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Abstract

This paper assesses the productivity of school expenditure for pupils from diverse back-
grounds. We focus on pupils who are targeted by school policies to receive extra help as
well as ethnic minorities and let the productivity of inputs vary by level of lagged cognitive
skills. We find that investments in children with high previous attainment are most produc-
tive (dynamic complementarity). Pupils with special educational needs benefit immensely
from extra help whereas high ability black or disadvantaged pupils tend to get left behind.
Spending on education support staff as well as learning resources helps close attainment gaps
between pupils.
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1 Introduction

Cunha and Heckman (2007 and 2008) and Cunha et al. (2005 and 2010) have emphasized
two important features of a child’s skill production function. The first is that a child’s skills
at a specific stage of life depend on skills produced at the previous stage (self-productivity).
The second is that higher skills in a stage increase the productivity of inputs in the following
stages (dynamic complementarity). In this paper we use rich administrative data on English
state schools to evaluate the effect of expenditure per pupil on cognitive skills of children
at the end of compulsory schooling when they are about 16 years old. We consider a value
added model to allow pupil’s cognitive skills at the end of compulsory schooling to depend
on his or her lagged cognitive skills, the level of skills at the end of primary school (see for
example Hanushek 1986; Hanushek et al. 1996; Todd and Wolpin 2003). We take account of
dynamic complementarity by letting the productivity of expenditure per pupil vary across

children with different levels of lagged cognitive skills.

Beside the differentials in lagged cognitive skills, another potential cause for a hetero-
geneous effect of the expenditure per pupil on children’s cognitive abilities is the presence
of school policies targeted at improving the attainments of specific groups of children. We
take account of this by letting the productivity of expenditure per pupil differ for children
with special educational needs, belonging to ethnic minorities, with English as additional
language and that are identified as being gifted or talented. These are groups of children
that are targeted to receive extra support in English state schools and - except for the gifted
and talented children - tend to have lower lagged cognitive abilities. We also look at the pro-
ductivity of school expenditure for children from disadvantaged socio-economic backgrounds
although this group is not explicitly targeted by school policies. To net out the part of the
productivity gap explained by a different level of lagged cognitive skills, we compare children

from these diverse groups but with the same level of lagged cognitive skills.

To control for unobserved family-specific endowment and inputs which do not vary be-
tween siblings we estimate a value-added education production model using sibling fixed
effect estimation (see Rosenzweig and Wolpin 1994; Altonji and Dunn 1996; Behrmann et
al. 1996; Todd and Wolpin 2007). Furthermore, to control for the dependence between the

lagged test and the unobserved child-specific endowment, we use a two-step procedure (see



Nicoletti and Rabe 2012; Del Boca et al. 2012). We also control for pupil characteristics
and a rich set of variables describing school characteristics and composition, including those
school-level variables that are used to determine the allocation of funds to schools. Identifi-
cation of the expenditure per pupil is possible because during the time-period considered in
our sample there is exogenous variation in funding levels received by schools (see section 2
for more details). To allow the expenditure per pupil to differ across different levels of lagged
ability and across different groups of pupils, we extend the value added model by considering
interactions of the expenditure per pupil with dummy variables indicating different levels of

lagged cognitive abilities and different groups of pupils.

To understand better the mechanisms through which school policies work, we also con-
sider different ways in which school funds are used. By assessing the effect of the expenditure
per pupil for teaching staff while controlling for the pupil-teacher ratio, we disentangle the
effect of quality and quantity of teachers on pupils’ test scores (see Rivkin et al. 2005; Gilpin
and Kavanagh 2012). Unlike the US, where teacher quality does not appear to be closely
related to salaries (Hanushek et al. 2005), in England teachers are paid according to a na-
tional pay scale, so that higher expenditure per pupil after controlling for teacher numbers
indicates that a school uses more senior and therefore more experienced teachers. We also
further disaggregate school expenditure to assess which type of expenditure is more effective
for children from disadvantaged backgrounds, dividing the expenditure per pupil in teaching

staff, education support staff, supply teachers, learning resources and other expenditure.

This paper provides - to our knowledge - the first comprehensive empirical assessment of
(i) dynamic complementarity in school inputs; (ii) heterogeneity of input productivity across
pupil types and (iii) the effect of different types of school expenditure on different groups
of pupils. We contribute to the literature of skill formation as well as to the literature on
the effectiveness of spending in schools. We find that the productivity of the expenditure
per pupil is increasing in lagged cognitive skills for all groups of children, indicating strong
dynamic complementarity. School policies seem to have a beneficial effect particularly on
children with special educational needs, who have a higher productivity of the expenditure
per pupil than children without such needs. Pupils at the lower end of the lagged attainment
distribution benefit more from putting extra teachers in classes than those at the upper

end. We also find that expenditure on education support staff has a higher productivity



for children eligible for free school meals, with English as additional language, gifted and
talented and belonging to ethnic minorities, whereas expenditures in teaching staff and
learning resources seem to have higher productivity for children with special educational

needs.

The paper proceeds as follows. Section 2 gives institutional background on the education
and school funding system in England and provides justification of our identification strategy.
Section 3 describes the estimation methods. In Section 4, we describe our data sources and
variables used, while in Section 5 we present the estimation results for the productivity of per
pupil expenditure as well as of different types of expenditure on different groups of pupils.

Finally, Section 6 concludes.

2 Institutional background

2.1 Education system in England

School education in England is provided by the state. Approximately 93% of school children
in England attend state schools, and about 7% are educated in fee-paying private schools.
Full-time education is compulsory for all children aged between 5 and 16. The education
during these years is divided into four Key Stages and pupils undergo externally marked
National Curriculum Tests at the end of Key Stages 2 and 4. Until recently such tests
were also carried out at Key Stages 1 and 3 but today progress at these stages is examined
via individual teacher assessment. Key Stage 2 National Curriculum Tests are taken at
the end of primary school, usually at age 11, in the core subjects of English, Mathematics
and Science. Key Stage 4 tests are taken at age 16 at the end of compulsory schooling,
and are either the General Certificate of Secondary Education (GCSE) exams or equivalent
vocational or occupational exams. Pupils decide which GCSE courses to take, and because
English, Mathematics and Science are compulsory study subjects, virtually all students take
GCSE examinations in these topics, plus others of their choice, with a total of ten different
subjects normally taken. In addition to GCSE examinations, a pupil’s final grade may also
incorporate coursework elements. Key Stage 2 and 4 test results receive a lot of attention
nationally as they play a prominent role in the computation of so-called school league tables,

which are used by policy makers to assess schools and by parents to inform school choice.



