-

View metadata, citation and similar papers at core.ac.uk brought to you byj’f CORE

provided by Research Papers in Economics

CMPO

THE CENTRE FOR MARKET AND PUBLIC ORGANISATION

Peer effects in English Primary schools:
An IV estimation of the effect of a more able peer group
on age 11 examination results

Steven Proud

October 2010
Working Paper No. 10/248

Centre for Market and Public Organisation
Bristol Institute of Public Affairs
University of Bristol
2 Priory Road
Bristol BS8 1TX
http://www.bristol.ac.uk/cmpo/

Tel: (0117) 33 10752
Fax: (0117) 33 10705
E-mail: cmpo-office@bristol.ac.uk

The Centre for Market and Public Organisation (CMPO) is a leading research
centre, combining expertise in economics, geography and law. Our objective is to
study the intersection between the public and private sectors of the economy,
and in particular to understand the right way to organise and deliver public
services. The Centre aims to develop research, contribute to the public debate
and inform policy-making.

CMPO, now an ESRC Research Centre was established in 1998 with two large
grants from The Leverhulme Trust. In 2004 we were awarded ESRC Research
Centre status. CMPO is now wholly funded by the ESRC.

ISSN 1473-625X

a . . E . S . R . C
% UIllVCI'SltY of ECONOMIC

& CIAI

kel BRISTOL RESFORCH

It



https://core.ac.uk/display/6241163?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

CMPO Working Paper Series No. 10/248

Peer effects in English Primary schools:

An IV estimation on the effect of a more able peer group
on age 11 examination results

Steven Proud*

'CMPO and Department of Economics, University of Bristol

November 2010

Abstract
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1 Introduction

The Coleman report (Coleman et al 1966) brought to attention the possibility that the make-up
of a child’s peer group has a significant effect on their academic outcomes. Furthermore,
Coleman et al (1966) suggest that outcomes are determined, in decreasing magnitude, by
pupils’ family background, attributes of the peer group and finally attributes of the school and

teachers.

Since the Coleman report, many papers have tried to measure the effect of a various aspects
of the peer group on individuals’ academic outcomes, with the most common being the mean
prior ability of the peer group. However, since Manski (1993) recognised the inherent
endogeneity of peer ability the process of which identifying the effect of a more able peer
group has been recognised as difficult. Three main strategies have been employed to solve the
endogeneity problem: controlling for large amounts of heterogeneity (e.g. Zimmer and Toma
(2000)); assuming credibly random assignment of students (e.g. Zimmerman (2003)); finding a
credibly exogenous instrument to take advantage of two stage least squares. (e.g. Lefgren
(2004)). However, the majority of prior research concentrates on the effect of the peer group
being linear-in-means, there has been a handful of recent studies that has suggested that a
non-linear specification is more appropriate. Gibbons and Telhaj (2008) suggest such non-
linear specifications, with the higher and middle ability students gaining more proportionately
from an increase in the ability of the peer group compared with low ability students. Similar

evidence of non-linearity is suggested by Hoxby and Weingarth (2005).

There is strong evidence that pupils’ outcomes in compulsory national assessments are
strongly influenced by their month of birth, (Sharp (1995), Crawford et al (2007), Strom
(2004)), with the oldest pupils within the year group performing better than their younger
peers. In England, these differences are usually attributed to the older pupils gaining more
maturity as they sit the examinations when they are older than the younger pupils. This
correlation between individual outcomes and month of birth suggests also that a peer group

that consists largely of older pupils will, in general, have higher previous outcomes.

This paper uses an identification strategy which takes advantage of the correlation between
the month of birth and outcomes in externally assessed examinations, with pupils born in
September having an advantage over those born in August to carry out an instrumental
variables analysis of the effect of a more able peer group on the outcomes of children at age

11. | take advantage of a within school estimation, conditioning on prior achievement.



Furthermore, | suggest that the observed effects are credibly the effect of a more able peer
group, rather than being confused with the effect of an individual having an older peer group.
| contend that whilst it may be advantageous for children to be born in September, the
proportion of pupils born in each third of the year is essentially random, and this is backed up
by the Hansen J test of overidentifying restrictions, which suggests that the instrument is
credibly exogenous in all specifications. In order to examine the possibility of non-linearities of
the effect of a more able peer group, | consider differential effects, depending on the
difference between the child’s ability and the average ability of the peer group. Further, in
order to examine the direct effect of a more able peer group within classrooms, | use a
characteristic of English schools. That is, | classify schools with 30 or fewer pupils within the
cohort as schools with credibly only one class per cohort. As such, all of the pupils within the
school-year can be defined as the peer group who are taught in direct contact with each
individual pupil. Additionally, this paper examines differential effects of a more able peer
group on pupils who are close in terms of ability to the ability of their peer group and on pupils
whose ability is a long way from the ability of their peers. Testing of the validity of the
instrument suggest that it is exogenous in all specifications, and | find significant, non-trivial,
positive effects of having a more able peer group on results at key stage 2 in English and
mathematics, with a larger effect being observed in mathematics than in English.
Furthermore, the results suggest that in both English and mathematics the strongest effects of
a more able peer group are observed for children who have prior outcomes that are close to
the average outcome of their peer group, with a reduced effect observed for pupils who are a
long way from the ability of their peer group. However, the effects look roughly symmetrical
around the peer group, with only the pupils who have outcomes which are a long way above

the ability of the peer group in English within small schools showing insignificant effects.

| begin by discussing some of the recent literature related to the estimation of peer effects
using instrumental variables, and also the correlation of age within year and ability or
outcomes. Further to this, | also briefly discuss prior literature of other applications where age
has been considered as an instrument for ability within education. | then look at specific data
issues faced from the PLASC dataset utilised in this research, and the specifics of the data
required for the statistical analysis. Section 4 will examine the methodology used, whilst
section 5 will discuss the results gained from the statistical analysis, and | will finish with

conclusions based on the results and further discussion.



2 Literature

In this section, | discuss in a little more detail previous studies estimating the effect of a more

able peer group, and the motivation for the use of age as an instrument.

Examining studies which take advantage of instrumental variables methods to estimate the
effect of a more able peer group, Lefgren (2004) uses an instrument constructed from the
degree to which schools group pupils according to ability, and finds evidence of very small
positive effects from a more able peer group. Robertson and Symons (2003) use region of
birth dummies as instruments for the effect of different socioeconomic status students on
pupils’ outcomes, and suggest that there are advantages to be had from having peers of a
higher socioeconomic status. Angrist and Lang (2004) use an instrument based on the
predicted number of METCO students in a class under a US relocation programme, and find

little effect of an influx of lower ability pupils into the school.

The research that comes closest to the research | consider here is by Maurin et al (2005),
which take advantage of the correlation between outcomes and age within year to estimate
the effect of the peer group on outcomes. They use the percentage of pupils born in each
month to try to identify the effect of the peer group. Their analysis suggests that the peer
effect is non-linear, but they cannot disentangle whether the effect they are observing is from
being with peers of higher ability, or whether the observed effect is from being grouped with
older children. Similar research is conducted by Sandgren and Strom (2005), who examine the
effect of the average age of the peer group on children’s outcomes, and find a significant
effect in mathematics and reading, with the effect more robust for male students than for

female students. However, they do not try to examine the effect of a more able peer group.

In this paper, | use the proportion of pupils within the peer group who are in the oldest third of
the age distribution and the proportion of pupils who are in the youngest third of the age
distribution as instruments for the ability of the peer group. However, for this to be a valid
strategy, two conditions need to be met. That is, there needs to be an appreciable correlation
between the proportion of pupils in the cohort within each third of the age distribution and
the outcomes of the peer group, and that the instruments are not correlated with the error

terms.

