The Relationship Between Resour ce Allocation
and Pupil Attainment: A Review

Anna Vignoles, Rosalind Levacic, James Walker,
Stephen Machin and David Reynolds

September 2000



Published by

Centre for the Economics of Education

London School of Economics and Political Science
Houghton Street

London WC2A 2AE

O AnnaVignoles, Rosalind Levacic, James Walker, Stephen Machin and David Reynolds
ISBN 0 7530 1433 5
Individua copy price £5

The Centre for the Economics of Education is an independent research centre funded by the
Department of Education and Employment. The view expressed in this work are those of the
authors and do not necessxily reflect the views of the Depatment of Education and
Employment. All errors and omissons remain the authors.

This work has been published in the Depatment of Education and Employment Research
Report 228 (ISBN 1 84185 362 3) in September 2000. The origina report remains Crown
Copyright 2000 and was published with the permisson of DfEE on behdf of the Controller
of Her Mgesty's Stationery Office.



EXECUTIVE SUMMARY

1. This report examines the impact of measurable resource inputs on primary and secondary
school students achievement.  The objectives of this report are to summarise the findings
from the educationa production function literature, to identify the many methodologica
difficultiesin thisfield, and to provide an outline for ahigh quality research project.

2. Section 1 concentrates on the methodologicd techniques most commonly used in the fied
— regression andysis' and stochastic frontier/data envelopment andysis - evduating esch
technique and commenting on the advantages and disadvantages associated with each
method.

3. Section 2 reviews a ‘high qudity’ subset of the recent (post-Hanushek, 1997)
internationa educationd production function literature. This section has two ams.  Frg
and foremogt, and in keeping with the methodologica focus of the report, to evaluate how
effectivdly the methodological issues have been addressed in the predominantly US
centred literature. Second, to report the empirica results from this literature.

4. In Section 2 it is edablished that recent international research, in contrast to the widdy
held view that inputs have no systematic impact on student outcomes, has generdly been
able to egablish a link between certain education inputs (particularly expenditure and
teacher characterigtics) and enhanced student outcomes.

5. Sections 3 and 4 present a review of the UK literature. Reflecting our interest in UK
policy, and the limited amount of high qudity research in the UK, the criteria for
incluson in this section are wesker than for Section 2 and consequently the review is
more broad ranging. The review of the UK research is divided into two parts. The first
(Section 3), reviews the production function based literature, while the second (Section 4)
examines sudies of cogt effectiveness of school provison.

6. The UK literature review shows that, while the link between educational expenditure and
outcomes is not proven, some real resources seem to have an impact on outcomes. For
example, severd sudies found a correctly sSgned and datisicaly sgnificant relationship
between the school level pupil teacher ratio and outcomes. However, there is dmost no
UK evidence that smdler class Sze leads to better outcomes. In generd, the UK
literature is limited by the fact that many possble interactions between the various school
inputs and resource varigbles under consderation have not been fully investigated.
Hence, whilg in the UK school type appears paticularly important in explaining
examination performance; it is not clear to what extent this is due to the peer group effect,
to better resourcing or better teaching qudity in grammar, independent and sngle sex
schools. More work is needed to fill this ggp in the literature.

7. Section 5 draws on the methodological and conceptud issues identified in Section 1, and
the empirica evidence (Sections 2, 3 and 4) to provide guidance to policy-makers about
an ‘ided’ research programme. In particular, the section discusses the data requirements
to undertake such a study.

L A glossary of termsis provided at the end of thisreport.



8. Section 5 highlights the fallowing:
The need for testing based upon theoreticd modeling. The lack of systematic testing of
exiging theoreticd frameworks has often led to incoherence and repetition in the
literature,
The importance of explictly addressng methodologicd difficulties in order to obtan
plausble results. In particular, different methods (e.g. Insrumentd Variables, Random
Experiments) are needed to deal with the most important methodologica problem, the
potential endogeneity of school resourcing levels.
The crucid importance of having high qudity data Specificdly, one needs pupil leve
data, with information on dudents prior achievements and family background,
supplemented with good school information and high qudity resource informeation.

9. Section 6 draws conclusons and implicaions for policy. The most important concluson
is that further work is needed to investigate the link between resource levels and
outcomes. Whilst we do not provide a full evduation of the qudity of al the possble UK
data sets that might be used to research this area, we do make the case that the available
UK daa is insufficient to carry out a high quality study that would overcome mogt of the
methodological problems identified in this review. However, once the Common Basic
Data Sat (CBDS) comes fully on line, it may meet many of the methodologicd criteria we
have identified in respect of performance data. However, CBDS data needs to be linked
to sound and consstent financial data in order to be used for the andytical purposes
identified in this review. Links aso need to be established between the CBDS and
teacher databases and other sources of information on pupilsS neighbourhoods and local
environments. It is of primary importance that good financid data, based on comparable
school accounting practices, are collected in the future. It is suggested that a 2-3 year
longitudind survey would meet policy needs in the medium term, i.e. before the CBDS
comeson line.
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I ntroduction

Trying to accurady ascetan the direction and meagnitude of any links between school
resources and the educationd attainment of pupils and their schools is an important research
question that has potentidly dgnificant ramifications for education policy. There has been
consderable research addressing this question and the god of this review is to accurately
agopraise the key findings and methodological shortcomings of this work, with the intention of
providing a pointer to the route that future research should follow.

The exiding literature is not uncontroversd in the sense that there are clear
differences in the findings emerging from dudies that adopt different methodologies. For
example, Hanushek’'s (1997a) review of the education production function fied has
suggested that there exists no sysematic and datidicaly dgnificant rdationship between the
level of educationd resourcing (generdly measured by expenditure per pupil and the average
pupil teacher ratio) and pupilS educationd outcomes. However, not dl the avalable
evidence supports this concluson and there are a number of conceptua and methodologica
difficulties that plague the literature. Furthermore, even if there is currently no clear postive
relationship between expenditure on schooling and pupil outcomes, this probably raises more
guestions than it answers. In particular, it suggests that researchers need to explore further
issues relating to the way in which resources are dlocated within schoals, rather than smply
looking at the relationship between aggregate expenditure per pupil and outcomes.

The primary purpose of this review is therefore to identify the centra conceptud and
empiricd issues as regads the intenationd and UK educationd production function
literature, focusing largely on the impact of educationd expenditure and resource mix. This
review is not intended to be exhaudtive, rather the focus is on providing a methodologicd
citique of this fiddd of research which can guide policy-makers and point to the most
appropriate directions for future research in the UK context. Although the parald school
effectiveness research fidd is referred to, the review is redricted to the educationd
production function literature, for two maor reasons. Fird, it is the latter that has been most
concerned with the impact of resources on outcomes and second, other excdlent and
comprehensgive reviews of the SER literature aready exist (Teddlie and Reynolds, 2000).

The report darts with a discusson of the key methodologica issues in this fidd,
identifying the most dggnificant conceptua and empiricd  problems (Section 1).  The
methodologica section attempts to lespond, a least in part, to the recommendations of David
Mayston and David Jesson (DfEE, 1999) concerning the need for more research into the
gopropricte techniques to modd the rdationship between resourcing and educationd
performance. In particular the use of the following techniques is discussed:  linear regresson
(and vaue-added), multi-levd moddling and frontier edimaion modds, including data



envelopment andysis?.

In Section 2 we provide a brief overview of a sdection of ‘high qudity’ nternationd
studies’ from the educationd production function literature.  This internationd evidence is
redricted to high quaity surveys and key published work which has examined the following
inputs.  expenditure per pupil; teacher-pupil ratio; class sze teacher qudity (education,
ability, experience and sdary); nonrteeching expenditure and the following outputs
educationd attainment (such as exam performance) and cognitive atainment.

Sections 3 and 4 examine the UK evidencer To ensure that the review is more
extensve in its coverage of the UK evidence wesaker criteria are used for the incluson of
dudies. In particular, some unpublished work is included. The core objectives of the UK
review are to identify pivota findings from the UK research, as well as identify the mgor
limitations of, and gapsin, the UK empirica evidence.

Section 5 relaes the findings to posshble directions for future UK research. In
particular suggestions are presented for an ‘ided’ research project, which take account of the
methodological comments made in Section 1. Although the review does not go over ground
dready covered by Mayston and Jesson (DfEE, 1999), further strong support is provided for
the case they made in favour of the proposed Common Basc Data Set. Some preliminary
suggestions for particular data that would be needed to enable educational researchers to
carry out top quality research in this area are dso given.

1. Methodological |ssues

To understand the methodologica controverses surrounding this field of research, a
higorica view of the research literature is required. Severd ealy and highly influentid
dudies in this fidd gppeared to show that schools hardly had any impact on the learning
outcomes of children (in terms of ther academic atainment, attendance and behaviour).
Fird, in the US, the Coleman Congressona Report of 1966 (Coleman et al, 1966) was
charged with looking a the reative educationa opportunities for different racid groups in
the US. Although the report did highlight the very different levels of school resources that
were being dlocated to AfricanrAmericans and white Americans, its results suggested that
schools did not in fact make a great ded of difference to dudent outcomes.  Family
circumstances, ability and socio-economic background were found to be far more important.
Their findings were patidly chdlenged by the results of a mgor UK report entitled "Fifteen
Thousand Hours (Rutter et al, 1979). This study showed that schools have a modest but
ggnificant impact on the learning outcomes of children, though again family crcumstances,
socio-economic  background and individua ability matter far more than schooling.  Since
these two reports, this important debate has continued apace and there has certainly been a
huge amount of research effort in this fidd. However, the results ill gopear to be
ambiguous (Hanushek, 1986, 1996). This section highlights the reasons why this might be
0.

There ae three primary methodologicad problems associated with the Coleman and
Rutter et al reports, and indeed the bulk of empiricd investigation in this literature. Fird,
there is a lack of an established ‘consensus theory from which appropriate models can be
congtructed. Secondly, the research that has been underteken suffers from a number of
technical/empiricd problems.  Laglly, agan from an empiricd perspective, poor data is a
recurrent theme in this literature. These problems cannot be easly separated. Therefore a
pragmatic view is taken which amply highlights how these difficulties rdae to the empiricad

2 A full list of the techniques that have been used in this field is contained in Mayston and Jesson (1999, p.20).
We do not explicitly consider the more accounting based methods or those techniques that do not allow fully
conditional relationshipsto be modelled, e.g. ratio analysis.

3 Much of theinfluential literature in this field comes from the United States.

2



findings. Hence this section discusses two quite different methodologica gpproaches in turn,
garting with regresson modeds (Ordinary Least Square (OLS) and related variants), followed
by frontier estimation modds (including Daa Enveopment Andyss (DEA). Each method's
particular empiricd and conceptud problems are described in some detail but it is important
to note that many of the data related issues discussed initidly in the context of regresson
models apply equaly to frontier estimation models. To avoid repetition however, such issues
are only discussed once.

To provide some background for the reader this review first consders some theory.
Much of the empiricd literature is based, explicitly or implicitly, on the theoretica concept of
an educationd production function. Using terminology from Cooper and Cohn (1997), an
educationa production set can be described by the following equation

F(y.X) £C (1.1)

where y is a vector of educationd outputs, and x a vector of inputs. C is a postive scdar,
while F represents the educationd technology which tranforms x into y. Equation (1.1)
describes the combinations of inputs and outputs that are technicaly possble i.e. the
production sst. The maximum level of outputs for a given levd of inputs is cdled the
educationd production function or frontier and represents the st of technicdly efficient
solutions.

The production function approach operates by assuming that a variety of inputs (such
as family background, educationd resources and initid abilities of the child) are transformed
by the school into a range of outputs, such as standardised test scores and examination
results.  Within this broad framework, there are two main methods of empiricadly estimating
such relationships.  The fird is to utilise regresson techniques. These tend to be parametric
methods® used to estimate ‘average statistical behaviour' (Cooper and Cohn, 1997; Mayston
and Jesson, DfEE, 1999). Regresson andysis has been used to ascertain whether schools
with higher resource levels dso have higher performance levels in reation to the average
peformance of dl schools These regresson modes generdly dso require the user to
goecify a paticular relationship between the chosen inputs and the outputs of interest
(Thanassoulis, 1993). The second main gpproach is frontier estimation.  Frontier estimation
can be ether parametric (stochastic frontier regressons which specify the functiond form of
the stochadtic production function) or non-parametric (Data Envelopment Analyss, DEA).
These gpproaches evaduate the performance of schools in relation to the production frontier.
The purpose of this gpproach is to identify those schools which have the best possble
outcomes, for a given levd of inputs, and which are therefore on the frontier of the
educational production set.

1.1 Regression models

This Section darts by congdering the most commonly used methodologicd approach, the
broad family of regresson models. In mogt regresson andyss, a sngle educaiond output
of interest is regressed againgt various explanatory varigbles or ‘inputs. The assumption is
that grester quantities of inputs will, via some usudly unspecified ‘black box’ educationd
technology, trandate into higher output. This is certainly the method most commonly used to
investigate the impact of school resources, such as expenditure, on learning outcomes.

The earliest dudies that used regresson models often lacked specific data on school
characterigtics, such as pupil-teacher ratios, and therefore only attempted to measure the totd
magnitude of any ‘schooling effect’.  This involved identifying the net effect on sudent

4 By parametric we mean requiring assumptions about the functional form of the mapping of outputs to inputs
and the error process for that formulation. Of course there are non-parametric regression methods that do not
impose such assumptions but, to our knowledge, these have not been used in the school resources literature.
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outcomes of attending a paticulaly ‘good” or ‘bad’ school. This was moddled by
incorporating a st of dummy variables to measure the separate effect of each school in a
sandard regresson of outcomes (such as standardised test scores, school completion rates,
truancy rates) on various explanatory background variables, such as family background.
Generdly, the results convincingly indicated that schools do make a difference.  For example,
Creemers and Reezigt (1996) concluded, based on UK and other Western hemisphere data,
that around 10-20% of the variance in student achievement is atributable to school factors.
Reynolds et al (1996) put the figure at nearer 812% and found primary school effects to be
larger than secondary school effects.

Yet when researchers progressed from identifying school effects to andysng the
effect of particular inputs, such as family background and educational expenditure, the results
were disgppointing. Using these regresson techniques, researchers have had great difficulty
in identifying which factors, particularly in terms of resources, make some schools more
effective than others. So wha have been the factors or inputs of greatest interest to
ressarchers?  As discussed a length below, empiricdl work in this fild needs clearer
guidance as to the inputs and outputs of theoretical importance. In practice, the outcome
variables of interest have generdly been standardised test scores, exam results and staying on
rates. As shown in the equation below, the pupils outcomes (Ojs) are regressed against
vaious school qudity vaiables S (that are generdly measured a the school or school
digrict/Local Education Authority (LEA) leve), and a set of other background variables (XX;).
Formdly,

0 =1(S,.X,) (12)

The most commonly used proxies for school qudity ae the pupil-teacher ratio and
expenditure per pupil. Other possble indicators of school qudity include school size and
type of school, e.g. private or grammar. Although, as has dready been sated, much of the
empirica literature does not gpped to an edtablished theoreticd base for such modds, the
generd hypothesis is tha grester school resources will have a podtive effect on pupils
learning outcomes®. In this context, the regresson methodology has a number of theoretica
and empirica problems, which are discussed below in gpproximate order of importance.

1.1.1 The possible endogeneity of school quality?

The most serious problem in the literature as a whole is the potentid endogenety of
educationd qudity. Certainly parents who send their children to private schools can choose
the qudity of tha schooling. Even parents who send ther children to dtate maintained
schools may be able to get their children into a ‘better’ school, for example by huying a house
in a better neighbourhood. If this occurs, school qudity will be postively corrdated with the
wedth and socid advantage of children’s families.  If wedth and socid advantage impact on
dudents learning irrespective of school qudity, then some of the apparent gan from
additiona school qudity will infact bea‘return’ to pupils socio-economic background.

The literature has aso identified another endogeneity problem that is likely to cause a
bias in the oppodte direction.  Some school funding sysems operate compensatory
resourcing arrangements, whereby greater resources are alocated to poorer areas or schools
or applied to weeker students. The am of such funding is generdly to compensate for the
effects of disadvantage on peformance. In making this connection between likey
performance and funding leves, a rdationship is created which will, to some extent, mask the

® Thisissue applies equally to research that has used other estimation methods such as DEA.
® In fact the general endogeneity problem applies to the literature as a whole, including research that has used
other estimation methods.
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andysis of the relationship between school inputs and pupil atanments (Burtless, 1996). If
the link between socio-economic characteridics and funding is not fully controlled for, a
mode of atanment will tend to generate a Spurious negative corrdation between school
resources and achievement. The system of educational funding in the UK includes such a
compensatory measure.  In particular, the national funding system alocates resources to local
education authorities on the basis of pupil numbers in various age bands, weighted by factors
to reflect socid need in the authority and dso, in some cases, higher cost indices. LEAs own
school funding formulae then pass these funds to schools in ways which reflect need in
varying degrees. Schools themsdves are then free to alocate resources to students, for
example by differentid teaching group szes. Indeed Goldstein and Blatchford (1998) argue
that, with respect to endogeneity in UK observationd dudies, the relationship between class
sgze and pupil vaue added atainment is affected by schools placing lower ataining children
in amdler classes and deploying better teachers in larger classes. As a reault it is likdy that
researchers will find spurious pogdtive and dgnificant relationships between class sze and
OutCcomes.

The endogeneity problem is a the root of a number of theoreticd and empiricd
critiques of the findings in this fidd €.g. Mayston, 1996). For example, Mayston taks of the
need to modd the demand sde of the educational market, i.e. the behaviour of LEAS and
schools.  He argues that most educationa production function models focus exclusvely on
the supply sde, i.e. the smple link between inputs and outputs, and he shows that the level of
resources experienced by a child will be endogenoudy determined if schools undertake
optimisng behaviour. To illudrate, assume that a school is given a fixed budget. Assume
dso tha the school knows that the same level of resource inputs has a very different effect on
a child's atanment, depending on the socio-economic background and prior atainment of
the child. The school will therefore dlocate ther fixed amount of resources among ther
gudents, taking this fact into account. In other words, the school will systematicaly alocate
resources to each child, such that the learning output of the whole school is maximised. This
is redly a re-gatement of the classc endogeneity problem that is associated with single
equation regresson models. This criticism suggests that, contrary to Hanushek’s concluson
(1996) that school resources do not impact greatly on pupil outcomes because schools are
inefficient, resources do not appear to impact on outcomes because schools are efficiently
optimisng their use of these scarce resources. There are a number of possible empirica
solutions to this problem that are examined below.

1.1.1a Vaue-added modds

One way of overcoming some of these endogeneity issues, and isolating the effect of school
quality, is by esimating ‘vaue-added models’ which dlow for the pupil’s initid ability and
socio-economic  background, their school’s socio-economic  composition (for example the
percentage of sudents eigible for free school meds), the gender of the pupil and ther
ethnicity. Why may these improve upon the basc regresson gpproach? It is clear that an
individud’s initid ability and atainment prior to dating a that school ae obvioudy
important as they dlow for the fact that some children are intringcaly more able than others,
some have dready had better schooling than their peers, and some have experienced greater
parentd inputs before sarting a a paticular school. In other words, the inclusion of these
vaiables effectivdy ‘leves the playing fidd' a time of school entry. Clealy the impact of
the child's subsequent schooling must be measured separatdly from these other factors. To
dlow for this the vaue-added method adopts one of two approaches. Fird, it uses a
dependent variable measured as the change in a student’s test results over a particular period
of schooling. Second it includes the child's initid test results (prior to Starting at the school

" A value-added approach can also be used with frontier estimation techniques. See next section for a fuller
discussion.
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or a the beginning of a particular educationa intervention) as an explanatory variable on the
right hand side of equation (1.1).

The vdue-added method is cetanly a vast improvement on sngle eguation
educational production function models that do not even teke into account the child's
attainment on entering school. Indeed, it is now well established that if teachers, schools or
LEAs are to be rewarded (or held accountable) for their performance, the use of a vaue-
added approach is essentid. However, vaue-added andyss is not in itsdf sufficent to
overcome the endogeneity problem. Even dlowing for the child's initid atanment, it may
dill be the case that the effect of the resourcing that the child actudly experiences is
sysdematicdly rdated to ther family background and prior attanment, and tha most vaue-
added models are not constructed to ded with this problem.

1.1.1b Simultaneous equation models or ingrumenta variables (1V)

A limited amount of research has attempted to tackle the endogeneity problem by using
smultaneous equation models that explicitly modd the resource dlocation between students
and between schools (see Mayston, 1996) for a summary and Mayston and Jesson (DfEE,
1999). In the UK context, if such models are to be developed, a better understanding of the
resource alocation process within schools and LEAS is needed. Researchers need to identify
and modd the determinants of school resources per pupil, as a firg sage in a full sructurd
modd of the effects of school inputs on learning outcomes,

In the smultaneous equations approach the sructurd relaionships are made explicit
and form a sysem of equations that permit the untangling of the <tructurd associations
between multiple inputs and multiple outputs.  In particular, if properly specified, the
smultaneous equations gpproach can enable researchers to identify both the impact of the
vaious factors that influence the leved and mix of educationd resourcing a child receives
(e.g. through the Standard Spending Assessment, school funding formula and different class
dlocation methods), and the effect of these resource levels and mix on educationd outcomes.
The main drawback of this approach is the identification problem. To solve the equation
gsysem, the researcher mugt find a factor which influences the amount of resourcing a child
receives without aso influencing that child's educationd performance directly. Furthermore,
the more equations there are in the system (as would be the case if the researcher was
atempting to modd multiple inputs and outputs), the more identification restrictions one
requires and therefore the more difficult the identification problem isto solve.

Probably a more practicd gpproach than usng a smultaneous equations mode is to
find an ingrument (or ingruments) for the potentialy endogenous school —resources
vaiadble(s), raher than specifying the full st of eguaions complete with feedback
mechanisms between different dependent variables. Of course this is the same thing as the
identification issue discussed above, as a variable needs to be found that exerts no direct
influence on outputs and only works indirectly through its role as a predictor of resources.
Conceptudly and theoreticdly this is difficult. However, the Indrumentd Vaidbles (IV)
method provides perhaps the most fruitful prospect for good quaity research in this fied.
Indeed, exidting results from IV edimation ae encouraging.  Specificdly a number of
influential  papers tha have used IV have found pogtive effects from school  inputs
(Akerhidm, 1995; Angrist and Lavy, 1999; Figlio, 1997). However, it is not universdly the
case that good qudlity sudies that use IV find pogtive effects from school inputs (Hoxby,
1998). There are ds0 anumber of difficultieswith the IV gpproach.

IV methods, like smultaneous equation models, have the problem of identifying
factors (i.e. ingruments) which influence the alocation of school resources among students
but which do not in themsdves influence learning outcomes. Certanly ressarchers have
come up with a number of innovetive ways of identifying natura random variation in school
inputs.  For example, Figlio (19978 uses the tax revenue raisng limits that have periodicaly
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been imposad in certain US states (akin to the capping of locd councils in the UK) to identify
‘random’ changes in educationa expenditure.  Hoxby (1998) uses naturd changes in
population (birth rate) and externdly imposed dass Sze limits to identify random variation in
class 9ze. In other words, sudden increases (decreases) in the hirth rate, combined with legd
limits on class d9ze, mean that pat of the variation in class 9zes in a given year is due to
these external factors, rather than the characterigics of the children in these dasses.  This
exogenous variation can then be used to identify the effect of class sze on outcomes. The
search for gppropriate instrumental variables, and the development of theory to siggest these,
is clearly an avenue for future research.

A further problem with usng IV modds is tha they can only identify the effect of a
change in school inputs for a particular sub-set of the pupil population where there has been a
vaidion in school inputs. For example, unexpected changes in the birth rate/population are
likey to have a bigger random impact on class Szes in smdler schools and school digtricts,
where adminigtrators cannot smooth out the effect of sudden changes in enrolments. These
smal schools and didricts are not representative of al schools and didricts o the results
from gtudies which use this type of instrument must be interpreted with grest care and the
teding of the datigicd vdidity of ingruments is essentid (Bound et al, 1995). Equdly
dudies that have used rules about maximum class Sze as indruments are actualy messuring
the effect of random change in class szes around the maximum possible class size (40 in the
cae of Angrist and Lavy, 1999). It is qute possble that changes in class Sze from 40 to 41
may have a dgnificant effect, even if changes in cdass sze from 30 to 31 (the range more
relevant to the UK) do not. Furthermore, particular students may be clustered in the classes
most affected by class Sze rules. If the characteridtics of the target population (children in
clases affected by cdass dze rules a the margin) are not representative of the tota
population, results may be biased.

1.1.1c Randomised experiments

One virtudly guaranteed way to overcome the endogeneity issue is to use randomised or
experimentd data, of the kind employed by Krueger (1999). The “STAR’ cdass dze
experiment in the US exemplifies the use of experiments in socid science, and in education
goecificdly. The advantages of this methodology are clear. With a carefully constructed
experiment, the potentid for endogenety is limited (athough probably not atogether
eiminated). In an ided world dl educationa interventions might be subject to randomised
trids prior to ther introduction.

However, there are a few disadvantages associated with random experiments. From a
practicd point of view they are costly and may raise ethicd issues. For example, parents may
fee they do not want their children to be subjected to ‘experimentation’. Hoxby (1998) aso
argues that there are 4ill a few methodologica problems with random experiments. Random
experiments tend to be extremdy rare and therefore their results are cited often in the
literature and extragpolated to other, sometimes very different, inditutionad settings.  For
example, the results from the US class Sze experiment can only be gpplied to the UK with
great caution, given the inditutiond differences between the two education systems.

