and
science. In the graphs, the x axis representb@hquantiles of the proportion of
pupils that are female within the cohort in the@ihand the y axis represents the
mean change in average outcomes that can be &ttibo just the change in female
proportion for each quantile. The fitted line e tfitted regression line. These all
appear to follow a fairly linear pattern, otherritfar females in English, which does

not seem to follow any real pattern. Howevers ihécessary to check this.

Table 5 reports the results of regressions for wgua(6) using the pooled
specification above, including terms interacting throportion of pupils that are
female with the quartile that it is in. Using axidst, in all of the subjects for all of
the pupils, the test does not reject the null tinet coefficients on all of these

interaction terms are equal, and equal to zerdpgs not reject the null of linearity.

Table 4 also shows results of regressions withimamy schools, secondary schools
and by key stage. Beginning with primary schodihgre is a strong significant
negative effect on increasing the proportion of ilsugvithin the cohort that are
females on male pupils in English. This same éffeseen in both key stage 1 and
key stage 2 results, although the magnitude ottwedficient at key stage 1 is much
larger than that at key stage 2. For maths arehsej both male and female pupils
see a significant and positive effect of a moredienpeer group in primary schools.
If these results are translated into the effe@ ohange in the ability of the peer group
based on the change in the gender make-up of teegreup, | find large negative
effects of an exogenous increase in the peer gabiy, which are of a much larger
magnitude than could be credibly expected. Theesaffects are seen for maths
within key stages 1 and 2. As these effects asnafnbelievable magnitude, | do not

consider these further.
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Within secondary schools as a whole and at the fewel of key stages 3 and 4, the
only significant effects of a more female peer grawe a strongly negative effect for

males in English.

Small and large primary schools

Table 6 shows results from the subset of schoalsdle either defined as small or
large schools. The small school definition is host that does not go over the limit
of 30 pupils within the cohort in any year obseruedhe data, indicating a very high

probability that there is only one class within tt@hort, and the large school is any
school that has more than 30 pupils in all of theepved cohorts, indicating multiple

classes. The results for the large primary schasnot significantly different than

for primary schools as a whole. However, withia #mall primary schools, there is a
much larger negative effect on boys in English ofmare-female peer group.

However, much of the larger magnitude can be empthiby the much larger

coefficient within key stage 1 scores in small @mnschools, which is approximately
two and a half times as large as the coefficienk&y stage 2. This difference may
be explained as results at key stage 1 are geyenalle noisy than those at other key
stages. The only other significant effect withmadl primary schools is a positive

effect for girls in mathematics, which again isrgedriven by a large effect at key

stage 1.

Robustness Checks

It is possible that some schools have selectioitipslbased on the gender of pupils,
which could affect the results that are gainedthar effects of a more female peer
group on outcomes. In order to check that theltseswe not biased by unobserved
selection policies, tables 7 and 8 show comparismt&een regressions with all of
the schools included, for all of the specificati@escribed above, and a subsample of
schools which have apparently random changes igehder make-up of cohorts. In
general, the full sample results do not signifibadiffer from the random. In table 7,
for English, there are no major differences betwiberfull sample and the apparently
random sample. In mathematics, there is a mafterednce between the results in all
levels and schools pooled, and for secondary sshaold within key stages 3 and 4

for males. However, whilst these differences agd, they are not significant
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differences. Similarly, there is a large differerbetween the random and the full

sample for key stage 3 for males in science, bainaghe difference is not significant.

Table 8 shows the comparison between the sub-samwiplechools that have
apparently random changes in gender make-up iarttadl and large primary schools.
There is only one significant difference betweeaftilio sets of results, and that is for
females in English at Key stage 2. However, neithsult is significantly different

from 0O, so it does not affect my results.

Socioeconomic status

Table 9 shows a breakdown by key stage of resaltgyla measure of socioeconomic
status of the school, the proportion of male amddie pupils who receive free school
meals within the cohort. Introducing this meashies no significant effect on the

coefficient on the proportion of pupils in the cohtihat are female in any subject, in
any assessment level. Furthermore, the gendeifispgmcioeconomic status has a
significant negative effect on outcomes. For ins& boys in a cohort with a large

proportion of males with free school meals do digantly worse in all subjects, and

similarly for girls. However, in English at keyagle 1, there is a small anomaly. The
proportion of male FSM pupils in the cohort in teehool actually has a small

significant positive impact on females’ results.

For the gender specific socioeconomic status, ffecteseen is constant through
primary school, and then increases through secgnsiarool, with the effects for

male and female pupils not significantly different.

Since there is no significant change in the coeffiton the proportion of pupils in
the school-cohort that are female, | conclude that socioeconomic status of the
school has the same effect on boys and girls amaithission of this variable is not

creating any bias in the results.

Value Added Results.
Table 10 shows the results of the estimation ofaggn (5), with the dependent
variable as the average within cohort male (femadd)e added from one key stage to

the next for pupils that stay within the same sthexcept between key stages 2 and
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3, since almost all pupils are registered at aetbffit school between these exams.
Beginning by looking at the results for all schoaisd levels pooled, the only
coefficients that are significantly different frorero are for females in mathematics
and science. Examining the results at a finerlJavean be seen that this overall
result is being driven by a large effect of a mfemale peer group on value added
from key stage 2 to key stage 3, which also driheslarge value added observed in

the secondary schools for girls in maths and seienc

In English, a more female peer group has a poséftect on boys and girls at key
stage 2. However, comparing the regression resutsble 10 with those from table
4, it can be seen that this may be due to pupilsgbdisadvantaged at key stage 1 by
having a more female peer group, and this disadgernbeing reduced over time, with
it actually becoming an advantage for girls. Hoarewany advantage gained by girls
from having a more female peer group from key stage key stage 3 seems to be
eliminated between key stages 3 and 4, with a Isigi@ficant negative effect on the

proportion of pupils that are female.