There are government policies to provide some groups of pupils with extra help in schools.
These include gifted and talented pupils (G&T) that are identified by teachers as having an
advanced ability in an academic subject or a talent in areas such as sport and music. Schools
are responsible to provide greater challenges in lessons and opportunities to demonstrate
and develop abilities for gifted and talented pupils. The other groups routinely identified by
schools for extra input are (deemed to be) on the lower end of the ability distribution. These
include ethnic minority pupils (for example black Caribbean and African pupils and pupils
of Pakistani or Bangladeshi heritage) that have an attainment gap compared to others and
pupils with English as an additional language (EAL). Finally, there are particular programs
for pupils with special educational needs (SEN), i.e. pupils with learning difficulties. Pupils
that have been assessed by local education authorities receive a statement which is usually
associated with additional funding received by the school. There are also pupils identified by
the schools as having special needs, but without statement. Although pupils from disadvan-
taged socio-economic backgrounds are not explicitly targeted for extra support, free school
meal (FSM) eligibility is a criterion used widely in school reporting, so that this group is an

implicit target group for schools.

2.2 School funding in England

In the time-period considered in our empirical analysis (2005-2010) there was considerable
exogenous variation in the funding levels received by schools which we exploit to identify
the effect of school inputs.! First, the substantial real increase in funding per pupil from an
average of 4,690 pounds in 2005 to 5,750 pounds in 2010 (23% increase in 2010 prices) means
that the same schools will have had differing funding levels over time. Second, the rules used
to allocate funding across schools have also changed over time, they vary regionally and they

are systematically slow to adapt to varying circumstances.

Most funding for state schools in England comes from central government which hands
money to local education authorities, of which there are 154. The central government grant
is calculated using a funding formula mostly based on pupil numbers, educational disadvan-

tage and area costs. However, a so-called spend-plus methodology is applied whereby local

In our empirical analysis we consider test scores of four cohorts of pupils, taking exams in 2007, 2008,
2009 and 2010. School inputs are three-year averages of expenditure per pupil, so that for a student taking
exams in 2007, inputs will be from the period 2005-2007.



authority grants are determined as flat-rate increases on the grant received the previous year
- with a historical starting point in 2005-06 - plus an extra increase based on the formula.
“So, current levels of school funding are based on an assessment of needs which is out of
date, and on historic decisions about levels of funding which may or may not reflect precisely

what schools needed then” (Department for Education 2011, p. 3).

Local authorities then use their own funding formulas to hand out the money received
from central government to schools. Apart from pupil numbers, many local authorities
historically allow more funding for pupils from deprived backgrounds (eligible for free school
meals), with special educational needs and with English as an additional language (Chowdry
and Sibieta 2011). There is considerable variation between local authorities in the formula
used (West 2009). However, a major constraint that local authorities face when setting their
formulas is the Minimum Funding Guarantee, introduced in 2004-05, which guarantees each
school a minimum increase per pupil per year. Effectively this largely limits the freedom
with which local authorities can choose their funding rules (Levaci¢ 2008). In 2010-11 the
Minimum Funding Guarantee accounted for half the increase in the central school grant

(Chowdry and Sibieta 2011).

The combination of spend-plus methodology and Minimum Funding Guarantee has weak-
ened the relationship between school funding levels and educational need. The historical
anchor of the funding formula leads to a low reactivity to changes in schools such as rising
or falling numbers of deprived pupils. “Some areas are now woefully underfunded compared
with how they would be if the system reflected need properly, whereas some areas continue
to receive funding to which they should no longer be entitled” (Department for Education
2011, p. 4). In 2010-11 7% of secondary schools had a level of funding at least 10% lower
than predicted using observable characteristics, and 6% had funding at least 10% higher
(Chowdry and Sibieta 2011, p. 12). These non-linearities are perceived as being too com-
plex and essentially unfair by the current UK government, and reforms to the funding system
are being introduced. For the purposes of this paper we can conclude that there is exogenous

variation in school expenditure after controlling for pupil and school characteristics.



3 Methods

We focus on cognitive development during the stage that goes from the end of primary school
to the end of compulsory schooling, i.e. from about 11 to 16 years of age, and adopt the

following education production model:
}/;2,16 = f(Ii};w [{Z, Xin, Y;Z,mﬂih)> (1)

where Y} | and Y7 | are unobserved latent cognitive abilities of child ¢ in family h at ages 16
and 11, I is the family investment in the child cognitive development between ages 11 and
16, I is the corresponding school investment, Xy, is a vector of other child, household and
school characteristics, which are not direct investments in children’s cognitive skill but may
affect it (e.g. gender, ethnicity, language spoken at home, free school meal eligibility, number
of siblings, school characteristics, and pupil composition), and p;, is the child time-invariant

cognitive endowment.

Our estimation sample consists of all pupils enrolled in state schools in England who took
their Key Stage 4 tests in the period 2007-2010. For this sample we are unable to observe
family and school investments; but we can observe the school expenditure per pupil, which
we use as a measure of school investment, and three measures of cognitive abilities each at
ages 11 and 16, which are test scores in Mathematics, English and Science obtained in Key
Stage 2 and 4 exams. We assume that the relationship between each of these three test scores
observed at age 11 and 16 and the unobserved latent cognitive skill at the corresponding age

follows a classical measurement error model?

* *
Yins11 = Yip 11 + €ins11 and Yins 16 = Yip, 16 + €ins 165 (2)

where the subscript s indicates the test subject and takes value 1 for Mathematics, 2 for En-
glish and 3 for Science, €516 and e;ns 11 are subject-specific random components identically
and independently distributed across children, households and test subjects with mean zero

and variance o2, and are independent of the inputs in the production model and of the true

’Imposing a classical measurement error model is equivalent to imposing a factor model with a single
factor and equal factor loadings. The psychologist Spearman (1904) is the pioneer of the factor analysis and
he has been the first to apply it to capture a latent measure of skill which he called general intelligence or
g-factor. But single factor models, to take account of measurement errors in observed cognitive skill tests,
have also been used more recently by economists (e.g. Cunha and Heckman 2008).



latent skill at age 11 and 16, Y;Z,n and Yi};w. The random components e€;ps16 and €;ps 11
measures the deviation of the subject specific skill from the general latent skill. We assume
that there is no correlation between e;s 16 and e;ny 11 if s # s/, but we allow for persistence in
the subject-specific ability across age, i.e. Cov(€ins6,€ins11) # 0. Furthermore, we assume

that the persistence in e, be identical to the persistence in Y} ., more precisely we assume

iht?
that the correlation between Y7 |, and Y}; |, net of the explanatory variables in the educa-
tion production model is identical to the correlation in e;ns16 and e;ns11. This implies that
the persistence in each of the three test scores is identical to the persistence in the latent

cognitive ability.
Specification with homogenous effect of school investment

Under the assumptions defined above and imposing that the production function (1) be

additive, separable and linear in its arguments, we can rewrite it as
_ F S
Yinsi6 =+ Ly B + 1, Bs + Xiny + Yij, 110 + Hin + €ins 165 (3)

where we replaced the unobserved latent cognitive skill at age 16 with the observed test score
in subject s and s = 1,2,3. Model (3) is usually known as the valued added model (see Todd
and Wolpin 2003) and it has been extensively used in previous empirical papers to evaluate
the contributions of school inputs in a specific stage of the child’s school life by controlling
for the child’s cognitive skill at the beginning of the stage (see Hanushek 1997; Meghir and
Rivkin 2011).