In the past, the correlation between student outcomes and the age of the student has been

taken advantage as an instrument by several studies. For example, Atkinson et al (2006) use
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age within year as an instrument for whether a pupil attends a grammar school or not. They
state that “Within year age has a direct effect on attainment at 16: in both selective and non-
selective LEAs, older pupils achieve higher GCSE scores” (Atkinson et al (2006,25)). Similarly,
Angrist and Krueger (1991) use the age of a child within a school year based on the quarter of
the year in which they are born as an instrument for education level. They find no significant
difference from their OLS results. However, Angrist and Krueger’s approach is criticised by
Bound et al (1995) who demonstrate that Angrist and Krueger’s results are strongly affected by
including additional instruments in the analysis, and their results are subsequently biased due
to their instruments being weak. However, Angrist and Krueger’s choice of instrument tries to
capture the length of time students spend in education, due to the fact in some US states; all
children start school at the same time, but are allowed to leave school directly after their 16"
birthday. This system is not reproduced in the UK, and as discussed above, there is an

appreciable difference in outcomes associated with the birth-date of the child.

To further reinforce the strong correlation between the age make-up of the peer group and
the ability of the peer group, Crawford et al (2007) analyse the impact of when a child is born
on outcomes in English schools. They compare outcomes for children within schools who are
born in September with those born in August, and control for other factors that are likely to
affect children’s outcomes. They find that August born boys and girls are at a significant
disadvantage to their September born peers, but that this disadvantage decreases over time.
They quantify that at age 5, August born boys are 0.817 standard deviations (SDs) behind
September born boys, whilst August born girls are 0.768 SDs behind September born girls.
However, by age 16, this has decreased to August born boys being 0.131 SDs behind their
September born counterparts, whilst for girls; the penalty of being born in August is 0.116 SDs.
Furthermore they examine pupils with special educational needs, including both children with
statements of special educational needs and children with non-statemented special
educational needs. They find that at age 11, August born girls are 25% more likely to have
statements of special educational needs, whilst the boys are 14% more likely to have
statements. However, this difference falls back at age 16. However, they argue that the
identification of these special educational needs, particularly for those non-statemented
children may simply be due to them progressing at a slower rate than their older peers. They
argue that the major reason for the August-born penalty is that August born children are
essentially a year younger than their September born counterparts when they sit the tests.
These issues are now widely recognised amongst UK policy makers (see BBC (2008)). Following
this review, the secretary of state responsible for education within the Department for

Children, School and Families (DCSF) launched a review of primary education, and the minister
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suggested that summer born children should be allowed to defer their entry into school by up

to a year.

Similarly, looking at English data, Sharp (1995) examines the effect of season of birth on
outcomes at both key stage 1 and GCSE examinations, and finds that the eldest children within
the schools perform best in these assessments. Likewise, Sharp et al (1994) consider the effect
of season of birth on academic outcomes at age 7. They find that the oldest pupils perform
best, but their analysis is clouded by some of the younger pupils only having eight terms of

education, compared with their peers who have received nine terms of education.

Further weight to the argument that August-born children are likely to perform worse in
academic testing is added by Strom (2004), which examines the effect of birth-date on
children’s outcomes in formal testing at age 15-16. He finds a significant disadvantage for the

youngest children in reading compared with their older classmates.

Considering the exogeneity of the age of the peer group; For the choice of instrument to be
valid, it requires the month of birth to be credibly exogenous. Whilst there is a danger that
some parents may try and influence the date of birth of their child, (See, for example BBC
(2009)), it must be remembered that whilst they may have a preference, this is countered by
difficulties in conception and by unintended pregnancies. Ford et al (2000) suggest that 28.7%
of pregnancies in the Avon area are unintended, whilst Scheike and Jensen (1997) suggest that
59% of planned pregnancies take longer than 1 month to achieve conception. Further to these
difficulties in achieving pregnancies, the time of birth is also difficult for parents to control,
with 8.6% of UK births registered as premature, and only 33.7% of births occurring at the
expected 40 weeks'. These factors suggest that the distribution of births will be credibly
random. Furthermore, Dickert-Conlin and Elder (2010) suggest that, in the US at least, there is
little evidence of parents manipulating the date of birth of their child, and find no

discontinuities of maternal characteristics based on school cutoff dates.

3 Data

This paper uses data from the Pupil Level Annual School Census (PLASC) and the National Pupil

Database (NPD). The NPD is an administrative database, and was established in 2002, and

! Premature birth indicates born before 37 weeks gestation. Source of statistics HES online, available at
http://www.hesonline.nhs.uk/Ease/servlet/AttachmentRetriever?site id=1937&file_name=d:\efmfiles\193
7\Accessing\DataT ables\M aternity\T abl es%2021%20t0%2030\Th27\Mat_Th27 0708.xIs& short_name=
Mat_Th27 0708.xIs& u_id=8441 accessed on 15/09/09
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allows us to observe pupils’ outcomes in national testing at ages 7, 11, 14 and 16. Further, the
database contains data on the pupils’ date of birth, sex, ethnicity, whether they have English as
a first language, their special educational needs (SEN) status, their free school meals status
(FSM), and also contains some school level data, including the number of pupils within the
school and number of full time teachers. In England, children are usually taught in primary
schools, from age 4 until age 11 and then in secondary schools from age 11 onwards. Primary
schools are also separated into infant schools from age 4 to 7 and junior schools from age 7 to
11. Since primary schools are generally much smaller, the children experience more direct
contact with their peer group than in secondary schools, and so this makes primary schools the
natural environment in which to conduct this study. Within primary schools, pupils are
assessed at the end of two national curriculum stages, key stage 1 (KS1) and key stage 2 (KS2).
At KS1, pupils have been explicitly examined in reading, writing and mathematics, whilst at key

stage 2, they were examined in English mathematics and science.

This paper takes advantage of data for pupils in this dataset were examined in key stage 2
examinations between 2002 and 2006, and were examined in key stage 1 examinations
between 1998 and 2002. These key stage 1 test scores are necessary to model the ability of

the peer group.

At key stage 1, pupils are examined in reading, writing and numeracy. In order to create
measures of English and mathematics, | consider the reading and writing as a composite
English score, simply consisting of the average national curriculum level that the child
achieved, and for mathematics, | simply take the numeracy score. These levels are
subsequently normalized to mean zero and standard deviation of 1. These levels gained at key
stage 1 and key stage 2 are associated with descriptions of pupils achievement levels within
the national curriculum®. However, it needs to be remembered that these key stage 1 scores
are essentially discrete data, so an individual key stage 1 score can cover a relatively large

range of abilities.

The scores | use here at key stage 2 are a much finer score, based on the raw score in the
examination. However, these scores are not directly linked to a national curriculum level fixed

across years. That is, the raw mark required in an examination to achieve a certain level one

22 See, for an example of current national curriculum levels http://curriculum.qcda.gov.uk/key-stages-3-
and-4/subj ects'mathematics/keystage3/Copy_of index.aspx?return=/key-stages-3-and-

4/subj ects/mathemati cs/keystage3/index.aspx%3Freturn%3D/key-stages-3-and-4/subj ects/index.aspx ,
accessed 2nd October 2009
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year is not necessarily the same score that is required in a subsequent year®. As such, this raw
score is normalised by year to have the same mean and standard deviation as the national
curriculum level score. As the national curriculum score is comparable across years, this can
then normalised to have a mean of 0 and standard deviation of 1. This normalised raw score
allows for a better comparison of outcomes of pupils than the very discrete and clustered
measure of the national curriculum level achieved, where a pupil who achieves a good score

within a level is classified the same as a pupil who achieves a borderline score in that level.

Whilst this strategy would also be desirable with the explanatory variable of key stage 1
achievement, the data is not currently available to consider a more continuous score.
However, within the broad national curriculum level that the pupils achieve, there is also a
smaller break-down into levels a, b and c, showing the pupils progression towards the next

level.