6. Conclusions

In this paper, | have examined the effect of segihpi®xogenous changes in the
gender make-up of a child’s within-school peer graising year to year changes in
the proportion of girls within the school as an lex@atory variable for the outcomes at

key stage 1, key stage 2, key stage 3 and GCSE.

The results that are obtained show large signifioagative effects of a more female
peer group on male pupils in English, robust acepeifications, and a significant
positive effect of a more female peer group in reatatics and science for both males
and females in primary schools. Hoxby (2000) ubeseffect of a change in the
proportion of pupils that are female to try andreate the effect of a credible change
in the ability of the peer group, although she dgeslify the results with the proviso
that her results are of a too high a magnitudeetplausible. However, considering
the results | obtain here, due to the considerhlglger scores in English achieved by
female students, and the slightly higher scoresaths and science achieved by male
students in primary schools (see table 3), | fendjé negative effects of a more able

peer group for boys in English at all stages ofcation, and in maths and science for
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both boys and girls in primary schools, in contcidin with current established
literature. For example Lefgren (2004) finds siigaint positive effects of a more

able peer group, a finding that is backed up byrderman (2003).

This is not the whole story. In mathematics anersm®, the results of male and
female pupils is very closely matched, and so & lage change in the gender make-
up of the peer group is required in order to hawe reoticeable change in the ability
of the peer group, meaning that the estimateseoétfect of a change in the ability of
the peer group would require such a large changieeigender make-up of the cohort

that we cannot take the implied result seriously.

Lavy and Schlosser (2007) offer a different explmma They show that if the results
were driven by increases in ability of the peerugrothen in contradiction with the
established literature, this would lead to a desgaa the ability of the peers. They
argue that there is some other factor, such asvimha that affects the students’
outcomes. They demonstrate that an increase irptbgortion of girls leads to
general increases in academic outcomes, and fiad rttore female peers lowers
classroom violence, whilst improving inter-studearid student-teacher relationships.
However, this is not attributed to an individualimavement in behaviour, but rather a
compositional effect. This would help to explairy mesults in mathematics and

science, but not for male students in English.

The change in the gender make-up of the peer grouful have an influence on the
behaviour within the classroom. Younger and Wagton (1996) consider the
interactions within the classrooms and the behanassociated with boys and girls in
the classroom. For boys there is an apparent atageociated with working hard, but
for many this is just an image. Furthermore, theralso evidence that boys require
more behavioural management than girls. Accordiinthe official data in PLASC,
70.9 percent of children with statements are baysl, further 65.4% of all children
with special educational needs are boys. Thiarihér shown by the fact that 5 times
as many boys are permanently excluded from schibals girls. However, these
figures may be slightly misleading, as it has beenjectured that there has been an
over-identification of special educational needs boys and a similar under-

identification of SEN in girls. In addition, Frasq2000) concludes that boys tend to
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be louder and more demanding within the classroom,rather than this directly
hindering the boys’ own outcomes, it may be hawndetrimental effect on all of

their classroom peers.

Whilst not being affected directly by their peetfse gender make-up of classrooms
may lead to differential teaching methods withia thassroom. Whilst teachers may
believe that they do not use different methods witlls and boys, Younger et al
(1999) find evidence that boys and girls are tratry differently in the classroom.
Students claim that boys receive more negativentate than the girls, and there is
evidence that teachers have a lower tolerance teviebys’ behaviour than to girls,
which can “lead to male disillusionment and a ngatreaction to learning”.
(Younger et al (1999), 339) However, they also omnt that there is little evidence
in observed lessons that boys are given “more stgpan girls in the teacher-
learning process” (Younger et al (1999), 339). tikenmore, Dee (2007) finds that
girls taught in a classroom with a female teacimet laoys taught with a male teacher
tend to perform better than pupils with a teachethe opposite gender, suggesting
that female teachers may direct learning in a viray is more likely to benefit girls
rather than boys. This, when combined with Macl€a@05) who comments that
only 15.7% of all primary school teachers in Endlane male and half of 5 to 11 year
olds have no contact with male teachers impliesdhis are likely to benefit more in

education due to the gender of teachers.

Considering the difference between the single obass cohorts in primary schools
with the full sample, there is a much larger magtet negative effect within the
single classroom case for boys in English, whichdseto lead us towards the
conclusion of more behavioural issues with boyspassibly the impact of a more
female orientated teaching method, leading to diathges for boys. Further, it
appears that girls benefit from an environment meustable for learning in

mathematics if there are more girls in the classroavhether through better
behaviour or more directed teaching. This modsl leas noise in it than the larger

schools, as | can observe directly the within ctzm® peer group. In the large
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schoolg, the negative effects for boys in English disapp&at apparent positive

effects are seen in maths and science which areeeotin the small schools’ case.

Overall, the results imply that in primary schoatdeast, boys would benefit greatly
from being taught English in single sex classesicivlwould have little effect on
girls’ outcomes, whilst in maths and science, défe policies would benefit boys and
girls: boys would be better off in a more femalassiroom, whilst girls would be
better off in an all female classroom. This lasindusion, however, is in
contradiction to Asthana (2006), who quotes thdifigs of Alan Smithers’ research,
claiming that there is no advantage of teachings gir a single sex environment,
contradicting the long-held view that in schoolgggiare distracted by boys in the
classroom, and other arguments that girls and bmjias develop differently and thus
require different emphases in teaching. Smithestarch examines data from across
the world, and finds little impact of consistentpstior performance in single sex

schools.

