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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 educational production function literature, to identify the many methodological
difficulties in this field, and to provide an outline for a high quality research project.
2. Section 1 concentrates on the methodological techniques most commonly used in the field
– regression analysis1 and stochastic frontier/data envelopment analysis - evaluating each
technique and commenting on the advantages and disadvantages associated with each
method.
3. Section 2 reviews a ‘high quality’ subset of the recent (post-Hanushek, 1997)
international educational production function literature. This section has two aims. First
and foremost, and in keeping with the methodological focus of the report, to evaluate how
effectively the methodological issues have been addressed in the predominantly US
centred literature. Second, to report the empirical results from this literature.
4. In Section 2 it is established that recent international research, in contrast to the widely
held view that inputs have no systematic impact on student outcomes, has generally been
able to establish a link between certain education inputs (particularly expenditure and
teacher characteristics) 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 quality research in the UK, the criteria for
inclusion in this section are weaker 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 studies of cost effectiveness of school provision.
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, several studies found a correctly signed and statistically significant relationship
between the school level pupil teacher ratio and outcomes. However, there is almost no
UK evidence that smaller class size leads to better outcomes. In general, the UK
literature is limited by the fact that many possible interactions between the various school
inputs and resource variables under consideration have not been fully investigated.
Hence, whilst in the UK school type appears particularly 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 quality in grammar, independent and single sex
schools. More work is needed to fill this gap in the literature.
7. Section 5 draws on the methodological and conceptual issues identified in Section 1, and
the empirical evidence (Sections 2, 3 and 4) to provide guidance to policy-makers about
an ‘ideal’ research programme. In particular, the section discusses the data requirements
to undertake such a study.

1

A glossary of terms is provided at the end of this report.

8. Section 5 highlights the following:
• The need for testing based upon theoretical modelling. The lack of systematic testing of
existing theoretical frameworks has often led to incoherence and repetition in the
literature.
• The importance of explicitly addressing methodological difficulties in order to obtain
plausible results. In particular, different methods (e.g. Instrumental Variables, Random
Experiments) are needed to deal with the most important methodological problem, the
potential endogeneity of school resourcing levels.
• The crucial importance of having high quality data. Specifically, one needs pupil level
data, with information on students’ prior achievements and family background,
supplemented with good school information and high quality resource information.
9. Section 6 draws conclusions and implications for policy. The most important conclusion
is that further work is needed to investigate the link between resource levels and
outcomes. Whilst we do not provide a full evaluation of the quality of all the possible UK
data sets that might be used to research this area, we do make the case that the available
UK data is insufficient to carry out a high quality study that would overcome most of the
methodological problems identified in this review. However, once the Common Basic
Data Set (CBDS) comes fully on line, it may meet many of the methodological criteria we
have identified in respect of performance data. However, CBDS data needs to be linked
to sound and consistent financial data in order to be used for the analytical purposes
identified in this review. Links also need to be established between the CBDS and
teacher databases and other sources of information on pupils’ neighbourhoods and local
environments. It is of primary importance that good financial data, based on comparable
school accounting practices, are collected in the future. It is suggested that a 2-3 year
longitudinal survey would meet policy needs in the medium term, i.e. before the CBDS
comes on line.
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Introduction
Trying to accurately ascertain the direction and magnitude of any links between school
resources and the educational attainment of pupils and their schools is an important research
question that has potentially significant ramifications for education policy. There has been
considerable research addressing this question and the goal of this review is to accurately
appraise 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 existing literature is not uncontroversial in the sense that there are clear
differences in the findings emerging from studies that adopt different methodologies. For
example, Hanushek’s (1997a) review of the education production function field has
suggested that there exists no systematic and statistically significant relationship between the
level of educational resourcing (generally measured by expenditure per pupil and the average
pupil teacher ratio) and pupils’ educational outcomes. However, not all the available
evidence supports this conclusion and there are a number of conceptual and methodological
difficulties that plague the literature. Furthermore, even if there is currently no clear positive
relationship between expenditure on schooling and pupil outcomes, this probably raises more
questions than it answers. In particular, it suggests that researchers need to explore further
issues relating to the way in which resources are allocated within schools, rather than simply
looking at the relationship between aggregate expenditure per pupil and outcomes.
The primary purpose of this review is therefore to identify the central conceptual and
empirical issues as regards the international and UK educational production function
literature, focusing largely on the impact of educational expenditure and resource mix. This
review is not intended to be exhaustive, rather the focus is on providing a methodological
critique of this field of research which can guide policy-makers and point to the most
appropriate directions for future research in the UK context. Although the parallel school
effectiveness research field is referred to, the review is restricted to the educational
production function literature, for two major reasons. First, it is the latter that has been most
concerned with the impact of resources on outcomes and second, other excellent and
comprehensive reviews of the SER literature already exist (Teddlie and Reynolds, 2000).
The report starts with a discussion of the key methodological issues in this field,
identifying the most significant conceptual and empirical problems (Section 1).
The
methodological section attempts to respond, at least in part, to the recommendations of David
Mayston and David Jesson (DfEE, 1999) concerning the need for more research into the
appropriate techniques to model the relationship between resourcing and educational
performance. In particular the use of the following techniques is discussed: linear regression
(and value-added), multi-level modelling and frontier estimation models, including data