The most serious criticism of random experiments is that the individuds (students,
parents, and school gaff) involved in the experiment are generdly aware of it. This may lead
to “Hawthorne” effects, whereby students perform better just because they are the sibject of
an experiment, rather than due to the educationd intervention itsdf. In paticular, as the
experiment may lead to a paticular policy recommendation (smdler clases) dl involved
have an incentive for the expeiment to ‘work’.  Equaly individuds involved in the
experiment may tend to subvert the random nature of the experimental design (Hoxby, 1998).
For example, parents may lobby for ther children to be put in the smaler classes. Teachers
may put certain students, who they fed would benefit mog, in the samdler dasses. All this is
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redly to sy that even random experiments may not totdly eiminate the endogenety
problem. Efforts to find naturd random variation in school inputs (to be used as instruments)
may therefore be, not only more feasible, but aso advantageous from a methodologica point
of view.

1.1.2 The problem of modd specification

As has dready been emphasised, one of the difficulties in this fidd of research is the lack of
an edablished theoreticd modd of how school resources might impact on educationd
outcomes®. For example, Blatchford and Mortimore (1994) stress the importance of clearly
gpecifying a modd, derived from teaching and learning processes, to explain the reationship
between class sze and performance. Such models would tend to stress the importance of
educational processes, as well as inputs. Generdly however, a ‘black box’ approach is taken,
whereby ‘resources ae smply applied to a pupil, school or school digtrict and it is
hypothesised tha this will in itsdf generate better learning outcomes. Certanly in dudies
which focus on the impact of school resourcing, the processes and resource mix needed to
ensure that additiond inputs result in better outcomes are generdly ignored. There are
however, a number of researchers whose theoreticd models may provide guidance as to the
correct specification for empiricd modds (Carroll, 1963; Walberg, 1984; Creemers, 1994;
Reezigt et al, 1999). Most of these models attempt to answer important theoretica questions
in this fidd such as  wha ae the important factors that influence learning outcomes, what
are the important inter-relationships, what factors are important a what level, i.e. a the pupil,
classsoom and school levels, what are the important cross level interactions? Yet despite this
work, much of the empirica literature has not referenced such modes, so that a coherent
body of empirica evidence, that may be systematicaly tested, has not been built up.

To illugrate this point, consder Carroll’s mode of student learning (Carroll, 1963).
This model, on which many later models (Creemers, 1994); Scheerens, 1997) were based,
hypothesses that a sudent's learning rate depends on five factors, “gptitude, ability to
understand instruction, perseverance, opportunity and the qudity of ingruction” (Creemers,
Scheerens and Reynolds in Teddlie and Reynolds (2000, chapter 11, p2). Furthermore,
Carroll (1963) suggests that time, in terms of the time-spent learning and the time needed Ly
a paticular sudent to learn, are crucidly important determinants of achievement. The five
factors identified by Creemers (1994) can be broken down into pupil factors (aptitudes etc.)
and classoom or school leve factors (for example, qudity of ingruction). Although this is
jus a smple illugration, it shows how a theoreticd modd can inform empiricad research in
thisfied.

Cetanly, as a result of the lack of a theoreticd bads for much of the empirica work
in this fidd, the problem of omitted variable bias is pervasve. For ingance, much school
quaity research implicitly assumes that expenditure per pupil, the pupil-teacher ratio and
certain measures of teacher qudity are adequate proxies for the quality of a school or school
system. Y, as the mixed evidence from both the UK and US suggests, education is a highly
complex process. There may be a multitude of important factors that are generally omitted
from sudies of school qudity, possbly biasng the estimated effects of the resource measures
that are included. For example, omitting measures of the time parents spend with the child
may bias results, as will including varigbles that may be inappropriate and collinear with the
school inputs of interest. Dewey et al (2000), for example, provide some indicaion that
dudies tha include family income or socio-economic background, instead of parentd time
inputs, are less likey to find pogdtive effects from school inputs.  The suggedtion is that
family income is actudly a poor messure of parentd inputs and, since it is corrdated with
school inputs, may cause a downward bias on the school input variables. Indeed, Hanushek

8 This problem is also acute for research that uses other estimation techniques such as DEA.
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(1986) makes the more generd point that the educationd inputs used in empiricad work tend
to reflect data availdbility, rather than any particular theory about the determinants of school
quality.

It is dso true that even if researchers base their work on a theoretical model and aso
have access to good quality data on school resourcing levels, data sets often &ck adequate
measures of family background, peer effects and community environment. It is widdy
believed that these factors may be as important as the school environment (Coleman et al,
1966; Haveman and Wolfe, 1995; Gregg and Machin, 1999). If this is so, and if the omitted
variables are corrdated with the measures of school qudity used, then the coefficients on the
school qudlity varidbles will be biased (Altonji and Dunn, 1996 and Behrman et al, 1996).
The solution to the generd problem of omitted variable bias is to make better recourse to the
theoreticad modelsin the field and, where possible, to use richer data.

1.1.2a Multilevel models and data aggregation

Continuing with the theme of modd specification issues, Goldgtein (1987, 1995) has argued
that there are datisticd problems associated with moddling pupil outcomes and not dlowing
for the hierarchicd nature of the data, i.e. the clustering of students in classrooms, classes
within schools and schools within LEAs.  Intuitivdly, the problem is tha some of the
difference in pupil peformance may be atributeble to factors linked to the child (family
background) and yet some of the difference may be due primarily to the class or school the
dudent atends. Hence, dl the children in the same classschool will therefore share a
postive (or negative) effect from being in tha dass'school. This dasyschool effect may in
turn be linked to good/bad management or equaly to higher class/school resourcing levels.
However, ignoring the ‘class or school effect’ in datistical esimation will leed to bias. To
mode this cdudering, a variance components or multilevd mode is needed. Assume tha
there are just two ‘levels in the data, the pupil levd and the school levd. The achievement
of dudent i at school s (Ois), isgiven by

Ois =a +y s +y is (13)

where the varidion in pupilsS outcomes depends on the variaion between schools, Rs, and
ds0 on the variation between individuds Ris and where a is a congtant term.  The second
dage of the andyss then adlows the researcher to explain the variaion between schools that
is linked to school resourcing or other factors, as well as the variaion between pupils that is
related to resource inputs and other factors. So for example, the school pupil-teacher ratio
might be used to explain the variation between schools, whilst the pupil’s family background
and their actud class sze could be used to explain the variation between individuals.

The complexities of multi-levd moddling, and a more in-depth discusson of the
datistical properties of such modes, can be found in Goldstein (1987, 1995). However, it is
important to dress that the prime advantage of the multi-level modeling gpproach is that it
recognises the inherently hierarchical dructure of an education sysem.  This endbles
researchers to comment on the factors influencing performance a the different levels within
the education sysem. Generdly results show that multi-level models and OLS modds yied
gmilar results when there is only a low corrdation between pupil outcomes within classes,
schools or LEAS, i.e. there is low intra-unit corrdation. It can be shown that in a two leve
modd (e.g. pupil and school), with just one explanatory variable, as the intra-unit corrdation
increases, the OLS edimator will increesingly underestimate the true standard error.  This
will tend to lead to fdse rgections of the null hypothess that the coefficient on the

® These random components have an expected value of zero, are assumed to be uncorrelated and have variances
F2sand F2s respectively.
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explanatory variable is equa to zero. Hence not taking into account the hierarchical structure
of the data in this instance may cause researchers to find a podtive reationship between the
explanatory factor and pupil outcomes, where none redlly exigts.

There is dso condderable evidence that a lot of the research in this fidd is affected by
the closdly related problem of ‘aggregation bias (Summers and Wolfe, 1977; Betts, 1995;
Hanushek et al, 1996; Heckman et al, 1996a; Grogger, 1996). Although idedly researchers
need to know the actuad school resourcing experienced by the child, they have often had to
rely on very aggregated measures of school quality, e.g. dae leve data in the US, which has
led to biased estimates'®. Hanushek’s surveys (1996 and 1997a) show that studies that use
aggregated data are more likely to show a ggnificant relationship between school qudity and
outcomes. For example, of the 77 estimates that measure the impact of pupil-teacher ratios
usng cdassoom leve data, only 12% found that lower pupil-teacher ratios were associated
with better student outcomes. On the other hand, of the 11 estimates that use aggregated state
level data, 64% suggested that lower pupil-teacher ratios would have a podtive effect on
outcomes. The reason for this so cdled aggregation bias is that as the levd of data
aggregation increases, s0 too does the effect of bias from omitted variables. As has been
discussed, many dudies necessaily omit key variddles, such as those measuring the
community environment (Hanushek et al, 1996), which generates biased results  Although
when many relevant varigbles are omitted the direction of the bias is difficult to predict, the
seriousness of the problem is increased because ... as data are aggregated to the level of the
omitted varidble (e.g. state average data are used when dae leve factors are left out), any
bias must worsen.”” (Hanushek et al, 1996, p.88).

In summary, an ided research programme in this fidd would take account of
clugering within dasses, schools and LEAs by usng a multi-level approach - or other
aopropriate econometric methods that dlow for higher level effects - and would dso use
pupil level data on the outcomes of interest™?.

1.1.2b Functiond form

Another issue relating to modd specification arises because the regresson models applied in
mos dudies assume a linear (or log linear) functiond form.  This linearity assumption
implies that the effect of an additiond unit of school inputs is the same both a very low and
a vey high initid levds of school inputs  Ye this linear functiond form has been
datigticaly rgected by the data in some ingtances (Figlio, 1999), suggedting it is overly
redrictive because it fals to dlow for nontlinear effects. Indeed, Figlio (1999), usng a
trandog functiond form, and Eide ad Showdter (1999), usng quantile regresson
techniques, found evidence of nontlinearity. It is difficult to determine whether functiond
form is a mgor issue, in terms of the wider empiricd findings in the literature.  Figlio (1999)
for example, rgects the assumption of linearity in the effects of school inputs but equaly
finds that any pogtive effects from school inputs are gill very smdl. However, high qudity
ressarch in the future would clearly benefit from more rigorous datisica testing of the
functiond forms used.

19 | ndeed some researchers have attempted to overcome the potential endogeneity of school quality by looking
at differences in educational resources and outcomes at a more aggregated level, i.e. across school districts,
LEAs or states. This method may avoid the endogeneity issue if one makes the assumption that school quality
may be endogenous to the individual but not for the state as a whole. In other words, whilst more privileged
children may get better quality schooling within a state, it is assumed that richer states will not necessarily have
better quality school systems. However, this assumption seems doubtful and, given the problem of aggregated
data bias, pupil level dataiswidely seen asfar superior for thiskind of analysis.

1 Although in terms of the explanatory variables, class, school and LEA -level data would be needed to
supplement the pupil level data.
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1.1.3 Interactions

Another way to attempt to overcome some of these endogenety difficulties, in conjunction
with the value added approach, is to estimae more saturated modeds, specificaly using the
‘proxy method (Dearden et al, 1997) of controlling fully for factors that might influence the
resourcing level experienced by a child. This approach is like the vaue-added approach,
which tries to ‘level the playing fidd at time of school entry. It dso Stresses that researchers
need to teke into account important interactions between the school inputs and other
vaiables. Cetanly much of the empiricd work in this fidld has assumed tha school
resources have the same effect on learning outcomes for dl students, regardiess of the family
background or initid &bility of the pupil. Yet Sudies that have examined the impact of
school resources fals to take account of differing levels of ability or of differing socio-
economic background have often found some sgnificant results (Dearden et al, 1997; Figlio,
1999, and Wright et al, 1997). Further work needs to build on this approach to answer many
more complex quesions such as, do smdler class Szes benefit lower or higher ability
children?

Once agan it should be noted that clear theoreticd guidance as to the possble
interactions between different inputs is sorely lacking. Production function theory provides a
useful framework, but further work is needed to develop and test educationa theories'® that
might point to important interactions between resources and other inputs. For example, how
does pupil aptitude interact with the qudity of indruction to impact on outcomes (Carall,
1963). Such theories, and the implied interactions between the various inputs, might then be
sysematicdly teted on different data sats.  Only then will more definitive answers in this
field be attainable,

1.1.4 Dirty dataand errors in measurement™3

Errors in measurement of the school qudity variables may bias results downward (Behrman
and Birdsdl, 1983). If the variables are measured with error, then the coefficients may in fact
underestimate the true effect of school resources on outcomes. Hanushek et al (1996)
suggests that data aggregetion under these circumstances may be helpful and reduce the bias
from erors in measurement. However, the fact that measurement error will tend to bias
edimates of the effect of school inputs downwards reinforces the message that good quality
data are essentidl.

1.1.5 Cohort issues

There may aso be a cohort issue (Bound and Loeb, 1996). As the quantity of resources put
into education has increased, the gain in learning due to these resources may have fdlen.
Hence a postive relaionship between school inputs and outputs may only be observed for
earlier cohorts (born prior to the 1950s). Indeed Hanushek (1997a) and others have
suggedted that if there is a podtive but diminishing ‘return’ to school qudity messures, this
may mean tha the large increases in school resourcing over this century have ensured that we
are on the flat pesk of the education production function. Thus further increases in school
resourcing would be unlikedy to have a podtive impact on outcomes. Research from
developing countries, where educational expenditure per pupil is condderably lower, may
shed light on thisissue.

13 See Reezigt et al., (1999) for asummary.
13 Obviously these data problems apply to the frontier estimation techniques discussed below.
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1.2 Educationd production frontier models

Having highlighted some generd problems that rdate to this literature as a whole
(endogeneity issues, dirty data etc.), and some limitations that pertan gpecficdly to
regresson modds, the discusson now moves on to frontier modds. As has dready been
mentioned, frontier models do not avoid many of the problems discussed in Section 1.1,
paticularly those reating to the lack of theoreticd models and the need for good qudity data
However no attempt is made to repesat the arguments made above in this section.

In fact the digtinction between the regresson method and frontier models is somewhat
mideading. There ae a number of different ways of estimating the educationd production
frontier, including parametric techniques (tochastic frontier regresson) and non-parametric
methods (Data Envedopment Andysis)**.  Vaious studies have compared the different
frontier methodologies and some have found that the different methods yidd smilar results.
Some have argued that frontier methods can be consdered superior to standard OLS
regresson in this context (Ganley and Cubbin, 1992). This report takes a more critical view,
highlighting both the advantages and disadvantages of frontier techniques.

The frontier gpproach tries to identify the peformance of individud schools in
relation to the educational production frontier, represented by equation (1.4):

F(x,y) =C (1.4

wherey isavector of educationd outputs, and x avector of inputs. Cisaconstant.

At firg glance, frontier methods have a number of dedrable features  Firds, by
defining a technicdly efficent school (or st of schools) they may identify best practice
behaviour (i.e. schools on the frontier). If measured accuratdly, this may be more useful to
policy-mekers than identifying differences from the mean, as in the Standard regresson
gpproach.  Furthermore, the frontier approach, by emphasising best practice, should avoid
expectations being determined by average, rather than bedt, performance.  The other
atractive feature of frontier methods is tha, by and large, the unit of observation is the
school.  Specificdly, since frontier methods focus on the relative performance of schools,
they are useful in providing estimates, which may be used to hold schools accountable for
their performance and to ensure that they provide good vaue for money.

Gragphicaly, the difference between the dochastic frontie/DEA techniques and
regresson andysis is depicted in Figure 1, in the case where there is a sngle output and
input, and congtant returns to scae is assumed. The segment RR' is a fitted line through the
data points, as determined by regresson andyss, while the digance from the efficient
boundary (OA) is a measure of efficiency, as determined by DEA techniques. For example
School A, which is located on the boundary is concelved as the mogt efficient school, while
Schoal Z, which isfarthest from OA isthe leest efficient schoal.

14 More of this section is dedicated to the latter since only a small number of studies have used stochastic
frontier regression.
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Figure 1: Regresson anadyss and stochastic frontier/DEA
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Having briefly condgdered the overdl advantages of such methods, the drawbacks of
each frontier edimation method ae discussed separatdy, dating with stochastic  frontier
regression.

1.2.1 Stochastic frontier regresson

A good example of the use of stochadtic frontier regression is found in Cooper and Cohn
(1997). Like dl dngle equation regresson modds, they have to assume just one output )
but, unlike standard models, decompose the eror term (€ into two components {; and u;).
Algebracdly,

y=F(x,b)+e (1.5)
where
€ =U; +u, (1.5.2)

Once again y and x are vectors of outputs and inputs respectively, and 3 is a vector of
parameter edimates.  Intuitively, v; captures the dochastic noise term, which dlows the
frontier to shift between different schools for externa reasons, thus yiedding a stochastic
frontier, while u; is a non-pogtive eror term that measures the technica inefficiency of the
school, i.e. the digance from the frontier. In this specification, it is theoreticaly impossble
for schools to perform above the educationd production frontier, and hence u; must be a nor+
postive term. Econometrically, Cooper and Cohn (1997) edtimate a stochastic frontier by
including the parameter ?, and estimate the equation using log likelihood. ?isgiven by

S
S

u (1.6)

\
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The larger ?, the more dominant the inefficiency error term (s ), as compared to the noise

error term.

An advantage of this form of frontier estimation is that it gives eedly interpretable
results, in the same way as the standard regresson gpproach. Hence the frontier estimation
results in Cooper and Cohn (1997) are contrasted with standard OLS results. The other
advantage is that it is possble to test the datisticad dgnificance of the parameter vaues of
vaious explanatory variables, which is obvioudy important in determining relaions between
the rdevat vaiaddles for example, whether cdass dze dgnificantly affects outcomes.
However, because of the way in which it sets up a parametric production function and merely
makes different assumptions about the error process, the frontier production approach aso
shares the problems associated with standard regresson models.  In paticular, redrictive
assumptions about the functiona form of the modd and the eror tems are needed
(Ruggiero, 1996). Perhaps asimportantly, the method does not easily alow multiple outputs.

1.2.2 Daaenvelopment andyss

Data Enveopment Andyss has been used more extendvely than sochadtic frontier
etimaion in the educaion fidd® It is a nonparameric method of esimating the
educationd production frontier. The unit of andyds in DEA models tends to be schools or
school didricts.  In smple terms, DEA edtimates the performance of schools, reative to the
educationa production frontier, by identifying those schools on the frontier. The schools on
the frontier are the ones that minimise their use of inputs for a given levd of output, or
conversdly maximise ther output for a given leve of inputs Hence DEA singles out the
‘efficient’ schools operating on the frontier and then measures how far dl the other schools
are from that frontier.

A mahematica representation of the optimisation problem based on the Kirjavainen
and Loikkanen (1998) dudy, is as follows. Assume tha there are n schools.  School |
produces the amount y; of output r, using amount x; of input i. Assume that both the inputs
used and the outputs produced by each school are non-negative and that each school uses a
least one input to produce one output. Assume the input weights are given by v; (i=1..m) and
output weights by u, (r=1..s). In this Smple case, the objective is to maximise the sum of the
weighted outputs of school O, subject to the sum of its weighted inputs being equa to 1.
Thus,

5

max W, = é Ur Yro (17)
r=1
stg Vix, =1 (1.7.1)
i=1

The optimisation problem is subject to the condraint that the sum of the weighted outputs of
al the schools minus the weighted inputs of dl the schoals is less than or equd to zero, such
that all schools are operating on or below the production frontier.

5 5
0 o]
auy,;-aVvX; £0
r=1 : i=1 : (18)

j=1l.n:r=1l.s:i=1l.m:u,,v, 3 e

15 For an example of the early use of DEA and a comparison with standard regression techniques see
Thanassoulis (1993).
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This formulation dlows each school to have its own weghts, in terms of its inputs and
outputs, and yields an efficiency score for school 0 of between 0 and 1*°.

DEA therefore provides an efficiency score or index, sometimes cdled a Fardl
efidency index, for each school. Note that (1) the technique, by definition uses data
aggregated to the level of the decisonrmaking unit (generdly the school or school didrict),
and (2) the choice of inputs has varied from study to study, dthough some researchers have
included measures of dudent intake, including socio-economic status, school characteridtics,
such as school sSze, school inputs, such as expenditure per pupil, and teacher inputs and
characteristics, such as teacher education.

DEA andyss itsdf may highlight effident and less efficient schools and dso give an
edimate of the efficency gans if dl schools were as efficient as the best performers in the
sample. However, policy-makers are dso interested in the effect of specific inputs, such as
expenditure, and DEA does not provide a quantitative estimate of the impact of any particular
input. Hence some dudies (Bradley et al, 1999; Kirjavainen and Loikkanen, 1998) aso
explore the determinants of school efficiency in a second stage regresson andyss.  In this
second stage the schools efficiency scores are regressed!’ against a number of factors that
might explan the vaidion in effidency between schools, e.g. the extent of compstition
between schools in the area, locad environment and, of course, school resources. These
second stage regressons can then provide evidence on the effect of specific inputs, in
conjunction with the DEA andyss which gives guidance on the rdative peformance of
schools.

The key advantage of the DEA method is that it can handle multiple inputs and
outputs, as well as a vaue-added formulation.*® Furthermore, the mode does not require the
researcher to have information on the price of any inputs. In a public sector context, and
paticularly in education, decisorrmaking units tend to generate multiple outputs and use
multiple unpriced inputs.  For indance, schools might produce both academic learning
(measured by exam results) and citizenship (measured by propensty to vote) or sociaised
behaviour (turning up on time to school). They dso use multiple inputs (tescher time and
teacher qudity), some of which are not easly priced. Furthermore, DEA is a non-parametric
method that does not require redrictive assumptions about the functiond form of the modd,
as is the case with the regresson techniques used in the literature. Also, as has dready been
discussed, DEA identifies best practice or beacon schools (Mayston and Jesson, DfEE, 1999).
Hence by edimating the rdaive efficiency of each school, it can help researchers answer
questions such as. what would be the tota gain in output if dl schools were operating on the
educationd production frontier?

There ae however a number of clear disadvantages with DEA. The fird is a
conceptua one.  The DEA technique provides researchers and policy-makers with a measure
of the relative efficiency of each school. However, this is merdy a measure of the
performance of that school relative to the best school in the data, rather than reative to any
objective standard of technicd efficiency. It is important that the results of DEA ae
therefore reported responsibly, without giving the impresson that DEA provides an
indication of the absolute efficiency of schools. It is adso true that noisy daa (i.e. that
contaminated by measurement error), or a lack of detailed enough input variables, may cause
misclassfication errors in the school reported to be most efficient. In this regard regresson
modelling of the average (or use of quantile regressons that pick out specific percentiles of

18 The particular formulation described here assumes constant returns to scale. |f variable returns to scale are
assumed, the optimisation problem is marginally more complex, and is not presented here (see Ganley and
Cubbin, 1992 and Kirjavainen and L oikkanen, 1998).

17 Normally using Tobit estimation to allow for the censoring problem.

18 By including students’ socio-economic status and prior ability either into the original DEA model or the
second (regression) stage of the analysis.

15



the didribution, but not the sngle highet vaue corresponding to maximum efficiency) may
well be preferable.

Furthermore, from a technical perspective, the non-parametric nature of the estimation
technique is dso a serious disadvantage. DEA does not allow researchers to make statements
about the datisticd ggnificance of the relaionship between certain inputs and outputs, e.g.
the effect of class 9ze. When the two-stage approach is adopted where technica efficiency
from the first stage is regressed on vaious characterigtics, the possible drawbacks of the
regresson approach re-emerge. Moreover, there is a serious identification issue to do with
this two-stage approach, namely that characterigics used to explain redive efidency in the
second stage are not dlowed to enter the firs stage. In most cases this is an unredigtic
assumption to adopt.

Furthermore, Ruggiero (1996) suggests that, snce DEA is nonsochadtic, it is
partticularly sengtive to measurement error and variable sdection. The former issue is likey
to be a paticular problem in relation to the measurement of educationa expenditure. The
latter point about variadble sdection is even more important. Although DEA may not impose
a paticular functional form on the modd, it does require the researcher to choose the relevant
inputs, and to decide a which stage of the andlyss each input belongs (.e. in the DEA or the
second dtage regressons).  There is clear evidence that the results of any DEA andysis are
sengtive to the timing of indudon, given the inability to datidicdly tes the modd in the
initid stage and the lack of coherent theoretica guidance to inform the choice of inputs used.

A lagt technica problem is that there is some empirica evidence that suggests that the
results of DEA are sendtive to assumptions made about the returns to scde in education
production (Kirjavainen and Loikkanen, 1998)*°. As the DEA method is non-parametric,
there are no datidica tests avalable to test such assumptions, and hence it is crucid that
work in this area checks the robustness of the efficiency rankings generated by DEA to
assumptions made about returns to scde, and, in the light of comments about measurement
error, to outliersin the data

This section ends by noting that many of the methodological issues discussed above
relate to poor data. Mayston and Jesson (DfEE, 1999) have dready made a persuasive case
for a national database that would enable better links to be made between educatiord
resourcing and performance.  The methodological points raised here need to inform the find
decisions regarding the exact nature of any such database, as discussed in Section 4.

2. International Evidence

It has been three years since Hanushek’'s most recent survey of the US literature was
conducted, and to our knowledge, no published gtudies examining the wider internationa
evidence have been undertaken over this period. It is therefore timdy to re-evduate more
recent empirical contributions to gauge whether the wider body of recent internationa
research has obtained more pogtive results, and if so, which inputs have been shown to have
the greatest impacts on dudent achievement. There ae two further motivations for
examining contributions in the broader internationd literature.  First, much of the survey
work reviewed beow concentrates exclusvely on the US, whilst this review is primarily
concerned with obtaining ingghts into the impact of education inputs on student outcomes in
the UK. Given the condderably different inditutional sructures and input mixes between the
two countries, examining a wider range of internationd sudies provides a broader canvas
from which to draw inferences. Second, and more importantly in light of the review's
methodologica focus, the examindion of a wide range of high qudity work can illuminae
potentid research drategies for future gpplied work in the UK. This point is paticularly

19 Kirjavainen and Loikkanen find that there are significant changes in the magnitude of their estimates.
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relevant, given the wesk methodologica bass underlying many exiging UK studies (see
Section 3).