Smithers’ research is almost in direct contradictio Younger et al (2005) who when
examining whole school approaches to raising baghievement consider the effects
of single-sex classes. They find evidence thatiSgand boys feel more at ease in
such classes, feel more able to interact with lagrand to show real interest without
inhibition and often achieve more highly as a r&$fl Thus, whilst my results back
up Younger et al (2005) for English and for ginlsmaths and science, single sex
classes in maths and science for boys would haletranental effect. Furthermore,
Jackson (2002) finds that single sex classes kel lio have positive effects for girls,

but male only classes may exacerbate the machocultilees inherent in schools.

Whilst it is not possible to generalise to the timi single sex classrooms, the results
obtained imply that boys would benefit at all agesm being taught English in
English schools with as small a proportion of gats possible. In mathematics and
science, the results shown here tend to imply bt boys and girls benefit from

having more girls in the classroom. However, itngt possible to increase the

® Schools with more than 30 pupils in the cohort.
19 Younger et al (2005) page 12
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proportion of girls for both boys and girls, impig that a mix of the genders is

optimal in both maths and science.

25



References

Asthana, A. (2006). Single-sex schools 'no berefigirls’. The Observer. London
1.

Burgess, S., McConnell, B., Propper, C., and Wilddn(2004), “Girls Rock, Boys
Roll: An Analysis of the Age 14-16 Gender Gap irgsh Schools”. Scottish
Journal of Political Econom¥1(2): 209-29.

Campbell, P. B. and J. Sanders (2002). “Challengimegsystem: Assumptions and
data behind the push for single-sex schooling” oing Gender in Policy and
Practice: Perspectives on Single Sex and Coeduneht8chooling. A. Datnow
and L. Hubbard. New York, Routledge Falm@&t-46.

Coleman, J.S., Campbell, E.Q., Hobson, C.J., M&att J., Mood, A.M., Weinfeld,
F.D., York, R.L. (1966)Equality of Educational OpportunityS Department
of Health, Education & Welfare, Office of Education

Dee, T. S. (2007). "Teachers and the Gender GaBsuitlent Achievement." Journal
of Human Resource®?(3): 528-54.

Francis, B. (2000). “Boys, Girls and Achievemeniddressing the Classroom
Issues.” London, Routledge Falmer.

Gorard, S., Rees, G., and Salisbury, J., (2001ye8tigating the Patterns of
differential attainment of Boys and Girls at ScHpdBritish Educational
Research Journa,7(2): 125-139

Hallinan, M.T. and A.B. Sorensen, (198Xbility Grouping and Sex Differences in
Mathematics Achievemer8ociology of Education6O(April): 63-72.

Hansen, Z., Owan, H., and Pan, J (2006). “The ImmdécGroup Diversity on
Performance and Knowledge Spillover - An Experimeémt a College
Classroom.”, NBER working paper 12251

Hoxby, C. (2000). Peer Effects in the Classroomarhang from Gender and Race
Variation., NBER working paper 7867

Hoxby, C. (2002). "The Power of Peers." Educati@xt\.

Jackson, C. (2002). "Can single-sex classes indoocaional schools enhance the
learning experiences of girls and/or boys? An epgtion of pupils’
perceptions." British Educational Research Jou26gl): 37-48.

Kraemer, S. (2000), “The Fragile MaleBritish Medical Journal321: 1609-1612.

Lavy, V. and A. Schlosser (2007). “Mechanisms amgdcts of Gender Peer Effects
at School”, NBER Working Papers: 13292

Lefgren, L. (2004). "Educational Peer Effects ahé Chicago Public Schools.”
Journal of Urban Economié&#(2): 169-91.

26



Machin, S. and S. McNally (2005%;ender and Student Achievement in English
SchoolsOxford Review of Economic Polic1(3): 357-372.

Macleod, D. (2005). “Drive to recruit more male rpary teachers”. Guardian
Unlimited. London.

Malacova, E. (2007). "Effect of single-sex eduaatan progress in GCSE." Oxford
Review of Educatio33(2): 233-259.

Manski, C. F. (1993). "Identification of Endogendfecial Effects: The Reflection
Problem." Review of Economic Studieg(3): 531-42.

Marsh, H. W. and Rowe, K. J. (1996). "The effeotssingle-sex and mixed-sex
mathematics classes within a coeducational schdéolreanalysis and
comment.” Australian Journal of Educatid®(2): 147-161.

Myhill, D. ( 2002) “Bad boys and good girls?: patte of interaction and responses in
whole-class teaching”, British Educational Reseaminrnal 28(3): 339— 352.

Shibley-Hyde, J., Fennema, E., and Lamon, S. 39Q)L “Gender Differences in
Mathematics Performance: A Meta-Analysis”, Psychalal Bulletin
Copyright 1990 by the American Psychological Asation, Inc 107(2): 139-
155

Smithers, R. (2006). “Primary schools have 29,000ilp in classes of over 30”. The
Guardian. London.

Stobart, G., J. Elwood, and M. Quinlan, (1992) “@GenBias in Examinations: how
equal are the opportunitiesBritish Educational Research Jourridd(3): 261-
276

Summers, A. A. and Wolfe, B. L. (1977). "Do SclodViake a Difference?"
American Economic Revie%7(4): 639-52.