Since the lagged cognitive skill Y} |, is unobserved, we replace it with the lagged test in

subject s and rewrite equation (3) as

P s
Yins,i6 = oo+ Ly, B + I Bs + Xiny + Yins, 110 + fin + Wins, 16, (4)

where Uins 16 = €ins,16 — €ins,11p- Because Yips 11 and w16 are correlated we would generally
expect the ordinary least square estimation to be biased and inconsistent; but, under the
assumption that Y;; , and e;s: have equal persistence, the asymptotic bias caused by this
correlation cancels out. Indeed we can prove that the asymptotic bias of the ordinary least

square estimation of p is equal to:

Cov(in, MwYins11) ] [COU(Gihst €ihs,11) Var(einsa1)

_ G
Var(MwYipsat) Var(MwYinsa1) pVar(MWYihs,u) (5)

plim prre =p+ [
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where W is the vector of explanatory variables in our value added model (4), which excludes
the lagged test and the unobserved child specific endowment, and My, is the projection
matrix on the space orthogonal to the one generated by the variables W. The first term
between brackets is the asymptotic bias caused by omission of the child endowment p;,; while
the second term between square brackets is the asymptotic bias caused by the correlation
between Y5 11 and w;ns 16, Which cancels out because the assumption of identical persistence

in Y, and in e;ps; implies that

Cov(€ins6, €ins11) = pVar(einsi11)-

To take account of the endogeneity of the lagged test caused by the unobserved child-
specific endowment, ;,, we adopt a two-step estimation. In the first step we use the three
contemporaneous tests and the three corresponding lagged tests for each child to estimate a
child fized effect model. This allows us to control for the unobserved child specific endowment
that is invariant across subjects and to consistently estimate p in the value added model (4).
Nevertheless, this estimation is unable to identify the remaining slope coefficients because

the corresponding variables do not vary across the three tests.

In the second step we use the estimated coefficient p to compute a new dependent variable

(Yinsi6 — Yinsa1p) which we regress on the remaining variables,

Yins 16 = Yins11p = o+ I} Bp + I Bs + Xany + fin + Uins 16- (6)

For this regression we adopt sibling fixed effect estimation to control for potential unob-
served variables that do not vary between siblings and in particular to control for the family
investment [} which we are unable to observe in our sample. Under the assumption that
the inputs in the educational production function may depend on unobserved children’s en-
dowment only through past test scores and that the family unobserved endowment does not

vary across siblings, the sibling fixed effect estimation is consistent.?

Specification with heterogenous effect of school investment

3See for two other application examples of the two-step estimation Nicoletti and Rabe (2012) and Del
Boca et al. (2012).



We also consider a specification of the education production model which allows the produc-
tivity of the school investment to vary by levels of the lagged cognitive ability by letting g

change across the deciles of the lagged test, i.e.

Yinsi6 =+ IfZBF + I{%BS,IO + ifil(dj_l < Yips1 < dj)BS,j + Xiny + Yins 119+ Hin + Wins 16, (7)
iz
where I(d;_1 < Yips11 < d;) is an indicator function, d; is the j-th decile of the lagged test
(j=1,...,9), dp is the minimum value taken by the lagged test, 8s 1o is the effect of the school
investment for children whose lagged test is in the top decile, and g ; is the differential effect
of the school investment for children whose lagged test is in between the (7 — 1)-th and the
J-th decile.

The two-step estimation is performed as before but since the new variables
I:[Z'S;LI(dj_l <Yins11 < dj)] 7=1..9 (8)

can change across the three lagged tests, we estimate both p and Bg; for j = 1,...,9 in the first
step, i.e. by individual fixed effect estimation of equation (7) using the repeated observations

on the three contemporaneous and lagged test scores available for each pupil.

In the second step we use the estimated coefficients p and g ; to compute a new dependent

variable

9
(Yins16 = Yinsa1p) — Z [il(djfl <Yipsa1 < dj)ﬁs,j

=1

which we regress on the remaining explanatory variables,

9
Yins16 = Yins11p— » I3 X(dj-1 < Yips11 < dj)Bsy = a+ 1} Br + I3 Bs 10+ Xiny + in + wins 16 (9)
j=1

As before we estimate this model by using sibling fixed effects.

In our empirical application we also consider another set of model specifications which
allows the productivity of the school investment to vary by groups of children which have
been targeted by policies to improve their educational attainments, and a final set of models
in which the productivity is left to change across pupil groups as well as across deciles of

their lagged test.



4 Data

We use the National Pupil Database (NPD), which is available from the English Department
for Education and has been widely used for education research. The NPD is a longitudinal
register dataset for all children in state schools in England, covering roughly 93% of pupils
in England. It combines pupil level attainment data - National Curriculum assessments
typically taken at ages 7, 11, 14 and 16 - with pupil characteristics as they progress through
primary and secondary school. Pupil characteristics are collected in annual school censuses
and include, for example, age, gender, ethnicity, the pupil’s language group and free school

meal eligibility.
Pupil-level variables

Our outcomes of interest are General Certificate of Secondary Education (GCSE) or equiva-
lent vocational test results at the end of compulsory schooling, at age 16 (Key Stage 4). We
consider Key Stage 4 results in the core subjects English, Mathematics and Science which
are directly comparable to test results at the end of primary school. In Key Stage 4 pupils
receive a grade for each GCSE course, where pass grades include A*, A, B, C, D, E, F, G.
We transform these grades into a continuous point score which we refer to as the Key Stage

4 score.t

We control for lagged cognitive skills using Key Stage 2 National Curriculum tests taken
at the end of primary school, usually at age 11, in the three core subjects of English, Math-
ematics and Science. In the Key Stage 2 exams, pupils can usually attain a maximum of
36 points in each subject, but teachers will provide opportunities for very bright pupils to
test to higher levels. All test scores are standardised to have a mean of zero and a standard

deviation of one.