This section is sub-divided into four mgor pats. The firs pat describes the two
main methodological survey approaches used in evaduating input effects on student outcomes
- vote counting and meta-andyss - and the results obtained by these survey techniques. The
second section examines a set of ‘high qudity’ contributions to the literature, post-dating
Hanushek’'s most recent review. The ‘high qudity’ labd refers to papers that have been
published in key journas. Some working papers are aso included, but only those by world-
renowned researchers that have made a serious atempt to overcome the methodologica
shortcomings highlighted in Section 1?°.  The third part looks a the evauation of specific
policy interventions and the fina part discusses conclusions.

2.1 Reviewingthereviews

The mogt wel known surveys mapping educetion inputs to student achievement have been
conducted by Hanushek (1986, and his frequent reappraisals, 1989; 1996; 1997a). Not
aurprisngly the dark oft-cited concluson that "there is no drong systemdtic relationship
between school expenditures and student performance'® emphasised in Hanushek’s studies
has provided considerable controversy and has undoubtedly helped to fud an extensive tody
of subsequent research.

Hanushek’'s conclusons were ogtensibly based on what is described in the meta
andyss literature as vote counting:  where the numbers of postive and negative daidicaly
postive coefficients are summed and a didtribution obtained. Re-evduaing Hanushek's
origind work, Hedges, Laine and Greenwald (HLG: 1994) cdled into question the validity
of Hanushek’s results and survey methodology®?. The HLG critique is two pronged. First,
they point out there are more pogtive then negative results in Hanushek’s sample.  Indeed, if
the chance of being postive or negative were even, the odds of observing so many pogtive
edimates would be less then one in amillion.

The more subgtantive aspect of the critique uses meta-andyss techniques to formdly
evduae the reaionship between education inputs and sudent outcomes. HLG's results
provide srong support for a robudly postive relation between sudent achievement and
various inputs in the educationa process. In particular, they found expenditure per pupil to
be a robudly sgnificant factor and that the mean coefficient was sufficiently large to be of
practica importance®®. Of the other factors analysed, teacher experience was found to be the
most congdently sgnificant measured input.  Furthermore, pupil-teacher ratios and teacher
sdaies gave mixed but generdly sgnificant results (dthough those results differed from
grade to grade) while teachers education was ‘incorrectly’ sgned throughout.

Hedges et al’s citidsm of Hanushek's findings has recelved recent affirmation by
Dewey, Husted and Kenny (DHK: 2000). DHK use a more recent sample than that
conddered by ether Hanushek (1986) or HLG (1994), including 33 papers and 127
regressions®®.  DHK argue that the incdusion of income, because it is a demand-side factor,

20 Relevant papers were obtained from three sources; the National Bureau of Economic Research Working
Paper, the Princeton Industrial Relations Section Working Papers, and the IMF Working Paper series, although
other working papers series were considered.

2L Theinitial statement being found in Hanushek (1986, p.1162).

22 A more recent update of this work is Greenwald, Hedges and Laine (1996). Their conclusion from this later
meta-analysis was that “...school resources are systematically related to student achievement and that these
relations are large enough to be educationally important.” (Greenwald et al, 1996, p.385).

2 gpecifically, the coefficent value of 0.014 suggested that an increase in expenditure per pupil of US$500
would be associated with a0.7 standard deviation increase in a student’ s outcome.

24 While the sample of papers is greater then those examined by Hanushek (1986) — DHK include 28 of the 33
papers examined by Hanushek (1986) and 18 additional papers - it is considerably smaller than that used in
Hanushek’s most recent review (Hanushek, 1997a) which includes 90 publications. The most recent paper
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leads to inappropriate specifications, and that this is an important factor driving the lack of
rdationship in previous work?®. To test this hypothess they sub-divide ther sample of
dudies into ‘good” and ‘bad’ estimates on the basis of two criteria.  Firgt, ‘good’ studies
include a variable to capture parental input secondly they exclude parenta income and other
measures of socio-economic status which DHK argue are a the root of the mis-specification
problem. Hence, those studies that exclude a parental input and include parentd income and
other socio-economic status measures are defined as ‘bad’ studies. Of the 127 dtudies in the
complete sample, only about a quarter of the estimates are defined as ‘good’ under DHK's
two selection criteria

Table 2.1 provides a summary of the findings of Hanushek (1986 and 1997) and DHK
(2000). DHK find that about 41% of the results of the ‘good’ studies are postive and
ggnificant, in contrast to the 15.4% and 19.7% in Hanushek (1986) and Hanushek (1997a)
respectively.  While the DHK sudy is informative, their comparison between ‘good’ and
‘bad” sudies does not universdly suggest that ‘good studies are more likedly to find a
postive relationship between inputs and outcomes. In particular, expenditure per pupil was
postivey dgnificant more often in ‘bad’ than in good dudies, and the results from pupil
teacher ratios are Smilar in both sub-samples.

A direct comparison between Hanushek’'s work and that of DHK is however
complicated by two factors. Firs, DHK include variables not smilaly classfied by
Hanushek, namdy ‘other teacher characteristics and ‘school sze'. Second, the two samples
differ subgtantively in the proportion of podtive and Sgnificant results evauated. This can
be seen by comparing the proportion of postive and sgnificant findings in the TOTAL row
of Table 2.1. This shows that the Hanushek (1986, 1997) samples contain roughly a half and
two-thirds respectively of the number of postive and sgnificant results, as compared to the
complete (ALL) DHK sample’®. To account for these differences the DHK andyss is
recalculated by excluding ‘other teacher characteristics and ‘school sz€, and comparing the
results between the ‘good” and ‘bad’ specification categories’’. The resulting recalculation
suggests that there is practicdly no difference between the results of misspecified ‘bad
gdudies and those of correctly specified ‘good” <udies, once factors excluded from
Hanushek's andyses are similaly exdluded from the DHK sample’®. In other words,
including parenta income does not seem to be the cause of the inggnificant and mixed
results that have been found in the literature.

included in the DHK analysis was published in 1996. It isunclear why the authors choose to link their study to
Hanushek’s earlier sample.

5 See Section 1.1.1 and Mayston (1996) for an indepth treatment of the identification problem that occurs where
educational inputs are endogenously determined by optimising behaviour on the part of schools where demand
and supply factors are not separated.

%6 With the exception of pupil-teacher ratio, DHK's sample also has a lower proportion of negative and
significant studies.

27 The results are calculated using DHK Table 1. A more direct check of the robustness of their results would be
to re-examine the Hanushek (1997a) sample using the DHK criteria.

28 The resulting difference may be partially reconciled by Hanushek’s finding that teacher test scores, which are
included in DKH’s ‘ Other teacher characteristics’ were found to be positively significant in 37% of the studies
he surveys (Hanushek, 1997a).
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Table 2.1: Vote count analysiss comparison between Hanushek (1986, 1997) and
Dewey, Husted, and Kenny (2000)

Percent with significantly positive coefficients®

Dewey, Husted and Kenny (2000)

Hanushek Hanushek All Good Bad
(1986) (1997)
Expenditure per pupil 13 27 51.2 385 56.6
Teacher per pupil 9 15 258 294 244
Teacher education 6 9 281 25.0 288
Teacher experience 3 29 453 52.0 415
Teacher salary 9 20 454 00.0 454
Other teacher characteristics 434 52.6 404
School size 229 381 113
TOTAL 154 19.7 30.2 411 275
TOTAL (excluding ‘school
size’ and ‘other teachers
characteristics)° 373 385 368

a Results are recalculated at the 5% significance level to facilitate comparison with Hanushek (1986 and 1997).
b Calculations are made using data contained in Dewey et al, Table 1.

There are a number of further areas of potentiad concern about the robustness of
DHK’s findings. First, DHK gppear to take no account of ‘aggregation bias and, Section
1.1.2.a showed aggregation bias has been consgtently identified as a factor sourioudy rasing
the proportion of postively significant input coefficients®.  In common with other survey
work, most of the methodologica difficulties associated with the undelying dudies
examined are not consdered by DHK®C. Yet vote counting andyses are generdly quite
sendtive to the studies that are included, and the modest number of ‘good’ relative to ‘bad
dudies in the DHK survey may exacerbate the seriousness of this problem.  This may be
illugrated by notiondly adding an additional postively dgnificant result to an input category.
For example, adding a single pogtively sgnificant result to ‘teacher experience reaults in an
8% rise in the proportion of pogtively sgnificant results (from 25% to 33%), while if this
e<erci§1e is repeated with the ‘bad’ sub-sample only a 2% increase result (from 17% to
19%)°".

The meta-andyss methodology applied in Dewey et al (2000), Hedges et al (1994)
and Greenwald, Hedges, and Laine (1996) has not been without its critics, foremost among
these being Hanushek. In their semind work, Hedges et al (1994) attempt to placate their
critics by assessng the potentid wesknesses of their data set, acknowledging and mitigating
obvious criticiams. It is indructive to review the points they raised, because (with the
exception of the fird) the criticisms goply to the underlying wesknesses of the dudies
surveyed and are therefore gpplicable to both the Hanushek and meta- andyses samples.

1. As Hanushek (1997, p.151) points out "combining test information is best motivated from
taking a series of independent laboratories dl providing results from a Imple common
experiment. However, the published estimates underlying surveys results are obtained

29 K ey references are contained in Section 1.

30 Hanushek (1997a) does partially address ‘quality’ issues by examining a sub-set of results using val ue-added
s?ecifi cations.

311t is not being suggested that the quality of papers underlying DHK research are better or worse in either the
‘good’ or ‘bad’ sub-samples, which would require are-assessment of those papers underlying their work. Nor is
it suggested that DHK' s point that mixing demand and supply factorsis analytically incorrect.
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from dudies which have used vey diffeeent moddling drategies and comparison is
problematic®?.

2. It is widdy held that “publication bias’ reduces the quantity of published work that
obtains dither insignificant results, andlor perverse (‘wrongly’ signed) findings®. Hedges
et al (1994, p.12) argue that there is no reason to expect that publishers prefer ‘ correctly’
dgned coefficients, though it is “difficult or impossble to completely rule out sdection
effects’. While it is certanly true tha proving the exisence and direction of “publication
bias’ is a difficult task, finding an empirica atice published in any journd that has no
ggnificant results is rae. Casud empiriciam would aso suggest that publication bias is
more likely to bias upwards the proportion of pogtively ggnificant results.  Publication
bias is a concern of both the meta-andysis and vote count approaches as both exclude
unpublished materid.

3. Given the extensve time period over which the papers included in most meta-andyss
and vote-count studies are taken (generaly over 30 years), it appears likely that the effect
of vaious inputs on dudent achievement, and their reative importance, may have
changed.

4. The find, and perhgos most compelling reason for scepticiam, is that like dl datidtica
andyses, the resulting findings are only as vdid as the underlying data Hence the
daidica ag%regation of work that is of a low methodologicd qudity is likdy to be
uninformative™*,

Taken together, these factors suggest that the ‘postive’ results of some meta-studies
can a best be taken as indicative, rather than conclusve. Raher than utilise either vote
counting or metaanalyss, this review takes the more traditiond agpproach of surveying a
sdection of individud studies, each of which has attempted to overcome some, but rardy dl,
of the methodologicd difficulties identified in Section 1. In doing so five of the mogt
commonly utilised input varidbles are examined, namdy: expenditure per pupil; dass sze or
pupil-teacher ratio; teacher's education, experience, and slaries™. In addition, an assessment
of the effects of asmdl sdection of policy interventionsiis included.

2.2 Review of the recent international literature by input

In this sub-section recent (post-1997) contributions to the internationa literature, by input,
are reviewed. For ease of reference two tables are presented for each input consdered. The
fird¢ table gives a basc summay of each peper, while the second highlights the
methodologica ‘soundness of each peper, againg the criteria given in Section 1. Selected

32 In HGL's defence they do attempt to address the problem by reassessing a sub-sample of results of
independent studies. However, the results obtained differ substantively with those obtained for the full sample.
Specifically, the coefficent values for per pupil expenditure fall by 29%, teacher experience by 57%, and the
coefficients on the pupil-per-teacher ratio and teacher salaries change sign.

33 In addition, publication bias may occur if researchers consider that publishers are less willing to publish
insignificant or counter-intuitive results, and do not submit such work for publication.

34 In particular, HLG explicitly point out that the studies incorporated in their sample are predominantly of a
cross-sectional nature, and many of the papers included do not use value-added specifications. They also
emphasi ze the weakness of many measures of socio-economic statusin modelsin thisfield.

35 In looking at this limited select of inputs it is acknowledged that other potentially important factors such as
administrative inputs, school facilities, school size and leadership (Head Teacher characteristics for example)
are not included. Thisis due to the lack of ‘high quality’ papers examining these issues. However where ‘high
quality’ papers do include proxies for these factors, the results are reported within the key input sub-headings.
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dudies relaed to each input are then reviewed individudly, and the sub-section concludes
with abrief summary.

2.2.1 Expenditure per pupil

Table 2.2 summarises the results of four recent sudies that examine expenditure per pupil as
an independent varidblee None of these dudies examine expenditure per pupll a a
disaggregated level and hence dl are subject to aggregation bias concerns.  Indeed, the
goparent lack of attention in recent literature to the expenditure per pupil variable suggests
that researchers and publishers have acknowledged the difficulty in interpreting the results of
such gudies where the exg)enditure vaiable is collected & A-levd of aggregation above the
pupil level (aggregation bias)*°.

Of the papers examined perhaps the most convincing is that of Figlio (1997a).
Figlio's principa interest is in determining if cgps on revenue and expenditure in certain
dates condrained educationd resource dlocation in these states, and whether this ‘random’
varidion in educaiond resourcing can explan student achievement. His results indicate that
expenditure reductions were hamful to dudents achievement in mathematics, reading,
sience, and socia  dtudies. Furthermore, the impact of reduced expenditure was
quantitatively important, with a revenue and expenditure cap having an impact on Student
achievement equivdent to a reduction in family income of US$28,000. However, in addition
to the ‘aggregation criticis’ (dthough Figlio's daa is aggregated at the didtrict rather than
the state level which reduces the degree of bias) the paper does not provide a careful check on
the robustness of the impact of reduced expenditure on outcomes, making it difficult to
comment on the rigor of the results®”.

Dewey et al (2000) use indrumenta variable techniques to infer a causd reaionship
between expenditure per pupil and SAT scores, and obtain postive results.  However, the
data they examine is highly aggregated (date leve), and the sample Sze is rdativey smdl
(222 observations).

Gupta, Verhoeven and Tiongson (1999) examine the determinants of enrolment rates
in a cross-country framework usng insrumentd variades. They found that countries thet
invet a greater proportion of nationd income in educdtion have higher enrolment rates
Apat from the usud ‘aggregaion’ criticiam, there are a number of additiond limitations
associated with cross-country studies, such as measurement error, and omitted variables bias.
It is dso unclear if the Gupta et al (1999) reaults trandate into an OECD country context,
since the authors do not separate their sample into OECD and non-OECD countries.

Marlow (2000) focuses mainly on the effect of competition on school performance,
where competition is measured by an index based on the number and concentration of
different school didricts within a particular county. His premise is that a larger number of
school didricts, with more equa shares of the market, will simulate greater competition in
that county and raise peformance. This paper is unusud in tha, dthough it suffers from
aggregation bias, it does address the question of the endogeneity of educationd expenditure
by edimatiing a two-equation mode. Marlow firds models the determinants of per capita
educationd expenditure a primary and secondary school level. He then models the effect of
this expenditure on Grade 4, 8 and 10 reading, writing and mathematics test outcomes. He
finds no evidence that higher expenditure leads to better outcomes, and in fact many of his
reults suggest a datidicaly dgnificant negative rdationship between expenditure and
outcomes. He aso found that educationd spending per capita was higher in counties with the

3% For example, expenditure per pupil was the most common variable analysed in Hanushek (1986), and the
third most common in Hanushek (1997a).

37 The first part of the paper, which examines the impact of caps on revenue and expenditure on educational
resourcing, is subject to careful robustness checks. Unfortunately, in the absence of similar checks concerning
the proposed link between expenditure and student outcomes, it is difficult to interpret the results.
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greatest monopoly power (fewest school didricts). This latter result is conastent with the
agument that higher expenditure does not lead to better outcomes because higher
expenditure tends to flow to school didricts, adminigtrators, teachers and daff for reasons
unrelated to performance.

Table2.2: INPUT — Expenditure

Author Statistical L ocation Magnitude of key Controls
Technique results— effect of 1%

inc. in expenditureon
outcome

Dewey et al. OLS IV us OLS: 0.15% Standard controls

(2000) IV: 012% (but excluding

income)

Figlio (1997) OoLs 1V, us 25— 6.4% (at 5% and Student, family,
Difference-in- 10% significancelevels) | school controls
difference

Guptaet al. OLS 29.S Cross- Primary+Secondary/ Population,

(1999) (output is country Total Educational urbanisation, child
enrollment Expenditure mortality
rates) 0.29%°%

Educ. Exp./GDP
3.3%°

Marlow (2000) | SUR— County Primary+Secondary Expenditure equation
Seemingly level data | Educational Expenditure | — per capitaincome,
Unrelated Ranged from -0.01 to pop density, student
Regression +0.002 share of pop, state

and federal share of
funding, race, public
sector competition
index
Outcome equation—
as above plus median
education and
expenditure

Notes:

1/ Results given are statistically significant at the 1% level or better (unless otherwise stated)
2/ Refer to student level data (unless otherwise stated)

3/ Whereresults are not significant co-efficient values are not reported.

4/ All outputs are test scores unless otherwise stated

2Only 2SL S estimates are reported.

Ovedl, aufficiently sgnificant concerns about the data and methodologica tools
employed in the four papers examined suggest that the ‘Hanushek view’ - that increased
expenditure in itsdf does not raise student achievement - cannot be serioudy chalenged by
the results of these studies.
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Table2.3: INPUT — Expenditure

Author M ethodological issue
111 112a 112b
Endogeneity Aggregation Functional form Omitted variable bias
Dewey e a. 4 X X X/4
(2000)
Figlio (1997) X X X X/4
Gupta e ad. 4 X 4 X/4
(1999)
Marlow (2000) 4 X X X/4

Key: 4Attempts to overcome methodological difficulty; X No attempt to overcome methodological difficulty;
X' /4 Some attempt to overcome methodological difficulty.

222 Classsze

The issue of dass Sze remains a hotly contested one, by the public, and by professond
educators.  Reviews of this literature have suggested that smaler class Szes do not
sysemdticaly lead to improved sudent achievement (Hanushek, 19978). However, some
recent and rigorous research findings seem to contradict this Of the three most convincing
dudies consdered here, that do find a podtive link between smdler classes and student
achievement, two are from the US (Krueger, 1999; Hanushek, Kain, and Rivkin, 1998), and
the third from Isradl (Angrig and Lavy, 1999). These podgtive findings are tempered by four
papers that obtained negative (or indgnificant) results (Hoxby, 1998; Cooper and Cohn,
1997; Goldhaber and Brewer, 1997; and Goldhaber, Brewer, and Anderson, 1999). Findly,
Wright, Horn and Sanders (1997) find that smdler dass gzes in themsdves do not lead to
higher achievement, but that the interaction effects are important. The relative merits of each
of these dudiesis examined in turn.
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Table2.4: INPUT —Class Size

Author Statistical L ocation Magnitude of key Contrals
technique results— effect of
1% dec. in classsize
on outcome
Angrist and Natural Israel 5" grade: 3.6% Family
Lavy (1999) Experiment 4 grade: 1.7-1.9% background
BarroandLee | SUR Cross- 2.7% Cross-country
(1996) (Pupil-teacher | country controls
Ratio)
Cooper and Stochastic us 1-4% Background
Cohn (1997) Frontier/ OLS (S.Caralina) characteristics
Goldhaber et oLs us -6.6% t0-7.2% Class, teacher, and
a. (1999) Panel school
(Pupil-teacher
ratio)
Hanushek et Panel us 0.001-0.05% Fixed effects and
a. (1998) (Texas) background
characteristics
Hoxby (1999) Natural us Insignificant District level fixed
experiment (Connecticut) effects, time
trends, cohort
fixed effects, and
background
characteristics
Kirjavainen DEA Finland 25% of inefficiency Background
and Loikkanen | (Pupil-teacher explained characteristics
(1998) ratio)
Krueger Experiment us 7-9% level effect Background
(1999) (Panel) (Tennessee) 1% growth p.a. characteristics,
school dummies
Krueger and | Experiment us 20% increased Fixed effects and
Whitmore (Panel) (Tennessee) probahility of taking | background
(1999) college entrancetest | characteristics
Notes:

1/ All outputsare test scores (unless otherwise stated).
2/ Results given are (i) statistically significant at the 1% level or better, and (ii) refer to student level data

(unless otherwise stated).
3/ Whereresults are not significant co-efficient values are not reported.

#Range of co-efficient values reported where they were significant at the 5% level (4 of the 12 estimations).

The Krueger (1999) paper andyses the results of a unique random experiment
undertaken in Tennessee between 1985/86 and 1988/89. The centra benefit of experimentd
data is tha, despite some limitations, it by and large ensures that the class sze variable is not
endogenoudy determined (Section 1.1.1d).%8 In the Tennessee experiment, children from
kindergarten and into grades 1 to 3 were randomly dlocated to large (22-24 pupils) and small
(14-16 pupils) classes. Teachers were dso assgned to classes on a random basis. Students
progress was assessed using a standardised test and, after the first year, children in smdler
clasees did dgnificantly better than thelr peers in larger classes (by about 5-8 percentile
points). The benefits were greater for minority and poorer students.  Krueger found that the
mogt subgtantial gains occurred in the initid year of class Sze reduction, with the differentid
between children in smdl and large dasses increesng by a dngle percentage point in

38 Krueger checks for this finds no evidence of “Hawthorne effects’, i.e. systematic changes in teacher

behaviour simply as aresult of being in the experiment.
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subsequent years. A limitation of the work of Krueger (1999) is that, by not tracking students
in later years, he is unable to gauge whether the gains of smdler class sizes ‘fade out’ over
time.

A promisng subsequent analyss by Krueger and Whitmore (1999) suggests that the
sudent achievement associated with the STAR experiment had permanent effects.  Krueger
and Whitmore tes this by examining whether the probability of teking college entrance
exans was higher for children who were previoudy in smdl classes. The evidence they
provide indicates that those who were in smaller class sizes were 20% more likely to St the
Standard Aptitude Test or the Texas Assessment of Academic Skills tests. Promising though
these results may be, the authors acknowledge that they are based on an incomplete sample
and should be viewed as prliminary.

Hanushek, Kain, and Rivkin (1998) provide dternative estimates of class Sze effects
usng the HarvardlUTD Texas Schools Project database. There are two key advantages
asociated with this database.  Firdt, it is consderably larger then any previous data set used
in educationd production function edimation (incdluding 3,000 schools with over 200,000
students per cohort for 4™, 5" and 6™ grades), alowing precise coefficient estimation. This
udent level dataset is dso linked to a variety of demographic and student background
measures.  Second, the repeated nature of the study, which has been running since 1993,
permits the edimation of vdue-added fixed effects modes that explicitly attempt to
overcome the problems of endogeneity and omitted variable bias. Hanushek et al (1998) find
that class Size affects are satidticaly significant for 4" and 5" formers but not for 6" formers.
However, dthough sgnificant, the magnitude of the effects are condderably smdler then
those obtained by Krueger (1999), and account for less than 0.1% of the total variation in
sudent achievement.®® However, Hanushek et al’s results may well underesimate the total
impact of class 9ze on sudent outcomes, given that the STAR research suggests a one off
leve increase in pupil achievement in the initid year of the experiment, and such levd gans
are not captured by vaue-added specifications.

The third sudy that finds robust gains in student achievement from smdler dasses is
an examination of class gze reductions in Israel in the early 1990s by Angris and Lavy
(1999). As discussed in Section 1.1.1c, Angrist and Lavy cleverly use Mamonides rule -
that class sizes cannot exceed 40 — which was enshrined in Isradli educationd policy over the
period examined - to identify an exogenous or random discontinuity thet is used to instrument
for class d9ze changes. As ever, there are a number of technica limitations to Angrigt and
Lavy's work?®. However, the prime issue is that the nature of the instrumental variable used
means that Angris and Lavy primarily congder the effect of class Sze changes around the
maximum limit of 40. Extrgpolating these results to class sze changes in OECD countries,
which generdly have much lower average class Szes, is problematic.

The problem of comparing esimates from OECD and non-OECD countries aso
pertains to a cross-country study underteken by Barro and Lee (1996). This examined a
sample of 58 countries between 1967 and 1991 and found that class sze, proxied by the
pupil-teacher ratio, had a dgnificant impact on dudent outcomes in internationa tedts.
However, data limitations do not dlow Baro and Lee to overcome the mgority of potentia
methodologica difficultiesidentified in Section 1, asis shown in Table 2.5.

Hoxby (1998) uses two quas-experimentd techniques in a pand framework to
examine the influence of class Sze on test scores in Connecticut didrict schools.  She finds
there to be no dgnificant impact of dass Sze on sudent achievement. Hoxby's work is
noteworthy since, it is extremedy methodologicdly rigorous, and is the only sudy obtaining
indgnificant results which focuses exclusvely on the cdass sze issue.  In addition, Hoxby
provides a convincing critique of the Angrist and Lavy (1999) paper.