Whitmore, D. (2005). "Resource and Peer Impact&ols' Academic Achievement:
Evidence from a Randomized Experiment." Americarorieenic Review
95(2): 199-203.

Wilson, D. (2004). "Which ranking? The impact of\alue-Added’ measure of
secondary school performance." Public Money & Mamagnt24(1): 37-45.

Winkler, D. R. (1975). "Educational Achievement archool Peer Group
Composition."” Journal of Human Resour@@§): 189-204.

Younger, M. and M. Warrington (1996). "Differentiathievement of girls and boys

at GCSE: Some observations from the perspectivenef school." British
Journal of Sociology of Educatidiv(3): 299-313.

27



Younger. M., Warrington, M., Williams, J., (1999)fe Gender Gap and Classroom
Interactions: reality and rhetoric?” British Joakf Sociology of Education,
20(3): 325-341

Zimmerman, D.-J. (2003). ": Peer Effects in Acade®@utcomes: Evidence from a
Natural Experiment.”: Review-of-Economics-and-Siats.85(1): 9-23

28



Table 1 Number of schools in the dataset by leveklore and after schools are omitted.

D04

669

Level 1996 1997 1998 1999 2000 2001 2002 2003
Key Stage 1
Full Sample 16964 17093 17397 17150 16974 16888783
Sample after 10669 10669 10669 10669 10669 10669 10
observations dropped
Key Stage 2
Full Sample 16013 16552 16782 16730 16732 16768 146516800 16461
Sample after

: 9499 9499 9499 9499 9499 9499 9499
observations dropped
Key Stage 3
Full Sample 4529 4507 4600 4583 4447 4628

Sample after
observations dropped

2227 2227

2227 2227 222

Key Stage 4

Full Sample

Sample after
observations dropped

3503 3481 348
2335 2335 233§

Table 2 Proportion of pupils that stay at the sameachool between key stages.

Key Stage 1 — 2 Key Stage 2 — 3 Key Stage 3 -4
Total 962,039 1,429,998 1,115,952
(100%) (100%) (100%)
Pupils at same school 711,014 19,748 1,081,511
(73.9%) (1.4%) (96.9%)
Pupils at different 251,025 1,410,250 34,411
school (26.1%) (98.6%) (3.1%)

29



Table 3 Summary Statistics

Mean score for

Mean scores for

Mean scores for

Mean scores for

Mean scores for

Mean scores for

Proportion of the

Size of cohort

males in English females in English males in females in Males in science | females in Science cohort that are within school
mathematics mathematics female

Pooled Specification
Mean -0.17 0.18 0.01 -0.01 0.00 0.00 0.49 111.54
Standard Deviation 0.42 0.40 0.41 0.41 0.44 0.44 07 0. 84.59
Observations 168815 168815 168815 168815 94132 20413 168815 168815
Primary Schools
Mean -0.15 0.16 0.02 -0.02 0.01 -0.01 0.49 40.68
Standard Deviation 0.44 0.41 0.43 0.42 0.49 0.50 09 0. 20.38
Observations 150675 150675 150675 150675 75992 27599 150675 150675
Secondary Schools
Mean -0.19 0.20 0.00 0.00 0.00 0.00 0.48 182.39
Standard Deviation 0.41 0.40 0.40 0.40 0.41 0.42 05 0. 62.09
Observations 18140 18140 18140 18140 18140 18140 18140 18140
Key Stage 1
Mean -0.16 0.16 0.00 0.00 N/A N/A 0.49 39.44
Standard Deviation 0.43 0.4 0.43 0.41 N/A N/A 0.09 19.10
Observations 74683 74683 74683 74683 N/A N/A 74683 74683
Key Stage 2
Mean -0.15 0.15 0.03 -0.03 0.01 -0.01 0.49 41.92
Standard Deviation 0.45 0.45 0.42 0.43 0.43 0.49 09 0. 21.50
Observations 75992 75992 75992 75992 75992 75992 75992 75992
Key Stage 3
Mean -0.19 0.20 0.01 -0.01 0.02 -0.02 0.48 183.09
Standard Deviation 0.41 0.41 0.39 0.39 0.42 0.42 05 0. 62.59
Observations 11135 11135 11135 11135 11135 11135 11135 11135
Key Stage 4
Mean -0.19 0.20 -0.01 0.01 -0.01 0.01 0.49 181.69
Standard Deviation 0.41 0.39 0.4 0.41 0.41 0.42 50.0 61.58
Observations 7005 7005 7005 7005 7005 7005 7005 5 700
Small Primary Schools
Mean -0.12 0.2 0.05 0.02 0.03 0.03 0.49 20.86
Standard Deviation 0.50 0.46 0.50 0.47 0.56 0.56 11 0. 5.60
Observations 31601 31601 31601 31601 14080 14080 60131 31601
Large Primary Schools
Mean -0.15 0.16 0.02 -0.02 0.01 -0.01 0.49 57.58
Standard Deviation 0.42 0.39 0.41 0.39 0.47 0.47 07 0. 18.39
Observations 67025 67025 67025 67025 35000 35000 02557 67025
Key Stage 1 in small primary schools
Mean -0.13 0.20 0.03 0.02 N/A N/A 0.49 20.83
Standard Deviation 0.48 0.44 0.49 0.45 N/A N/A 10.1 5.69
Observations 17521 17521 17521 17521 17521 17521 17521 17521
Key Stage 2 in small primary schools
Mean -0.11 0.21 0.07 0.03 0.03 0.03 0.49 20.91
Standard Deviation 0.52 0.49 0.51 0.49 0.56 0.56 11 0. 5.49
Observations 14080 14080 14080 14080 14080 14080 08014 14080

Notes: Unit of comparison is the within school , withinykstage cohort. The summary statistics for themseares at the key stage are generate using wdightues as described in the methodology, wititstet
for the proportion of the cohort that are femald #re size of cohort within the school are weighisithg the number of cohorts within schools obstateeach key stage. Key stage 1 is not formalgssed for
science. Standard errors are clustered at sobwall |

30




Table 4 Results in all schools.