The identification strategy | pursue requires that the peer test-score measure is correlated
with the average age of the cohort, but that the average age of the cohort is uncorrelated with
the error term. As such, it would be beneficial if the pupils are essentially randomly assigned
to schools by age, and that parents do not try to maximise their children’s outcomes by trying
to ensure their children are the oldest within the academic year. For this identification
strategy to be credible, therefore we want there to be randomness on when children are born
within the year, and so would expect an even spread of the month in which children are born
(Although we would expect February to have significantly fewer births than October, since

there are 28 (or 29) days in February, compared with 31 in October.

Figure 1 shows the distribution of the age of pupils at the start of the year when they take
their key stage 2 examinations, based on month of birth. Key stage 2 examinations are sat in
year 6, which is the academic year when pupils turn 11. There are small numbers of pupils
who are in the wrong academic year based on their year of birth, but the vast majority of
pupils are in a class with pupils born in the same academic year. In order to control for
possible mis-codings of birth year, pupils who, in the raw data, are recorded as starting year 6
younger than age 9 or older than age 12 are dropped from the data. Whilst it might be hoped
that the months of birth provide a perfect uniform distribution, this is not entirely the case, for

several reasons. It is immediately apparent that there are fewer births in February than in any

% For example, amark of 43 at key stage 2 English in 2003 would have achieved alevel 3, whilst the
same mark in 2004 would have gained a level 4.
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other month, but this is simply due to the fact that February is the shortest month*. There are
also more than expected births in September’. However, when considering pupils born in the
three quantiles of age based on months of birth shown in Figure 2 we can see that the
distribution of births across the year is approximately equal. Figure 3 shows the distribution of
the proportion of the within school cohort who are defined to lie in the youngest third of the
age distribution, whilst Figure 4 shows the distribution of the proportion of the within school
cohort who are defined to lie in the oldest third of the age distribution. These follow similar

approximately normal distributions, as would be expected.

In order to reduce selectivity into schools, | only consider schools that have a comprehensive
admissions policy, and the sample only consists of schools which are foundation, community,
voluntary aided and voluntary controlled schools. Further to this, in some local authorities,
there are a number of schools which select pupils according to ability. However, whilst the
remaining schools in these local authorities have a comprehensive admissions policy, they
have had the cream skimmed off the top, and as such would not have a representative
distribution of pupils. In order to prevent this, | consider local authorities with 10 percent or
more of their pupils selected by ability to be selective authorities, and remove these from the
sample. Finally, in order to reduce the possibility of my results being affected by junior schools
teaching some pupils in mixed year classrooms, or by excessively small schools, | omit any

school that has fewer than 10 pupils registered.

4 Methodology

| begin with a general educational production function, considering pupils’ attainment at key
stage 2 to be a function of school inputs, consisting of school policy effects, teacher effects,
and peer ability effects, family inputs and demographics affecting the ability of the child to

learn effectively.

There are a large number of factors that are likely to be constant within a school, such as the
neighbourhoods in which the children grow up, and there will be high correlation between
pupils in the level of parental income within neighbourhoods and schools. Furthermore, all of
the pupils within the schools are taught in the same atmosphere, with the same facilities

available to them, with the same teaching culture that is engendered by the head teacher. As

* We would expect the proportion of birthsin February to be 0.077 (2sf). The observed proportion we see
here is 0.077 (2sf)
® The proportion within our sample who are born in September is 0.087, compared with a theoretically
random proportion of 0.082.
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such, it is necessary to try to control for these factors, which may also be correlated with the
ability of the peer group, but which are not directly observable within my data. In order to
control for these correlated between school heterogeneities, | use similar techniques to

Hanushek et al (2003) and McEwan (2003), and include school fixed effects.

As such, | model attainment A at time t for individual i in school k to be a function of prior
attainment, individual demographics, X, school effects, S, within school cohort effects, C, (such

as peer ability spillover) and error terms, u.

Here, | include lagged ability as t-4 since | am examining the effects of a more able peer group
on outcomes at age 11. Pupils’ prior achievement can thus be modelled from their key stage 1

examinations, sat at the age of 7, that is, 4 years previously.

Ak = F(Ai0 Xk G S Uei) (14)

This research considers the effect of being in a school with a more able peer group. There is
still the worry that, despite having included school fixed effects, there are elements within the
error term that are correlated with both the outcome at age 11 and the prior ability of the
peer group. In order to mitigate this correlation, and the resultant bias inherent | use a similar
strategy to Sandgren and Strom (2005) and Maurin et al (2005). | use two stage least squares
to estimate the effect of a more able peer group. | use the proportion of pupils within the
school-year who lie in the oldest third and the proportion of pupils within the school-year who
are in the youngest third of the age distribution as instruments for the average within year

school average score at 7.

The first stage of the two stage least squares is estimated thus:

Classavej¢i,k,t—4 =a+t ageavq(,mﬁo + XS+ KSLy_, +5 +1, +U, (15)

where classave is the average key stage 1 score of the pupils in English (or mathematics)
gained in school k, by all of the pupils j at time t-4. ageave is a vector containing the
proportion of pupils within the school cohort that are in the top third of the age distribution
and the proportion of pupils who lie within the bottom third of the age distribution. s is a
school level fixed effect and t is a dummy for the year that the students sit the key stage 2
examination and u is a random error term. There is little variation within the school cohort of

the classave variable, as the only variation comes from the omission of individual pupils.
9



Since we expect there to be correlations between the explanatory variables at a school level,
due to factors explained above, it is necessary to adjust the standard errors to mitigate the
problems when the independent and identically distributed assumptions are dropped. In

order to control for these effects, | cluster the standard errors at school level.

As discussed in section 2, we would expect there to be a correlation between the ages of
pupils within the cohort with their individual outcomes. That is, we would expect the oldest
pupils to gain the highest grades at key stage 1. Therefore, we would also expect a cohort with
a high proportion of ‘old’ pupils to have a better average outcome than a cohort with a high
proportion of ‘young’ pupils. As such, we would expect the proposed instruments to be
strongly correlated with the ability of the peer group. Since the standard errors are clustered
at the school level, this implies that the observations are no longer independent and identically
distributed, and as such, | need to appeal to the methods proposed by Kleibergen and Paap
(2006) in order to test for underidentification of the endogenous variables. (see Baum et al
(2007)). As such, | use the Lagrange multiplier (LM) test proposed by Kleibergen and Paap
(2006) to test for underidentification. Since the sample is close to a population, there is little
worry that if we reject the null of underidentification that there will be a problem with weak
instruments. However, | do calculate the Kleibergen Paap F-statistics and compare them with

the critical values calculated by Stock and Yogo (2005), but do not report them here.

| estimate the second stage of the two stage least squares thus

KS2y, =a+ Classavek,j:ti,t—4y0 + X +KSL, ), +5 L+ &, (16)

Where KS2 is the individual pupil’s (i) score at key stage 2 in English or mathematics. X is a
vector of individual level characteristics, including pupil age, gender at time t and exam scores
at time t-4 (pupils take their key stage 2 examinations 4 years after their key stage 1

examinations) in English and mathematics at key stage 1.