39 K rueger uses statistical techniques to adjust for non-random attrition.
40 See Hoxby (1998) for a detailed discussion.
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Examining the Nationa Educationd Longitudind Study (NLES) of 1988, Goldhaber
and Brewer (1997) found that class sze was dgnificant but had the ‘wrong dgn’, i.e
suggesting that larger classes are associated with better student outcomes.  In a subsequent
paper usng the same data, Goldhaber, Brewer, and Anderson (1999) found a (not
surprigngly) smilar result.  On the other hand, Cooper and Cohn (1997), usng stochestic
frontier estimation, found that smdler class dzes reduce student test scores.  The resulting
class d9ze edimates are less robust then those obtained in Goldhaber and Brewer (1997), or
Goldhaber et al (1999), being dgnificant in only 8 of the 12 specifications examined at the
5% dggnificance level. Perhaps the mgor limitation of al these sudies is the lack of attention
pad to the endogenety issue, a problem shared by much work in this aea and which
Goldhaber and Brewer (1997, p.513) explicitly acknowledge. Goldhaber et al dso highlights
the low explanatory power of observable student characteridtics, finding them to account for a
mere one percentage point of tota variation. While the result is disgppointing, a clear
limitation of this sudy is the lack of any underlying structurd modd to determine the inter-
relaionships between the large number of explanatory variables examined. The work of
Goldhaber and Brewer, Goldhaber et al, and Cooper and Cohn al highlight the need for
using theory to motivate empirical modeing and testing.

Findly, while not explicitly examining a dructurd modd of schooling, a paper by
Wright, Horn and Sanders (1997) does suggest that, dthough class sze in itsdf may not be
important, the interaction of class sze with other input factors does have a sgnificant effect
on dudent outcomes (Section 1.1.1b). Usng the Tennessee Vaue-Added Assessment
System database in two regiond subsamples, and applying panel techniques, the authors
observe that class Sze per se does not lead to higher achievement. However, dlowing for
sudent heterogeneity (proxied by sub-dividing students into three achievement sub-groups),
and including interactions (such as the interaction of Student prior achievement with class
gze) produces highly dgnificant effects - in both fixed effects and random effects models.
The findings ae paticulaly interesting in that they provide a pehgps more intuitivey
aopeding method to anadlyse class sizes, by operationdisng notions commonly stated but
rarely explicitly tested in the literature. In paticular, there gppears to have been little or no
debate over whether smdler class dzes in themsdves provide the opportunity to improve
achievement, or whether the effect of class sze on the opportunity to learn is largey
determined by the actions of teachers and other factors exogenous to the classrooni. The
finding that the nature of the students, school system, and most importantly the class teacher,
al impact on the way smdler classes generate better outcomes is an encouraging one*.

In summary, while the higher qudity evidence, based on more satisfactory
methodologica drategies, is supportive of reduced class Szes being a postive influence on
sudent outcomes, the magnitudes of the effects found do not appear large enough to judtify
increased expenditure.  Krueger's andysis suggests that a 1% decrease in class size would
lead to Aleve gain of 4% followed by a 1% growth rate per annum, which gppears to be an
upper bound on the potentia return from reducing class sze. In the context of the Tennessee
experiment, Krueger undertakes a reatively smplisic cost-benefit andyss and shows that
the codts of class sze reduction are roughly equa to the benefits. By implication, the smdler

1 See Hanushek (1999, p.117) for a clear articulation of the variety of sources through which class size affects
student outcomes.

2 While the Wright, Horn and Sander method is a promising approach, there are a number of difficulties
associated with this paper. First, the notion of ‘school system’ is undefined. Second, while the authors find that
heterogeneity and class size (via interacting the two variables) lacks explanatory power the mechanism through
which teachers interact with schooling, student heterogeneity and class size is unclear. This reflects the
omission of other combinations of interaction terms, but more seriously the lack of an analytical framework
detailing the mechanisms that drive the results. Third and somewhat unconventionally, the authors only report
the significance levels and not the value of the respective coefficients. So while it appears that the interaction
terms are important, the magnitude of their importance is unclear. Finally, the authors provide no indication as
to the statistical validity of the models examined through specification testing.
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effects found in other studies suggest that class Sze reductions in themselves are not a cost-
effective means of enhancing student outcomes.

Table2.5: INPUT - Class Size

Author M ethodological issue

111 1.1.2a 1.1.2b

Endogeneity Aggregation Functional Omitted variable

Bias form bias

Angrist and Lavy (1999) 4 4 4 4
Barro and Lee (1996) X X X X /4
Cooper and Cohn (1997) X 4 X X /4
Goldhaber and  Brewer
(1997) X 4 X 4
Goldhaber et al. (1999) X 4 X 4
Hanushek et al. (1998) 4 4 X /4 4
Hoxby (1999) 4 4 4 4
Kirjavainen and Loikkanen
(1998) X X 4 X/4
Krueger (1999) 4 4 4 4
Krueger & Whitmore (1999) | 4 4 4 4
Wright, Horn and Sanders
(1997) X 4 X 4

Key: 4 Attempt to overcome methodological difficulty; X No attempt to overcome methodological difficulty;
X /4 Some attempt to overcome methodological difficulty.

2.2.3 Teacher characteristics

Tuition is a highly labour intensve and expensve process. Indeed, Audit Office edtimates
show that teachers sdaries account for 70% of total school education expenditure in the
UK®. Pehaps the most disturbing aspect of the literature is therefore the finding thet
measuréble teacher characteristics appear to have little bearing on achievement.  The
Hanushek (19978) survey gives the percentage of studies finding significant results for three
of the most commonly included tescher characteristics - teacher’s education (9% positive and
ggnificant), experience (29%), and sadary (27%). Consequently the results are far from being
conggently postive and ggnificant.  In addition, the leest satisfactory performer, teacher
education, had a negative impact in 5% of the studies surveyed. However, a re-examindion
of the evidence, usng meta-analyss techniques, suggested a postive reationship between
some teacher characteristics (experience) and outcomes (Greenwald et al, 1996).

Smilarly recent research by Hanushek, Kain and Rivkin (1998), decomposng the
determinants of student achievement, found not only that schools have a potent impact on
achievement differences, but that teschers appear to be the most important specific factor*.
We examine each of the three most popularly employed measures of teacher qudity, to
ascertain whether other studies support Hanushek et al’s appraisal.

3 Op cit, Mayston and Jesson (1999), pp.17.
44 gpecifically, Hanushek et al find alower bound of 7.5% of the total variation in student achievement is due to
teachers.
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2.2.3a Teacher experience

Hanushek et al (1998) found sgnificant pogtive effects on achievement for teachers with up
to 2 years experience, as compared to teschers with no experience (with the exception of 4"
and 5" form mathematics). However, they found no effects from greater levels of teacher
experience.  The magnitude of the results are consderably greater than the effects of the other
input measures they consdered, and were about 20 times larger than class Sze effects. In
contragt, Krueger (1999) found gains of less then hdf those obtained by Hanushek et al
(1998), when comparing teachers with no experience with experienced teachers.
Furthermore, usng a quadratic modd Krueger finds that the podtive impact of having greater
experience peaked after 20 years.

Table2.6: INPUT — Teacher Experience

Author Statistical L ocation Magnitude of Contrals
technique key results—
effect of 1% inc.
in teacher
experience
Cooper and Cohn | Stochastic us Insignificant Background
(1997) Frontier (S.Coraling) characteristics
estimation
Dewey et al. OLS IV us OLS -0.008%to | Background
(2000) 0.04% characteristics
IV: 0.08%
Hanushek et al. Vaue-Added US (Texas) -7% to-15%* Class, teacher, and
(1999) (Panel) -4% t0 —10%" school controls
Krueger (1999) Experiment us 3% Background
(Panel) (Tennessee) variables, school
dummies
Notes:

1/ All outputs are test scores (unless otherwise stated).

2/ Results given are (i) statistically significant at the 1% level or better, and (ii) refer to student level data
(unless otherwise stated).

3/ Whereresults are not significant co-efficient values are not reported.

@Maths: Measures negative effect from % of teachers with just one or zero years experience respectively.

b Readi ng: Measures negative effect from % of teachers with one or zero years experience respectively.

As simmarised in Table 2.6, other studies surveyed in this paper (other then Dewey et
al) dl found that teacher experience lacked explanatory power. However, these dternative
studies do not directly contradict Hanushek et al since the teacher experience proxy used in
each of these studies was total teacher experience, and so unlike Hanushek et al they do not
differentiate between experience obtained early in a teacher's career and a teacher’s totd
teaching experience.
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Table2.7: INPUT - Teacher Experience

Author M ethodological issue
111 112a 1.1.2b
Endogeneity Aggregation Functional form  Omitted variable
bias
Cooper and Cohn (1997) X 4 X X /4
Dewey et al. (2000) T Y Y YU
X 4 X 4
Goldhaber and Brewer (1997)
Hanushek et al. (1998) 4 4 X 4
Krueger (1999) 4 4 4 4

Key: 4Attempt to overcome methodological difficulty; X No attempt to overcome methodological difficulty;
X /4 Some attempt to overcome methodological difficulty.

2.2.3b Teacher education

As far as teacher education is concerned only three of the studies considered find significant
results. In particular Goldhaber and Brewer (1997) detect robust results that being taught by
a teacher with a degree in mathemdics has a podtive impact on pupils’ mathematics scores.
By contrast however, Hanushek et al (1998) found that 4™ form students appear to suffer
through having more highly educated teachers. Nether sudy found that, outsde
mathematics, there is any discernable relaion between teacher education and outcomes - a
result that is consstent with Goldhaber et al’s recent re-examination of the NLES database.
The only paper that appears to have had some success with an ‘aggregete’ teacher education
variadble is Cooper and Cohn (1997), however ther results are not robust to al the
specifications.
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Table2.8: INPUT — Teacher Qualifications

Author Statistical L ocation Magnitude of Contrals
technique key results
Cooper and Cohn | Stochastic us 0525%% - Background
(1997) Frontier effect from characteristics
estimation Masters degree
Dewey et al. us Insignificant Background
(2000) characteristics
Goldhaber and OoLSs us 2.3% - effect Class, teacher, and school
Brewer (1997) Panel from controls
Certificate in
Math®
0.82% - effect
from
BA Degreein
Math®
Goldhaber et al. OoLS us Insignificant Class, teacher, and school
(1999) Panel controls
Hanushek et al. Vaue-Added US (Texas) -4% - effect Class, teacher, and school
(1998) (Panel) from Masters | controls
degree
Krueger (1999) Experiment us Insignificant Background  variables,
(Panel) (Tennessee) school dummies
Notes:

1/ All outputs are test scores (unless otherwise stated).

2/ Results given are (i) statistically significant at the 1% level or better, and (i) refer to student level data
(unless otherwise stated).

3/ Whereresults are not significant co-efficient values are not reported.

47 of 12 OL S estimations significant at the 5% level, none are significant in the frontier estimations.

® Resullts from Random effects model reported.

Table2.9: INPUT - Teacher Qualifications

Author M ethodological issue

111 112a 112b

Endogeneity  Aggregation Functional Omitted variable

Bias form bias

Cooper and Cohn (1997) X 4 X X4
Dewey et al. (2000) 4 X X X4
Goldhaber and  Brewer
(1997) 4 4 X 4
Goldhaber et a. (1999) X 4 X 4
Hanushek et al. (1998) 4 4 X 4
Krueger (1999) 4 4 4 4

Key: 4 Attempt to overcome methodological difficulty; X No attempt to overcome nethodological difficulty;
X /4 Some attempt to overcome methodological difficulty.

One additiond dudy that is worth mentioning, even though it formdly fals outade the remit
of this review since it was published in 1994, is Monk (1994). Monk found evidence that
teacher subject preparation, i.e. how many courses a teacher took in the subject area being
taught, is postively related to students performance in some subjects, namely mathematics
and science. He aso found evidence that teachers who had taken course work in pedagogy
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had a pogtive impact on their sudents performance. In generd he concluded that tescher
preparation does make a difference.  The study is noteworthy because it uses very detaled
data, explores possble nonlinear reatiorships between the input and output varigbles,
investigates threshold effects and takes into account possible interactions. However, this
study does not contradict the more recent work reviewed above, since it too found little
evidence that more aggregate measures of teacher characteristics (degree levels, college
credits or years of teacher experience) have a sysematicdly podtive impact on pupil
performance.

2.2.3c Teacher sdaries

A key recent paper examining teacher sdaries, Hanushek, Kain and Rivkin (1999), found that
when dudent fixed effects and teacher mobility is accounted for, higher sdaries exert a
postive influence on dudent achievement.  But implausbly, the evidence suggests that
higher sdaries have the strongest effects on tenured experienced teachers, and not on young
untenured teachers™. Dewey et al obtain postive and robust results that relaive sdary
differentids metter in determining student outcomes. Other andyses, summarised in Table
10, find no sgnificant reationship.

Table2.10: INPUT —Teacher Salaries

Author Statistical L ocation M agnitude of Controls
technique key results—
the effect of a
1% inc.in
teachers’
salaries
Barroand Lee SUR Cross Country | Insignificant Cross-country controls
(1996)
Dewey et al. OLS IV us OLS.0.04%% Background
(2000) (seemingly IV: 0.07% characteristics
unrelated
regression)
Goldhaber et al. oLs us Insignificant Class, teacher, and
(1999) Panel school
Hanushek et al. Vaue-Added US (Texas) 0.76-1.2% Class, teacher, and
(1999) (Panel) school fixed effects,
and standard controls

Notes:

1/ All outputs are test scores (unless otherwise stated).

2/ Results given are (i) statistically significant at the 1% level or better, and (ii) refer to student level data
(unless otherwise stated).

3/ Whereresults are not significant co-efficient values are not reported.

#In one of three specifications reported.

“> Figlio (1997b), using probit analysis, complements Hanushek et al, finding that teacher salaries lead to the
recruitment of higher quality teachers (which Figlio measures using undergraduate college selectivity and
subject matter expertise) within and between local labour markets. Figlio’'s results are of a higher magnitude
then Hanushek et al, but he does not examine whether or not schools with higher quality teachers obtain better
outcomes.
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Table2.11: INPUT - Teacher Salaries

Author M ethodological issue

111 112a 112b

Endogeneity  Aggregation Functional Omitted

bias form variable bias

Barro and Lee (1996) X X X X /4
Dewey et d. (2000) 4 X X X /4
Goldhaber et a. (1999) X 4 X 4
Hanushek et d. (1999) 4 4 X 4

Key: 4Attempt to overcome methodological difficulty; X No attempt to overcome methodological
difficulty; X /4 Some attempt to overcome methodological difficulty.

To sum up, there is some robust evidence that teacher experience and teachers sdaries have
ggnificant effects but that teachers education levels (with the exception of teschers with
qudifications in mathematics) do not. The results dso provide considerable support for the
use of more refined measures of these characteridics, such as specificdly examining initid
years of teacher experience, and looking at teacher qudifications by subject area.

While education, experience and sdaries ae the teacher characterisics most
commonly examined in empiricd work, reflecting to a large degree the availability of deta,
few educators would argue that these are the only rdevant factors.  With the notable
exception being Goldhaber and Brewer (1997) there appears to have been little work done on
examining dterndive factors. Their paper is important because it evauated the effect of both
observed and unobserved teacher and school characteristics on students  10th grade
mathematics scores.  They found that teacher behaviours and techniques may be more
important than smple resource measures.  Specificdly, teachers who felt well prepared, who
had control over lesson content, who spent less time maintaining order, and who used ord
questions frequently and emphasised problem solving had a pogtive effect on pupils. The
causdity and endogeneity of some of these behavioura varidbles is questionable, but these
results do suggest that researchers might need to focus more on quditative aspects of teachers
and schoaling inputs.

2.3 Policy interventions

While outsde the scope of most previous surveys, the effect of specific policy interventions
on educational achievement is clearly of great interest to policy makers. Four such sudies
that attempt to overcome methodologica and conceptud shortcomings, and hence meet the
reviews ‘high qudity’ criteria are incuded in this Section. The four are centered on the
returns to a number of varied policy interventions in the US. Head Stat, Teacher Sday
Incentive Schemes in South Caroling, a smilar persond incentive scheme in Ddlas, and an
education voucher scheme (the Milwaukee Parenta Choice Program).

2.3.1 Head start

The Head Start program was first implemented in the 1960s and is the most widespread US
pre-school intervention.  While there a number of papers thet have examined the returns to
Head Start, the semina paper in the area comes from Currie and Thomas (1995). They used
comparisons between gblings in the same household (fixed effects modds) to evduae the
educational effects of atending a Head Start pre-school programme®®.  The fixed effects

8 There are a considerable number of papers examining the Head Start Program. The majority of the more
careful contributions are contained and summarised in Currie and Thomas (1995). Only Currie and Thomas
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goproach was designed to overcome the bias caused by unobservable factors influencing
sample sdection, since Head Start is not a random intervention. In particular, children who
attend a Head Start programme may not be representative if there are unobservable factors
(such as moativation and ambition) which make some paents more likdy to enrol ther
children in the program. Briefly, they found a pogtive effect on test scores from Head Start
for white pupils but no effect for African-American sudents. Further investigation suggested
that both groups of pupils benefited equdly in the early school years from being in Head
Start, but this positive effect had disgppeared for African American students by the age of 10.
The authors found some evidence that this could be due to ether lower quaity Head Start
programmes for AfricanrAmericans, or the disproportionately low qudity of schooling
subsequently experienced by this minority group. In a recent paper, Currie and Thomas
(1995) provide evidence that lower post-intervention school qudity, in the sense that African
American students attended school s with worse test scores, was indeed a factor.

2.3.2 Teacher sdary incentive schemes. South Carolina

Usng OLS and dochastic frontier techniques, Cooper and Cohn found that two sday
incentive programs, designed to reward teachers and enacted in South Carolina, had a
postive influence on Sudent achievement.  The firg plan (Plan 1) identified teacher
peformance on the bads of four criteria, namdy:  teacher attendance, performance
evauation according to date criteria, sdf-improvement through atendance in a least one
‘sf-improvement activity’ and their students achievement. All teachers sdected for an
award received no less than US$2,000 but no more then US$3,000. Under the second plan
(Plan 2) school didricts dlocated one-third of the teacher bonus to individua teachers and
two-thirds to the school. The intent of Plan 2 was to reward high performance schools and
encourage ‘team work’ among teachers. While there are a number of methodologicad short
comings to the study (see Table 2.13 below) the resulting school-level estimates suggest that
both plans sgnificantly enhanced student outcomes, but that the purely individua based plan
(Plan 1) led to reatively greater student achievement. The results were robust in both
gochadtic frontier and OL'S estimations.

Table2.12: INPUT- Palicy Interventions

Policy Author Statistical M agnitude of Controls
I ntervention technique key results
Head Start Currie and Panel 7% Household fixed effects and

Thomas (1995) (initial gains) background characteristics
Teacher Pay Cooper and oLs Plan 1: Background characteristics
Incentives Cohn (1997) Stochastic 16-34%
(S.Caralina) Frontier Plan 2

estimation 0.8-29%
DallasIncentive Ladd (1999) Panel 10-1.7% Time and city dummies;
Scheme enhanced pass | individual characteristics
ratefor TAAS
Voucher scheme | Rouse (1998) Panel 15-2.3% Individual fixed effects
Notes:

1/ All outputs are test scores (unless otherwise stated).

2/ Results given are (i) statistically significant at the 1% level or better, and (ii) refer to student level data
(unless otherwise stated).

3/ Where results are not significant co-efficient values are not reported.

& Texas Assessment of Academic School test.

(1995, 1999) is considered here since their work is notable for its careful methodological treatment of the non-
randomised nature of the Program.
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2.3.3 Accountability and incentive scheme: Ddlas

Ladd (1999) explored the impacts of the Ddlas program implemented in 1991/92. Under that
program personnel a the most effective schools received financia rewards'’. The scheme is
somewhat smilar to Plan 2 implemented in South Caroling, in that it rewarded teachers in
successful  schools, but was more wide ranging by rewarding other daff members too.
Specificdly, principas and teachers typicaly received US$1,000, while other saff (such as
secretaries, and cleaners) received about US$500, and an additiond US$2,000 was alocated
to the schoal itsdlf.

Usng pand techniques, via the incdudon of cty, school and time dummies,
interactions of these dummies for both Ddlas and four neighboring Texan cities (Fort Worth,
Houston, Ydeta, and El Paso), and controls designed to ceapture student characteristics,
Ladd's central finding was that the pass rate of 7" form students was significantly improved.
Overall the gains were in the order of 10 to 20% of the State average. In addition, Ladd found
that the reforms lowered drop out rates, and that Head Teacher turnover increased
dramaticaly (from 2.4 to 24.6%) in least effective schools®®. Ladd tests whether an overdl
increase in the level of educational resources avalable to Dalas schools caused this result,
and whether another (wider) state program targeted a low performing schools could have
affected his results. He found neither factor to be important. A puzzling aspect of Ladd's
findings is that pass rate increases were grestest in the initid year of the study, which implies
that the program was only partialy successful, since incrementa gains in subsequent years
would be expected in atruly successful intervention.

2.3.4 Voucher sysems. Milwaukee Parental Choice Program

Rouse (1998) examines the Wiscondn voucher sysem that was initidly implemented in
1990*°.  Using unsuccessftul gpplicants’® and children enrolled in Milwaukee public schools
as two comparison groups, Rouse undertook two separate analyses, applying panel and
insrumental  variable techniques’. Rouse consistently observed that mathematics marks
were enhanced for students using the voucher scheme to attend private schools (by 1.5-2.3%),
while reading was largdy unaffected®®. However, in a more recent working paper, Rouse
(1999), dters the interpretation of the earlier results. Rouse examines a different comparison
growp in the form of different types of public schools. The comparison suggedts that certain
higher qudity sate schools (“P-5" schools), which have greater funding and lower class Szes
than norma date schools, tended to perform as well as Choice Schools. This suggeds that a

47 Effectiveness being determined on the basis of two tests: the Texas Assessment of Academic Skills, and the
lowaTest of Basic Skills. 20% of the Dallas schools received financial rewards.

“8 Dueto arelative lack of turnover in poor performing schools Ladd interprets this as a positive factor.

“91n a recent study Peterson, Myers, Howell and Mayer (1999) found that a voucher system applied in New
Y ork enhanced student achievement. This work is not considered here in detail since there is evidence that the
experiment was non-random and the authors do not adequately account for this via statistical correction
techniques, it should be noted though that their results are consistent with Rouse (1998).

*0 Those parents who were rejected from the scheme.

®1 There are two other studies of the Milwaukee Parental Choice program. The first concludes that there were
no relative gains for choice students (Witte, Thorn and Sterr, 1995 who compare choice students with a random
sample of Milwalkee public school students). The second, by Du, Green, and Peterson (1997), finds that
students made statistically significant gains by their third and fourth years in the program in both reading and
maths. Rouse (1998) is superior, including both these approaches but also using greater controls in the form of
fixed effectsand IV models.

%2 Rouse (1998) rightly stresses that limitations in the underlying data, and the small-scale nature of the
Program, make inferences on the effects of a more widespread programme problematic.  Furthermore,
Goldhaber, Brewer, Eide, and Rees (1999) argue that Rouse does not explicitly account for the possibility of
non-random attrition.
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voucher sysem is only one means to achieve gains in student achievement and provides
indirect evidence that reduced class sizes enhance student outcomes™>,

To conclude the four policy interventions which have been reviewed are found to
robustly impact on pupil attainment.

Table 2.13: INPUT- Palicy Interventions

Author M ethodological issue

111 1.1.2a 1.1.2b

Endogeneity  Aggregation Functional Omitted

bias form variable bias

Cooper and Cohn (1997) X 4 X X/4
Currie and Thomas (1995) 4 4 X 4
Ladd (1999) X 4 4 X/4
Rouse (1998) 4 4 X 4

Key: 4Attempt to overcome methodological difficulty; X No attempt to overcome methodological
difficulty; X /4 Some attempt to overcome methodological difficulty.

2.4 Concluding comments

Teken as a whole the ‘high qudity’ internationd research findings suggest that some
measurable school inputs do matter. These include class size, teacher experience and teacher
sdaries. However, the magnitude of the effects found has been quite smdl. The evidence on
gpecific educationd interventions is more optimistic, as most schemes consdered generated
subgtantialy improved student performance.

Hence the literature as it stands does not imply that smply incressing expenditure on
education would be appropriate in al cases. Recent research, especidly Hanushek, Kain, and
Rivkin (1998 and 1999), reinforces the message tha examining the magnitude of any school
resource effects found is essentid.  These results are more podtive than Hanushek’s (1997)
origind assessment that school-resourcing levels may not have any impact on Sudent
performance. Perhgps the key reason underlying the subtle change in the ‘Hanushek view’, is
that better data have become available, which has dlowed more recent studies to use more
credible empiricd techniques.  This underlines the need for good qudity methodological
work in this fidd. It would be overly optimidic to argue that a limited series of even well
desgned empirica studies could lead to definitive conclusons, however, it seems reasonable
to suggest that previous, earlier work in this fidd, which has often been of poor
methodologica qudity, may have been somewhat mideading.

3. UK Education Production Function Studies

There is condderable interest in the impact of expenditure on educationa performance in
schools in the UK. Current expenditure on primary and secondary schooling in England
aone exceeds £20 billion (DfEE, 2000). Clearly the agpplication of such resources must be
judtified and schools, LEAs and central agencies held accountable for ther use.  Recent
initiatives by Centrd Government, such as the Locd Management of Schools (1990) and the

%3 The author stresses that small class sizes provide only a potential explanation for the favourable “P-5" results.
It is quite conceivable that other (unobserved) differences between “P-5" schools, and regular and city-wide
schools, are determining those results.
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Far Funding arangements introduced in 1999°*, have attempted to increase both
accountability and vaue for money in education. However, as the review of the literature
presented below shows, even in the UK there is Hill a paucity of concrete empirica evidence
on the effective use of resources in schools, and thus a lack of evidence-informed guidance
on how schools can make best use of their available resources.