envelopment analysis2 .
In Section 2 we provide a brief overview of a selection of ‘high quality’ ni ternational
studies3 from the educational production function literature. This international evidence is
restricted to high quality surveys and key published work which has examined the following
inputs: expenditure per pupil; teacher-pupil ratio; class size; teacher quality (education,
ability, experience and salary); non-teaching expenditure and the following outputs:
educational attainment (such as exam performance) and cognitive attainment.
Sections 3 and 4 examine the UK evidence. To ensure that the review is more
extensive in its coverage of the UK evidence weaker criteria are used for the inclusion of
studies. In particular, some unpublished work is included. The core objectives of the UK
review are to identify pivotal findings from the UK research, as well as identify the major
limitations of, and gaps in, the UK empirical evidence.
Section 5 relates the findings to possible directions for future UK research. In
particular suggestions are presented for an ‘ideal’ research project, which take account of the
methodological comments made in Section 1. Although the review does not go over ground
already covered by Mayston and Jesson (DfEE, 1999), further strong support is provided for
the case they made in favour of the proposed Common Basic 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 also given.

1. Methodological Issues
To understand the methodological controversies surrounding this field of research, a
historical view of the research literature is required. Several early and highly influential
studies in this field appeared to show that schools hardly had any impact on the learning
outcomes of children (in terms of their academic attainment, attendance and behaviour).
First, in the US, the Coleman Congressional Report of 1966 (Coleman et al, 1966) was
charged with looking at the relative educational opportunities for different racial groups in
the US. Although the report did highlight the very different levels of school resources that
were being allocated to African-Americans and white Americans, its results suggested that
schools did not in fact make a great deal of difference to student outcomes. Family
circumstances, ability and socio-economic background were found to be far more important.
Their findings were partially challenged by the results of a major UK report entitled `Fifteen
Thousand Hours’ (Rutter et al, 1979). This study showed that schools have a modest but
significant impact on the learning outcomes of children, though again family circumstances,
socio-economic background and individual 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 field. However, the results still appear to be
ambiguous (Hanushek, 1986, 1996). This section highlights the reasons why this might be
so.
There are three primary methodological problems associated with the Coleman and
Rutter et al reports, and indeed the bulk of empirical investigation in this literature. First,
there is a lack of an established ‘consensus’ theory from which appropriate models can be
constructed. Secondly, the research that has been undertaken suffers from a number of
technical/empirical problems. Lastly, again from an empirical perspective, poor data is a
recurrent theme in this literature. These problems cannot be easily separated. Therefore a
pragmatic view is taken which simply highlights how these difficulties relate to the empirical
2
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findings. Hence this section discusses two quite different methodological approaches in turn,
starting with regression models (Ordinary Least Square (OLS) and related variants), followed
by frontier estimation models (including Data Envelopment Analysis (DEA). Each method’s
particular empirical and conceptual problems are described in some detail but it is important
to note that many of the data related issues discussed initially in the context of regression
models apply equally to frontier estimation models. To avoid repetition however, such issues
are only discussed once.
To provide some background for the reader this review first considers some theory.
Much of the empirical literature is based, explicitly or implicitly, on the theoretical concept of
an educational production function. Using terminology from Cooper and Cohn (1997), an
educational production set can be described by the following equation
F ( y, x) ≤ C