In order to test the exogeneity assumptions, | appeal to statistical testing. Standard testing
methods would appeal to the Sargan statistic. However, Baum et al (2007) suggest that since |
consider the possibility that there is correlation within clusters at school level, the Hansen J
statistic is the correct statistic to consider when examining the test of overidentifying

restrictions. That is, whether the instruments are truly exogenous.
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4.1 Small schools versus large schools

In order to accurately assess the effect of a more able peer group, it may not be sufficient to
simply examine entire schools. This is due to the fact that in large schools, there may be no
interaction between pupils in different classrooms within the school. In order to try to observe
pupils who are taught together, | use a characteristic of English infant schools, which is
discussed in detail in Proud (2008). From 2002 onwards, it has been a legal requirement that
classrooms within infant schools in England have a maximum of 30 pupils within the class.
Proud (2008) suggests that there is strong evidence that schools that have 30 or fewer pupils
within the school cohort consist of just 1 class per academic year. That is, since the PLASC data
does not include classroom level data, | need to try to infer where pupils are directly taught
with their entire school cohort. As such, in order to infer these classrooms, | consider schools
that only contain 30 or fewer pupils in every cohort, which indicates that each year, the school

only fills up one classroom, and then closes admissions.

4.2 Differential effects on different ability of pupils.

Previous studies have looked at differential effects of a more able peer group on outcomes for
high ability and low ability children, for example Zimmer and Toma (2000). In order to
examine this possibility, | consider the effect on individuals whose key stage 1 results are
either close to the average outcome for their peer group, or for individuals who are far away
from the mean ability of their peer group. To do this, | construct a new variable that measures
the distance away from the peer group ability that an individual is, and construct quartiles of

this distance on all of the individuals in the data

5 Summary Statistics

Table 1 shows summary statistics for the key stage 2 outcome variables, the prior attainment
at key stage 1, the peer ability measure (as measured by the average of the peers’ scores at
age 7), and the proportion of pupils within the peer group who lie in the oldest and youngest
thirds of the age distribution within the school. The summary statistics are broken down into

overall, between and within standard deviations.

As discussed within the data section, the key stage 1 and key stage 2 scores are normalised
with mean 0 and standard deviation of 1. For this analysis, it is important that there is a

significant variation within school of the peer ability measure. If not, then the peer ability will
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simply be absorbed by the inclusion of a school-level fixed effect. The distribution of the peer
ability measure is shown in sections (a) and (b) of Table 1. Since the key stage 1 scores are
normalised, then the mean of the peer scores is also zero. The standard deviation of the peer
ability measure for English overall is 0.365 and the standard deviation of the peer ability
measure for mathematics overall is 0.371. What is key is whether there is any variation within
schools of this peer ability measure. For English, the standard deviation within school is 0.182,
which makes up 24.8% of the total variance of the peer ability measure, whilst for
mathematics, the standard deviation is 0.245, which makes up 43.5% of the total variance of
the peer ability measure. As such, whilst the majority of the variation in the peer ability score
is between school (56.6%-75.5%), there is still a significant within school variation in the ability

of the peer group.

Similarly, in order for my instrument to be useful, there needs to be within school variation of
the proportion of pupils who are in the oldest third of the age distribution and the proportion
of pupils who are in the youngest third of the age distribution. The distribution of the
proportion of pupils within the age thirds is shown in sections (c) and (d) of Table 1. Whilst the
overall standard deviation is low, there is a range of proportions of pupils between 0 and 1
within the oldest third, and a range of pupils between 0 and 0.9 in the youngest third. In terms
of the proportion of the variance in these proportions that is observed within schools, for the
proportion of pupils who are in the youngest third, 80% of the variance is within the schools,
and similarly 80% of the overall variance is within schools for the oldest third of the cohort.
Furthermore, sections (e)-(h) of Table 1 suggest that 88% of the variance in the key stages 1

and 2 scores are within schools, which is as would be expected.

6 Results.

In this section | will initially discuss the OLS and IV results for English and mathematics, initially
examining the simple all school specification. | will then look at the effects for schools with a
large distribution of examination scores, and examine differential effects of being in a class
with a more able peer group if you are close to the ability average ability of the peer group and

if you are far away from the ability of the peer group.

| am interested in the estimates of the coefficients from equation (16):

KS2,, =a+ Classavek,j¢i,t-4y0 + X T KSL ), + 5+ + &,
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| am particularly interested in the coefficient yy. In order to correct for possible endogeneity
of the peer ability measure (classave), it is also necessary to consider a two stage least squares

estimation using equation (15)

classave,,; ., =a+ageave B, + Xy By + KSL,_, +5 +1, +U,

Results of the first stage regressions will only be reported for the most general specification.

6.1 OLS Results

Table 2 gives OLS estimates of the effect of a more able peer group on outcomes in English and
mathematics at key stage 2. In examining these results, | will begin by describing the estimates
of the effects from the other explanatory variables, that is the variables which we do not
suspect are endogenous, and will then move on to the estimates of the effect of a more able

peer group.

As would be expected, we see a significant positive effect of own prior achievement on
outcomes at key stage 2. For English, specification (ii) implies that a one standard deviation
increase in prior achievement is associated with a 0.602 standard deviation increase in their
key stage 2 scores, whilst a 1 standard deviation increase in maths scores at key stage 1 is
associated with a 0.182 standard deviation increase in their English key stage 2 score.
Furthermore, we can observe a strong negative effect of poor socioeconomic status, modelled
by whether the child has free school meals. Also, in English, ceteris paribus, being male lowers
the outcome at key stage 2 by 0.15 standard deviations. The only coefficient that isn’t in the
direction that might be expected is on the age of the child within the year. The direction of
this coefficient can be explained by the fact that | have controlled for prior attainment. This is
explained in Crawford et al (2007) that the gap between the oldest and the youngest
decreases as the children get older®. Considering the effects of variables that we consider to
be exogenous in mathematics, a similar set of effects are observed. The magnitude of the
negative effect of free school meals is the same in mathematics, although, there is a stronger
negative effect of an older pupil in mathematics. The largest difference is in whether the pupil

is male or not. Having controlled for prior ability and age, boys perform 0.188 standard

® As arobustness check it is possible to consider the specification both with prior achievement controlled
for, and without prior achievement controlled for. Theintroduction of the prior achievement switches the
direction of the coefficient on age from positive to negative.
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deviations better than girls in mathematics. However, this is as would be expected. Boys
initially perform better in mathematics than girls, but this advantage is eroded over time.
Finally, the prior achievement in English has marginally more effect on pupils’ achievement at
key stage 2 in mathematics than the prior attainment in mathematics had on scores at key

stage 2 for English.

In terms of the effect of a more able peer group, Table 3 suggests that for both English and
mathematics, a more able peer group is related to a reduction of the outcome at key stage 2,
with a magnitude of a 1 standard deviation increase in the peer group outcome leading to
approximately a 0.1 standard deviation decrease in the key stage 2 outcome score. However,
it must be remembered that these estimates are likely to be correlated with the error term,

and as such are likely to be a mis-estimate.

6.2 Two stage least squares Results.

Table 3 gives results from the first stage of the two stage least squares estimation of the effect
of a more able peer group on outcomes at age 11 for all pupils within all schools. In examining
these results, | will begin by discussing whether the instruments | have used are plausibly valid
based on econometric testing, and will conclude by discussing the effects of a more able peer
group. As would be expected, the estimates of the effects of the variables that we do not

suspect are endogenous are largely the same as those in the OLS estimation case.

The results presented here suggest a statistically significant negative correlation
between the proportion of pupils who are young within the cohort and the peer ability
measure, and a statistically significant positive correlation between the proportion of
pupils who are old within the cohort and the average ability of the peer group. As such
we would expect to reject the null of underidentification. Table 4 gives the results from
the second stage of the two stage least squares for all pupils in all schools. For both
English and mathematics, we can observe a significant and non-trivial positive effect of
a more able peer group on outcomes at age 11 Reported in Table 4 are tests on the
validity of the instruments under these specifications. As expected, based on the
results from the first stage regressions, the P values on the Kleibergen-Paap test of
underidentification are 0.0000 for both specifications (1) and (2) for both English and
mathematics, and so we reject the null of no correlation between the instrument and
the peer ability measure. The presence of a large sample and the size of the
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Kleibergen Paap LM test suggest that weak instruments should not be a problem.
However, to check this, | compare the Kleibergen Paap Wald F statistic with the 10%
maximal 1V size statistic from Stock and Yogo (2005).7 Table 4 also reports the Hansen-
J test of the overidentifying restrictions. In both specifications, for both English and
mathematics, we fail to reject the null that the instruments are not correlated with the
error term. Since we reject the null of underidentification, and fail to reject the null of

endogeneity of the instruments, our instruments appear to be valid.