The UK empirical evidence examined in Section 3 covers education production
function dudiess  These ae concerned with the reaionship between resources and
educationa outputs a LEA and school level. Section 4 condders studies that broadly fall
into the category of codt-effectiveness, since they ded with aspects of indtitutiona provison
and seek to compare outputs from that provision with its costs.

The criteria for the sdection of UK research for incluson in this review have been
dravn more widdy than for those consdered in wider internationa research, otherwise there
would have been a very smdl number of UK gudies included, and thereby some potentidly
useful evidence might have been excluded, as certainly would many illugtrations of the
problems of undertaking research in this alea. The UK dudies included meet dl the
following criteria

1. publication in refereed journds or in reports published by government or non
governmental departments, including, for very recent research, ESRC find award reports
and papers submitted to journds,

2. ux of a least one of the following school output measures  examindion attainment,
cognitive test scores, continuation at school, drop out, truancy, atendance, or earnings
(only in studies dso indluding school level educationd attainment);

3. incduson of edimaes of the impact on output messures of any of the following
resourcefinput measures.  expenditure per student, pupil-teacher ratio (PTR), class sze,
teacher costs per student, non-teaching staff costs per student, non-staff costs per student,
measures of teacher quality (such as teacher ability, experience and qudifications);

4. induson of dudent prior atanment or family background and persona vaiables as
controls (i.e. avaue-added specification);

5. haveadearly identified method of estimation;

6. report the magnitude of the effects of input measures on output varigbles, including
ggnificance or standard errors.

The only exception to these criteria is the incluson of some dudies in the cost-
effectiveness Section in which outputs and costs are not directly linked. This exception aso
includes OFSTED evidence on school efficiency and vaue for money that uses a quditative
framework that meets only criterial to 4.

The UK literature has rdatively few methodologicaly strong studies. It is dso patchy
and lacks both depth and breadth of coverage with respect to the different phases of education
and datasets used. The research has been redtricted by the lack of suitable and accessible
data, as has been highlighted by Mayston and Jesson (1999). (See Sections 1 and 5 for a

>4 |_ocal Management of Schools is a system of school funding introduced in the UK from 1990/91. LEAs are
required to delegate a large proportion of funding directly to schools through a process of formulafunding. The
Fair Funding scheme extended this delegation principle, defining those service aspects a LEA could itself
provide and those for which funding must be devolved to schools. Schools’ budget shares, the formulae, are
defined on an objective, needs led basis, with age-weighted pupil funding accounting for at least 80% of a
school’ s budget.
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discusson of these data issues) The limited number of studies and ther limited coverage of
important school resourcing variables means that, unlike the internationd research, it is not
possible to organise the review of UK evidence around the key resource variables. Instead,
the education production function studies have been divided into two types, depending upon
the levd of aggregation - LEA or school/student level. The first section reviews sudies using
LEA-leve datafor both outputs and inputs.

3.1 LEA-leve education production function studies

There are five studies reviewed that utilise both output and input data aggregated a LEA-
level. The studies and their main features are summarised in Table 3.1.1(a) below. The two
linked studies undertaken by the DES® (1983, 1984) are the earliest education production
function sudies in the UK literature reviewed. The third study by Lord (1984) uses OLS as
well as 2SS regression techniques wheress the fourth (West et al, 1999) reports only partia
correlation coefficients. The last study conddered in this section - Jesson et al (1987) -
differs from the others in applying DEA. The extent to which these five studies atempted to
overcome the man mehodologicd difficulties is indicated in summay form in Table
3.1.1(b).

3.1.1 Regresson sudies

The 1983 DES study found that socio-economic variables explained between two thirds and
three quarters of the variance in exam performance and that the expenditure variable was
inggnificant or bardy ggnificant and wrongly sgned. The 1984 DES study which used
more recent census data for the socio-economic status (SES) variables, found these explained
10% more of the variance in exam reaults than in the earlier sudy. The only evidence found
for a pogtively dgned and ggnificant resource input effect was that teacher expenditure per
sudent explained 1 to 3% of the variance in three of the output measures. These were the
proportion of maintained school leavers with 1 or more A-level passes, the proportion with
five or more higher O leve/CSE passes and those with one or more higher O leve/CSE
passes. Also the PTR was dgnificantly and pogtively related to the proportion of school
leavers with no qudifications.

Lord (1984) found that SES dtatus and poor housing were the most important of the
factors explaining educational outcomes (with between 46 to 57% of variance explained). He
found no dgnificant relationship between education spending and outcomes, gpat from a
perverse negative impact of spending per pupil on the proportion of pupils leaving school at
the minimum legd age. However, he did find a negative impact of inexperienced teachers on
both measures of examination output. In both cases a three-percentage decresse in teacher
inexperience would increase exam results by one percentage point. The proportion of
graduate teachers dso exerted a podtive impact on exam peformance. A 4% increase in
graduate staff would increase the percentage of school leavers with 5+ O/CSE higher grades
by one percentage mint, while the impact on the 1 or more O level/CSE grades indicator was
three times as high. Lord's findings are consstent with the 1984 DES sudy, which found
expenditure on teachers had a positive impact on exam results.

West et al (1999) have undertaken a recent study using aggregate LEA expenditure,
exam performance and SES data.  When reviewed it had not been published and was part of
an ESRC End of Award Report . The authors show that LEA expenditure on education is
very highly corrdated with Standard Spending Assessments (SSA), which in turn depend on
pupil numbers and the Additiond Educationa Needs indicators. Thus, in this dataset
education expenditure is linked to SES indicators and this gives rise to the usud endogeneity

5 The Department of Education and Science (DES) became the Department for Education and Employment
(DfEE) in 1995.
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problem. The study does not satisfactorily indicate how the endogeneity problem is tackled
through the datisticadl methods employed. The authors find that KS1 test results and GCSE
examinaion results a LEA-levd are inversdy and srongly corrdated with indicators of
socid deprivation.  Pogdtive and Sgnificant partial correations of 0.3 and 041 between
expenditure per pupil and the two GCSE exam result indicators after controlling for SES
variables are dso reported.  Unfortunately, in the absence of reported multiple regresson
edimates and indications of how endogeneaty is corrected for, it is difficult to assess these
datigtical results.  Consequently, no precise conclusions can be drawn from this work of the
impact of expenditure on pupil outcomes.
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Table3.1.1(a) LEA-level education production function studies (regression): main features

Authors Output measure School quality Controls Data Statistical
variables technigue
DES (1983) Proportion of maintained school Secondary school Children: School Leavers Survey | Stepwise OLS
|leavers achieving: expenditure per pupil 1) born outside UK or non-white; 1977/78 to 1980/81
1 or more A-level passes; 2) living in household with head unskilled/ | (mixed exam year
5 or more higher grade passes at O semi-skilled manual worker; cohorts).
level (A-C) or CSE (grade 1); 3) in households lacking amenities; 1971 population
1 or more higher grade passes at O 4.) living in density > 1.5 per room; census.
level (A-C) or CSE (grade 1); 5.)in 1 parent families; LEA education
no graded passes at O level (A-C) or 6.) in families with 4 or more children. statistics returns.
CSE (grade 1). LEA -level: free school meals, SES
measure; unemployment; population.
DES (1984) Asaboveplus: SECONDARY TEACHING | Asabove. As above except 1981 Stepwise OLS
6 or more graded resultsat O EXPENDITURE PER census data.
level/CSE; .
2. or lessgraded resultsat O PUPIL, .
level/CSE. Secondary non-teagh| ng
expenditure per pupil;
PTRfor 11-16 age group in
1983
PTR for 16-18 year oldsin
1983.
Lord (1984) | 5 or more higher grade passes at O Secondary teachers with DESvariables 1 to 6 above. As above plus oLs
level (A-C) or CSE (grade 1) degree additional datafrom 29.S
1 or more higher grade passes at O Teacher experience Percentage of pupilsin LEA attending DES (Form 7, teachers
level (A-C) or CSE (grade 1) Class contact ratio independent schools pension).
Proportion not continuing in post- Pupil-teacher ratio Criminal Statistics.
compulsory education Expenditure per pupil
Delinquency rate of under 18s. Secondary expenditure per
pupil
West et al. % of pupils attaining: Total education Percentage of children: SSAs& LEA Partia
(1999) KS1 leve 2 plusin 1996; expenditure per pupil from outside UK, Ireland, USA and Old expenditure outturn correlation, after
1+ A*-G GCSE passes 1996, 1997, Commonwealth; 1994/5 to 1997/98. controlling for
5+ A*-C GCSE passes 1996, 1997. inlone parent families; Form 7 1996. income support
dependent on income support; DfEE NC test/ exam and AEN
with statemented/non-statemented SEN. tables. separately.
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Table3.1.1(b): LEA-level education production function studies. methodology

Authors M ethodological issue
111 112b Omitted variable
Endogeneity Functional bias
form
DES (1983) X X X /4
DES (1984) X X X /4
Lord (1984) 4 X X /4
West et al. (1999) X None X /4
Jesson et al. (1987) X /4 X/4 Caveats on
sensitivity of DEA
to inclusion of
different variables

Key: 4 Attempt to overcome methodological difficulty; X No attempt to overcome methodol ogical
difficulty; X /4 Some attempt to overcome methodological difficulty.

3.1.2 Data Enveopment Andlysis Study: Jesson, Mayston and Smith (1987)

Using the same data as the 1984 DES sudy, Jesson et al (1987) apply data envelopment
andyss (DEA) (Section 1.22). DEA is a ussful antidote to sngle output education
production functions since it properly treats efficiency as a relaive concept. A school’s
efficency is measured redive to that of its peer group with the same linear combination of
outputs. Two output measures were used by Jesson et al:
Output 1: percentage of children getting 5 or more GCE O levels or CSE grade 1
passes,
Output 2 percentage of children getting 3 or more graded passes & CSE or GCE O
leve.

The inpu variables were:
percentage of children in LEA areawhose head of household is a non-manua worker;
percentage of children not from one parent families,
percentage of children born in UK, Irdand, USA or Old Commonwedth or whose
heads of household were born in these countries;
secondary  school  expenditure per pupil, including both teaching and non-teaching
costs.

LEAs can be judged efficient for different combinations of the two outputs, provided any
particular combination of the outputs is not produced usng more of a least one ‘input’ than
any other LEA producing that combination of outputs. This study indicated that 27 out of 96
LEAs were ‘inefficient’. The authors warn, as indeed we have highlighted in section 1, that
DEA is limited by the adequacy of the data and is sengtive to the outputs and inputs chosen
for incduson. Hence they regard the study as illudrative not definitive. However, the use of
DEA in this study is important, Since it serves to remind us thet if there are two or more LEA
education outputs which ae subditutes for each other, then dngle output-expenditure
measures cannot be used to judge LEA efficiency.
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3.2 Schoal level education production function studies

The school leve education production function studies consdered fdl into three categories.
Fird, there are dudies usng dudent level data, which dl derive from the Nationd Child
Development Survey dataset. Second, are studies using data aggregated at school level from
the Annua School Census (Form 7)*°, school examinaion peformance and generd
population census datasets. Findly a review of UK class Sze studies is referred to:  there are
few of these large-scale quantitative studies and al were undertaken 12 or more years ago.

3.2.1 National Child Development Survey studies

The most recent and most econometrically sophisticated studies are to be found in four papers
utilisng Nationd Child Devdopment Survey (NCDS)*’ data The studies reviewed are:
Dearden et al (1997), Dusmann et al (1998), Dolton and Vignoles (1999), and Feingtein and
Symons (1999).

All three studies estimate an education production function equation of the form:

O =f(T,,F.S,R,E) (3.1)
where:

T, = prior atainment of individud i;

F; = Family background variables,

S = Schoaling inputs or school qudity variables,
P; = Peer group effects,

Ei =loca environmenta effects

The main features of these four studies are summarised in Table 3.2.1(a) and an assessment
of their methodology is given in Table 3.2.1(b). The NCDS provides individua level data on
educational outcomes, prior atanment a 7 and 11, family background, and school qudlity, in
particular type of school attended, its pupil-teacher ratio and the child's class size a 16 for
maths and English. The NCDS data are supplemented by other data on expenditure and
resourcing & LEA-level (from LEA returns) and by census data on SES variables & LEA-
leve.

QOutcome variables

All four dudies use examination results as a measure of school output, dthough the exam
measures derived differ, as shown in Table 3.2.1(8). Dolton's and Vignoles maths and
English exam scores, Feingein's and Symons English atainment measures, and Dustmann
et al’s number of exam grades, correspond directly to te qudifications achieved by pupils a
the age of 16. The other measures of examination atanment combine a least two stages of
schooling, though asingle year’ s pupil-teacher ratio (PTR) is used as aregressor.

Dearden et al and Dolton and Vignoles dso estimate earnings equations as a function
of qudifications (i.e. highet previous educationd dtanment), family and individua

¢ The Annual School Census (Form 7) collects information from each school every year. Data collected
include pupil and teacher numbers, as well as certain socio-economic information. Data are collected at school
level. However a pupil level Annual School Census is currently being piloted. This will be fully operational in
2002 and will be combined with pupil-level SAT/GCSE scores to form the National Pupil Database.

" The NCDS is a longitudinal study which includes all children born between 3 and 9 March 1958. They were
surveyed at birth and then at ages 7, 11, 16, 23 and 33.
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characterigics and school qudity variables (incuding LEA-levd inputs). Dustmann et al
include career choice as a school outcome variable, where the choice is between staying on at
schoal, training (full- or part-time) or entry into the labour market. Only Fengein and
Symonsinclude peer group effects.

Moddling

The dudies are dso notable for their concern with correcting and checking for bias due to
omitted variables and endogeneity (Section 1.1.1) as shown in Table 3.2.1(b). They dl
atempt to overcome the endogeneity problem via the ‘saturation’ method, which involves
testing a sequence of modd specifications.  The initid modd contains a limited number of
variables. In subsequent modes more and more variables are included to show the effects of
contralling for different measures of ahility/prior attainment and family background, loca
environment and school qudity variddles Feingein and Symons dso supplement OLS
edimates with 29.S and sendtivity andysds which indicates that the endogeneity bias is
unlikely to be serious. Dugmann et al include a Smultaneous equation testing of their career
choice modd, while Dolton and Vignoles report atest with an instrumentd variable.

Dearden et al try an additiond functiond form. They extend the basc modd —
equation 1 above — by introducing interaction terms.  the pupil-teacher ratio is interacted with
school type and ability.

Findings

The findings, summarised in Tables 3.2.1(c) and 3.21(d) focus in on the school quality
variables and report coefficients on these variables estimated after including the largest range
of control varigbles. The <udies confirm the overwhdming importance of prior
atanment/ability and family background varidbles in determining school  educationa
attainmen.

No dgnificant relationship between school input variables and labour market
outcomes was reported by Dolton and Vignoles, even after trying a variety of specifications
(e.g. induding only comprehensve school pupils.  They dso sought to overcome
endogeneity by usng as an ingrumenta varigble (Section 1.1.1c) the random variation in
educationd resourcing levels that followed a change in LEA organisation in 1974. However,
Dearden et al found some school qudity variables to be sgnificant and correctly signed in
wage equations (see Table 3.21(d)). This finding came out of specifying interactions
between the pupil-teacher ratio (PTR) and school type and PTR and ability. The PTR did
have ggnificant and negative effects for men who attended secondary modern schools, and
lower ability women. Thus the Dearden et al study indicates the importance of mode
specification and the use of interaction terms (Section 1.1.1b) to probe how resources may be
differentidly effective for different types of student.
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Table3.2.1(a) Student level education production function studies: main features

Authors Output measure School quality Controls Data Statistical
variables technigue
Feinstein and EXAMS School type (single sex, PRIOR ATTAINMENT: OLSand2S8LS
Symons (1999) 1.English: highest grade private, grammar, NCDS ‘ahility’ testsin maths at 11
attained in national exams | comprehensive, FAMILY BACKGROUND: NCDS Monte Carlo
in English up to age of 21 technical, secondary Parent interest variable; simulations:
(has 8 categories). modern) Father in top or middle SES; Genera sensitivity
2. Mathematical ability at Father and mother stayed on at school; population analysisto check
16 measured by NCDS No of older and younger siblings; census effect of low
test. PTR at school level. Father playsrolein upbringing. correlation in
3. Index of overal exam PEER GROUP composite variable made up of: 2SL S between
performancein all Pupil in top stream % of childrenin class with fathers in non-manual instruments and
subjects. Not in top stream of occupations; endogenous
streamed classes % of children in class only taking GCE exams; variables.
% of childrenin class only taking CSE exams;
% of children in previous year’s class who stayed
on in education.
ENVIRONMENT
local unemployment rate,
% of unskilled manual workers
Dustmann et al. EXAMS School type PRIOR ATTAINMENT OLS (ordered
(1998) Number of O level and NCDS ‘ahility’ testsin mathsand English at 7 & 11. NCDS probit)
CSE grade 1 passes PTR at school level FAMILY BACKGROUND Varied
DESTINATIONS Family income; parents working; Generd specifications.
Career choice (staying on, Parents’ education; population 2 stage estimates
full & part-timetraining, Child has separate room; census with instrumental
labour market) No of older and younger siblings; variables.
Parental interest;
Parentswant child to sit A-levels/ go to university.
ENVIRONMENT
Local unemployment rate;
% of unskilled manual workers
Dolton and | EXAMS School type PRIORATTAINMENT NCDS
Vignoles (1999) English and maths exam NCDS‘ahility’ testsin maths and English at 11. oLs
results at age 16: English and mathsclass | FAMILY BACKGROUND LEA education | (ordered logit)
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1=noqudificationsin E sizes (at 16); Gender; race; social class; statistics
or M; Square of class size; Home ownership; Varied
2 = unclassified grade; PTR at school level; Number of. siblings; specifications.
3=CSEgrade3or 4; School size; Father present;
4=0level grade D or E; % students staying on; Parental attitude to staying on at school.
5= Oleved Cor CSE LEA expenditure per
6= Olevel gradeA or B pupil; PEER GROUP
WAGES Teachers' salaries per Attended school where:
Log of gross hourly pay at | pupil; <20% pupils non-manual;
age 33 for employed PTRa LEA -level; >80% pupils non-manual.
males. Child setted or streamed.
Dearden et al. EXAMS School type PRIORATTAINMENT NCDS oLs
(1997) Highest qualification NCDS‘ability’ testsat 7 in verbal and maths (ordered probit)
obtained at school (A- PTR at child’sschool at | ability. LEA education
level, 5+O-level A-Cor 11& 16 FAMILY BACKGROUND statistics Varied
CSE1, 1+Olevd A-Cor LEA expenditure per Parental interest; specifications,
CSE 1, CSE 2-5, none). pupil Father’ s social class; Generd including
Highest educational LEA average teacher | Father’sand mother’seducation; population interaction terms
qualification obtained at salaries in primary and | Inreceipt of FSM; census between PTR and

age 23 or 33.

WAGES

Wages at 23 and 33:

hourly real gross wage rate
in 1995 prices (of thosein
employment in 1981 and
1991)

secondary schools in
1969 and 1974

Family financia difficulties,

No. of siblings and No. of older siblings.
ENVIRONMENT

Regional school dummies (11);

Census (1971) SES variables of enumeration
district in which child lived;

Social deprivation level of LEA (1971);

Size of LEA and its spending needs.

school type; and
PTR and ability.




Table3.2.1(b): Student level education production function studies: methodology

Authors Methodological issue
111 1.1.2a 1.1.2b
Endogen  Aggregation Functiond Omitted varigble
ety Bias form bias
Feinstein and
Symons (1999) 4 4 X 4
Dustmann et al. 4 4 X 4
(1998)
Dolton and
Vignoles (1999) 4 4 X 4
Dearden €t al. 4 4 4 4
(1997)

Key: 4 Attempt to overcome methodologica difficulty; X No attempt to overcome
methodologicd difficulty; X /4 Some attempt to overcome methodological difficuilty.

Table 3.21(c): Summary of findings of student level studies on effect of resource
variables on exam results
Feinstein and Dustmann et al. Dolton and Dearden et al.
Symons (1999) (1998) Vignoles (1999) | (1997)
Classsize | Notincluded Not included Significant but Not included.
positively signed.
Square of classsize
significant
negatively signed.
School Insignificant Significant when Significant: Not significant
PTR school type not Maths score except for negative
included. coefficient effect on men
Insignificant once =-0.091; attending secondary
school typeincluded. | English score moderns and lower
coefficient =-0.068 | ability women.
LEA PTR | Notincluded Not included Insignificant Not included
LEA exp. Not included Not included Insignificant Insignificant
per pupil
School Compared to Significant. Compared | Maths/English : Men: grammar and
type comprehensive, to secondary modern | coefficients private school
coefficientsfor all coefficient on exam compared to attendance at 16 has
examsis: scoreis: comprehensive: significant and
grammar = 7.56 Private = 2.087 private = 1.168(M): positive effect,
sec. mod. =-2.32 Grammar = 1.916 0.882(E) secondary modern
privateisinsignificant. | Technical =1.137 grammar = negative effect.
Peer group = 10.29 Comprehensive=0.69 | 0.585(M): 0.886 (E) Women: girls school
Top stream = 7.57 secondary modern had significant
Not top stream = -5.42 =-0.076(M): positive effect.
-0.193(E)
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Table3.2.1 (d): Summary of findings of student level studies on effect of resource
variables on other outputs®®

OUTPUT | Dustman et al. (1998) | Dolton & Vignoles (1999) Dearden et al. (1997)
CAREER CHOICE WAGESAT 33 WAGESAT 23& 33
Classsize Not included Insignificant in full specification Not included
School PTR Significant. decreasein Not significant once control for Negative and significant effect on
PTR by 1 t. dev. (2.3) ability, qualifications, personal wages at 33 for women attending
increases probability of factors and experience. grammar schools.
staying on at school by 6-7
percentage points.
LEA PTR Not included Insignificant Not included
LEA Not included Insignificant 10% inc in average secondary
spending per teachers’ salary per pupil leadsto
pupil 10% higher male wages at 23.
10% increase in LEA secondary
school expenditure per pupil leads
t0 3.1% higher female wages at 23.
School type Grammar/private school Significant. Private school has 9% impact on
increases staying on by male wages at 33. Has positive
16/19 percentage points. impact on female wages at 33.

Dugmann et al aso report sgnificant effects on career choice of the school levd PTR
after controlling for school type. They find that a lower PTR increases the probability of a
sudent deciding to stay on at school after 16. The PTR aso has a sgnificant effect on exam
results, though this becomes inggnificant when school type is included. This is because PTR
and school type are quite highly correlated, so PTR acts as a proxy for school type. The
authors note that in the absence of school types in the exam equation, PTR explains less than
haf the impact on exams than does school type, indicating omitted varidbles, such as peer
group effects and teacher qudity.

Dolton and Vignoles report that the PTR is sgnificant and negatively sgned in ther
exam eguations, which include schoadl type, while Fengein and Symons find it insgnificant.
However, the measures of attainment used by Dolton and Vignoles are a more valid construct
for school output than those of Feingtein and Symons, the former use English and Maths
exam results and dl subject exam results taken a 16, wheress the latter use the NCDS test of
meaths and measures of highest attained qudification from school.

Only Dodlton and Vignoles include class Sze as a regressor in school  atainment
equations, where it was dgnificant but postive, probably because of its association with pupil
ability. (It became indgnificat when cdass dze squared was added to the modd).
Fengen's and Symons sudy is useful in indicating the importance of the peer group in
explaining attainment a school. None of the studies explored the relaionship between peer
group and classsize.

In summary, three of the sudies provide evidence of the effects of school resource
variables on school attainment and one of them of effects on wages. By progressvely adding
in more variables these studies go some way in controlling for endogeneity. Fewer school
quaity varigbles are reported as Sgnificant when a larger number of explanatory variables
are controlled for, indicating the likdihood of omitted varigbles bias in other studies which
use only a few control variabless The NCDS sudies have dso tackled the endogeneity
problem by means of instrumentd vaiables. Induson of interaction terms enables the
differentid effects of resources for different types of student to be explored. Consequently,

%8 Note that Feinstein and Symons only use exam scores as their output. Consequently they are not included in
thistable.
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some podtive effects of school quality variables on educationd outcomes are now being
discovered usng UK data.

3.2.2 Studies using data aggregated at school leve

Another smdl group of studies utilises input and output deta a school level. The one most
pertinent to this review is Bradley and Taylor (1998). The main features of the sudy are
summarised in Table 3.2.2.

Table3.2.2: School level study (Bradley and Taylor): main features

Output measures Proportion of aschool’ s students aged 15 in the year prior to taking
GCSEswho obtained 5 or more GCSE grades A* to C

School quality variables % of students taking Advanced level courses;

% of studentstaking vocational courses;

% of teachers with formal teaching qualifications;
part time/full time teacher ratio;

school type (LEA or GM; single sex);

number of pupilsin the school.

Controls % of school’ s students:

% entitled to free school meals;
% with special needs;

% from non-white backgrounds.

Data DfEE Schools Performance Tables: al non-selective English state
secondary schools 1992 to 1996. Annual School Census (Form 7)

Statistical technique OL S estimates of ordered |ogit equations of exam results estimated
separately for 11-16 and 11-18 schoolsin 1992 and 1996.
Endogeneity of the FSM variableis checked for by use of
instrumental variables.

Not surprisngly, the strongest relationship found was between exam results and free school
meals. Other persastently strong and positive effects for dl schools were:

being a voluntary aided school;

being agirls only school

the proportion of part-time teachers

school sze (number of dtudents) (podtive coefficient on number of pupils, negative on
number of pupils squared).

There were positive sgnificant effects for 11-18 schools from:

the proportion of students taking A-level/ vocational courses
being GM in 1996.