English Mathematics
Male Female Male Female Male Female
All levels and schools pooled
Proportion of the within-school -0.064*** 0.010 0.023* 0.030** 0.029* 0.042**
cohort that are female (0.013) (0.012) (0.012) (0.012) (0.018) (0.017)
[-0.201**+] [0.031] [-1.424%] [-1.887*] [-2.822%] [-4.024*]
Observations 144085 144085 144085 144085 80071 18007
Adjusted R-squared 0.02 0.02 0.04 0.05 0.08 0.11
Pooled primary schools
Proportion of the within-school -0.051*** 0.006 0.040*** 0.031*** 0.056*** 0.044***
cohort that are female (0.011) (0.010) (0.011) (0.011) (0.015) (0.015)
[-0.18**+] [0.02] [-1.12% [-0.86***] [-5.17%] [-4.05%*+]
Observations 130507 130507 130507 130507 66493 36649
Adjusted R-squared 0.03 0.02 0.04 0.05 0.10 0.13
Pooled Secondary Schools
Proportion of the within-school -0.118** 0.019 -0.040 0.035 -0.028 0.032
cohort that are female (0.048) (0.048) (0.040) (0.041) (0.043) (0.042)
[-0.37%] [0.06] [1.54] [-1.35] [0.91] [-1.22]
Observations 13578 13578 13578 13578 13578 13578
Adjusted R-squared 0.02 0.01 0.05 0.05 0.07 0.09
Key Stage 1
Proportion of the within-school -0.076*** -0.020 0.049%** 0.030** N/A N/A
cohort that are female (0.014) (0.013) (0.016) (0.015)
[-0.26**] [-0.07] [-12.89**] [-7.84*]
Observations 64014 64014 64014 64014
Adjusted R-squared 0.01 0.02 0.05 0.05
Key Stage 2
Proportion of the within-school -0.025* 0.035** 0.025* 0.028* 0.056*** 0.044***
cohort that are female (0.015) (0.015) (0.014) (0.014) (0.015) (0.015)
[-0.09%] [0.13*] [-0.35%] [-0.40% [-5.17*%+] [-4. 05**+]
Observations 66493 66493 66493 66493 66493 66493
Adjusted R-squared 0.05 0.04 0.06 0.08 0.10 0.13
Key Stage 3
Proportion of the within-school -0.127* 0.049 -0.035 0.033 -0.015 0.035
cohort that are female (0.065) (0.069) (0.036) (0.036) (0.041) (0.040)
[-0.41%] [0.16] [0.76] [-0.70] [0.31] [-0.71]
Observations 8908 8908 8908 8908 8908 8908
Adjusted R-squared 0.03 0.01 0.10 0.13 0.20 0.23
Key Stage 4
Proportion of the within-school -0.112* -0.007 -0.056 0.023 -0.055 0.017
cohort that are female (0.062) (0.058) (0.059) (0.058) (0.061) (0.060)
[-0.33%] [-0.02] [9.40] [-3.96] [5.59] [-1.69]
Observations 4670 4670 4670 4670 4670 4670
Adjusted R-squared 0.01 0.02 0.06 0.04 0.01 0.01

Notes: Dependent variable is the change in mean key stages
significance at the 1% level, ** denotes significarat the 5% level, * denotes significance at eldvel. In square brackets are the translatezttsffof the coefficients of

the exogenous change in peer tests scores thatsotom a change in the gender make-up of the gemip. Method is weighted least squares.
separate regression. Key stage 1 is not formabBgssed for science. Year and exam dummies arnalsded. Standard errors are clustered at $dboal.

within school cohort for male (female) pupiRobust standard errors in parentheses.

Ealthreygresents a

31

*** denotes



Table 5 Testing the linearity of the pooled regre$sns

English Mathematics Science

Male Female Male Female Male Female
Proportion of pupils that are -0.067*** 0.016 0.034* 0.042** 0.062** 0.081***
female (1) (0.022) (0.021) (0.020) (0.020) (0.030) (0.030)
(1) interacted with ! 0.043 0.042 -0.058 -0.075 0.100 -0.019
quartile dummy (2) (0.078) (0.076) (0.064) (0.060) (0.084) (0.082)
(1) interacted with 3 0.042 -0.034 -0.011 -0.067 -0.153 -0.133
quartile dummy (3) (0.094) (0.093) (0.079) (0.079) (0.105) (0.106)
(1) interacted with i -0.006 -0.015 -0.015 -0.007 -0.068 -0.064
quartile dummy (4) (0.036) (0.035) (0.032) (0.032) (0.048) (0.048)
Observations 144085 144085 144085 144085 80071 18007
R-squared 0.02 0.01 0.03 0.03 0.07 0.09
P> F test statistic 0.8031 0.9504 0.6657 0.3461 0.4031 0.4732
(2)=(3)=(4)=0

Notes: Robust standard errors in parentheses *** dengitgsficance at the 1% level, ** denotes significarat the 5% level, * denotes significance at teldvel. Year
and exam dummies are also included. Standardsearerclustered at school level.
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Table 6 Results in the subset of small and large jpnary schools