Individual and family background variables available in the NPD include the gender of the
pupil, ethnicity (white British, black, mixed, Indian, Pakistani and Bangladeshi, Chinese),
whether or not the first language spoken at home is English, whether special educational
needs have been identified for the child and whether the pupil has been classified as gifted

and/or talented. Moreover, we can identify whether or not a pupil is eligible for free school

4We use a scoring system developed by the Qualifications and Curriculum Authority which assigns 16
points to pass grade G, and 6 points are added for each unit improvement from grade G.
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meals (FSM). FSM eligibility is linked to parents’ receipt of means-tested benefits such as
income support and income-based job seeker’s allowance. We also include the number of
months a pupil is older than an August-born (the youngest in a school cohort) to control for
difference in age for children in the same school-year. We use as family background variable
the number of all siblings in the state school system in 2007. This is an approximation to the
true number of siblings as it only includes siblings observable in the NPD. Finally, the NPD
contains information on the level of deprivation in the children’s residential neighbourhood,

assessed by the Income Deprivation Affecting Children Index.
School-level variables

We merge school-level expenditure information from Consistent Financial Reporting data
sets for 2004-2010 to the NPD. This data set contains details on different types of income and
expenditure for each school, separately for each academic year. The data allow us to derive
the expenditure per pupil which excludes capital expenditure such as new construction, but
includes expenditure items such as learning resources which may benefit pupils for several
years. Therefore we consider the average school expenditure over three years rather than
yearly expenditure in our estimates. Expenditure per pupil is expressed in 2010 prices,
calculated using the GDP deflator. The data set also allows us to classify how the money
was spent in each school. We distinguish teaching staff, education support staff, supply
teachers, learning resources (computing and other resources) as well as other expenditure in

our analysis.

In addition we add school-level characteristics to the NPD using Schools, Pupils and
their Characteristics tables published by the Department for Education (e.g. Department
for Education 2010). These tables are derived from the annual school censuses. School-level
characteristics include an indicator of whether the school is a community school® or not,
the number of pupils in the school, single sex schools, and whether the admission to the
school is selective. Most selective schools are grammar schools which select pupils by skill
at age eleven. We also characterize schools in terms of their pupil composition, using the
proportion of pupils that receive free school meals, whose first language is English, that

are of white British, black, mixed, Indian, Pakistani/Bangladeshi and Chinese ethnicity and

5Community schools are owned, governed and managed by the Local Education Authority, whereas in
voluntary aided and voluntary controlled schools as well as in foundation schools some or all of these functions
are carried out by other organisations such as the Church of England in faith schools, for example.
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that have special educational needs (with and without statements). As for the expenditure
we average these variables describing the pupil composition over three years. We also add
cohort mean Key Stage 2 test scores in English, Science and Maths as school-level controls

for prior attainment within the school.
Sibling definition

We identify siblings by matching pupils living at the same address, using address data
released under special conditions. The first year that full address details were collected in
the NPD across all pupil cohorts was 2007. Siblings are therefore defined as pupils in state
schools aged 4-16 and living together at the same address in January 2007. Siblings that
are not school-age, those in independent schools and those living at different addresses in
January 2007 are excluded from our sibling definition. Step and half siblings are included
if they live at the same address, and we are not able to distinguish them from biological

siblings.6
Estimation sample

For our analysis we select a sample of the oldest two siblings from each household. Focusing
on two siblings from each family avoids having to expand the dataset to include all sibling
pair combinations within each household with the risk of over-representing households with a
large number of children. In the vast majority of families there are only two siblings observed
taking Key Stage 4 exams in the observation period. The sample includes all pupils that
took Key Stage 4 exams in 2007 or in one of the three following years (2008, 2009, 2010).

We remove pupils with duplicate data entries or with missing data on any of the back-
ground or school-level variables from the dataset. Moreover, we retain only pupils for whom
we have non-missing test scores for all outcomes at both Key Stages 2 and 4 which leads to a
reduction in sample size of 13%. We also exclude “special schools” that exclusively cater for
children with specific needs, for example because of physical disabilities or learning difficul-

ties, as well as schools specifically for children with emotional and/or behavioural difficulties.

6The matching of siblings was carried out using 1) postcode and house number/name for addresses with
no flat or block number; 2) postcode, house number/name and flat number for addresses without block
number; 3) postcode, house number/name, flat and block number; 4) postcode, flat and block number where
house number/name was missing. Of the 7.246 million pupil files with address information contained in
the 2007 school census, only 4,158 cases had insufficient address information to be used and were therefore
excluded, and 1,212 cases were dropped where more than ten siblings were identified at an address, and it is
possible that they were falsely identified as siblings (false positives).
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Academy schools which have been introduced in 2000 and allow schools more autonomy and
flexible governance are also excluded. In 2007 about 1.5% of schools had academy status,
rising to about 6.5% in 2010. Finally, we exclude the top 1% of the expenditure per pupil
distribution to remove extreme outliers from the data set. The remaining sample contains

425,262 pupils (212,631 sibling pairs).

Tables 1 and 2 describe our sample. Table 1 shows unstandardized test scores for English,
Science and Mathematics which are on average highest in Science at the end of primary
school and in English at the end of compulsory schooling at age 16. The bottom panel of the
Table displays mean school expenditure by expenditure category. The expenditure per pupil,
averaged over three years, is around £5,000 in 2010 prices. The bulk of this expenditure is
spent on teaching staff (£2,899 per pupil), followed by education support staff (£417 per
pupil) and expenditure on learning resources (£327 per pupil). Table 2 displays individual
characteristics in the top panel and school characteristics in the bottom one. 91.1% of pupils
have English as their first language, 18.5% are classified as gifted and talented and 10.8%
have special educational needs. The proportion of White British pupils is 83.0% and 10.8%
of pupils in our sample are eligible to receive free school meals. The bottom panel of Table 2
shows that the pupil to teacher ratio in our sample is 16.5 on average. Secondary schools are
quite large with more than 1,000 pupils in a school on average. The school-level proportions
of pupils with free school meal eligibility, ethnicity and English as their first language are
comparable to the individual level means. 4.9% of pupils go to selective schools and the

majority of pupils in our sample are educated in community schools.