Being a secondary modern school had a negative impact on exam results.
The only internd school resource varigble which was dgnificantly and pogtively related to
exam performance was the proportion of part-time teachers, possbly because this indicates
gregter  daffing flexibility and better matching of teacher drengths to curriculum
requirements.  The pupil-teacher ratio was inggnificant, except in 1992 for 11-18 schools,
where the sgn on the coefficient was pogtive (i.e. opposite to that expected). The authors
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explan this finding as due to lower PTRs being associated with higher proportions of low
ability students (endogeneity). School sze exerted a podtive effect on exam performance.
From the estimated coefficients the optima sze of school was moddled. Exam performance
was maximised at the sze of 1200 for 11-16 and at 1500 for 11-18 schools. In comparison,
in 1996 the actua mean sze for 11-16 schools was 765 and for 11-18 schools was 1010.
Roughly 70% of schools are below optimum size with respect to this criterion.

A second dudy involving Bradley et al (1999), utilisng the same daabase with
additionad census data and measures of proximity of other schools, is a DEA sudy in which
free school medls and the proportion of unqualified teachers are treated as the only two inputs
in the education production function for edimaing the efficiency frontier and departures
from it. The study does not add any new information concerning the effects of school inputs
in an education production function to thet given in Bradley and Taylor (1998).

3.2.3 UK classdze sudiesreview

The most recent review of UK class Sze research found is Blatchford and Mortimore, (1994).
Blatichford’'s and Mortimore's review of UK class sze sudies is quite brief as it is pat of a
wider ranging aticle.  Four of the studies they review (Morris, 1959; Wiseman, 1967; Davie
et al, 1972; and Little et al, 1973) are corrdationd and large scde, being described as well
designed and well caried out. These sudies tested for associations between class Sze and
pupil atainment. In generd they found that pupils in larger classes did better then those in
gndler dasses.  Attempts were made to control for endogeneity by including variables such
as parentd occupation (Wiseman), parentd interest and occupaion (Davies study using
NCDS data) but the advantage of larger classes remained. ORACLE (Gaton and Smon,
1980), a ‘large scal€ study using classsoom observation data, found that while class size had
some association with classroom interactions, larger classes did not result in lower rates of
pupil progress. The only UK gudy with any contrary findings is the Junior Years Study
(Mortimore et al, 1988) which reported that for a sample of 50 London primary schools
smaller classes were associated with grester progress for 8 year olds in mathematics and nor:
cognitive development.

Blatchford and Mortimore note that no UK sudies have used experimental methods.
They conclude, having aso reviewed internationa research, that there is now firm evidence
of a link between lower class sze and higher educationd attainment but only in the early
years, paticulaly for socidly disadvantaged children and only for classes smdler than 20.
This concluson, however, rests dmog entirely on the international evidence. The reviewers
adso comment on the lack of recent research on class sze in the UK. Currently Blatchford
and Goldstein are undertaking a large-scde study usng MLM but they have not yet produced
published findings.

3.2.4 Concluson

Education production function research in the UK has been saverdy hampered by the lack of
good qudity data Apat from the NCDS sudies, dl the others suffer from the aggregation
problem since they use LEA or school level data. Furthermore, LEA sudies have not proved
a paticulaly fruitful line of inquiry for the educaion production function because of the
endogeneity problem (Section 1.1.1). The data are dso amply a too high A-levd of
agoregation for testing the important relationships between school levd variddles and
outcomes. Where any positive impacts of resources on outputs have been found in LEA and
school aggregate level sudies, these concern teacher quaity variables and not overdl
expenditure per pupil or PTR.
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More recent dtudies utilisng student level data from the NCDS, together with school
and LEA-levd resource input data, have been more successful in controlling for endogeneity
and detecting some school resource effects. The larger range of variables has enabled these
sudies to make progress in reducing omitted variables and endogeneity bias. They have dso
used more sophisticated and varied model specifications. These studies have produced some
evidence of school quality variables impacting podtively on non-exam outcomes. However,
these studies have not dways utilised measures of school output with high condtruct vaidity
and have had recourse to only limited data for school level resource utilisation and for
indruments for contralling for the endogeneity of the school resource variables.  The
interaction effects in Dearden et al are indicaive of the potertid importance of differentid
resource effects for students according to gender and ability, which dudies utilisng school
level datawould miss.

4. UK Cost Effectiveness Studies of School Provision

As wdl as the gpplication of datigicd techniques to andyse the reationship between
expenditure and school performance, other methodologies have adso been applied to explore
links between resource inputs and performance outputs®. This section describes the
application of some of these techniques in a UK context. The sudies included fdl into three

groups.

) comparative andyss of course costs and peformance on an inter-organisationa
bass. Thiswork islargely restricted to costing provison for 16-19 year olds.

i) The evduation of specific programmed education interventions, comparing their costs
and their effects on pupil performance.

iii) The gpplication of the OFSTED inspection framework to provide comparative,
judgementd evaluations of schools' use of resources to deliver pupil performance.

4.1 The cost-effectiveness of A/AS level provision

Andyss of A-level provison has been a promisng line for researchers to pursue because of
the avalability of student level prior attainment data, namey GCSE results. The research on
A-levd cogt effectiveness fdls into two types. The fird is a set of rdated academic studies of
the cost-effectiveness of A-level courses in 12 inditutions representing a range of providers.
The second set consdts of studies sponsored by governmental bodies (Audit Commisson,
OFSTED, DfEE), ether on vaue-added A-level andyss or on the cost-andyss of A-leve
provison in different inditutions.

4.1.1 Fedding and Thomas. cost-effectiveness of A-leve provison in 12 inditutions

Two important studies of the cost-effectiveness of A-levd provison were undertaken by
Felding (1995 and 1998), utilisng data collected by Thomas from primary sources (Thomas,
1990). The Feding dudies reandysed Thomes data usng multi-levd  moddling.
Fieding's 1998 study was concerned with inditutiona costs, whereas the 1995 study aso
reported cost-effectiveness etimates by inditution type for socid codts (inditutiond plus
gsudents private costs of approximate earnings foregone). The two studies reached broadly

%9 In addition to the material reviewed here, there is huge body of literature relating to school effectiveness,
which has also looked at cost effectivenessissues. A recent summary of this literature can be found in Teddle
and Reynolds (2000), and hence, whilst we sometimes allude to this literature, we do not explicitly include this
research in our review.
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the same conclusions about relative cos-effectiveness, so this review focuses on the 1998

study.

Data were collected for three cohorts of examinees in 1980, 1981 and 1982 for 1162
teaching groups with 10685 sudents in 12 inditutions (6 school sxth forms (SF), 3 dxth
form colleges (SFC), 1 tertiary college (T) and 2 FE colleges). Output was the A-level score
by subject at student level, with prior attainment measured by O level/CSE scores.

Cogts were dlocated to each teaching group by A-level subject. These conssted of':

ingtitutional overhead costs for each year 1978 to 1981; expressed in 1981 prices,
cogt of time-tabled teacher time per teaching group.

The dependent variable was the codt-effectiveness ratio obtained by dividing the
student subject A-level score by the cost per student. Because there were only 12 indtitutions,
the main modd reported was fitted a two levels (Sudent and teaching group) with each of
the 12 inditutions represented by a dummy variable. The individud sudents O-level score
was used as a fixed control variable at level 1 and the mean teaching group Oleve score as a
fixed varidble a& level 2. Additiona variables included were number of teachers who taught
the group, number of candidates in the group and dummy varigbles for 7 types of A-leve
subject.

83% of the explaned vaidion in the cos-effectiveness raio (Fielding, 1998) was
accounted for at the student level and 17% a the teaching group levd. Six of the seven
subject dummies were dgnificant.  O-levd score was highly sgnificant.  The number of
candidates (reflecting class 9ze) was podtive and dgnificant, indicating, that larger classes a
A-level are more cogt-€effective.

All except two of the inditutiond dummy variables were dgnificant.  The inditutiond
dummies were interpreted as indicaiing a ranking in inditutiond types, with gxth form
colleges the most cost-effective and school sixth forms the least cost effective, corroborating
Thomas (1990) findings. An odd result, which is not commented upon, is that cost-
effectiveness was dgnificantly and negatively rdated to the teaching group’'s mean O-levd
score. This may well be due to endogendty, in that school sixth forms have higher average
prior atainment but smaler teaching groups than FE colleges.

The smdl number of inditutions induded in these dudies, dearly limits their generd
goplicability. Larger and more comprehendve data sets have since become avallable and will
enable more extensve research to be carried out on these issues. Future research based on
these larger data sets should be more generalisable.

4.1.2 Officiadly sponsored reports on A-level cost-effectiveness
The DfEE, Audit Commisson and OFSTED have commissoned and undertaken a number of
ressarch sudies into the cost-effectiveness of A-levd provison in different inditutions

Some draw on nationd data sets and others utilise fiddwork data from a reativdy smal
sample of inditutions. The studies included are summarised in Table 4.1.2(a).
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Table4.1.2(a): Officially sponsored reportson A-level cost-effectiveness

Study Type of study Data sour ce Main input variables | Main relevant findings
Unfinished Business (Audit Costs and value added | Field work: 42 schoolsand | GCSE No relationship between Adlevel value added
Commission and OFSTED, A-level results collegesin England and Unit cost of A-level and unit costs.
1993) Wales, 1991. courses (teaching and non-

teaching costs).
Effective Sxth Forms Costsand HM|I Field work in 92 school Cost of sixthformin About two thirds of sixth forms were cost
(OFSTED, 1996) judgement of quality of | sixthformsin30LEAS, comparison with budget effective. Difficult for small sixth formsto be

provision

1993/94.Case studies of 18
6" forms, 1994/95.

received for 6 form.

cost-effective without consortia.

Two B’sor Not (Audit
Commission, 1993)

Value added: A-level
points score.
OLSand MLM

Student level: 1721
candidates, 1988, from
YCS

GCSE, gender, institution
type, parents’ education,
social class, ethnicity.

37-39% A-level variance explained. Significant:
GCSE, female and non graduate parents (both
negative). No significant differencefor type of
institution attended.

Value Added for 16-18 Year
Oldsin England
(O’ Donoughue et a., 1997)

Vaue added: A-level
points score.
MLM.

Student level. Bath
examinations datafor 3
cohorts, 1993-95.

504680 candidatesin 2824
institutions.

GCSE, gender, ingtitution,
institution type

55% A -level variance explained. Significant:
GCSE, femde (-ve), selective school (+ve),
GCSE score of year group (+ve), school FSM%
(-ve). Ingtitutional type: comprehensives & FE
colleges —ve effect compared to 6" form
colleges; latter similar to GM & grammar schs.

Public Funding Costs of
Education and Training of 16-
19 Y ear Olds (DfEE, 1998h).
Developing Funding Cost
Comparisons (DfEE, 1998a)

Public funding costs of
different types of
institution

FEFC funding tariffs,
CIPFA schools finance
data, Form 7, YCS (for
course retention), Bath
exam data.

Unit cost per successful
completionof 2and 3 A-
level packages by
institution type.

Unit cost ranking from highest cost:
GM schools;
LEA schools;
6" form colleges;
FE general colleges.
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Unfinished Business (Audit Commisson and OFSTED, 1993) is the only report of
those reviewed which directly compared the cost of A-levd provison a inditutiond leve
with vaue-added A-levd scores.  To edimate the unit costs of A-levd provison a
inditutional level, four A-level courses a each of the 42 inditutions studied were costed.
The methodology for costing teacher daffing required data on the number of course hours a
week taught by teachers. This was put on an annua basis and multiplied by the cogt of an
hour's teaching®® and divided by student numbers on the course. Non-teaching recurrent
costs® were gpportioned according to course teaching hours.  Unit course costs per Aleve
completion at each inditution were compared with vaue-added A-level subject scores. no
sggnificant correlaion between the two variables was found.

The Audit Commisson’'s (1993) study found that while schools tended to have higher
ability candidates than further education colleges, the data did not show any single type of
inditution as condgently more effective a A-levd than the others, when full account was
taken of differences in examination qudifications of ther intakes a 16 plus They dl ‘added
vaue to GCSE in roughly equa messure.

OFSTED’s (1996) study of Effective Sxth Forms did not cost courses directly.
Ingtead, it compared the percentage of daffing dlocated to sixth form teaching in a school
with the percentage of the budget generated by sixth form Age Weighted Pupil Units  If this
did not exceed 100% and the school was judged by the HMIs to provide an effective
education for its dudents, then the sdxth form was deemed cod-effectives  Usng this
criterion, two thirds of sixth forms were judged to be cost- effective.

Both the studies reviewed above, which attempted to link the effectiveness of Aleve
courses a inditutional level with unit costs of the courses, gathered data by fiddwork in a
rdaivey smdl sample of inditutions. Some later work, reviewed below, used larger datasets
and reported findings on the comparative educetiond effectiveness of inditutions or on
comparative funding.

Three interrdated studies (DfEE 19983, 1998b and O’'Donoghue et al 1997) were
jointly commissoned by the DfEE. The firg two studies were concerned with cosing the
funding of pos-16 qudifications provided by the different types of inditution, while
O'Donoghue et al was a supporting multi-level andyss of A-levd results. Though not able
to bring A-leve output and cost measures into a single regresson, the three studies together
provide evidence on the cost-effectiveness of different types of provider.

The DfEE (1998a and 1998b) <udies caculated the public funding costs per
qudification package of the different sectors providing equivdent post-16 qudifications.
The studies made clear that the public funding costs of completed 2 and 3 Aleve packages
were estimates not actual expenditure costs as ‘it is not possible to provide expenditure-based
figures (DfEE, 1998b, p.2). The costing methodology adopted was driven by the need to
make school funding for A-level packages equivalent to that received by FE colleges. These
are funded by a unit tariff cdibrated by course and trandaed into cash according to an
exchange rate cdled the Average Leve of Funding (ALF) that ill differs by FE college. FE
cods of provison were estimated according to the ALF of the median college. The FE tariff
unit methodology was then replicated for schools using cost data from Section 122 returns,
Form 7 (for funded pupil numbers) and Bath exam data (for completed qudifications by
indtitution).  Youth Cohort Survey data were used to provide an estimate of drop out and
retention rates for each sector. Unit coss were cadculated for qudifications completed, while

% The cost per teacher hour used in calculating the direct costs of courses depends on assumptions about many
hours a week/year teachers normally teach and on how to apportion teachers’ non-contact time between work
done to support their course teaching and other activities carried out in non-contact time. 60 Support staff,
consumabl es and equipment, maintenance, administration and other costs.
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funding was related to students enrolled.  The resulting cdculations are shown in Table
4.1.2(b).

Table4.1.2(b): Public funding costs of 2 and 3 A-level packages. 1996-97

SECTOR 3 A-LEVELS 2 A-LEVELS
Cost £ Cost index Cost £ Cost index
LEA maintained 7380 100 4410 100
schools
GM schools 7630 103 4560 104
Generd FE colleges 6250 85 2980 68
Sixth form colleges 5910 80 3270 74

Source: DfEE (1998b), pp.6 and 10.

Evidence on the vadue-added outputs of different types of inditution for A-levels was
provided by O’ Donoghue et al (1997). This study utilised a database of over 50,000 A-leve
candidates (see Table 4.1.2(8)) and various model specifications. It found that students in
grammar and GM schools and sixth form colleges made smilar progress. Students in LEA
comprehensve schools made on average three-quarters of an Aleve point less progress and
students in general FE colleges made 2.5 less Alevd points progress than those in sixth form
colleges. However, the measure of FE output was biased downwards because it did not take
account of vocationd qudifications.

A further finding of O'Donoghue et al was tha there was a smdl compostiona
effect. In particular A-leve progress was posgtively related to the average prior atainment of
an inditution's students and negatively reated to the percentage of students entitled to free
school medls. Hence dower progress in comprehensive schools and FE colleges was in some
part due to peer group effects. The study aso estimated that larger group Size was associated
with a smdl increase in progress and that changing inditution between GCSE and A-levd
had a very amdl, dmog negligible, negative effect on performance. On the bass of the
cogting data and findings of O’ Donoghue et al it was concluded that:

"It is not possble on current evidence to draw firm conclusons about the links
between value added and funding” (DfEE, 19983, p.15).

4.1.3 Summary

To summarise, the overdl conclusons regarding the reaive cod-effectiveness for A-leves
of the different types of inditution are ill somewha inconclusve. While generd FE sector
provison is cheaper than the schools sector, its relative cod-efectiveness in terms of vaue
added compared to the other types of provison has not been fully demondrated. Differences
in unit cost a A-levd ae lagdy explaned by differences in teaching group Sze and there is
no evidence that increesing group Size within the usual Sze range of 20 or below reduces
sudent progress. Thus the evidence suggedts that improving the overdl cost-effectiveness of
A-levd provison depends on dructurd decisons aout rationdisng the number of
providers, in paticular dosng smdl sxth forms and hence increesng the average sze of A-
level teaching groups.

The methodologies used to invedtigate A-level codt-effectiveness have been limited by
the avallable data and by the rdatively smdl sample Szes used in most sudies. Many studies
have therefore not been able to fully address key methodologica issues, such as the
endogeneity of resource levels. Hence the contribution of this particular literature to the
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more mainstream school resourcing research is quite limited.  Certanly the A-level codt-
effectiveness dudies do not provide support for the view tha higher resource levels will
automatically generate better outcomes.

4.2 Educational interventions

A number of policies and interventions have been devised with the am of improving
performance amongst target sets of pupils. The evidence on two types of intervention — early
literacy programmes and specid needs provison — is described below. These include two
different early literacy projects and one review of a project focusng on children with mild
learning difficulties  Many of the inteventions have been of an experimentd or quas-
experimental nature.  Cost-effectiveness gpproaches have been used to evaluate a number of
these interventions.

4.2.1 Reading recovery and phonologica intervention

Reading Recovery and dternative Phonologicd Intervention was a project amed at
improving the reading skills of children who had made a dow gdat in reading (Qudifications
and Curriculum Authority, 1998). It involved 390 sx year-old children from 63 schools in
London. In September 1992 the children were placed in three groups, matched for initid
reading ability for the two terms spanning 1992 and 1993:

95 received the Reading Recovery (RR) programme;

97 received Phonologicd Intervention (P1);

a control group (CG) of 198 children was established, hdf in the same schools as the RR

and PI children and the rest at 18 control schools with no RR or Pl programmes.

Reading Recovery was the most resource intensive option as it involved a daly 30
minutes individud sesson with a RR teacher for about 20 weeks {.e. about 50 hours teacher
time per child). Phonologica intervention comprlsed 40 tenrminute sessions over 2 terms (6
hours 40 mlnutes teecher time per child)®?. The control group children had their normd
programme®?

The children were pre-tested in September 1992%¢.  Post-tests were administered in
the summer of 1993 (pod-test 1) and in the summer of 1994 (pod-test 2). There was a
further follow up test in autumn 1996 when 342 children were 4ill in the study. In addition,
reading 'égst and other data were collected in 1996 from 1398 classmates of the origind cohort
children.

The effects of RR and Pl were estimated usng multiple regresson to control for the
dightly higher initid reading ability of the control group children. Initidly the Reading
Recovery (RR) children made sgnificantly greeter progress than the control group. After one
year the RR children were not sgnificantly ahead of the control group in their own schoal,
but were ahead of children in control group schools (those without any RR or Ml
intervention). Four years later, the RR children had held on to their absolute gains but the
difference between them and the control group was no longer daidicaly dgnificant. In
contrast, the immediate pogt-intervention gains from P were confined to phonologica
awareness and had no impact on reading. But by the end of second year, the P children’s

521t should be noted that Pl was delivered by the research team, so thisis a self-assessed intervention.

8 This often included some support.

%4 The tests were the British Ability Scale Word Reading Test and Neale Analysis of Reading Ability, Clay’s
Diagnostic Survey, and the Odditiestest for phonological awareness.

8 These were tests of children’s post intervention reading using BAS word reading and spelling tests, the Neale
prose reading test and Oddities test for phonological awareness.
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reading and spdling improved Sgnificantly. After four years the effect of Pl on reading just
missed daidicad dSgnificance, but there was a lading impact on spdling for al children
included in the project, except for children unable to read &t 6.

Table 4.2.1(Q) shows the coefficients and effect szes from a modd that compares
children who experienced the intervention (RR or PlI) with those who did not. The
comparisons between the two groups of children are made both within schools and across
schools.  The important columns are those containing the effect 9zes Where a sgnificant
effect sze is found, this suggests that the children who experienced the educationd
intervention (RR or PI) did sgnificantly better than those that did not. The magnitude of the
effect 9ze is given in sandard deviaions Thus a podtive dgnificant effect 9ze of 04
suggests that those children who experienced the intervention, achieved 04 of a standard
deviation better results than those children who did not. Table 4.2.1(a) cemondrates that the
programme is effective for two sub-groups of children; those entitled to free school meals and
those unable to read a six.

Table4.2.1(a): Sub-sample of children taking FSM: reading and spelling skills at third
followrup (Autumn 1996)

Original sample Reading/compr ehension Spelling

Coefficient Effect sze Coefficient Effect size

Reading Recovery

Within-school -7 -.10 0 Negligible

comparison (n=45)

Between-school 30 A1* .26 24

comparison (n=89)

Phonological

I ntervention

Within-school 31 .38 .38 .30

comparison (n=56)

Between-school 40 A8*F* 49 .38*

comparison (n=79)

Notes:

* = ggnificant at 0.05 levd; ** = dgnificant a 0.01 leve

Effect 9zes were edimaed from regressons controlling for initid scores on word reading
test and diagnostic survey.

Within-school comparison: between RR or PI and control group in the same schooal.
Between-school comparison:  between RR or Pl and control groups in schools without RR or
Pl.

Source: QCA (1998) Table 4.10.

Cogt data were collected by adding, to the RR and PI time per child, any additiond
help with reading provided to the child. The time data were converted into money costs,
taking into account the actual saary costs of RR teachers and those giving Pl. Ctherwise, an
annua teacher sdary of £20,000 was assumed for 1992/3 and £21,000 for 1995/6 and
1996/7. The estimated costs are shown in Table 4.2.1(b) below. Obvioudy these costs must
be combined with the edtimated benefits of the interventions, to provide any guidance as to
the cogt- effectiveness of RR or Pl, but they are interesting nonetheless.

55



Table4.2.1(b): Estimated costs of RR and PI reading inter ventions compared to control
group children

1992/93* 1993/94 1994/95 1995/96 1996/97 1992-97
(estimate) (estimate) annual
average
Reading
Recovery
schools.
RR children £890 £133 £173 £215 £244 £331
Contral children | £120 £133 £133 £158 £158 £140
Phonologicd
schools:
M children £345 £227 £240 £272 £287 £276
Control children | £95 £267 N/A N/A £86 N/A
Control schools | £280 £293 £280 £315 £301 £294

Note: 1992/93 was the first year that the intervention took place.
Source: QCA (1998) Table4.21

Costs are averaged over the five years in Table 4.2.1(b)®. This indicates that RR was
£37 more codly per year than norma provison (in the control schools), whereas Pl was £18
cheaper than normal provision. However, staff training costs were not included®”.

The researchers attempted to compare LEA costs of SEN provison for children not
being offered RR or PI, with the costs of RR and PI. Phonologica intervention, followed by
routine school provison, were the most cost effective options - producing sgnificantly better
gpdlers and marginaly better readers a lower cost. For children who were sill non-readers
a sx, RR was sgnificantly better a margindly higher cod.

4.2.2 Interactive assessment and teaching reading programme

The second literacy study, by Nicolson et al (1999), was of a reading programme called
Interactive Assessment and Teaching (IAT). Thisconssted of five key seps.

an initid assessment of each child's reading in terms of meaning, phonics and fluency;
on the basis of the above, priority teaching areas for the child were determined;
asupport plan was developed in steps for the target children;

appropriate teaching methods were sdected and implemented,

each child’s progress at each step was evauated and recorded.

The study involved fewer children and a shorter time scde than the QCA study. 1AT
was implemented by two teacher-researchers recruited for the project, who used the IAT
manud to desgn training for smdl groups of children in the four schools sdected for the

% No present value cal cul ations were made.

57 The cost of training a RR teacher was about £1000 in 1995 and £300 for a Pl teacher. The RR programme
al so requires maintenance and monitoring costs incurred by the RR national network and the LEA. The coststo
each LEA involved of employing a RR tutor, professional development and management of the programme
were estimated at £35,900 in 1995.
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project. All children in Year 1 classes in the four schools were screened for reading
performance, using WORD (Wechder Objective Reading Dimension) reading and spelling
tets. A trid group of sixty-four children were sdected, aged between 55 and 6.5 years.
These were the 16 children in each of four dasses, in the four schools with the lowest reading
performance, who aso had a WORD reading standard score of 94 or less. A control group of
40 children was sdlected using the same criteria but from a different class in the same schooal,
or from a different school of amilar socid compostion if there were not enough children in
the triad school. Control and experimenta groups were matched for age and reading
performance.

The target children worked in groups of 4 with a teacher, in two weekly sessions of 30
minutes each for 10 weeks. The main costs of intervention per pupil were:

0.5 hours teacher time per week for 10 weeks,

1 hour per child for gpplying reading and spelling tests,

teacher planning time (not quantified);

teacher time spent on ongoing assessment and record keeping.

The pos-tests were taken after four months Reading and spelling ability was
measured by separate WORD tests. The results were reported as effect sizes (comparing
mean differences of experimentd and control groups) from two-way ANOVA, with F
datigtic for p<0.01 given as dgnificant. The effect Szes were measured in two ways. by
reading/spelling score and by the age equivdent of these scores, as shown in Table 4.2.2.
The authors dtate that the mean effect size of 1.71 for the experimental group, compared to
1.04 for the control group, isin line with that established in Reading Recovery.

Table4.2.2: Mean effect sizes

Group Reading Spdlling Reading: age  Spelling: age
standardised  standardised equivalent equivalent
score score
Experimenta 0.94 0.95 1.71 1.24
Control -0.53 0.24 1.04 0.48

Note: standardised score takes account of norma expected improvement (in chronologica
months) and so is less than non-standard score.