(1.1)

where y is a vector of educational outputs, and x a vector of inputs. C is a positive scalar,
while F represents the educational technology which transforms x into y. Equation (1.1)
describes the combinations of inputs and outputs that are technically possible, i.e. the
production set. The maximum level of outputs for a given level of inputs is called the
educational production function or frontier and represents the set of technically efficient
solutions.
The production function approach operates by assuming that a variety of inputs (such
as family background, educational resources and initial 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 empirically estimating
such relationships. The first is to utilise regression techniques. These tend to be parametric
methods4 used to estimate ‘average statistical behaviour’ (Cooper and Cohn, 1997; Mayston
and Jesson, DfEE, 1999). Regression analysis has been used to ascertain whether schools
with higher resource levels also have higher performance levels, in relation to the average
performance of all schools. These regression models generally also require the user to
specify a particular relationship between the chosen inputs and the outputs of interest
(Thanassoulis, 1993). The second main approach is frontier estimation. Frontier estimation
can be either parametric (stochastic frontier regressions which specify the functional form of
the stochastic production function) or non-parametric (Data Envelopment Analysis, DEA).
These approaches evaluate the performance of schools in relation to the production frontier.
The purpose of this approach is to identify those schools which have the best possible
outcomes, for a given level of inputs, and which are therefore on the frontier of the
educational production set.
1.1 Regression models
This Section starts by considering the most commonly used methodological approach, the
broad family of regression models. In most regression analysis, a single educational output
of interest is regressed against various explanatory variables or ‘inputs’. The assumption is
that greater quantities of inputs will, via some usually unspecified ‘black box’ educational
technology, translate 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 studies that used regression models often lacked specific data on school
characteristics, such as pupil-teacher ratios, and therefore only attempted to measure the total
magnitude of any ‘schooling effect’. This involved identifying the net effect on student
4
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outcomes of attending a particularly ‘good’ or ‘bad’ school. This was modelled by
incorporating a set of dummy variables to measure the separate effect of each school in a
standard regression of outcomes (such as standardised test scores, school completion rates,
truancy rates) on various explanatory background variables, such as family background.
Generally, 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 attributable to school factors.
Reynolds et al (1996) put the figure at nearer 8-12% and found primary school effects to be
larger than secondary school effects.
Yet when researchers progressed from identifying school effects to analysing the
effect of particular inputs, such as family background and educational expenditure, the results
were disappointing. Using these regression techniques, researchers have had great difficulty
in identifying which factors, particularly in terms of resources, make some schools more
effective than others. So what have been the factors or inputs of greatest interest to
researchers? As discussed at length below, empirical work in this field needs clearer
guidance as to the inputs and outputs of theoretical importance. In practice, the outcome
variables of interest have generally been standardised test scores, exam results and staying on
rates. As shown in the equation below, the pupils’ outcomes (O is) are regressed against
various school quality variables Ss (that are generally measured at the school or school
district/Local Education Authority (LEA) level), and a set of other background variables (Xi).
Formally,
Oi = f ( S s , X i )

(1.2)