English Mathematics Science
Male Female Male Female Male Female
Large Primary Schools
Proportion of the within-school -0.033** 0.006 0.052%** 0.023 0.077*** 0.061**
cohort that are female (0.017) (0.016) (0.017) (0.017) (0.024) (0.024)
[-0.11*¥] [0.02] [-1.75%*] [-0.76] [-7.29%*%] [-5. 76**]
Observations 58075 58075 58075 58075 30625 30625
Adjusted R-squared 0.03 0.03 0.06 0.07 0.13 0.16
Small Primary Schools
Proportion of the within-school -0.108*** 0.015 0.015 0.059*** -0.032 0.010
cohort that are female (0.022) (0.021) (0.024) (0.022) (0.035) (0.033)
[-0.41***] [0.06] [-0.30] [-1.18***] [1.41] [-0.43]
Observations 27338 27338 27338 27338 12320 12320
Adjusted R-squared 0.01 0.01 0.02 0.03 0.05 0.07
Key Stage 1 in small primary schools
Proportion of the within-school -0.146*** -0.002 0.027 0.073** N/A N/A
cohort that are female (0.028) (0.026) (0.031) (0.029)
[-0.56***] [-0.01] [-0.77] [-2.05*¥]
Observations 15018 15018 15018 15018
Adjusted R-squared 0.01 0.01 0.03 0.03
Key Stage 2 in small primary schools
Proportion of the within-school -0.059* 0.037 -0.004 0.041 -0.032 0.010
cohort that are female (0.035) (0.034) (0.034) (0.032) (0.035) (0.033)
[-0.22%] [0.14] [0.06] [-0.57] [1.41] [-0.43]
Observations 12320 12320 12320 12320 12320 12320
Adjusted R-squared 0.03 0.03 0.03 0.04 0.05 0.07

Notes: Dependent variable is the change in mean key stagee within school cohort for male (female) pupiRobust standard errors in parentheses.

*** denotes

significance at the 1% level, ** denotes significarat the 5% level, * denotes significance at #eldvel. In square brackets are the translatextesffof the coefficients of

the exogenous change in peer tests scores thaisdcom a change in the gender make-up of the geaip. Method is weighted least squares.

A sprathary school is

defined as one that is observed to have cohors sizeller, or equal, than 30 for every cohort olebin the data. A large primary school is defiastne that is observed

to have cohort sizes larger than 30 for all of ¢bborts observed in the data. Each cell represestparate regression. Key stage 1 is not foyragessed for science.
Standard errors are clustered at school level.
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Table 7 Comparison — Ordered and Random

English Mathematics Science
Male Female Male Female Male Female
All levels and schools pooled
Schools that have have apparent -0.067*** 0.016 -0.000 0.039** 0.034 0.065***
random changes in gender make-y (0.018) (0.017) .0170 (0.016) (0.025) (0.024)
Observations 72613 72613 72613 72613 40195 40195
All Schools -0.064*** 0.010 0.023* 0.030** 0.029* 0.042*
(0.013) (0.012) (0.012) (0.012) (0.018) (0.017)
Observations 144085 144085 144085 144085 80071 18007
Primary Schools
Schools that have have apparent -0.055*+* 0.005 0.027* 0.040*** 0.070*** 0.064***
random changes in gender make-y (0.015) (0.014) .01%D (0.015) (0.021) (0.021)
Observations 65703 65703 65703 65703 33285 33285
All Schools -0.051%** 0.006 0.040*** 0.031*** 0.056*** 0.044***
(0.011) (0.010) (0.011) (0.011) (0.015) (0.015)
Observations 130507 130507 130507 130507 66493 36649
Secondary Schools
Schools that have have apparent -0.115* 0.053 -0.095* 0.040 -0.036 0.058
random changes in gender make-( (0.064) (0.062) .0540 (0.054) (0.057) (0.055)
Observations 6910 6910 6910 6910 6910 6910
All Schools -0.118** 0.019 -0.040 0.035 -0.028 0.032
(0.048) (0.048) (0.040) (0.041) (0.043) (0.042)
Observations 13578 13578 13578 13578 13578 13578
Key Stage 1
Schools that have have apparent -0.085** -0.018 0.029 0.047** N/A N/A
random changes in gender make-( (0.020) (0.018) .0210 (0.021)
Observations 32418 32418 32418 32418
All Schools -0.076*** -0.020 0.049%** 0.030**
(0.014) (0.013) (0.016) (0.015)
Observations 64014 64014 64014 64014
Key Stage 2
Schools that have have apparent -0.022 0.029 0.023 0.032 0.070*** 0.064***
random changes in gender make-y (0.021) (0.021) .020) (0.020) (0.021) (0.021)
Observations 33285 33285 33285 33285 33285 33285
All Schools -0.025* 0.035** 0.025* 0.028* 0.056*** 0.044*
(0.015) (0.015) (0.014) (0.014) (0.015) (0.015)
Observations 66493 66493 66493 66493 66493 66493
Key Stage 3
Schools that have have apparent -0.158* 0.079 -0.101** -0.005 -0.085 0.008
random changes in gender make-( (0.087) (0.092) 0490 (0.048) (0.056) (0.055)
Observations 4556 4556 4556 4556 4556 4556
All Schools -0.127* 0.049 -0.035 0.033 -0.015 0.035
(0.065) (0.069) (0.036) (0.036) (0.041) (0.040)
Observations 8908 8908 8908 8908 8908 8908
Key Stage 4
Schools that have have apparent -0.083 0.033 -0.105 0.074 -0.012 0.097
random changes in gender make-y (0.084) (0.078) .0810 (0.079) (0.082) (0.080)
Observations 2354 2354 2354 2354 2354 2354
All Schools -0.112* -0.007 -0.056 0.023 -0.055 0.017
(0.062) (0.058) (0.059) (0.058) (0.061) (0.060)
Observations 4670 4670 4670 4670 4670 4670