Examining the results from specification 1 and 2 for English in Table 4 imply that a 1 standard
increase in the ability of the peer group is related to a 0.0423 standard deviation increase in
the outcomes that a child achieves at key stage 2. Similarly, an increase in the peer group
outcome in mathematics by one standard deviation is related to an increase in a pupil’s key

stage 2 in mathematics score of between 0.0516 and 0.0597 standard deviations.

6.3 Results in small schools

As discussed in the methodology section, whilst we would like to observe directly the effect of
a more able peer group within the classroom, this if often not possible, as for a large
proportion of schools, we cannot directly observe which pupils are taught in a classroom with
which. In order to estimate the classroom level effect, | consider here schools which have
fewer than 30 pupils in all observed cohorts as a proxy for schools which teach all of their
pupils in one class (which | describe here as a small primary school) Table 5 shows the results
for all pupils who are educated within small primary schools. By placing the restriction on the
size of the school, | have removed 8,863 schools from the sample (74.4% of the sample), but
we are still left with a large sample of children within the population (326,654 children in the

sample).

Again, it is important to check the validity of the instruments. As with the all school sample,
we strongly reject the null of no correlation of the instruments with the endogenous variables,
and we also strongly fail to reject the null that the instruments are not correlated with the

error term, so the tests support the argument that the instruments are valid.

" The K leibergen-Paap F-statistics are cal culated and compared with the Stock-Y ogo critical values, and
we regject the null of weak instruments at all reasonable levels of significance. These statistics are greater
than the 10% maximal 1V sizein all samples.
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The estimates of the effect of the exogenous variables are of the same magnitude as those
observed in the full sample case, as is the estimate of the effect of a more able peer group.
However, in contrast with the full sample case, there is only a significant positive effect of a
more able peer group in specification (ii) for mathematics, and there is no significant effect

within small schools of a more able peer group.

6.4 Results for pupils based on difference from the average of the peer ability.

It would be advantageous to see if all pupils are affected in the same way by an increase in the
ability of the peer group. That is, whether children who are a long way above the ability of
their peer group would benefit as much from an increase in the ability of their peer group as
children who are close to the ability of the peer group. For analysis here, | consider 4 quartiles
of the distance of an individual pupils’ key stage 1 score and the average key stage 1 score of
their peers. Specification (a) is the lowest quartile below the ability of the peer group, (b) is
the second quartile, (c) the third, and (d) is the highest quartile above the average outcome of

the peer group.

Table 6 shows the results from all schools for English of the effect of a more able peer group
on sub-groups of the population. Again, for all specifications, the tests for validity of the
instruments reject the null of underidentification, and fail to reject the null in the test of
overidentifying restrictions, indicating that the instruments are valid. Examining the
coefficients on the effect of a more able peer group suggests that pupils who are closer to the
ability of the peer group are affected more by an increase in the prior outcomes of their peer
group than those who are a long way away. For specification (a), a 1 standard deviation
increase in the average outcome of the peer group is associated with between a 0.115 and
0.119 standard deviation increase in a pupil’s outcomes at key stage 2. Similarly, specification
(b) suggests a 1 standard deviation increase in the peer ability is related to a between 0.154
and 0.165 standard deviation increase in the individual’s outcomes. Specification (c) suggests
a between 0.194 and 0.196 standard deviation increase, whilst specification (d) suggests
between a 0.069 and 0.074 standard deviation increase from a 1 standard deviation increase in

the peer ability measure.

Table 7 shows the effect of a more able peer group, broken down by distance from the peer
ability outcome. Again, tests on the instruments indicate that there is no problem with
underidentification, nor with endogeneity of the instruments. The effects are of similar

magnitudes to those seen in all schools, but the major difference is that in small schools, it
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appears that the most able students (i.e. the students whose ability is highest above the
average ability of their peer group) do not gain any statistically significant advantage from

being educated with a more able peer group.

Table 8 shows the estimates for a more able peer group in mathematics, again broken down
by the distance of the individual pupil from the average ability of their peer group. The
Kleibergen Paap and Hansen-J tests again do not find any problems with the instruments,
indicating that the instruments are not invalid. The effect of other, exogenous, variables is of
the same magnitude as that seen in the whole school regressions, other than for specification
(b). Here, it appears that prior ability has no effect. Furthermore, these results suggest that an
increase in peer ability will have a considerably larger effect on your own outcomes than for
any other group. Comparing with sub-sample (a), for whom a 1 standard deviation increase in
the peer ability measure is related to a between 0.167 and 0.181 standard deviation increase
in key stage 2 score, for sub-sample (b) a 1 standard deviation increase in the peer ability
measure is associated with between a 0.453 and a 0.459 standard deviation increase in the
outcomes at key stage 2 in mathematics. As with English, sub-samples (c) and (d) see a

reduction in the effect of a more able peer group on individuals’ outcomes at key stage 2.

Table 9 shows the results within small schools, and shows a similar structure of effects, with
the largest effects of a more able peer group once again seen for children who are close to the
ability of the peer group, albeit below (i.e., sub-sample (b)). As with English, the significance of
the effect of a more able peer group is reduced for sub-sample (d): that is, pupils whose

outcomes at key stage 1 mathematics are a long way above those of the peer group.

6.5 Summary

In all of the specifications, | have rejected the null of underidentification and failing to reject
the null of the excluded instruments being exogenous. These tests send a strong signal that
the instruments are valid, and that there will be less bias from the IV estimates than from the
OLS estimates. The IV estimates of the effect of a more able peer group suggest that an
increase in the ability of the peer group by one standard deviation is related to an increase in
the outcomes at key stage 2 by between 0.04 and 0.4 standard deviations. There is little
difference between the estimates obtained within small schools and schools overall. However,
it is clear that the strongest effect is observed for pupils who are close to the ability of their

peer group.
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7 Conclusions.

In this paper, | have examined the effects of a more able peer group on individuals’ outcomes
at age 11, with a sample of both full schools, but | also try to estimate the effect of a more able
peer group, dependent on how far away from the ability of the peer group the child’s own
ability is. | have taken advantage of an instrument proposed by Angrist and Krueger (1991) as
the age make-up of the peer group as an instrument for their ability. Whilst Sandgren and
Strom (2005) suggest that there may be more mechanisms than just ability operate when
considering the effect of an older peer group on outcomes, my results show no evidence of
any endogeneity of the instruments used. The results presented here suggest significant and
non-trivial positive effects of a more able peer group on individual children’s outcomes at age

11.

Estimates from the instrumental variables specifications suggest that a 1 standard deviation
increase in the prior achievement of the peer group is related with a between 0.04 and 0.4
standard deviation increase in the outcome the individual achieves at key stage 2.
Furthermore, the results presented suggest that pupils who are close to the ability of their
peer group are benefitted more from an increase in the ability of the peer group than those
whose ability is further away from the ability of the peer groups. Also, the results here imply
that pupils who are a long way below the ability of their peer group are improved more by an
increase in the peer group ability than those who are a long way above the ability of the peer
group. This result is similar for the highest and lowest ability pupils to that presented by
Zimmer and Toma (2000), who suggest that there is a greater effect of a higher ability peer
group on lower ability pupils than for higher ability pupils, but this is in contradiction to the
effect on high achievers observed by Gibbons and Telhaj (2008) suggest that there is a positive
effect of a more able peer group on the highest and middle ability, but those at the bottom of

the ability distribution are largely unaffected by an increase in the ability of the peer group.