The most commonly used proxies for school quality are the pupil-teacher ratio and
expenditure per pupil. Other possible indicators of school quality include school size and
type of school, e.g. private or grammar. Although, as has already been stated, much of the
empirical literature does not appeal to an established theoretical base for such models, the
general hypothesis is that greater school resources will have a positive effect on pupils’
learning outcomes5 . In this context, the regression methodology has a number of theoretical
and empirical problems, which are discussed below in approximate order of importance.
1.1.1 The possible endogeneity of school quality6
The most serious problem in the literature as a whole is the potential endogeneity of
educational quality. Certainly parents who send their children to private schools can choose
the quality of that schooling. Even parents who send their children to state maintained
schools may be able to get their children into a ‘better’ school, for example by buying a house
in a better neighbourhood. If this occurs, school quality will be positively correlated with the
wealth and social advantage of children’s families. If wealth and social advantage impact on
students’ learning irrespective of school quality, then some of the apparent gain from
additional school quality will in fact be a ‘return’ to pupils’ socio-economic background.
The literature has also identified another endogeneity problem that is likely to cause a
bias in the opposite direction.
Some school funding systems operate compensatory
resourcing arrangements, whereby greater resources are allocated to poorer areas or schools
or applied to weaker students. The aim of such funding is generally to compensate for the
effects of disadvantage on performance.
In making this connection between likely
performance and funding levels, a relationship is created which will, to some extent, mask the
5
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analysis of the relationship between school inputs and pupil attainments (Burtless, 1996). If
the link between socio-economic characteristics and funding is not fully controlled for, a
model of attainment will tend to generate a spurious negative correlation between school
resources and achievement. The system of educational funding in the UK includes such a
compensatory measure. In particular, the national funding system allocates resources to local
education authorities on the basis of pupil numbers in various age bands, weighted by factors
to reflect social need in the authority and also, 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 themselves are then free to allocate resources to students, for
example by differential teaching group sizes. Indeed Goldstein and Blatchford (1998) argue
that, with respect to endogeneity in UK observational studies, the relationship between class
size and pupil value added attainment is affected by schools placing lower attaining children
in smaller classes and deploying better teachers in larger classes. As a result it is likely that
researchers will find spurious positive and significant relationships between class size and
outcomes.
The endogeneity problem is at the root of a number of theoretical and empirical
critiques of the findings in this field (e.g. Mayston, 1996). For example, Mayston talks of the
need to model the demand side of the educational market, i.e. the behaviour of LEAs and
schools. He argues that most educational production function models focus exclusively on
the supply side, i.e. the simple link between inputs and outputs, and he shows that the level of
resources experienced by a child will be endogenously determined if schools undertake
optimising behaviour. To illustrate, assume that a school is given a fixed budget. Assume
also that the school knows that the same level of resource inputs has a very different effect on
a child’s attainment, depending on the socio-economic background and prior attainment of
the child. The school will therefore allocate their fixed amount of resources among their
students, taking this fact into account. In other words, the school will systematically allocate
resources to each child, such that the learning output of the whole school is maximised. This
is really a re-statement of the classic endogeneity problem that is associated with single
equation regression models. This criticism suggests that, contrary to Hanushek’s conclusion
(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
optimising their use of these scarce resources. There are a number of possible empirical
solutions to this problem that are examined below.
1.1.1a Value-added models
One way of overcoming some of these endogeneity issues, and isolating the effect of school
quality, is by estimating ‘value-added’ models 7 which allow for the pupil’s initial ability and
socio-economic background, their school’s socio-economic composition (for example the
percentage of students eligible for free school meals), the gender of the pupil and their
ethnicity. Why may these improve upon the basic regression approach? It is clear that an
individual’s initial ability and attainment prior to starting at that school are obviously
important as they allow for the fact that some children are intrinsically more able than others,
some have already had better schooling than their peers, and some have experienced greater
parental inputs before starting at a particular school. In other words, the inclusion of these
variables effectively ‘levels the playing field’ at time of school entry. Clearly the impact of
the child’s subsequent schooling must be measured separately from these other factors. To
allow for this the value-added method adopts one of two approaches. First, 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 initial test results (prior to starting at the school
7
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or at the beginning of a particular educational intervention) as an explanatory variable on the
right hand side of equation (1.1).
The value-added method is certainly a vast improvement on single equation
educational production function models that do not even take 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 valueadded approach is essential. However, value-added analysis is not in itself sufficient to
overcome the endogeneity problem. Even allowing for the child’s initial attainment, it may
still be the case that the effect of the resourcing that the child actually experiences is
systematically related to their family background and prior attainment, and that most valueadded models are not constructed to deal with this problem.
1.1.1b Simultaneous equation models or instrumental variables (IV)
A limited amount of research has attempted to tackle the endogeneity problem by using
simultaneous equation models that explicitly model the resource allocation 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 allocation process within schools and LEAs is needed. Researchers need to identify
and model the determinants of school resources per pupil, as a first stage in a full structural
model of the effects of school inputs on learning outcomes.
In the simultaneous equations approach the structural relationships are made explicit
and form a system of equations that permit the untangling of the structural associations
between multiple inputs and multiple outputs.
In particular, if properly specified, the
simultaneous equations approach can enable researchers to identify both the impact of the
various factors that influence the level and mix of educational resourcing a child receives
(e.g. through the Standard Spending Assessment, school funding formula and different class
allocation methods), and the effect of these resource levels and mix on educational outcomes.
The main drawback of this approach is the identification problem. To solve the equation
system, the researcher must find a factor which influences the amount of resourcing a child
receives without also influencing that child’s educational performance directly. Furthermore,
the more equations there are in the system (as would be the case if the researcher was
attempting to model multiple inputs and outputs), the more identification restrictions one
requires and therefore the more difficult the identification problem is to solve.
Probably a more practical approach than using a simultaneous equations model is to
find an instrument (or instruments) for the potentially endogenous school resources
variable(s), rather than specifying the full set of equations 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.
Conceptually and theoretically this is difficult. However, the Instrumental Variables (IV)
method provides perhaps the most fruitful prospect for good quality research in this field.
Indeed, existing results from IV estimation are encouraging. Specifically a number of
influential papers that have used IV have found positive effects from school inputs
(Akerhielm, 1995; Angrist and Lavy, 1999; Figlio, 1997). However, it is not universally the
case that good quality studies that use IV find positive effects from school inputs (Hoxby,
1998). There are also a number of difficulties with the IV approach.
IV methods, like simultaneous equation models, have the problem of identifying
factors (i.e. instruments) which influence the allocation of school resources among students
but which do not in themselves influence learning outcomes. Certainly researchers have
come up with a number of innovative ways of identifying natural random variation in school
inputs. For example, Figlio (1997a) uses the tax revenue raising limits that have periodically
6