Notes: Dependent variable is the change in mean key stage within school cohort for male (female) pupRobust standard errors in parentheses. *** dersitgsficance at the 1% level, ** denotes significan
at the 5% level, * denotes significance at the &¥&ll Method is weighted least squares. Key stagenot formally assessed for science Standaodseare clustered at school level.
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Table 8 Comparison — Ordered and Random in Small ashLarge primary schools

English Mathematics Science
Male Female Male Female Male Female
Large Primary Schools
Schools that have have apparent -0.028 0.031 0.047** 0.051** 0.094*** 0.102***
random changes in gender make-yp (0.023) (0.021) (0.023) (0.023) (0.032) (0.032)
29502 29502 29502 29502 15456 15456
All Schools -0.033** 0.006 0.052%** 0.023 0.077** 0.061**
(0.017) (0.016) (0.017) (0.017) (0.024) (0.024)
58075 58075 58075 58075 30625 30625
Small Primary Schools
Schools that have have apparent -0.113*** -0.019 0.001 0.036 -0.040 -0.012
random changes in gender make-up (0.031) (0.029) (0.031) (0.029) (0.046) (0.045)
13902 13902 13902 13902 6216 6216
All Schools -0.108*** 0.015 0.015 0.059*** -0.032 0.010
(0.022) (0.021) (0.024) (0.022) (0.035) (0.033)
27338 27338 27338 27338 12320 12320
Key Stage 1 in small primary schools
Schools that have have apparent -0.151*** -0.013 0.003 0.063 N/A N/A
random changes in gender make-yp (0.038) (0.036) (0.041) (0.040)
7686 7686 7686 7686
All Schools -0.146*** -0.002 0.027 0.073**
(0.028) (0.026) (0.031) (0.029)
15018 15018 15018 15018
Key Stage 2 in small primary schools
Schools that have have apparent -0.062 -0.029 -0.006 -0.005 -0.040 -0.012
random changes in gender make-yp (0.050) (0.049) (0.046) (0.043) (0.046) (0.045)
6216 6216 6216 6216 6216 6216
All Schools -0.059* 0.037 -0.004 0.041 -0.032 0.010
(0.035) (0.034) (0.034) (0.032) (0.035) (0.033)
12320 12320 12320 12320 12320 12320

Notes: Dependent variable is the change in mean key stagee within school cohort for male (female) pupiRobust standard errors in parentheses. *** denotes
significance at the 1% level, ** denotes significarat the 5% level, * denotes significance at #teldvel. Method is weighted least squares.
regression. A small primary school is defined ae that is observed to have cohort sizes smaltexgoal, than 30 for every cohort observed in taead A large primary

school is defined as one that is observed to hakert sizes larger than 30 for all of the coholisayved in the data. Each cell represents a depagression. Key stage 1

is not formally assessed for scien@andard errors are clustered at school level.

Eatlhrepresents a separate
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Table 9 FSM Table

English Mathematics Science
Male Female Male Female Male Female
Key Stage 1
Proportion of the within-school -0.073*** -0.022* 0.052%** 0.028* N/A N/A
cohort that are female (0.014) (0.013) (0.016) 18)0
[-0.25**+] [-0.07%] [-37.64**] [-20.10%]
Proportion of males that receive -0.465*** 0.024* -0.390*** 0.012
FSM within cohort (0.015) (0.013) (0.016) (0.016)
Proportion of females that 0.017 -0.413*** 0.012 -0.360***
receive FSM within cohort (0.014) (0.013) (0.015) 0.045)
Observations 64014 64014 64014 64014
Adjusted R-squared 0.03 0.04 0.06 0.06
Key Stage 2
Proportion of the within-school -0.020 0.030** 0.029** 0.022 0.061*** 0.038**
cohort that are female (0.015) (0.015) (0.014) 19)0 (0.015) (0.015)
[-0.07] [0.11*] [-0.44*] [-0.34] [-10.26**+] [-6.50%]
Proportion of males that receive -0.431*%** -0.016 -0.371%* 0.008 -0.367*** 0.009
FSM within cohort (0.016) (0.015) (0.015) (0.015) 0.017) (0.016)
Proportion of females that 0.024 -0.396*** 0.006 -0.374*** 0.010 -0.384***
receive FSM within cohort (0.015) (0.015) (0.014) 0.044) (0.016) (0.016)
Observations 66493 66493 66493 66493 66493 66493
Adjusted R-squared 0.07 0.05 0.07 0.09 0.11 0.14
Key Stage 3
Proportion of the within-school -0.116* 0.052 -0.025 0.036 -0.005 0.038
cohort that are female (0.065) (0.069) (0.035) (0.035) (0.040) (0.040)
[-0.37%] [0.17] [0.58] [-0.84] [0.11] [-0.83]
Proportion of males that receive -0.493*** -0.031 -0.461*** -0.082** -0.472%** -0.02
FSM within cohort (0.064) (0.069) (0.037) (0.036) 0.041) (0.041)
Proportion of females that 0.052 -0.423*** 0.012 -0.473*** -0.010 -0.542%**
receive FSM within cohort (0.059) (0.068) (0.033) 0.084) (0.038) (0.040)
Observations 8908 8908 8908 8908 8908 8908
Adjusted R-squared 0.04 0.02 0.12 0.15 0.21 0.25
Key Stage 4
Proportion of the within-school -0.111* -0.007 -0.055 0.024 -0.053 0.018
cohort that are female (0.060) (0.057) (0.057) 50)0 (0.060) (0.059)
[-0.32%] [-0.02] [9.44] [-4.18] [5.56] [-1.85]
Proportion of males that receive -0.739*** -0.043 -0.651*** -0.132** -0.668*** -0.13**
FSM within cohort (0.068) (0.062) (0.063) (0.060) 0.067) (0.066)
Proportion of females that 0.009 -0.528*** -0.058 -0.586*** -0.045 -0.599***
receive FSM within cohort (0.063) (0.059) (0.060) 0.068) (0.064) (0.064)
Observations 4670 4670 4670 4670 4670 4670
Adjusted R-squared 0.04 0.04 0.09 0.07 0.03 0.03