The authors dam a samilar effect sze (a immediae pod-test) to Reading Recovery,
for a programme the main cost of which is 3.5 hours extra teacher time per pupil compared
with 35 hours per pupil for Reading Recovery. Hence the authors clam that IAT is much
more cogt effective than RR. However, they have not tested its effects over time.

4.2.3 Specid educationa needs (moderate learning difficulties)

Specid Educationd Needs expenditure has been estimated by the Audit Commisson to
account for around 10% of education spending. There is a subgantid US literature on
effective gpecid needs provison for pupils with moderate learning difficulties but admost
none for the UK. The DfEE commissioned a study, Crowther et al (1998), of the costs and
outcomes for MLD pupils in specid and mandream schools  This reviewed avalable
literature and aso reported on a smal study undertaken by the authors. From the literature
review Crowther et al concluded the following.
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Academic outcomes:
these tend to be better in maingtream provison compared to specia units/schools, but
better mainstream outcomes depend on gppropriate resourcing;
full time placements in maingream classrooms tend to be more effective than mainstream
plus pull-out programmes,
programmes which am to provide dructured interventions and support within the
maindream classoom appear to produce better outcomes than pull out with support
outside the classroom.

Affective outcomes:
academic sdlf-concept is higher in specid settings, but globa sdf-esteem is less affected
by type of placement;
some evidence that maingream students with moderate learning difficulties become more
socialy competent, though some experience rejection.

The empirical part of the study involved gathering data (between October 1997 and
April 1998) on the costs and outcomes of SEN provision for MLD students in 33 schools (14
primary, 10 secondary and 9 specid) in 8 LEAs. Sixty SEN professonds were involved in
describing and categorising types of MLD sudent in order to produce six agreed categories.
Schools and LEAs were then asked to provide information on the different resources they
dlocated to these 6 types of MLD. The study thus developed a useful costing methodology
which may be replicated in future sudies. The costs included were:

costs of teaching and support staff in the classroom for the full week’ stimetable;

staff costs of ingtitutional support outside the classroom (SENCOs, pastora support);
externd sarvices (mainly from LEA);

transport costs.

The data indicated very condderable variations in unit cods, even within manstream
schoals, for pupils with the same type of MLD. For example, the cost of the least severe type
A varied from £1,664 to £3,752 in mainstream primary schools and from £2,700 to £5,116 in
maingream secondary schools. This variation was partly due to differences in the funding of
mandream pupils in the different LEAs but was dso, more interestingly, due to the different
ways in which schools deployed teaching and learning support asssants (LSAS). This daff
deployment accounted for two thirds of the cost of SEN provison. In the main, resources
were dlocated to students on the basis of perceived need or established practice, without any
clear understanding of what outcomes could be expected from these resources. The study
notes the growing deployment of LSAs without any research evidence on their effectiveness.

The sudy was unable to collect sysematic data on outcomes. The researchers
concluded that the alocation of resources to students with MLD was nether equitable
(because resources did not consstently increase with severity of need) nor efficient, because
schools and LEAs had no way of tracking the link between the resources deployed and
outcomes achieved®®.

The sudy made a number of wel-argued recommendations, in paticular a shift in
decisonrmaking with respect to MLD sudents from need to outcomes. Resourcing should
be tied to a specification of desrable outcomes and resource usage and subsequent outcomes
should be sysematicaly monitored. To assst this a nationad framework of outcomes for

% These findings are consistent with those of a smaller scale study of 8 schools in 2 LEAs by Marsh (2000).
Marsh found that pupils with similar special educational needs, as measured by their reading age, received
different amounts of resources even within the same LEA, and that some pupils with higher special needs
received less additional expenditure than other pupilswith alower degree of special educational need.

58



MLD pupils should be edtablished so that schools and LEAs can collect and anayse
consstent outcome data and relate them to resource alocation data  The authors considered
that much of the data needed dready exist but need to be andysed at the appropriate level
(individud, teaching group, cohort, school) and outcome and resource input data linked.

4.2.4 Summary

The findings of the smal amount of UK experimentd research on the cod-effectiveness of
ealy literacy programmes, supplemented by the findings from the internationd reseerch on
gpecific literacy programmes, indicate that there are particular ways of deploying resources
(i.e. specific resource mixes) which are effective compared with existing methods. However,
the study by Crowther et al of gpecid education resource alocation and specid educationd
needs highlights the fact that there is a lack of systematic data and procedures by which
researchers and practitioners can assess the codt-effectiveness of the thousands of
interventions thet go on daily in our schools,

4.3 OFSTED’s qualitative assessment of schools’ efficiency®

OFTED inspections make a quditative judgement of a school usng a common st of
published criteria, which have been developed out of many years of HMI ingpection.
Consequently they are another important source of data and judgements about the efficiency
and vadue for money of schools. In this section some of the evidence arisng from this
ingpection process is summarised.  The purpose of this section is to highlight another
potential source of information on the issue of resource dlocation and school performance.
No attempt is made however to provide a systematic evauation of the robustness or vdidity
of the OFSTED approach. The focus is on the old OFSTED ingpection framework that was
in place prior to January 2000 rather than the new framework. This is because it is too early
to see how the new framework will be applied in practice and as et the new framework has
only produced asmall amount of data™®

4.3.1 Criteria for the efficiency of the school
OFSTED defined efficiency in the standard way:

An efficient school makes good use of dl its available resources to achieve the
best possible educationa outcomes for dl its pupils — and in doing o provides
excdlent vdue for money. This section cdls for a summative judgement on
the basis of the findings on al aspects of the school’ s work.

(OFSTED, 1995b, p.121).

% The authors wish to thank OFSTED officials who spared the time to discuss the above issues with them and
provided additional information on the evidence used by inspectors in making judgements of school efficiency.
The account remains their own responsibility.

% The new framework differs in a number of respects from that in place prior to January 2000. In particular two
new criteria have been added to the value for money judgement: the extent to which the school has improved,
or not, since the last inspection; and the overall effectiveness of the school. However, it should be noted that
discussions with officials indicate that the principles underlying the efficiency and value for money criteria
outlined in this section remain largely unchanged in the new framework. The full details of the new framework
can befound in OFSTED (1999a; 1999h).

" The inspection schedule, prior to January 2000, actually covered four areas: management and efficiency of
the school; education standards achieved by pupils at the school; quality of education provided; and the spiritual,
moral, social and cultural development of pupils.
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Given the absence of reliable quantitative measures of school output, the four criteria
that ingpectors were required to use for assessng the efficiency of a school were quditative.

Thesewere:

Criterion 1
Criterion 2
Criterion 3
Criterion 4

educationa developments are supported through careful financia plamning;

effective use is made of staff, accommodation and learning resources,

efficent financid control and school adminigtration;

the school provides value for money in terms of the educationad standards
achieved and the quality of education provided in reaion to its context and
income. (OFSTED, 1995a and OFSTED, 1995b, p.120).

Hence judgements were made about:

1 the aggregate reationship between output and inputs — family, peer group and school
inputs (criterion 4);

2. the inappropriate mix of school resources (criterion 2 and criterion 1);

3. the quaity of decison making — whether the school set gppropriate priorities for the
educational achievement of its pupils and dlocated its avalable resources in the best
way to meet these priorities (criterion 1);

4. the extent to which financid control and school adminisration were efficient
(criterion 3).

Judgements were summarised on a scde of 1 (very favourable) to 7 (very
unfavourable), with 4 being satisfactory. These numbers were not published in the ingpection

reports.

432 Judgements about the summary relaionship between aggregate levd of expenditure
and school outcomes

Criterion 4, the vaue for money judgement, was reeched by following a sequence of
judgements, drawvn from the full range of the ingpection evidence for the school. The
summay vaue for money judgement sequence is shown beow in Table 432, Given its
incluson of contextual factors, outcomes, processes, and expenditure, the value for money
judgement was, in effect, a quditative interpretation of an education production function.
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Table4.3.2: Criteriafor reaching summary value for money judgement

JUDGEMENT RECORDING GRADE

CONTEXTUAL FACTORS 1 |2 |3 |4 |5 |6 |7
Socio-economic circumstances
of pupils

Attainment on entry | | | | | |

OUTCOMES

Pupils atainment in relation to
national averages or
expectations

Pupils progress

Pupils attitudes, behaviour and
persona development

PROVISION
Quadlity of educetion,
particularly teaching

EXPENDITURE
Unit cost for the type of school

VALUE FOR MONEY
JUDGEMENT

Source: (OFSTED, 1995a) and OFSTED (1995b, p.125)

The vaue for money judgement was based on a combinaion of school leve and
externd nationd data. The type of data used and the balance between school level ingpection
data and externd data differed between criteria

Contextual factors were socio-economic varigbles taken from the population census
of wards near the school and data on the proportion of pupils known to be digible for free
school medls. Attainment of pupils on entry was derived from LEA and school data.

Pupil outcome data were largely derived from the key judgement recording statements
produced by the ingpection and raw test and examinaion results. QCA benchmarking data
(published in PANDAS) was used, which compared the school’s a KS1 to K&4 results, with
the inter-quartile ranges of ‘Imila’ schools (i.e. those fdling within the same range of FSM
eigibility). Schools own vaue added data on pupil progress, when avalable, were dso
used.

The quality of provision was judged usng the inspection evidence with particular
emphasis on the qudity of teaching.

Expenditure per pupil, was cdculaed from the informaion given on the
Headteacher's Form as the totd expenditure from al sources divided by the pupil roll.
Inspectors were given further information about the proportion of locd schools budget
delegated by LEAs and dlowance was made for additiond GM/foundation school funding.
Unit costs were then compared to the inter-quartile ranges for dl schools that completed
Headteacher Forms in last full year of available data.  Unit costs were not differentiated by
sze of school, or degree of socia disadvantage, though these are both factors associated with
higher unit cost’.

2 According to verbal information supplied by OFSTED, a potential bias towards poorer value for money
judgements for small schools, and for schools with high proportions of socially disadvantaged pupils, was offset
by inspectors using their judgement in relation to criteria 1 and 2 (above). Inspectors assessed how well the
school used available resources to fund its educational priorities and how appropriate these priorities were in
relation to inspectors’ diagnosis of the school’ s strengths and weaknesses.
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4.3.3 Judgements about resource mix within the school and the quality of decison making

Criteria 1 and 2 were particularly important for assessng the efficiency of resource dlocation
within a school®, which was judged in terms of the quality of decison-making about
resource use and of the deployment of resources. Inspectors made use of externa data to
provide peformance indicators of key cogt ratios (e.g. percentage of budget spent on
teachers, support staff, adminigtrative staff, learning resources).

The Ingpection schedule stated that:

Ingpectors should examine the use of the funding for different purposes,
incduding provison for teaching daff, curiculum devedopment, leaning
resources and premises. Some comparison of costs per pupil and the
percentage of income spent on different items can be derived from the
PICS report, which gives information on the range and median levels of
expenditure.  These need to be interpreted in the school context.
Comparison must be tentative because of differences between LMS
schemes throughout the country and because of differences in other income.
The circumstances of schools dso differ, particularly in reation to teaching
staff and premises codts.

(OFSTED, 1995a and OFSTED, 1995b, p.122.)

Criterion 2, the effective use of daff, accommodation and learning resources, was
assesed in reltion to:

the number, quaifications and experience of teachers and class room daff relative to the
demands of the curriculum;

induction, gppraisa and INSET;

the adequacy of the accommodation for the number and ages of pupils and for the
required range of curriculum activities,

the extent to which learning resources were appropriate in range, qudity and quantity for
the curriculum and range of pupils and how well these resources were deployed.

Particular importance was given to criterion 1 — namey whether the school could
demondtrate to inspectors that its educationd priorities were well chosen in reation to the
grengths and weaknesses of the school as assessed by the inspectors, that its resource
dlocation was rationdly planned in relaion to addressng these priorities and that plans were
wdl implemented, monitored and reviewed. A school’s efficiency was not judged in relation
to a common set of codt ratios or input-output measures, i.e. it was contingent on the specific
circumstances of each school.

4.34 Assessment of efficiency and vaue for money achieved by schools nationaly

OFSTED’'s Annua Reports on the quality of schools educationa provison included a
datisticd summary of the findings concerning school efficiency, reproduced in Table 4.34.
This shows that 50% of primary schools, compared with 57% of secondary schools, were
judged to be providing good vaue for money in 1998/99 — an increase compared with
1996/97. 8% of both primary and secondary schools were judged to be providing poor vaue

3 Criterion 4 was less important since well-administered procedures for financial recording and reporting,
though necessary for providing good management information for resource allocation, do not of themselves
guarantee good quality decision-making.
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for money in 1998/99. There had been no improvement in this proportion over the previous
two years.

The gpplication of the OFSTED framework provided an annudly updated summary
asessment of the didribution of schools in terms of ther rdaive internd efficency in
alocating resources D produce educationd outputs. Given the nature of the criteria used and
the data avalable, OFSTED ingpection data could not provide evidence of the impact of
differences in the amount of expenditure per pupil (and hence in the quantity of resources per
pupil) on the educationa outputs of schools.

Table4.3.4: The efficiency of schoolsin England 1998/99 and 1997/98 (in par entheses

Good % Satisfactory % Unsatisfactory %
PRIMARY SCHOOLS
Efficdency” 63 (52) 33 (41) 4(7)
Financid planning (criterion 1) 60 (50) 30 (34) 10 (16)
Use of teaching and support 59 (51) 36 (41) 6 (9)
daff (criterion 2)
Use of learning resources and 57 (51) 40 (45) 35
accommodeation (criterion 2)
Efficiency of financid control & 78 (71) 20 (25) 2(4)
adminigration (criterion 3)
Vaue for money (criterion 4) 50 (39) 43 (52) 8 (8)
SECONDARY SCHOOLS
Efficency* 65 (61) 29 (32) 6 (7)
Financia planning (criterion 1) 62 (59) 26 (25) 11 (16)
Use of teaching and support 57 (55) 33(35) 10 (10)
daff (criterion 2)
Use of learning resources and 60 (58) 37 (36) 3(6)
accommodation (criterion 2)
Efficiency of financid control & 85 (82) 13 (15) 2(3)
adminigration (criterion 3)
Vaue for money (criterion 4) 57 (52) 35 (41) 8 (7)

Note 1: Efficiency isacomposite rating for ingpection schedule 6.3, the efficiency of the
school, derived from ratings for criteria 1 to 4.
Source: OFSTED (2000) Annex 4 and OFSTED (1999) Appendix 3, pages 74 and 79.

4.4 UK education production function and cost-effectivenessresearch: conclusions

The UK research literature illustrates well the important points made in Section 1 that theory,
modd pecification, data, datisicd method and the qudity of the resulting empirica
evidence are intertwined.

The evidence in favour of a podtive impact of resources on educationd outcomes
from UK education production function studies can be summarised quite briefly. The overdl
level of spending per dudent was found to be dgnificantly and pogtively reaed to
educationd outcomes in only one of the studies reviewed — for femae wages (Dearden et al)
Indicators of spending on teachers have fared better. Secondary teschers sdaries per pupil
were sgnificant and postive for mae wages a 23 (Dearden et al). The pupil-teacher ratio
was found sgnificant and correctly sgned for staying on a school (Dustmann et al), and for
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exam results by Dolton and Vignoles and Dearden et al’®. There is dmost no UK evidence
from quantitative research that smaller class Sze leads to better outcomes. However, a proxy
for teecher qudity was found ggnificant by Lord (proportion of graduste and equivaent
teachers) and by Bradley and Taylor (proportion of part-time qaff). There is some limited
evidence that school sze is postively related to exam peformance (e.g. Bradley and Taylor
for GCSE and O’ Donoghue et al for A-leve).

School type appears dgnificant in explaning examination peformance in dl the
NCDS studies, as wdl as in Bradley and Taylor, and O'Donoghue et al However, it is not
clear to what extent this is due to the peer group effect, to better resourcing or better teaching
qudity in grammar, independent and single sex schools.

The evidence on the cod-effectiveness of A-leve provison dso indicates
consderable differences by inditution, largey due to differences in group sze. Whether the
higher cost of school sixth forms compared to the FE colleges is compensated for by grester
vadue-added is 4ill not cler because of data problems in reaching an equivaent cost-
effectiveness measure.

Studies using the NCDS dataset have aso begun to hint at the importance of process
vaidbles and the differentid impact of resources on different types of student (e.g. the
ggnificance of peer group effects in Fengein and Symons and O'Donoghue, and of
interaction effects in Dearden et al) Findings such as these suggest that over-amplisic mode
gpecification may conced the impact of resources on outcomes or fal to dlow sufficiently
for the complexities of classroom interactions on student outcomes.

The limited evidence on early literacy interventions suggests that particular ways of
utilisng resources are more codt-effective than others. The study of the effects of different
resource mixes in schools is dmost uncharted territory in UK research.  Crowther et al’s
dudy is usful in highlighting the absence of systemdic ways of evauating different resource
mixes, which result in inefficient resource dlocation practicess Schools and LEAs ae
collecting and recording data on student outcomes and on resource use but these are not
brought together on a consgtent bass to enable meaningful analyss to take place. This is
strongly reiterated in Mayston and Jesson (1999).

An dternative gpproach is the quditative framework adopted by OFSTED. This
dlows dructured judgements to be made on how wel schools use their resources. It has
highlighted differential efficiency between schools.  For example, the OFSTED inspections
data base shows that schools are judged as being differentidly efficient (see Table 4.3.4).
OFSTED’'s dudy of effective gxth forms (OFSTED, 1996) and the Audit Commisson's
1993 dudy dso provide evidence of differentia efficiency. So do Crowther et al who
conclude that schools resource dlocation practices with respect to SEN are not efficient.
School effectiveness research provides additiond indicative evidence™  If schools are
differentidly effective in producing educaionad outcomes and are smilarly resourced this
implies differential efficiency. This assumption is redidic for schools from the same LEA,
which applies to some of the UK school effectiveness sudies.

In summary, despite the conviction of educators and most parents that more resources
ae required to achieve higher educationa outcomes, and hence that unequa resource
digribution between schools with equivdent needs is inequitable, UK research has failed to
come up with unequivoca support for this belief.

" For men attending secondary modern schools, for lower ability women and for women' s wages at 33.
S UK research has shown that between 8 to 15% of the variation in pupil outcomes is due to between school
differences, after controlling for pupil level factors (Teddlie and Reynolds, 2000).
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5. Theldeal Research Project

This Section draws on te previous arguments presented in the review to provide guidance to
policy-makers about a future high qudity programme of research in this fidd. The section
begins by highlighting some of the mgor theoreticd and empiricd difficulties in this fidd, as
outlined earlier in the report. This gives some motivation for an ‘ided’ research project.
Section 5.2 then discusses specific methodological considerations before focusing on the key
vaidbles required and highlighting the man data issues  Findly the Section ends by
discussing how the VFM Unit's GM Schools Database® and other DfEE databases might be
suitable sources of data for an ideal research project. Whilst the main limitations of exigting
data are highlighted, a comprehensve and systemdtic evaudion of the qudity of each data
st is not provided as this is outgde the remit of this review. Furthermore, time and space
condraints do not permit a fully specified research design to be drawn up, however the main
requirements of a high qudity but redidic sudy of the effect of school resourcing are
sketched out.

5.1 The need for an ideal research project

As has been discussed, the specification of the education production function in the existing
literature tends to be of the ‘black-box’ variety, whose nature in part reflects the absence of
well-established theories of how changes in resources (per se) impact on school processes
and, through these, affect children’s learning. In other words, education production function
research is not based on well-specified technologies for teaching and learning.

Furthermore, current research often fals to acknowledge that the amount of
expenditure will not have a determinate impact on dudent outcomes if the quality of
resources a given amount of expenditure purchases is variable between schools, and if the
mix of resources used in schools is varied. An additiond complication is tha the teacher-
pupil and pupil-pupil interactions in the classoom that affect learning are dependent on
persond and organisationd characterisics, which may bear little rdation to the physica
quantity of resources deployed. Hence specifications of the education production function
which only link the quantity of inputs to the quantity of outputs will omit important
intervening varigbles.

Theoretica foundations should suggest not only what variables should be included in
an edimated modd, but adso the mahematicd formulation of reationships between the
varidbles. Perhaps it is the lack of theoreticd foundations in this fidd that has lead to dmost
al research assuming that the relaionship between inputs and outputs is linear or log linear,
that it remains proportiona as resources increase, and that resources have the same impact on
al students and contexts. These are assumptions that need more rigorous testing.

The UK literature specificdly adso has a number of additiona problems. Many
sudies have used data aggregated at the LEA or school leve, and are therefore vulnerable to
aggregation bias. Studies that have used student level data dl draw from the NCDS.
Consequently, they are focused on the individud rather than on the individud nested in a
school, as in school effectiveness studies, and have few school level variables (due to data
limitations). Much of the more recent UK research has acknowledged that the basic modd is
a dmultaneous equations mode, with the resources which a pupil receives in part dependent
on higher family background and prior atainment. However, only rddively few dudies
have actudly atempted to tackle this endogeneity problem.

"8 Formerly the Funding Agency for Schools (FAS) database.
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5.2 Methodological considerations

The methodologica issues discussed above and in Section 1 therefore suggest the following
broad guidelines for future research in thisfield.

1

2)

3)

4)

Future empirical research should be more cdosdy linked to educationa theory.
Educationd theories, such as those of Carroll (1963) or others outlined in Teddlie and
Reynolds (2000), can hep researchers to identify more clearly the ways in which
sudents learning outcomes might be affected by how the various inputs enter into the
educationa process, and indeed by the way in which these inputs are processed through
the sysem. In particular, education production function modes need to relate to theories
of school organisation, teaching and learning. A better understanding of how resource
levels and mixes relate to the credtion of effective learning environments is needed. This
requires interdisciplinary work between economists and educationd researchers, in
paticular those researching teaching and learning and school effectiveness. Future
empiricd work needs to rigoroudy test the implications of these various educationd
theories. In fact amply identifying clear and testable hypotheses from educationd theory
will tend to provide greater coherence to future research in this fidd. Grester use of
educationd theory will aso hep draw together drands from two generdly separae
literatures, namely the School Effectiveness research fidd (Teddlie and Reynolds) and the
Educational Production Function literature that has been reviewed in this report. As was
pointed out in Section 1, the more effective use of educationa theory should aso reduce
the probability of any new research project Smply repesting previous empirical work.

There is a dear need for more methodologicd work in this fidd, both in terms of
improving and combining exiding techniques and devedoping new evadudion
methodologies. For example, more work is needed to further develop the application of
datisical techniques needed to overcome the potentid endogeneity problem in this
literature (dso see point 5 below). Equaly, data collection methods in this field need to
be determined by systematic evauation methodologies rather than ke conducted on an ad
hoc basis (Section 4.3).

Future studies need to more rigoroudy assess the empirica implications of using different
techniques, such as OLS regresson versus DEA. This would involve comparing the
results from different techniques and thoroughly testing the assumptions required by the
different methodologies. Although it has been noted that DEA and regresson techniques
for example, serve somewhat different purposes and may therefore be complementary.
The important point is that both techniques need to be compared, within one study, using
the same data and testing the same hypotheses. This means tha a future research project
should obtain pupil levd and school levedl data, and use both standard regresson analyss
(on pupil level dita) and DEA (on the school level data), and compare the results from the
two approaches. Only when further systematic research has been carried out, usng a
range of techniques, will this question be fully answered.

The most mgor specific methodologica problem is the potentid endogeneity of school
resourcing levels. Future research could take a three-pronged gpproach to tackling this
issue. Fird, researchers need to identify potentia indrumenta variables. In addition to
udng indrumental vaiable edimation within a conventional regresson framework to
overcome the endogeneity problem, 1V methods might dso be combined with other
techniques, such a multi-levd moddling.”” Another possble way to overcome the

" There appears to be no research that has combined 1V methods with amulti-level modelling approach.
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endogeneity problem is to estimate structurd Smultaneous equation models. In the UK,
these modds might use factors, such as government spending criteria (SSAs and LEA
funding formulag), that influence expenditure per pupil, for example, but do not directly
affect learning outcomes.  Findly, policy-makers need to consder the use of randomised
expeiments, paticularly in the context of evauating specific educationd interventions
such as Literacy Programmes.

5.3 Key variablesrequired for a high quality research programme

It has dready been argued that an ided research project should use student level data, with a
vaue-added formulation. The research should be based on testable hypotheses, rooted in
educationd theory, and researchers need to rigoroudy test the sendtivity of results to
different methodologica approaches. However, these are quite generd guidelines.  This
section identifies the important variables required to carry out such a research project, arting
with outputs, then focusing on resource inputs and finishing with other important explanatory
variables. In order to determine the necessary variables, some of the main research questions
that have yet to be fully answered in this literature, paticulaly in a UK context are
highlighted.

Main research questions

1. Doestheleve of resourcing (expenditure per pupil) affect pupil outcomes?

2. Doesthe mix of resources affect pupil outcomes? In particular, are there combinations of
resources that are more efficient than others?
Subsidiary questions:  Does the use of LSAsimprove pupil outcomes? Can LSA
ubdtitute for teacher time?
What is the trade-off between non-contact time for teachers and larger class sze?
What effect does investment in ICT have on pupil outcomes? Can ICT subdtitute for
teacher time? Can ICT improve teacher productivity?

3. How doesthe quantity and mix of resources affect educational outcomes for pupils with
gpecia educationa needs?

4. How do pupil variables interact with resource variables and affect pupil outcomes?
Subsidiary questions:  what is the importance of compaositional/peer group effects on
pupil outcomes?

Do resources impact differentidly on pupils with different characteristics?