The previous literature examining the effect of a more able peer group on children’s academic
outcomes has been unable to reach a consensus on the effect of an increase in the mean
ability of the peer group, with results ranging from no, or a very small significant effect (e.g.
Angrist and Lang (2004) (No effect of a less able peer group introduced), Lefgren(2004b) (a 1
standard deviation increase in the peer ability measure linked with a 0.024 standard deviation
increase in individuals outcomes), to a much larger effect of a magnitude of a 1 standard

deviation increase in peer ability related to a 0.3 standard deviation increase in individual’s
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achievement (e.g. Kang 2007)). Further studies have suggested effects within this range (e.g.
Hoxby (2000) suggests a 1 standard deviation increase in peer ability is related to a between
0.05 and 0.14 standard deviation increase in the outcome of individual students, whilst
Gibbons and Telhaj (2008) suggest that for middle achieving students, a 1 standard deviation
increase in the proportion of pupils who are high achievers is related to a 0.15 standard
deviation increase in their outcomes. Similarly Hanushek et al (2003) suggests a 0.1 standard
deviation increase in the peer ability measure is associated with a 0.02 standard deviation

increase in individuals’ outcomes.

The results obtained here for English are of a similar magnitude to those estimated by
Hanushek et al (2003) and Hoxby (2000). The results obtained for mathematics largely tell a
similar story, other than for the pupils who are close, but below, the ability of their peer group.
This group experiences a larger effect, but it is still of similar magnitude to that estimated in

Kang (2007).
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Table 1

Summary Statistics

(a) English Peer | (b) Maths peer (c) Proportion of | (d) Proportion

seore score peer group who of peer group

are young who are old.

Std. Std. Std. Std.

Mean Dev. Mean Dev. Mean Dev. Mean Dev.
Overall 0 0.365 0 0.371 | 0.339 | 0.076 | 0.336 | 0.076
Between 0.328 0.289 0.038 0.039
Within 0.182 0.245 0.068 0.068
(e) Key Stage 1 (f) Key Stage 1 (g) Key Stage 2 (h) Key Stage 2

English Score Maths score English Maths
Std. Std. Std. Std.
Mean Dev. Mean Dev. Mean Dev. Mean Dev.
Overall 0 1 0 1 0 1 0 1

Between 0.328 0.289 0.354 0.341
Within 0.949 0.960 0.941 0.945

Notes. The unit of comparison is at pupil level. Between indicates variation between schools,
within indicates variation within schools as a whole, both within and across cohorts.

Table 2 OLS estimation for all pupils in all schools
English Mathematics
(i) (i) (i) (i)

Average English KS1 -0.269*** -0.280%*** -0.364*** -0.329%**
score of peer group (0.006) (0.006) (0.005) (0.004)
Child takes free school -0.122%** -0.114%** -0.151%** -0.094***
meals (0.001) (0.001) (0.001) (0.001)
Age of child -0.056%** -0.103*** -0.137%** -0.180***

(0.002) (0.002) (0.002) (0.002)
Male pupil -0.108%*** -0.153*** 0.098*** 0.188***

(0.001) (0.001) (0.001) (0.001)
Key stage 1 English 0.728%** 0.602*** 0.277***
score (0.001) (0.001) (0.001)
Key stage 1 0.182%** 0.720%** 0.534%**
mathematics score (0.001) (0.001) (0.001)
Observations 2446348 2446348 2446348 2446348
Number of schoolid2 11919 11919 11919 11919
R-squared 0.56 0.58 0.53 0.57

Notes. Dependent variable is the individual pupils’ key stage 2 score in English or mathematics.
Method of estimation is ordinary least squares. Standard errors, clustered at school level are in
parentheses. * denotes significance at the 10% significance level; ** denotes significance at
the 5% significance level; *** denotes significance at the 1% significance level. School level
fixed effects are included. Dummies are included for the individual’s ethnic group and the year
in which the pupil sits the examination.
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Table 3 First stage regressions for all pupils in all schools.
English Mathematics
(i) (i) (i) (i)

Proportion of pupils in -0.200%*** -0.200%*** -0.237*** -0.237%**
the youngest quantile (0.013) (0.013) (0.015) (0.015)
Proportion of pupils in 0.158*** 0.158*** 0.188*** 0.187***
the oldest quantile. (0.013) (0.013) (0.015) (0.015)
Child takes free school 0.006*** 0.006*** 0.008*** 0.006***
meals (0.000) (0.000) (0.000) (0.000)
Age of child -0.009%*** -0.010%** -0.016%** -0.015%**

(0.000) (0.000) (0.001) (0.001)
Male pupil 0.005*** 0.004*** -0.001 *** -0.005***

(0.000) (0.000) (0.000) (0.000)
Key stage 1 English 0.009%*** 0.007*** -0.011%**
score (0.000) (0.000) (0.000)
Key stage 1 0.004*** 0.021%** 0.029***
mathematics score (0.000) (0.000) (0.000)
Observations 2446348 2446348 2446348 2446348
Number of schoolid2 11919 11919 11919 11919
R-squared 0.13 0.13 0.36 0.36

Notes. Dependent variable is the average of the peer group’s results at key stage 1 in English or
mathematics. The proportion of pupils in the youngest third and the proportion of pupils in the
oldest third are introduced as excluded instruments for the average key stage 1 score of the
peer group. Method of estimation is ordinary least squares.
school level are in parentheses. * denotes significance at the 10% significance level; ** denotes
significance at the 5% significance level; *** denotes significance at the 1% significance level.
School level fixed effects are included. Dummies are included for the individual’s ethnic group

and the year in which the pupil sits the examination.
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Table 4 IV estimation in all schools.

English Mathematics
(i) (if) (i) (if)

Average key stage 1 score 0.116** 0.116** 0.139*** 0.162%**
of peer group (0.047) (0.047) (0.037) (0.036)
Child takes free school -0.125*** -0.117*** -0.155*** -0.097***
meals (0.001) (0.001) (0.001) (0.001)
Age of child -0.052*** -0.098*** -0.127*** -0.171%**

(0.002) (0.002) (0.002) (0.002)
Male pupil -0.110*** -0.154%*** 0.099*** 0.190***

(0.001) (0.001) (0.001) (0.001)
Key stage 1 English score 0.724%** 0.599%** 0.283%**

(0.001) (0.001) (0.001)
Key stage 1 mathematics 0.181%** 0.710%** 0.520***
score (0.001) (0.001) (0.001)
Underidentification test 719.065 719.430 751.626 752.298
P-value 0.0000 0.0000 0.0000 0.0000
Weak instrument test 393.716 393.934 413.768 414.147
statistic
Stock Yogo Critical value 19.93 19.93 19.93 19.93
Hansen J statistic of
overidentifying 0.616 0.536 0.263 0.072
restrictions
P value 0.4324 0.4642 0.6082 0.7887
Observations 2446348 2446348 2446348 2446348
Number of schoolid2 11919 11919 11919 11919

Notes. Dependent variable is the individual pupils’ key stage 2 score in English or mathematics.
Method of estimation is two stage least squares. Excluded instruments for the average key
stage 1 score of the peer group are the proportion of pupils who are in the youngest third and
the proportion of pupils within the oldest third of the age distribution within the peer group.
Standard errors, clustered at school level are in parentheses. * denotes significance at the 10%
significance level; ** denotes significance at the 5% significance level; *** denotes significance
at the 1% significance level. School level fixed effects are included. Dummies are included for
the individual’s ethnic group and the year in which the pupil sits the examination. The
underidentification test is the Kleibergen Paap LM Test. The weak instrument test statistic is
the Kleibergen Paap Wald F statistic. The Stock Yogo critical value is the 10% maximal IV size.
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Table 5 IV estimation within small schools.