been imposed in certain US states (akin to the capping of local councils in the UK) to identify
‘random’ changes in educational expenditure.
Hoxby (1998) uses natural changes in
population (birth rate) and externally imposed class size limits to identify random variation in
class size. In other words, sudden increases (decreases) in the birth rate, combined with legal
limits on class size, mean that part of the variation in class sizes in a given year is due to
these external factors, rather than the characteristics of the children in these classes. This
exogenous variation can then be used to identify the effect of class size on outcomes. The
search for appropriate instrumental variables, and the development of theory to suggest these,
is clearly an avenue for future research.
A further problem with using IV models is that 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
variation in school inputs. For example, unexpected changes in the birth rate/population are
likely to have a bigger random impact on class sizes in smaller schools and school districts,
where administrators cannot smooth out the effect of sudden changes in enrolments. These
small schools and districts are not representative of all schools and districts so the results
from studies which use this type of instrument must be interpreted with great care and the
testing of the statistical validity of instruments is essential (Bound et al, 1995). Equally
studies that have used rules about maximum class size as instruments are actually measuring
the effect of random change in class sizes around the maximum possible class size (40 in the
case of Angrist and Lavy, 1999). It is quite possible that changes in class size from 40 to 41
may have a significant effect, even if changes in class size 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 size rules. If the characteristics of the target population (children in
classes affected by class size rules at the margin) are not representative of the total
population, results may be biased.
1.1.1c Randomised experiments
One virtually guaranteed way to overcome the endogeneity issue is to use randomised or
experimental data, of the kind employed by Krueger (1999). The “STAR” class size
experiment in the US exemplifies the use of experiments in social science, and in education
specifically. The advantages of this methodology are clear. With a carefully constructed
experiment, the potential for endogeneity is limited (although probably not altogether
eliminated). In an ideal world all educational interventions might be subject to randomised
trials prior to their introduction.
However, there are a few disadvantages associated with random experiments. From a
practical point of view they are costly and may raise ethical issues. For example, parents may
feel they do not want their children to be subjected to ‘experimentation’. Hoxby (1998) also
argues that there are still a few methodological problems with random experiments. Random
experiments tend to be extremely rare and therefore their results are cited often in the
literature and extrapolated to other, sometimes very different, institutional settings. For
example, the results from the US class size experiment can only be applied to the UK with
great caution, given the institutional differences between the two education systems.
The most serious criticism of random experiments is that the individuals (students,
parents, and school staff) involved in the experiment are generally aware of it. This may lead
to “Hawthorne” effects, whereby students perform better just because they are the subject of
an experiment, rather than due to the educational intervention itself. In particular, as the
experiment may lead to a particular policy recommendation (smaller classes) all involved
have an incentive for the experiment to ‘work’.
Equally individuals involved in the
experiment may tend to subvert the random nature of the experimental design (Hoxby, 1998).
For example, parents may lobby for their children to be put in the smaller classes. Teachers
may put certain students, who they feel would benefit most, in the smaller classes. All this is
7