Notes: Dependent variable is the change in mean key stagee within school cohort for male (female) pupiRobust standard errors in parentheses. *** denotes
significance at the 1% level, ** denotes significarat the 5% level, * denotes significance at #eldvel. In square brackets are the translatextesffof the coefficients of
the exogenous change in peer tests scores thatsdcom a change in the gender make-up of the gemip. Method is weighted least squares. FSMeis $chool meals.

Each cell represents a separate regression. Kgg 4tis not formally assessed for sciergendard errors are clustered at school level.
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Table 10 Value Added

English Mathematics Science

Male Female Male Female Male Female
All levels and schools pooled
Proportion of the within-school -0.022 0.009 0.013 0.062*** -0.033 0.065*
cohort that are female (0.027) (0.027) (0.020) (0.022) (0.037) (0.035)
Observations 27270 27270 27270 27270 12962 12962
Adjusted R-squared 0.06 0.03 0.13 0.21 0.34 0.44
Pooled Secondary Schools
Proportion of the within-school -0.106** -0.038 -0.003 0.076** -0.033 0.065*
cohort that are female (0.041) (0.042) (0.026) (0.030) (0.037) (0.035)
Observations 12962 12962 12962 12962 12962 12962
Adjusted R-squared 0.06 0.03 0.22 0.34 0.34 0.44
Key Stage 2
Proportion of the within-school 0.081*** 0.066** 0.035 0.045
cohort that are female (0.031) (0.029) (0.032) (0.032)
Observations 14308 14308 14308 14308
Adjusted R-squared 0.03 0.01 0.06 0.06
Key Stage 3
Proportion of the within-school -0.104 0.034 -0.017 0.098*** -0.058 0.088*
cohort that are female (0.069) (0.071) (0.034) (0.035) (0.049) (0.047)
Observations 8744 8744 8744 8744 8744 8744
Adjusted R-squared 0.08 0.04 0.27 0.42 0.39 0.47
Key Stage 4
Proportion of the within-school -0.099 -0.174* 0.021 0.009 -0.004 0.004
cohort that are female (0.097) (0.099) (0.047) (0.044) (0.057) (0.058)
Observations 4218 4218 4218 4218 4218 4218
Adjusted R-squared 0.02 0.03 0.08 0.11 0.22 0.34
Small school Key Stage 2
Proportion of the within-school 0.071 0.028 -0.058 0.012
cohort that are female (0.061) (0.057) (0.065) (0.056)
Observations 2984 2984 2984 2984
Adjusted R-squared 0.03 0.01 0.05 0.04
Large school Key Stage 2
Proportion of the within-school 0.081 0.063 0.046 0.034
cohort that are female (0.063) (0.053) (0.058) (0.061)
Observations 5214 5214 5214 5214
Adjusted R-squared 0.03 0.01 0.07 0.07

Notes: Dependent variable is the change in mean valuedasiclere from one key stage to the next within sthobort for male (female) pupils. Only pupils whemain in the same school
from key stage 1 to key stage 2 and key stagekgycstage 4 are included, whilst pupils who chasgeols between key stage 3 and 4 are includabust standard errors in parentheses.
*** denotes significance at the 1% level, ** denstsignificance at the 5% level, * denotes signifiza at the 1% level. Method is weighted least sgiar Each cell represents a separate
regression. A small primary school is defined as that is observed to have cohort sizes smallergoal, than 30 for every cohort observed in tg.d A large primary school is defined as
one that is observed to have cohort sizes larger 80 for all of the cohorts observed in the dd&ach cell represents a separate regression. cgdies no regressions at key stage 2 as the
pupils are not formally assessed at key stage §dence. Standard errors are clustered at sthasl
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Figure 1 The Structure of the cohorts available ithe NPD and PLASC*
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' From http://www.bris.ac.uk/depts/CMPO/PLUG/usedgicohorts.pdf
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Figure 2 Distribution of School sizes at Key stagé, focussing on schools with fewer than 70
pupils.
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Figure 3 Distribution of School sizes at Key stagé, focussing on schools with fewer than 70
pupils. Pre 2002
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Figure 4 Distribution of School sizes at Key stagg, focussing on schools with fewer than 70
pupils. Post 2002
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Figure 5 Distribution of school sizes at Key Stage focussing on schools with fewer than 70
pupils
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Figure 6 Distribution of school sizes at Key Stagé
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Figure 7 Distribution of school sizes at Key Stagé
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Figure 8 Adjusted variable plots of the pooled regessions.
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