In Table 3 we show the percentage of pupils belonging to groups that are targeted by
school policies by decile groups of the lagged test. The top panel of the Table focuses on
pupils that are eligible to receive free school meals (FSM), that have special educational
needs (SEN), English as an additional language (EAL) and that are classified as being gifted
and talented (G&T). As expected, all groups except G&T are represented more heavily in the
bottom end of the attainment distribution than the top. This is most pronounced for SEN
pupils of which one in three is in the bottom lagged attainment decile, followed by children
from disadvantaged socio-economic backgrounds where 70% can be found in the lower half of
the distribution and one in five pupils is in the lowest decile. Among the G&T pupils one in

three are in the top decile and two thirds are in the top 30%. When distinguishing pupils by
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ethnicity the distribution across lagged test score deciles is more equal for most ethnicities
(see bottom panel of Table 3). Notable exceptions are Blacks and pupils of Pakistani and
Bangladeshi heritage who are more likely than others to be at the bottom of the distribution

and Chinese pupils where the reverse is true.

Another way to look at the sample is to ask how much money is spent on each group of
pupils that we distinguish in this paper. Table 4 lists the average expenditure type for each
type of pupil. Pupils eligible for free school meals and with English as an additional language
tend to be in schools where more money is spent in all expenditure categories - teaching staff,
education support staff, supply teachers, learning resources and other expenditure - while
this is not true for pupils with special educational needs and with gifts and talents. Higher
expenditure on supply teachers is not necessarily a good signal, however, as these are teachers
bought in from agencies to cover for absences and unfilled vacancies. In the bottom panel
of the Table we list expenditure by ethnicity and find that children that according to Table
3 are from ethnic minority groups that are the lowest performing tend to be in schools that
spend more across all expenditure categories. So with the exception of pupils with special
educational needs those pupils that are likely to be in the lower end of the lagged test score

distribution find themselves in schools where more money is being spent on pupils.

5 Empirical results

5.1 Main results

In this section we report the estimation results for an education production model with child
cognitive ability at the end of compulsory schooling as outcome. We adopt the two-step
estimation described in Section 3 to control for unobserved school, family and pupil charac-
teristics and to identify the effect of school investments, measured by the school expenditure
per pupil. All estimation results reported in this section refer to value added models with the
dependent variable given by the standardized test at age 16 in Mathematics, English and
Science and with explanatory variables which include the corresponding lagged test score
at age 11, the school expenditure per pupil, a set of child’s and school characteristics and

dummies for the academic year.
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The pupil characteristics we control for are: number of school-age siblings; gender; dum-
mies for whether English is an additional language, the pupil has been labeled gifted and
talented, is eligible for free school meals, has special educational needs; ethnic group dummy
variables (White British, Black, Indian, Pakistani and Bangladeshi, Chinese, Mixed, and
Other ethnic minorities); number of months the child is older than August born children
and deprivation score of the child’s area of residence. The school controls are: number of
pupils in the school; proportions of children in the school who are eligible for free school
meal, whose first language is English, who have special educational needs (with and without
statement), and belonging to different ethnic groups; dummy variables for the type of school
(community, selective and single sex school), and school averages of the pupils’ test scores

in English, Maths and Science at age 11 (see Table 2).

We take account of the fact that the productivity of inputs can be higher for children
with higher cognitive ability at the end of primary school (higher lagged test) by letting
the expenditure per pupil effect change across deciles of the lagged test computed across all
pupils in the sample. We also consider that schools may concentrate their effort to improve
the cognitive abilities of certain groups of children and this can lead to a higher effect of
expenditure per pupil for these children. For this purpose we identify a set of groups of
pupils which are usually targeted by school policies or from disadvantaged socio-economic

backgrounds, which are children

1. eligible for free school meal (FSM),

2. with special educational needs (SEN),

3. with English as additional language (EAL),

4. gifted and talented (G&T), and

5. from minority ethnic groups;
and we estimate the productivity of the expenditure per pupil separately for each of these
groups.

Table 5 reports the results, which are organized in three panels. The top panel shows the

estimation results of four models, labeled model 1 to model 4, each one allowing the effect
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of expenditure per pupil to differ between a considered group of pupils (FSM, SEN, EAL
and G&T) and the remaining pupils. Under the heading non-FSM we report the estimated
effect of expenditure per pupil for children who are not eligible for FSM, while under the
heading diff FSM we report the difference between the estimated effect for FSM and non-
FSM children. Next we report the corresponding results for children with SEN, with EAL
and G&T. In the middle panel of Table 5, we report the estimation of a model which lets
the effect of expenditure per pupil differ across ethnic groups (which is labeled in Table 5
as model 5). More precisely, we report the effect of expenditure per pupil for White British
children followed by the differences between each of the minority groups and the White
British. Finally, the bottom panel of Table 5 reports the results of a model which allows
for dynamic complementarity (labeled model 6), i.e. for a different effect of the expenditure
per pupil across deciles of the lagged school test. The first column reports the effect for the
children who are at the top decile, while the following columns report the differences between

each of the remaining 9 deciles and the top one.

We find that the effect of expenditure per pupil is significantly higher for children with
SEN, with EAL, G&T (at 10% significance level) and for all ethnic minorities than for
the corresponding comparison groups (non-SEN, non-EAL, non-G&T and White British);
whereas children eligible for FSM seem to have a lower effect of expenditure per pupil (see
top and middle panels in Table 5). Looking at the bottom panel of Table 5, there is a very
sharp decrease in the effect of expenditure per pupil going from the top to the bottom decile
of the lagged test distribution. For a 1,000 pounds increase in the expenditure per pupil,
children whose lagged test is in the top decile get an improvement in their test scores of 6.2%
of a standard deviation. This improvement reduces rapidly moving towards the lower part
of the lagged test distribution, it is halved for pupils at the 6th decile and it is basically zero

for children who are at the bottom decile.

Two main findings emerge from these estimation results. First, the effect of expenditure
per pupil seems to be higher for the groups of pupils analyzed in this paper and this might
be explained by school policy interventions targeted at these groups, except perhaps for
children eligible for FSM. Second, there is strong evidence of dynamic complementarity, so
that if children’s lagged ability at the end of primary school is low, school investments during

secondary school have a small effect.
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Productivity of expenditure across pupil groups and lagged attainment

Although the results considered in Table 5 are very informative, we must interpret them with
some caution because of two main restrictions imposed by our models. First, our models do
not control for the fact that children belonging to different groups may have different levels
of lagged test scores, which implies a potential difference in productivity of the expenditure
per pupil. For example, children who are G&T have on average a higher level of lagged test
scores (see Table 3), so their estimated higher effect of the expenditure per pupil could be
simply a consequence of the fact that higher lagged ability implies a faster learning process.
Second, considering one group of pupils at a time is unsatisfactory because we end up with

a comparison group which is heterogenous.