really to say that even random experiments may not totally eliminate the endogeneity
problem. Efforts to find natural random variation in school inputs (to be used as instruments)
may therefore be, not only more feasible, but also advantageous from a methodological point
of view.
1.1.2 The problem of model specification
As has already been emphasised, one of the difficulties in this field of research is the lack of
an established theoretical model of how school resources might impact on educational
outcomes8 . For example, Blatchford and Mortimore (1994) stress the importance of clearly
specifying a model, derived from teaching and learning processes, to explain the relationship
between class size and performance. Such models would tend to stress the importance of
educational processes, as well as inputs. Generally however, a ‘black box’ approach is taken,
whereby ‘resources’ are simply applied to a pupil, school or school district and it is
hypothesised that this will in itself generate better learning outcomes. Certainly in studies
which focus on the impact of school resourcing, the processes and resource mix needed to
ensure that additional inputs result in better outcomes are generally ignored. There are
however, a number of researchers whose theoretical models may provide guidance as to the
correct specification for empirical models (Carroll, 1963; Walberg, 1984; Creemers, 1994;
Reezigt et al, 1999). Most of these models attempt to answer important theoretical questions
in this field such as: what are the important factors that influence learning outcomes; what
are the important inter-relationships; what factors are important at what level, i.e. at the pupil,
classroom and school levels; what are the important cross level interactions? Yet despite this
work, much of the empirical literature has not referenced such models, so that a coherent
body of empirical evidence, that may be systematically tested, has not been built up.
To illustrate this point, consider Carroll’s model of student learning (Carroll, 1963).
This model, on which many later models (Creemers, 1994); Scheerens, 1997) were based,
hypothesises that a student’s learning rate depends on five factors; “aptitude, ability to
understand instruction, perseverance, opportunity and the quality of instruction” (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 by
a particular student to learn, are crucially important determinants of achievement. The five
factors identified by Creemers (1994) can be broken down into pupil factors (aptitudes etc.)
and classroom or school level factors (for example, quality of instruction). Although this is
just a simple illustration, it shows how a theoretical model can inform empirical research in
this field.
Certainly, as a result of the lack of a theoretical basis for much of the empirical work
in this field, the problem of omitted variable bias is pervasive. For instance, much school
quality research implicitly assumes that expenditure per pupil, the pupil-teacher ratio and
certain measures of teacher quality are adequate proxies for the quality of a school or school
system. Yet, 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 studies of school quality, possibly biasing 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 variables that may be inappropriate and collinear with the
school inputs of interest. Dewey et al (2000), for example, provide some indication that
studies that include family income or socio-economic background, instead of parental time
inputs, are less likely to find positive effects from school inputs. The suggestion is that
family income is actually a poor measure of parental inputs and, since it is correlated with
school inputs, may cause a downward bias on the school input variables. Indeed, Hanushek
8
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(1986) makes the more general point that the educational inputs used in empirical work tend
to reflect data availability, rather than any particular theory about the determinants of school
quality.
It is also true that even if researchers base their work on a theoretical model and also
have access to good quality data on school resourcing levels, data sets often al ck adequate
measures of family background, peer effects and community environment. It is widely
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 correlated with the measures of school quality used, then the coefficients on the
school quality variables will be biased (Altonji and Dunn, 1996 and Behrman et al, 1996).
The solution to the general problem of omitted variable bias is to make better recourse to the
theoretical models in the field and, where possible, to use richer data.
1.1.2a Multilevel models and data aggregation
Continuing with the theme of model specification issues, Goldstein (1987, 1995) has argued
that there are statistical problems associated with modelling pupil outcomes and not allowing
for the hierarchical nature of the data, i.e. the clustering of students in classrooms, classes
within schools and schools within LEAs. Intuitively, the problem is that some of the
difference in pupil performance may be attributable to factors linked to the child (family
background) and yet some of the difference may be due primarily to the class or school the
student attends. Hence, all the children in the same class/school will therefore share a
positive (or negative) effect from being in that class/school. This class/school effect may in
turn be linked to good/bad management or equally to higher class/school resourcing levels.
However, ignoring the ‘class or school effect’ in statistical estimation will lead to bias. To
model this clustering, a variance components or multilevel model is needed. Assume that
there are just two ‘levels’ in the data, the pupil level and the school level. The achievement
of student i at school s (Ois), is given by
Ois = α + ψ s + ψ is