English Mathematics
(i) (ii) (i) (ii)

Average key stage 1 score 0.103 0.098 0.092 0.121%**
of peer group (0.074) (0.074) (0.061) (0.059)
Child takes free school -0.121*** -0.113*** -0.147*** -0.093***
meals (0.004) (0.004) (0.004) (0.004)
Age of child -0.053*** -0.100*** -0.125*** -0.167***

(0.004) (0.004) (0.005) (0.005)
Male pupil -0.109*** -0.153*** 0.097*** 0.187***

(0.002) (0.002) (0.003) (0.003)
Key stage 1 English score 0.705%** 0.583*** 0.270%**

(0.002) (0.002) (0.002)
Key stage 1 mathematics 0.178%*** 0.683*** 0.501***
score (0.002) (0.003) (0.003)
Underidentification test 218.222 218.224 259.362 259.412
statistic
P-value 0.0000 0.0000 0.0000 0.0000
Weak instrument test 121.640 121.639 148.077 148.089
statistic
Stock Yogo Critical value 19.93 19.93 19.93 19.93
Hansen J statistic of
overidentifying 0.049 0.074 0.042 0.095
restrictions
Pvalue 0.8254 0.7852 0.8369 0.7584
Observations 326455 326455 326455 326455
Number of schoolid2 3056 3056 3056 3056

Notes. Dependent variable is the individual pupils’ key stage 2 score in English or mathematics.
Method of estimation is two stage least squares. Excluded instruments for the average key
stage 1 score of the peer group are the proportion of pupils who are in the youngest third and
the proportion of pupils within the oldest third of the age distribution within the peer group.
Standard errors, clustered at school level are in parentheses. * denotes significance at the 10%
significance level; ** denotes significance at the 5% significance level; *** denotes significance
at the 1% significance level. School level fixed effects are included. Dummies are included for
the individual’s ethnic group and the year in which the pupil sits the examination. A small
school is defined as a school that has 30 or fewer pupils in every observed cohort. The
underidentification test is the Kleibergen Paap LM Test. The weak instrument test statistic is
the Kleibergen Paap Wald F statistic. The Stock Yogo critical value is the 10% maximal IV size.
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Table 6 IV estimation for English considering the individual pupil’s difference in ability compared with the ability of the peer group.
(a) Lowest quartile of (b) Second quartile of (c) Third quartile of (d) Highest quartile of
distance from average peer | distance from average peer | distance from average peer | distance from average peer
key stage 1 score key stage 1 score key stage 1 score key stage 1 score
(i) (i) (i) (ii) (i) (i) (i) (ii)
Average English key stage 1 score of peer 0.324%** 0.315%** 0.424%** 0.455%** 0.534%** 0.541%** 0.201*** 0.186***
group (0.068) (0.068) (0.124) (0.124) (0.112) (0.112) (0.063) (0.063)
Child takes free school meals -0.107*** -0.102%*** -0.129%*** -0.120*** -0.124%** -0.116*** -0.130%*** -0.122%**
(0.002) (0.002) (0.003) (0.003) (0.003) (0.002) (0.003) (0.003)
Age of child -0.095*** -0.145%*** -0.088*** -0.139*** -0.065*** -0.102%*** -0.000 -0.033***
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Male pupil -0.084*** -0.130%*** -0.101%** -0.147*** -0.112%** -0.153*** -0.126*** -0.160***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Key stage 1 English score 0.465*** 0.351*** 0.583*** 0.416*** 0.447*** 0.324*** 0.558*** 0.473*%*
(0.006) (0.005) (0.061) (0.061) (0.050) (0.050) (0.012) (0.011)
Key stage 1 mathematics score 0.187*** 0.189*** 0.152%** 0.145%**
(0.001) (0.001) (0.001) (0.001)
Underidentification test statistic 665.514 666.163 514.607 514.951 513.545 513.982 628.759 628.831
P-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Weak instrument test statistic 362.327 362.693 271.784 271.984 269.111 269.350 340.792 340.819
Stock Yogo Critical value 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93
Hansen J statistic of overidentifying restrictions 0.024 0.070 0.152 0.135 0.928 0.538 0.454 0.425
Pvalue 0.8759 0.7913 0.6967 0.7138 0.3353 0.4632 0.5003 0.5142
Observations 611755 611755 611431 611431 611581 611581 611581 611581
Number of schoolid2 11919 11919 11919 11919 11919 11919 11919 11919

Notes. Dependent variable is the individual pupils’ key stage 2 score in English. Method of estimation is two stage least squares. Excluded instruments for the average key stage 1 score of
the peer group are the proportion of pupils who are in the youngest third and the proportion of pupils within the oldest third of the age distribution within the peer group. Standard errors,
clustered at school level are in parentheses. * denotes significance at the 10% significance level; ** denotes significance at the 5% significance level; *** denotes significance at the 1%
significance level. School level fixed effects are included. Dummies are included for the individual’s ethnic group and the year in which the pupil sits the examination. Specifications (a)-(d)
are defined by the distribution of the distance of individual pupils’ key stage 1 score from the average key stage 1 score of their peer group, so (a) is the furthest below the peer ability whilst
(d) is the furthest above the peer ability score. The underidentification test is the Kleibergen Paap LM Test. The weak instrument test statistic is the Kleibergen Paap Wald F statistic. The

Stock Yogo critical value is the 10% maximal IV size.
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Table 7 IV estimation for English considering the individual pupil’s difference in ability compared with the ability of the peer group in small

schools
(a) Lowest quartile of (b) Second quartile of (c) Third quartile of (d) Highest quartile of
distance from average peer | distance from average peer | distance from average peer | distance from average peer
key stage 1 score key stage 1 score key stage 1 score key stage 1 score
(i) (ii) (i) (i) (i) (i) (i) (ii)
Average English key stage 1 score of peer 0.387*** 0.363*** 0.589* 0.661** 0.520%** 0.522** 0.169 0.149
group (0.117) (0.116) (0.306) (0.305) (0.232) (0.231) (0.107) (0.107)
Child takes free school meals -0.113*** -0.105%*** -0.120%*** -0.112%** -0.123*** -0.115%** -0.122%** -0.115%**
(0.007) (0.006) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Age of child -0.096*** -0.146%*** -0.097*** -0.145%** -0.076*** -0.116*** 0.007 -0.026***
(0.009) (0.009) (0.008) (0.008) (0.008) (0.008) (0.007) (0.007)
Male pupil -0.095*** -0.140%*** -0.094*** -0.139*** -0.110*** -0.152%*** -0.120%*** -0.155***
(0.005) (0.005) (0.005) (0.005) (0.004) (0.004) (0.004) (0.004)
Key stage 1 English score 0.433*** 0.326*** 0.378** 0.185 0.380*** 0.256* 0.551*** 0.464***
(0.014) (0.013) (0.191) (0.190) (0.132) (0.131) (0.028) (0.028)
Key stage 1 mathematics score 0.179%** 0.183*** 0.158%** 0.147***
(0.004) (0.004) (0.003) (0.003)
Underidentification test statistic 198.471 198.400 112.064 112.137 140.211 140.269 189.339 189.042
P-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Weak instrument test statistic 110.318 110.257 58.630 58.674 74.003 74.033 104.093 103.908
Stock Yogo Critical value 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93
Hansen J statistic of overidentifying restrictions 0.101 0.155 0.702 0.502 0.158 0.028 0.018 0.005
Pvalue 0.7503 0.6934 0.4021 0.4786 0.6907 0.8676 0.8926 0.9442
Observations 83497 83497 77724 77724 83145 83145 82089 82089
Number of schoolid2 3056 3056 3056 3056 3056 3056 3056 3056