For this reason we also estimate a model which allows the productivity of expenditure
per pupil to change both across the 10 deciles of the lagged test score and across different
groups of pupils. The model considers a triple interaction between the expenditure per pupil,
the 10 dummy variables corresponding to the 10 deciles of the lagged test and the 5 dummy
variables for the following groups of pupils, FSM, SEN, EAL, G&T and the reference group
which is given by all pupils who do not belong to any of the above groups. Results on the
effects of the expenditure per pupil are reported in Table Al in Appendix 1, but it is easier
to examine these graphically by looking at Figure 1.

The graphs reveal that the effect of expenditure per pupil increases monotonically and
quite sharply across deciles for all groups of pupils. The most striking result is that children
with special educational needs seem to be the group of pupils who benefit most from the
expenditure per pupil for any level of the lagged test. This is probably the consequence of
additional school help received by these children. In contrast, the profile of the effect of
expenditure per pupil across deciles for children eligible for FSM, with EAL and G&T is

quite close to the corresponding profile for the reference group.

The effect of expenditure per pupil for children with EAL is always higher than for the
reference group, except for the two top deciles. This seems to suggest that the gap in test
scores observed for children with EAL at the end of primary school with respect to White
British children (see Table 3) reduces considerably during secondary school. This may be in
part related to school policy interventions and in part related to the fact that children with

EAL in our sample have been in the country at least since the end of primary school and
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therefore by the end of compulsory school their potential language issues lessen. This helps
in explaining not only why ethnic minority pupils improve relative to White British pupils,
but also why the relative improvement is smaller for Black Caribbean pupils than others

(Dustman et al. 2011).

The expenditure per pupil effect for the G&T pupils is lower than for the reference group
except at the two top deciles. This seems in line with the aim of the policy intervention for
G&T children, which is to provide exceptionally able children with the chance to develop
their talent. Children who have been labeled G&T may have high abilities in subjects
different from the ones considered in our analysis (e.g. in sports or arts), in which case they
would be pushed to develop their talent in these subjects presumably with little or no effect

on the test scores in Maths, English and Science.

Pupils eligible for FSM with a lagged test score over the median have an estimated effect
of expenditure per pupil which is lower than the corresponding effects observed for any other
group. Children eligible for FSM are more likely to be in poverty and, while this condition
does not seem to limit the ability potential of children with test scores below the median at
the end of primary school, it does seem to limit the potential of children above the median.
It is possible that teachers have lower expectations of FSM pupils and tend not to spot and

promote exceptional ability in them.

We also estimate a model with interactions of the expenditure per pupil with the dummy
variables indicating the 10 deciles of the lagged test and with dummy variables for different
ethnic groups. Again the results are reported graphically in Figure 2, while the full set of
estimated interaction effects are reported in Appendix A, Table A2. To make the graph more
readable we omit the Mixed and Other Ethnic minority groups which are very similar to the
White British group of pupils. The graph displays the profiles of the effect of expenditure per
pupil by deciles for White British, Black, Indian, Pakistani and Bangladeshi, and Chinese

pupils.

There are substantial differences between White British and some of the other ethnic
groups. Specifically, the productivity of the expenditure per pupil is higher for Indians than
for White British pupils all along the lagged test distribution, whereas Chinese seem to have
an extremely high productivity of the expenditure per pupil from the 5th decile onward and
a lower productivity for the first decile. Chinese pupils usually perform better than White
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British pupils (see Department for Education and Skills 2005 and Dustmann et al. 2011) and
this is probably mainly because of their extremely positive attitudes to education and intense
effort in home work (see Francis and Archer 2005). Except for the Chinese pupils all other
minorities tend to have lower test results at the end of primary school than White British
children (see Table 3), but there is a catch up by the end of compulsory schooling. This
catch up is reflected in our estimates by a higher effect of expenditure per pupil especially
for ethnic minority children whose test scores at the end of primary school are low. Black,
Pakistani and Bangladeshi children, who are the ethnic minority groups performing worse
at the end of primary school, seem to have higher effects of the expenditure per pupil than

White British, except at the top of the lagged test distribution.

The English education system, as the US one, is characterized by test-based account-
ability. In England the recommended targets are to achieve 5 or more A*-C grades in exam
subjects taken at the end of compulsory schooling. Previous papers have found that account-
ability of exam results can induce teachers to give additional help to children who are in the
middle of the ability distribution, and probably closer to the exam result target, but leave
behind children at the bottom and top of the distribution (Lazear 2006; Neal and Whitmore
Schanzenbach, 2010). This seems in part true for England, where we find that children from
disadvantaged groups such as children eligible for FSM and Black pupils have a higher effect
of expenditure per pupil when they are at the bottom of the distribution of the lagged test,
but a lower effect at the top of the distribution. This could indicate that children from
disadvantaged backgrounds with potentially high levels of ability are left behind because of

the test-based school accountability system.”
Differences between gender in the effect of expenditure per pupil

In this section we consider again the estimation of the education production model with
heterogenous effects of school expenditure but we carry out the analysis separately for boys
and girls. This allows us to assess whether there are gender differences in the productivity of
inputs during secondary school. For this we select, respectively, all sister and brother pairs
in the sample and perform same sex sibling fixed effects estimations. For conciseness, we

report only the graphs plotting the effect of school expenditure on the level of the lagged

"A look at raw KS2 test scores reveals a discontinuity around the threshold for the level required at the
end of primary school. This suggests that teachers were likely teaching to the mean.
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test (10 deciles of the lagged test), separately by gender. Figure 3 reports this effect for girls
and boys (see top and bottom graphs) for the following 5 different groups of pupils, FSM,
FSM, EAL, G&T and the reference groups (i.e. the group of pupils who do not belong to
any of the previous groups); whereas Figure 4 reports the equivalent graphs for the main

ethnic groups again separately for girls and boys.

The productivity of the expenditure per pupil seems to increase more steeply with the
level of lagged test for boys than for girls. For example, for White British boys in the bottom
decile of the lagged test distribution, an increase of £1,000 in the expenditure per pupil leads
to an increase of 1% of a standard deviation in the test score; whereas this increase rises to
9% for boys at the top decile. The corresponding percentages for White British girls are 1%

and 6%. Similar differences between boys and girls can be seen for all other groups.

While there is a literature on gender gaps in productivity, there are no papers that look
at explaining differences in productivity that vary along the distribution of the lagged test.
We find that boys perform worse than girls and this confirms previous results on gender gap
in test scores. Our graphs seem also to suggest that there is a partial catch up of boys with

girls, but only for boys who are at the higher level of the lagged cognitive abilities.

There seem also to be some gender differences when comparing boys and girls belonging
to the same ethnic group. The productivity of expenditure per pupil appears to be higher
for Pakistani and Bangladeshi boys than girls, while the reverse is true when looking at the

Indian ethnic group.