5. Areschools differentidly efficient and to what extent?

6. What distinguishes resource management in more efficient from less efficient schools?

5.3.1 Output variables

This section condders the main output varidbles of interes in relation to questions asked
above. Mogt of the studies that have been reviewed have used standardised test results, years
of schooling or examination results as outputs. The vaue of these indicators is that they are
factors which educators can reasonably be expected to have an influence over. They are the

outcomes that policy-makers and parents alike focus most on, and hence can be considered
legitimate output variables in any analyss of teacher or school peformance. Furthermore,
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gnce the use of these outputs is common in the literature, this alows researchers to compare
their results with previous work in the fidd.

Future work in this field should therefore continue to focus on these primary output
varidbles, dthough where educationd theory dictates, other output varidbles might dso be
consdered. For example, since various educational theories suggest that time on task is
important for learning, other outputs of interest would include truancy rates or behaviour in
the cdlassoom. In generd we conclude that cognitive, affective and life chance outcomes
(destinations) should be measured, as wdl as intermediate outputs such as attendance and
excduson.  Messures of cognitive outputs ae avalable from nationd tests’® and
examinations and are avalable from exising data sets.  In this respect the UK is fortunate in
having nationd examindions and tests a different stages of schooling which provide
reasonably consstent nationd data on cognitive outputs in the mgor domans. These have
better congruct vaidity for what is taught in schools than dandardised cognitive teds.
However, there are problems such as devisng a common scde for A/AS and vocationd
qudifications (DfEE, 1998b) which have, for example, impeded reaching conclusions about
the cost-effectiveness of different forms of post-16 provison. Affective outcomes would
need specid instruments to be administered in a sample of schools.

A number of important cavests apply here. Firs, caution needs to be applied when
usng newly developed test and examination results that have not yet been vaidated, in terms
of gandards. For example, the newly introduced 16-19 qudifications need to be vaidated by
comparing results over time and referencing to the standards of other types of examinations.
The second caveat is that this type of research must dways be used cautioudy for policy
purposes. |If a particular outcome (Grades A-C a GCSE) becomes the main policy focus, it is
well known that this may skew the incentives of teachers and schools towards those who,
with a bit of effort, might meet this standard, away from those a the extreme top and bottom
of the academic didribution. For this reason sendtive gpplication of targets or output
objectivesiscrucid.

Findly, it should be remembered that the direct economic effects of education are
generated via their impact on labour market outcomes. Focusing purely on the reationship
between education inputs and pupil outcomes therefore provides only a partid picture of the
efficiency of the school sysem. More work needs to be done on the impact of school
resourcing on labour market outcomes if a fuller picture of school efficiency is to be
obtained.

5.3.2 School resource input variables

As has been emphasised, there is an extremdy limited body of high qudity UK evidence to
draw inferences on what are the most valuable measurable resource input varigbles in the
education process.

While rasng expenditure per pupil may be beneficid, in the abisence of
methodologicaly sound evidence, it is not possble to make a definitive clam and therefore
further work investigating this input is needed. In particular an ided tudy needs information
on tota funding per pupil per year (from al sources), as well as disaggregated expenditure on
teaching taff, classoom support steaff, administration (dtaff, services, non-daff items), costs
of providing physcd ewironment (maintenance, utilities etc), educationa resources,
professond development, vaue of centrdly retained services and annualised vaue of cepitd
assets.

The evidence suggests that reducing class sizes does not in itself appear to be a cost-
effective means of rasng student outcomes. However, invedigating how smaler class szes

8 Not all cognitive outcomes may be measured by national tests e.g. ICT skills and numeracy and literacy skills
of some studentswith MLD.
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and other red resources, in a vaiey of different settings, might or might not improve
outcomes is gill a useful avenue for future research. For example, the e of smaler classes
for less and more able students or the use of smdler dasses with different types of teaching
techniques (whole cdass versus group work) could be investigated. Specific variables of
interest here would be those measuring the red resources used a school level: pupil teacher
ratio, average class size, non-contact time of teachers, management time, length of school
day, support staff hours, administrative staff hours, computers, books, space for specidist
provison.

Investigeting teacher inputs (teacher characteristics and behaviour) provides one
of the most promising avenues for future research. This research will dso have important
implications for resource use in schools (e.g. are more experienced/educated and hence more
codly teachers subgtantidly more effective). It will dso have implicaions for the cost
effectiveness of any particular policy designed to raise teecher and school performance (e.g.
peformance related pay). Key teacher inputs of great interest would be qudifications,
experience, posts of responghility, professond development record, cognitive ability test
scores and assessment of teaching effectiveness.

Ladly, in the UK context, further information on LEA inputs would be needed. For
example, data on the externa services provided via LEA retained expenditure, the overdl
levd of funding a LEA-leved and deals of the formula for devolving individud school
funds. Information on the Loca Schools Budget retained and its dlocation (e.g. specid
educationa needs) would aso be useful.

In generd the research reviewed here suggedts that richer data will be able to give a
more illuminating view of the importance of various school inputs Hence an ided <Sudy
would need to consider the following.

The use of more refined measures of inputs, such as specificdly examining initid years
of teacher experience, and looking a teacher qudifications by subject area, rather then
smply examining the total number of years a teacher has spent in the profession.

Gregter invedtigation of the impact of measurement eror is required, particularly as it
pertains to the measurement of expenditure information.

Other factors that have been rardly employed in the literature, such as teacher behaviour
and techniques, may aso provide useful information (see Section 2.2.3 and Goldhaber
and Brewer, 1997).

5.3.3 Explanatory variables

A ‘sandard’ list of explanatory variables would include:
pupil characteristics (gender, age, ethnicity, family background variables™ to dlow for
the quantity and qudity of parentd inputs — paticulally parenta education and any

proxies for the time that the parent spends with the child on learning activities, pupil
achievement on entry into school®® or at the start of particular educationd interventiort?).

9 Most studies use free school meals entitlement but other background variables would ideally be needed such
as parental interest, number of siblings and expenditure at home on educational resources.

80 Existing data that can be used include: base line tests on entry to school (but there are 90 or so tests approved
by QCA); KS1 and KS2. KS3 GCSE, A/A-level, GNVQ, NVQ. One might aso use common standardised
cognitive tests such as those used by NFER and YELLIS/MIDYS and PIPS (University of Durham). These
have advantages over KS tests in being more differentiated and standardised. Their relationship to future pupil
attainment has been much more thoroughly tested than SATs. However, they are not used by all schools.

81 Very few studies have obtained this kind of information. Mother working, and information on parental help
with homework have been used as proxiesinstead.
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neighbourhood variables (socio-economic profile of the loca aea to dlow for peer
effects).

school variables that are not directly related to resource inputs (school size, degree of
seectivity, socio-economic profile of students).

Such variables are typicdly viewed as controls from a policy perspective since they
are factors that are not directly influenced by professona educators and therefore cannot be
used as policy indruments. As has been emphassed in the literature however, such factors
are clearly important, and the omission of such variablesislikely to cause spurious results.

Pupil achievement a the beginning of the educationd intervention is perhgps the most
important of the control varigbles for vaue-added modds. In the UK, the absence of a
nationd common set of prior atanment measures has redricted education (and school
effectiveness) research. National data sets linking prior atainment to outcomes at student
level exig 0 far only for GCSE to A-leve, or Key Stage 3 to GCSE. (The latter has the
disadvantage of measuring progress within the school from a basdine achieved within the
school.) School effectiveness research at Key Stage 1 to GCSE has been done only for LEA
datasets or by commercidly provided value added services to schools (for example,
Univergty of Durham). The paucity of accessble dudent level achievement and prior
attainment data sets has forced researchers to use school level examination data with the
proportion of students digible for free school meds as a proxy for prior atainment, with the
attendant omitted variables and aggregation bias problems.

5.34 Interactions

It is dso important to reiterate that there may be interdependencies between the explanatory
variables and school input/resource varigbles, and indeed between the different resource input
variables. For example, more effective teachers may set homework that aso raises the value
of time soent by parents on home education. Another important question involving the
interaction of variables is; whether students from an under-privileged background gain more
from higher educationa inputs then more privileged students.  Viewing the explanaory
vaiadles liged in the previous section as mere controls may serioudy underestimae the
complexity of the education process and a thorough examination of the important possble
interactions suggested by educationa theories may yidd vauable policy inferences. A
profitable avenue for research would therefore entall a shift away from examining individua
inputs in isolation and looking & how best to combine resources effectively.  While previous
rearchers have sometimes explicitly or implicitty emphassed the importance of the
interactions of resource inputs, far fewer have actudly tesed sysematicaly for such
interactions (with the notable exceptions of Wright, Horn and Sanders, 1997 and Dearden et
al, 1997).
A thorough investigation of possible interactions would entail:

1. Teding the commonly held, but largdy untested propostions, that the interaction of
different resource inputs potentialy provides larger gains. For example asking questions
like: does putting a more experienced and motivated teacher in a larger class lead to an
equivdent sudent outcome to placing a less experienced and motivated teacher in a
gndler cdass? Do the differing characterigics of students between and within schoals,
such as a higher proportion of lower achieving students, mean that hiring more quaified
teachers leads to better student outcomes?
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2. Can ressarchers determine ‘optima’ mixes of inputs to maximise educetiond gans. For
example, is there an optimal mix of teacher experience, class Szes, and expenditure for
schoolsin the UK?

In addition, the bulk of the work reviewed concentrates exclusvely on the benefits of
cetain inputs. Mog dudies make little attempt to examine the cogt of interventions with
respect to input variables. The lack of such cost-benefit andyds is a savere limitation in the
literature,

5.4 Dataissues

A recurring theme throughout this review has been the need for high quaity, student levd,
data This problem has cetainly undermined some of the exising evidence on the effects of
school resourcing, particularly in the UK. Whilgt there is no need to repeat the comments
made in Mayston and Jesson (1999), regarding the need for a Nationd Pupil Database it is
useful to re-iterate the key data problems in this fidld and these issues certainly strengthen the
case they made for the NPD.

There are anumber of key dataissues.

1) Many dudies suffer from bias due to the aggregated nature of their data and because they
do not use a vaue-added formulation. An ideal research project therefore needs student
level data, in addition to more aggregated measures of school resourcing, as wel as
information on students' prior attainment.

2) In the UK good use has been made of longitudind gtudies, like the NCDS, which contain
data on dudents prior achievement and student level data on school resource inputs.
However, snce these longitudind surveys were not desgned to specificaly look at the
effect of educationd interventions, they lack the necessary detall. Hence, the surveys can
only be used to look a a few key inputs (pupil-teecher ratio), ignoring other inputs
reaing to the school environment that may aso be important, and leading to omitted
variable bias.

3) At the other end of the spectrum, the adminigtrative databases (such as Form 7 and
OFSTED data) generdly provide very detailed information about school inputs, both
quditative and quantitative. Yet these data sets are not linked to student level data, so
researchers are unable to obtain information on sudents prior achievement levels and
other background characteristics.  Without such links, UK research in this fidd will be
limited by the need for researchers to obtain primary data themselves, a costly process.
This is the reason that data collection and evauation issues have dready been given the
highest priority by the Centre for the Economics of Education (Vignoles Desa, and
Montado, 2000).

4) School resource data for education production function research are currently very limited
despite a decade of locd management of schools. The only nationa sources utilised by
education production function studies are the Annua School Census (Form 7) and LEA
returns (CIPFA’s Education Statigtics:  Edtimates and Actuds). Otherwise researchers
have had to gather data through fiedwork, which limits sample sze (e.g. Thomas, 1990;
Audit Commisson, 1993). The lack of a usable dataset of expenditures and resources a
school level has severdly redtricted the range of resource variables, leading to bias caused
by omitted variables, measurement errors and aggregation.
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5.4.1 Current data sources

As t stands, officid DfEE sources of data, including the VFM database®, need some further
development in order to meet the demanding data requirements of the ‘ided’ high qudity
ressarch programme outlined in this section. This is because no one data set contains the
following basc data required to carry out such a research programme; @ <udent leve
achievement records with basdine achievement levels, b) badc information on each pupil’s
socio-economic  background, ¢) data on each pupil’s school (e.g. school sze gender mix,
average funding leve, socio-economic profile of students) and d) the resources applied to that
paticular pupil (e.g. thar mathematics cdass gze, or the education levd of their English
teacher). Furthermore, a the moment it is not possble to merge different data sets in order to
create such a data source.

More postively however, there are a number of sources of very rich high qudity data
that are avallable. For example, the VFM database provides very comprehensive school levd
data This database is particularly useful because it contains both Form 7 information and
some school level peformance data  Since it dso contains the school name, DfEE number
and LEA number, these data could be easily merged with additiona data, such as that held by
OFSTED. Nonethdess, the VFM database, like others held by the DfEE, is crucidly limited
for the purposes of research by the fact that it does not contain any pupil level background
information.

The development of Nationd Pupil Database that will link pupil levd GSE/SAT
scores with pupil level annua School Census data, will be a mgor advance for researchers.
This is because it will dlow pupils peformance over time to be linked to pupil/school
context variables available from the ASC. However, the NPD will not overcome the problem
faced by researchers of poor data on school resourcing.  Pupil level data from the NPD will
dill need to be linked to school resourcing data if full scde research into the reationship
between school inputs and pupil outcomes is to be carried out. The closure of the Funding
Agency for Schools means that detailed resourcing data a school levd ae now only
collected by OFSTED. Although it should be reaively easy to merge these data with the
NPD, OFSTED only ingpect 25% of schools within a single year limiting the generdisability
of any findings Consequently it is essentid to do more to develop a financid reporting
framework for al schools which will provide conssent, comprehensve and detaled
breakdowns of school expenditure if afully rigorous research programme isto be carried out.

Although discussons are 4ill ongoing it looks as though in its initid phase the NPD
will dso only provide limited information on teachers.  This is because @) current information
from the DfEE suggests that it will not be possble to identify each individud pupil’s teachers
from the records in the NPD and b) even if it is possble to link pupils and teachers, the NPD
will not contain sufficent detall about each teacher to enable researchers to investigate issues
such as the impact of teachers education levels on pupil outcomes. Consequently this will
limit the questions that can be explored even if suitable financid data can be combined with
the NPD.

There are, however, ways in which the teacher qudity data can be improved in the
short-term which do not rely on expanding the scope of the NPD. In particular the Database
on Teachers Records contains a wide range of quality measures such as experience, class and
type of degree for individud teachers. These records dso have a school identifier. 1t should
therefore be possble to widen the range of teacher qudity variables avalable a the school
levd. It is cdear though that this merging would be resource intensve, given the current

82 This is a comprehensive database holding information on GM schools Income and Expenditure accounts by
detailed category breakdowns, as well as Key Stage 3 and GCSE performance data for all non-independent
schools in England, and School Contextua data from Form 7. Data are held from the 1993/4 financial year
onwards.
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format of the DTR. Updaing the Schools Staffing and Curriculum Survey and merging it
with the NPD data would perhaps be an easer way to proceed. One advantage of using the
SCSS would be that extra questions could be added to the survey to get exact measures of the
key variadles in which researchers are interested. However it should be noted that only a
limited number of schools are included in the SSCS.

The NPD might aso be linked to other data sets to provide additiona informetion on
the family background of pupils, and on ther neighbourhood and locd environment. For
example, NPD records might be merged with data such as NOMIS or Census information on
the basis of school postcodes (or idedly pupil postcodes if available). However, obtaining
information on pupil’s family background is likdy to prove more difficult unless basic
information such as gender, age, ethnicity and parentd occupation or education leve is
included in individua student records.

5.4.2 Waysforward in the short term

The developments outlined in Section 5.4.1 are likely to take a considerable period of time to
come to fruition.
In the shorter term there are a number of possible ways forward.

1) Frg the current piloting of the pupil-level Annua School Census could be used to obtain
more comprehensve information from a subset of schools. These data could then be
linked to pupil-levd GCSE/SAT data currently collected for the Autumn Package.
Where financid data are available these coud be linked in too.

2) Altenatively, a high qudity longitudind survey of a sample of pupils teschers and
schools, representing as wide a range as possible of per pupil expenditure for given SES
levels could be congtructed. This survey would need to be carried out over a period of 2
3 years. Such a survey would of course be rdatively resource intensve, but would
ceatanly be the method mos likedy to generate al the necessary information within a
ghort time period. The survey could dso be supplemeted with data from various
secondary sources, including OFSTED, in order to minimise the Sze of the survey and its
cost. This research design, since it would involve data collection from individua schools,
could dso help to pilot further developments in software gpplications for more efficient
data collection and reporting in schools.

3) A find dternative would be an experimenta research project. An experimenta research
desgn would go a long way to solve the endogeneity problem, by assgning schools to
two random groups and introducing changes for one group and not the other. An
experimentd design is paticulaly wel suited to finding out whether specific educationd
interventions will have an impact in this way on pupil outcomes. For example, it could be
aoplied to invedtigate the impact of learning support assdants within an  education
production framework. This could explore not only whether employing more LSAS is
effective and efficient, but dso the most codt-effective ways of usng and training LSAs.
It should be noted that such an experimentd study would il need to gather some data on
pupil characteristics and school and class level varidbles, but in a trid and control setting.
Another, more controversga, posshility is to fund some schools an additiond amount and
not others and invedigate whether there are differences in pupil outcomes as a
conseguence.

Findly it should be emphassed that, if the findings of a research programme ae to
have the maximum impact on improving the efficiency of resource alocation and deployment
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in schools and LEAS, the evidence has to inform practice.  This means that practitioners must
engage with the evidence, find it convincing and be willing to let it inform ther decison
making. Research designs which involve practitioners (such as suggested in point 2 above)
have a much better chance of producing richer and more convincing findings and of
influencing practitionersin the choices that they make.

6. Conclusion and Implicationsfor Policy

This review dated with an assessment of the methodological difficulties involved in
measuring school efficiency and concluded that:

a) future empirica research should be more closdly linked to educationa theory;

b) there is a clear need for more methodologcd work in this fidd, both in terms of
improving and combining exiding techniques and devedoping new evadudion
methodologies,

c) daaqudity isapressngissue, paticularly in the UK;

d) there needs to be more work on comparing different techniques, such as OLS regression
versus DEA and other methodologica gpproaches;

e) the most mgor methodologica problem that ill needs to be overcome is that of the
potentia endogeneity of school resourcing levels. The use of IV methods, smultaneous
equation modelling and random experiments needs to be congdered further in this context
to overcome the endogeneity issue.

With these methodologicd difficulties in mind, recent ‘high qudity’ internationd
research in this area has been reviewed. Taken as a whole, the internationd literature
suggests that some measurable school inputs do matter:  potentidly class sze, teacher
experience and teacher sdaries. However, the magnitude of the reported associations has
been quite smal. The evidence on specific educationd interventions is more optimistic; most
schemes considered generated substantialy improved student performance,

The UK literature review showed that from 8 to 15% of the variation in pupil
outcomes is due to between school differences, after controlling for pupil levd factors
(Teddlie and Reynolds (2000). The overal level of spending per student was found to be
ggnificantly and postively related to educationa outcomes in only one of the UK gudies
reviewed. The overdl pupil-teacher ratio of £hools was found to be significant and correctly
dgned in severd dudies. However, there is dmost no UK evidence that smdler class sze
leads to better outcomes. Although school type gppears important in explaining examination
performance; it is not clear to what extent this is due to; the peer group effect, to better
resourcing, or better teaching qudity in the different types of schools The UK literature
review aso hinted that ignoring interactions between resources and other inputs may conced
the impact of resources on outcomes or fal to dlow sufficiently for the complexities of
classroom interactions on student outcomes.

Findly, guidance has been included in this review for future research into School
efficiency. The mogs important concluson was tha the avalable data is insufficient to cary
out a high qudity study that would overcome most of the methodologicad problems identified
in this review. Once the Nationd Pupil Database comes fully on line, it will meet a number
of the methodologica criteria that have been identified. A separate exercise would ill need
to be implemented to ensure that sound and consgent financid data are avaldble The
Nationd Pupil Database dso needs to have the facility to link effectivey into the avalable
teacher databases and other sources of information on pupilsS neighbourhoods and local
environments.  The need for the Nationd Pupil Database to eventuadly contain important
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basc background information on each pupll (gender, age, ethnicity, ad parenta
education/socid class) has aso been highlighted.
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7. Glossary of Key Terms®?

Correlation — a datisticd measure of the closeness of the relationship between two variables.
A high corrdation suggests a very close reationship between the variaions in the vdue of
one variable and the variationsin the values of the other.

Data_envelopment analysis — sometimes cdled Farrel frontier methodology. It is a non
parametric technique used to estimate the production frontier, i.e. to estimate the rdationship
between one or more inputs and one or more outputs.

Dirty data — see measurement error.

Educational _production function _or_frontier — the function or frontier is the mathematica
relationship between the output of a school or education system and the inputs or factors of
production used to produce that output. It can be interpreted as a technica reationship,
which describes the st of efficient transformations between inputs and outputs, for a given
technology.

Endogenous variable/endogeneity — a variable whose vaue is determined by the other
vaiables within a sysem. For example, school qudity may be endogenous if it is determined
by other variables (e.g. family background) in the system.

Error_term — sometimes cdled the disturbance term. It is a random (stochastic) variable that
has well-defined probabilistic properties. It represents those factors that affect the dependent
variable but are not or cannot be taken into account by the independent variables.

Function/functional form — a function is a description of the reationship that governs the
behaviour of two or more variables. The precise mathematical description of this relaionship
istermed its functiond form.

Instrumental variables — a technique often used to overcome the problem of an endogenous
explanatory variable. An insrumentd variadble is used as a proxy for the explanatory variable
that is correlated with the error term.  The proxy variable to be used as an insrument must be
correlated with the explanatory variable in question but not with the error term in the mode!.

Log-linear model — sometimes cdled a semi-log modd. A logliner modd is a
mathematical function, which traces the proportiond change in the dependent varidble for a
given absolute change in the vaue of the independent variable.

L inear model — amathematica function, which traces a sraight line on agraph.

Measurement _error/errors in_measurement — the problem of dependent or independent
vaiables that are measured with eror. If the problem is erors of measurement in the
dependent varidble, an OLS regresson will Hill give an unbiased estimate of the parameters,
dthough the estimated variances will be larger than without messurement error.  This will
generate large confidence intervas. If the problem is erors of measurement in the
independent varidble, the OLS estimators will be biased and inconsstent (i.e. biased even in
large samples).

8 Sources include Bannock et al (1992) and Gujarati (1995).

76



Multi-level model — a modd that explicitly takes into account the hierarchica structure of
data. For example, a multi-level modd can teke into account that children are clustered in
classes, clases are clustered within schools and schools are clustered within LEAs.  The
modd dlows random variation between the different levels in the data by induding random
vaiables a each levd. The fixed or nonrandom pat of the mode can dso contan
explanatory variables measured at each leve.

Non-parametric — a technique that does not assume a paticular functiond form for the
underlying modd.

Omitted variable bias — the bias to a parameter estimate caused by omitting a varigble from
the modd tha should have been induded. In multivariate andyss the direction of this bias
may not be determined.

Optimum/Optimisation — an optimum is a pogtion in which the primary objective of any
economic unit (e.g. to maximise revenue) is being served as effectivdly as it posshbly can,
within the condraints gpplying. Individuds and organisations are generdly assumed to be
rational in economic theory and therefore exhibit optimising behaviour.

Ordinary least sqguares — a ddidica technique for estimating the relaionship between a
dependent variable and independent variables. Imagine a two-dimensond example, i.e. with
just one independent variable. The relationship between these two variables can be plotted
on an XY scatter plot. The least squares regression technique finds the relationship between
the variables such that the difference between the actud observations and those traced by a
best fit line between the two varigblesis a aminimum.

Parameter — the vdues in a mahematica function which reman congant agang
movements in the variables of the function. In the equation O=aX + u, a is a parameter
which stays constant as X (the independent variable) and O (the dependent variable) change.

Parametric — a technique that assumes a particular functiond form for the underlying model
being estimated.

Proxy method — an dternative to Instrumentd Variables, which atempts to overcome the
endogeneity problem. This drategy assumes that the endogeneity problem arises because of
omitted variables, i.e. because variables measuring individuas characteristics (background,
atitudes etc.) are missng from the modd. The proxy method therefore suggests saturating
the model with as many explanatory variables as appropriate, in order to control as far as
possble for unobserved heteregenety (i.e. differences between individuds). If these
explanatory variables do not adequatdly proxy the unobserved characteristics of individuas
then estimates usgng this technique will remain biased.

Random experiment — an experiment whereby individuds are randomly assigned to a
treatment and a nonttreatment group. The effects of a particular treatment can be better
evauated with a random experiment since individuas do not get the opportunity to choose
whether they undergo the trestment. Hence random experiments should reduce the
endogeneity problem.

Regression — a mahematica technique for esimeting the parameters of an eguation which
describes the rlationship between the independent and dependent variables.
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Returns to scale — the proportionate increase in output resulting from proportionate increases
in dl inputs. If the inputs are doubled and output less than doubles, the Stuation is one of
decreasing returns to scale.  If the inputs are doubled and <o is the output, the Stuation is one
of congtant returns to scde. If the inputs are doubled and output more than doubles, the
gtuation is one of increasing returns to scale.

Simultaneous equation _model — a multi-equation mode where there is a two-way or
smultaneous relationship between the dependent varidble and some of the independent
variables. These modds have one equation per jointly dependent or endogenous varigble.

Stochagtic error_term — random variable taking pogtive or negative values,

Stochastic_frontier — a random function or frontier (see dso educational production
function).

Stochastic noise term — see stochastic error term.

Structural_ model — the underlying hypothesised relationship between dl the variables. It is
not dways possible to estimate a structurd modd due to data limitations.

Technical efficiency — this term refers to the efficient production of any product or products,
i.e. a production process is technicdly efficient when it is impossble to use less of one input
(without using more of another input) to produce a given leve of output.

Variance — the variance measures the digtribution or spread of the vaues of a varigble
around its expected (mean) value.
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