Notes. Dependent variable is the individual pupils’ key stage 2 score in English. Method of estimation is two stage least squares. Excluded instruments for the average key stage 1 score of
the peer group are the proportion of pupils who are in the youngest third and the proportion of pupils within the oldest third of the age distribution within the peer group. Standard errors,
clustered at school level are in parentheses. * denotes significance at the 10% significance level; ** denotes significance at the 5% significance level; *** denotes significance at the 1%
significance level. School level fixed effects are included. Dummies are included for the individual’s ethnic group and the year in which the pupil sits the examination. Specifications (a)-(d)
are defined by the distribution of the distance of individual pupils’ key stage 1 score from the average key stage 1 score of their peer group, so (a) is the furthest below the peer ability whilst
(d) is the furthest above the peer ability score. A small school is defined as a school that has 30 or fewer pupils in every observed cohort. The underidentification test is the Kleibergen Paap
LM Test. The weak instrument test statistic is the Kleibergen Paap Wald F statistic. The Stock Yogo critical value is the 10% maximal IV size.
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Table 8 IV estimation for mathematics considering the individual pupil’s difference in ability compared with the ability of the peer group.
(a) Lowest quartile of (b) Second quartile of (c) Third quartile of (d) Highest quartile of
distance from average peer | distance from average peer | distance from average peer | distance from average peer
key stage 1 score key stage 1 score key stage 1 score key stage 1 score
(i) (ii) (i) (ii) (i) (ii) (i) (ii)
Average mathematics key stage 1 score of peer 0.488*** 0.449%** 1.233*** 1.217*** 0.507*** 0.550%** 0.178%*** 0.200%***
group (0.065) (0.062) (0.172) (0.167) (0.101) (0.099) (0.045) (0.044)
Child takes free school meals -0.120*** -0.073*** -0.152%** -0.098*** -0.159*** -0.104*** -0.174%*** -0.112%**
(0.003) (0.002) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Age of child -0.193*** -0.221%** -0.194%*** -0.231*** -0.143*** -0.186*** -0.034*** -0.094***
(0.003) (0.003) (0.004) (0.003) (0.003) (0.003) (0.003) (0.002)
Male pupil 0.121*** 0.192*** 0.096*** 0.191*** 0.089*** 0.187*** 0.100*** 0.184***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.001) (0.001)
Key stage 1 English score 0.462*** 0.316*** -0.067 -0.263** 0.340*** 0.142%** 0.303*** 0.171***
(0.007) (0.007) (0.113) (0.110) (0.051) (0.050) (0.014) (0.014)
Key stage 1 mathematics score 0.231%** 0.285%** 0.284%** 0.291%**
(0.002) (0.002) (0.002) (0.001)
Underidentification test statistic 649.480 650.275 254.772 255.368 367.435 366.985 550.475 550.307
P-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Weak instrument test statistic 353.246 353.725 132.343 132.667 192.276 192.030 295.237 295.132
Stock Yogo Critical value 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93
Hansen J statistic of overidentifying restrictions 0.056 0.046 1.092 0.688 0.645 0.242 0.170 0.035
Pvalue 0.8135 0.8294 0.2961 0.4068 0.4219 0.6228 0.6804 0.8517
Observations 612426 612426 610949 610949 611633 611633 611337 611337
Number of schoolid2 11919 11919 11913 11913 11879 11879 11909 11909

Notes. Dependent variable is the individual pupils’ key stage 2 score in mathematics. Method of estimation is two stage least squares. Excluded instruments for the average key stage 1
score of the peer group are the proportion of pupils who are in the youngest third and the proportion of pupils within the oldest third of the age distribution within the peer group. Standard
errors, clustered at school level are in parentheses. * denotes significance at the 10% significance level; ** denotes significance at the 5% significance level; *** denotes significance at the 1%
significance level. School level fixed effects are included. Dummies are included for the individual’s ethnic group and the year in which the pupil sits the examination. Specifications (a)-(d)
are defined by the distribution of the distance of individual pupils’ key stage 1 score from the average key stage 1 score of their peer group, so (a) is the furthest below the peer ability whilst
(d) is the furthest above the peer ability score. The underidentification test is the Kleibergen Paap LM Test. The weak instrument test statistic is the Kleibergen Paap Wald F statistic. The

Stock Yogo critical value is the 10% maximal IV size.
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Table 9 IV estimation for mathematics considering the individual pupil’s difference in ability compared with the ability of the peer group in small
schools.
(a) Lowest quartile of (b) Second quartile of (c) Third quartile of (d) Highest quartile of
distance from average peer | distance from average peer | distance from average peer | distance from average peer
key stage 1 score key stage 1 score key stage 1 score key stage 1 score
(i) (ii) (i) (ii) (i) (ii) (i) (ii)
Average mathematics key stage 1 score of peer 0.506*** 0.481%** 1.523*** 1.481*** 0.629*** 0.654*** 0.133 0.167**
group (0.121) (0.117) (0.436) (0.422) (0.235) (0.228) (0.084) (0.083)
Child takes free school meals -0.127*** -0.078*** -0.146%*** -0.098*** -0.142*** -0.088*** -0.163*** -0.107***
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Age of child -0.180*** -0.210*** -0.188*** -0.225*** -0.142*** -0.183*** -0.045*** -0.099***
(0.009) (0.009) (0.010) (0.009) (0.009) (0.008) (0.007) (0.006)
Male pupil 0.120%*** 0.189*** 0.089*** 0.184*** 0.086*** 0.183*** 0.100%*** 0.182%**
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.004) (0.004)
Key stage 1 English score 0.219%** 0.271%** 0.278%** 0.277***
(0.004) (0.005) (0.004) (0.004)
Key stage 1 mathematics score 0.411%** 0.274%** -0.447 -0.609* 0.193 0.012 0.311%** 0.176***
(0.020) (0.020) (0.331) (0.322) (0.142) (0.138) (0.032) (0.032)
Underidentification test statistic 199.106 199.432 52.120 52.287 95.817 95.761 170.715 170.552
P-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Weak instrument test statistic 110.759 110.948 26.957 27.048 50.079 50.052 93.503 93.405
Stock Yogo Critical value 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93
Hansen J statistic of overidentifying restrictions 0.093 0.285 0.551 0.367 0.235 0.136 1.267 0.837
Pvalue 0.7604 0.5936 0.4579 0.5444 0.6276 0.7128 0.2604 0.3601
Observations 81877 81877 80131 80131 85469 85469 78977 78977
Number of schoolid2 3056 3056 3054 3054 3049 3049 3054 3054

Notes. Dependent variable is the individual pupils’ key stage 2 score in mathematics. Method of estimation is two stage least squares. Excluded instruments for the average key stage 1
score of the peer group are the proportion of pupils who are in the youngest third and the proportion of pupils within the oldest third of the age distribution within the peer group. Standard
errors, clustered at school level are in parentheses. * denotes significance at the 10% significance level; ** denotes significance at the 5% significance level; *** denotes significance at the 1%
significance level. School level fixed effects are included. Dummies are included for the individual’s ethnic group and the year in which the pupil sits the examination. Specifications (a)-(d)
are defined by the distribution of the distance of individual pupils’ key stage 1 score from the average key stage 1 score of their peer group, so (a) is the furthest below the peer ability whilst
(d) is the furthest above the peer ability score. A small school is defined as a school that has 30 or fewer pupils in every observed cohort. The underidentification test is the Kleibergen Paap
LM Test. The weak instrument test statistic is the Kleibergen Paap Wald F statistic. The Stock Yogo critical value is the 10% maximal IV size.
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