5.2 Quality and quantity of teachers

Two main mechanisms that schools may consider to improve the productivity of inputs are
reducing the number of pupils per teacher and/or increasing the quality of the teachers. In
this section we consider the number of pupils per teacher and the expenditure per pupil
on teaching staff, which can be seen as a proxies for the quantity and quality of teaching
respectively. The expenditure per pupil on teaching staff depends on the teachers’ wages and
numbers of teachers. In the English educational system wages depend mainly on teachers’
experience (seniority) because teachers are paid according to national wage scales where

wages increase with the years of service. This implies that the expenditure per pupil in
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teaching is a measure of teachers’ experience once we control for the number of pupils per
teacher. Teacher experience has been linked to pupil outcomes in some but not all previous
papers (e.g. Rockoff 2004) and we will use it to proxy teacher quality. To control for other

school resources we also consider all other expenditure per pupil, excluding teaching staff.

In Table 6 we report the two-step estimation results of the effect of these three school
resources (pupil-teacher ratio, teaching staff expenditure per pupil and all other expendi-
ture per pupil) on test scores at age 16. The results are organized similarly to Table 5.
When looking at the effect of the pupil-teacher ratio, we generally find a negative impact
especially for children at the bottom of the lagged test distribution (see bottom panel) and
for disadvantaged groups, in particular Pakistani and Bangladeshi pupils, children eligible
for FSM and children with EAL (see middle and bottom panels). These pupils do worse if
they have to share teachers with other pupils. This is consistent with Lazear (2001) who
predicts that disadvantaged pupils benefit from smaller class size through the effects on dis-
ruptive behaviour. In contrast, the expenditure on teaching staff has a positive effect on test
scores and especially so for the high achievers, i.e. the children at the top of the lagged test
distribution, and for non-FSM, non-EAL and non-G&T and White British pupils.

All other expenditure has a larger positive effect for all the four groups of children con-
sidered in the top panel (FSM, SEN, EAL and G&T), for all minority groups and for low
achievers at the end of primary school than money spent on teachers. This seems to suggest
that money spent on staff and items other than teachers includes inputs that are more helpful
for these groups of children. In summary, pupils at the lower end of the ability distribution
and disadvantaged groups benefit from having more teachers in the classroom, while more

able pupils benefit from higher quality teachers as proxied by teacher experience.

To unpack which type of other expenditure produces this beneficial effect for disadvan-

taged groups, we further disaggregate this into four different categories in next section.

5.3 Effect of different types of school expenditure

In this section we look at the productivity of different types of expenditure for different
types of pupils. We disaggregate school expenditure per pupil into expenditure for teaching

staff, education support staff, supply teachers, learning resources and other expenditure.
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Education support staff are assistants intended to be used in the classroom to release teachers
from non-teaching tasks, but are in reality often employed to assist in teaching, particularly of
pupils with special educational needs or low ability (Blatchford et al. 2011). Supply teachers
are teachers hired from public or private agencies to cover sickness, unfilled vacancies and
teacher absence for professional development. Learning resources include books, computing
resources and other items and devices used in teaching. Other expenditure includes categories
such as premise maintenance, back office and energy use. Note that our variables measuring
expenditures per pupil are averages at school level and we do not observe how expenditure

was allocated to different grades and to different groups of children.

Tables 7 and 8 follow a similar structure to Table 5 and display the estimation results
of the value added model estimated using the two-step procedure, where the effect of school
expenditure is now allowed to vary by expenditure category. The top panel of Table 7 shows
the results of four models allowing the effect of the expenditure categories to vary between the
groups of pupils that we consider (FSM, SEN, EAL and G&T) and the respective reference
category. The bottom panel gives the effect of each expenditure category for White British
pupils as well as the difference of each of the ethnic minority groups with the White British

group.

Focusing first on expenditure on teaching staff, with results reported in the first line of
each panel, we find that spending money on teachers is productive for all pupils in school,
but not equally so.® The effect is larger for the reference groups (non-FSM, non-EAL, non-
G&T and White British) than for the pupils on FSM, with EAL, G&T pupils and the ethnic
minorities. Looking now at the effect of committing funds to education support staff, the
opposite pattern emerges. While the reference groups stand to gain little from expenditure
on learning support staff; for pupils on FSM, with EAL, G&T and most ethnic minorities
the effect is quite substantial. This seems to suggest that within the classroom education
support staff is employed to provide extra input and support for the pupils that are singled
out to receive extra help, whereas teachers dedicate their attention to the rest of the pupils.
The exception are pupils with SEN who benefit more from spending on teachers than pupils

without SEN but not from spending on education support staff.

8Chinese pupils are an exception.
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Temporary absences of teachers, even if filled by supply teachers, can have negative
effects because of the disruption to teaching plans and pupil-teacher interaction and the likely
lower quality of the supply teachers.” Furthermore, any increased use of supply teachers in
schools can indicate that there is absenteeism or delays in filling vacant positions, so that
expenditure on supply teachers may be a proxy for other underlying problems in the school.
It is therefore not surprising that we find a negative productivity effect of spending money
on supply teachers. The size of the effect does not differ hugely between different groups
of pupils. Exceptions are gifted and talented children and some ethnic minorities (Indians,
Pakistani/Bangladeshi and other ethnicities) who seem unaffected by being taught by supply

instead of permanent teachers.

The effect of spending money on learning resources is generally positive. However, some
groups of children benefit less from these resources than others. These include children eligi-

ble to receive FSM, with EAL, G&T and some ethnicities (Mixed and Pakistani/Bangladeshi).

These results must be interpreted with caution, however, because we are comparing
groups of pupils without controlling for the different levels of lagged test scores which im-
ply a different productivity in learning by group. For example we find that teaching staff
expenditure has been particularly productive for pupils not targeted by school policies, but
we would have expected this as these pupils are likely to be from the higher end of the
attainment distribution. The same is true for spending on learning resources. What we
can say, however, is that expenditure on education support staff has been equally or more
productive for those pupils that are targeted by school policies, and was therefore successful
in attenuating the cognitive achievement gaps for the targeted children. Furthermore we
can see that pupils with SEN have benefited hugely from inputs by teachers and learning

resources.

This is supported by Table 8 which reports the results obtained when interacting type
of expenditure with lagged attainment deciles. Expenditure on teaching staff has the high-
est productivity for the pupils in the top lagged attainment decile, and this productivity

Issues with the quality of agencies that hire out supply teachers have led to the introduction of a quality
standard in 2002.
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decreases almost monotonically across deciles, indicating dynamic complementarity. In con-
trast, spending on education support staff has the same productivity across the whole at-
tainment distribution. Given that we would expect productivity to be decreasing in lagged
attainment because of dynamic complementarity this seems to support our earlier inference
that education support staff is mostly employed to help the weakest pupils in class, whereas
teachers concentrate on the whole attainment distribution. The use of supply teachers is
generally detrimental, and most harmful to pupils in the 8th and 9th attainment deciles.
The benefit of learning resources, on the other hand, seems to accrue equally to all pupils re-
gardless of their lagged attainment, so their use in the classroom seems to have an equalizing

effect.

One could argue that decisions of schools on how to spend their funds are potentially en-
dogenous because they could be correlated with other unobserved school characteristics that
affect the productivity of skill formation. The sibling fixed effects estimation only omits po-
tential unobserved time-invariant school characteristics which differ between siblings. Given
that the majority of siblings in our sample go to the same school (84%), the time-invariant
school effect is likely to be very similar for siblings and the sibling difference estimates there-
fore widely unaffected by school characteristics. Nonetheless we expect to have variation in
the expenditure per pupil between siblings because of the strong increasing trend in school

expenditure and because siblings attend secondary school in different periods.

6 Conclusions

While most previous papers have taken into account the dynamics of the educational pro-
duction function by allowing the lagged cognitive ability to affect current ability, they have
generally neglected the dynamic complementarity of school inputs. To our knowledge this
paper is the first to take account of three important factors that may affect the productivity
of school expenditure per pupil, which are (1) the level of the child’s lagged cognitive ability
(dynamic complementarity), (2) the extra help schools usually give to subgroups of pupils,

especially low achievers, and (3) the way schools spend their money.

We let the productivity of school inputs vary by levels of lagged achievement, by pupil

groups (those pupils targeted by school policies for extra help and ethnic minorities in par-
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ticular) and by expenditure category. To net out the part of the productivity gap explained
by a different level of lagged cognitive skills, we compare children from diverse groups but

with the same level of lagged cognitive skills.

We find that the productivity of the expenditure per pupil is increasing in lagged cognitive
skills for all groups of children, indicating strong dynamic complementarity. The relationship
between skills at the end of primary school and the productivity of school inputs during
secondary school is stronger for boys than for girls. School policies seem to have a beneficial
effect particularly on children with special educational needs, who have a higher productivity
of the expenditure per pupil than children without such needs at the same levels of lagged
attainment. Most ethnic minority pupils have lower test results at the end of primary school
than White British pupils, but there is a catch-up by the end of compulsory school which
is reflected in higher productivity of expenditure per pupil for these pupils. Corresponding
to this result we find that children with English as an additional language make up in the
gap that initially separates them from native English speakers. Pupils from disadvantaged
backgrounds (as measured by eligibility for free school meals) and black pupils who were
high achievers at the end of primary school have an estimated effect of expenditure per pupil
which is lower than the corresponding effects observed for any other group. This suggests

that the potential of these pupils is not reached and they are being left behind.

We take a closer look at the mechanisms through which school policies work by con-
sidering the effect of different uses of school funds. We find that pupils at the lower end
of the ability distribution and disadvantaged groups benefit from having more teachers in
the classroom, while more able pupils benefit from higher quality teachers as proxied by
teacher experience. We also find that expenditure on education support staff has a higher
productivity for children eligible for free school meals, with English as additional language,
gifted and talented and belonging to ethnic minorities than other pupils not targeted by
school policies, and is therefore successful in attenuating the cognitive achievement gaps for
the targeted children. The same is true for spending funds on learning resources - their use
in the classroom seems to have an equalizing effect as they benefit pupils equally, regardless
of lagged attainment. We also find that that pupils with special educational needs have

benefited hugely from inputs by teachers and learning resources.
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Tables

Table 1: Descriptive statistics: Unstandardized test scores and school expenditure
mean std. deviation

Unstandardized test scores

Key stage 2 English score 27.1 4.1
Key stage 2 Science score 29.1 3.7
Key stage 2 Maths score 27.7 4.6
Key stage 4 English score 40.8 9.1
Key stage 4 Science score 40.6 10.2
Key stage 4 Maths score 40.1 10.6
School expenditure

Expenditure per pupil(£) 4,932 678
Expenditure teaching staff (£) 2,899 308
Expenditure education support staff (£) 417 165
Expenditure Supply teachers (£) 105 67
Expenditure learning resources (£) 327 120
Other expenditure (£) 1,511 370
Number of observations 425,262

Notes: National Pupil Database, 2007-2010; Consistent Financial Reporting Data 2005-2010; Schools, Pupils
and their Characteristics Data 2005-2010. Pupil expenditure in 2010 prices, calculated using GDP deflator.
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Table 2: Descriptive statistics: Individual and school-level controls
mean std. deviation

Individual characteristics

Male 0.503

N school-age siblings in state schools 2.589 0.854
First language English 0.911

Gifted and talented 0.185

White British 0.830

Black 0.024

Mixed 0.023

Indian 0.024
Pakistani/Bangladeshi 0.047

Chinese 0.003

Other ethnicity 0.049

Free school meal eligible 0.108

Special Educational Needs 0.165
Deprivation score of residence 0.192 0.166
n months older than August-born 5.503 3.479
School characteristics (3 year averages)

Pupil to teacher ratio 16.5 1.5
Number of pupils (full time eq.) 1,153 349
Prop. free school meal eligible 0.124 0.107
Prop. first language English 0.900 0.176
Prop. Special Educational Need, with statement 0.021 0.013
Prop. Special Educational Need, no statement 0.161 0.086
Prop. white British 0.808 0.230
Prop. black 0.030 0.069
Prop. mixed 0.027 0.024
Prop. Indian 0.025 0.070
Prop. Pakistani/Bangladeshi 0.038 0.113
Prop. Chinese 0.004 0.006
Community school 0.572

Selective school 0.049

Single sex school 0.113

KS2 English scores, by cohort 27.0 1.5
KS2 Maths scores, by cohort 27.5 1.7
KS2 Science scores, by cohort 29.0 1.3
Number of observations 425,262

Notes: National Pupil Database, 2007-2010; Schools, Pupils and their Characteristics Data 2005-2010.
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Figure 1: Effect of expenditure per pupil by deciles of the lagged test for different
groups of pupils.
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Figure 2: Effect of expenditure per pupil by deciles of the lagged test for different
ethnic groups.
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Figure 3: Effect of expenditure per pupil by deciles of the lagged test for different
groups of pupils: girls and boys
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Figure 4: Effect of expenditure per pupil by deciles of the lagged test for different
ethnic groups: girls and boys
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