(1.3)

where the variation in pupils’ outcomes depends on the variation between schools, Rs, and
also on the variation between individuals Ris9 and where α is a constant term. The second
stage of the analysis then allows the researcher to explain the variation between schools that
is linked to school resourcing or other factors, as well as the variation 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 actual class size could be used to explain the variation between individuals.
The complexities of multi-level modelling, and a more in-depth discussion of the
statistical properties of such models, can be found in Goldstein (1987, 1995). However, it is
important to stress that the prime advantage of the multi-level modelling approach is that it
recognises the inherently hierarchical structure of an education system.
This enables
researchers to comment on the factors influencing performance at the different levels within
the education system. Generally results show that multi-level models and OLS models yield
similar results when there is only a low correlation between pupil outcomes within classes,
schools or LEAs, i.e. there is low intra-unit correlation. It can be shown that in a two level
model (e.g. pupil and school), with just one explanatory variable, as the intra-unit correlation
increases, the OLS estimator will increasingly underestimate the true standard error. This
will tend to lead to false rejections of the null hypothesis that the coefficient on the
9

These random components have an expected value of zero, are assumed to be uncorrelated and have variances
F2 s and F2 is respectively.
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explanatory variable is equal to zero. Hence not taking into account the hierarchical structure
of the data in this instance may cause researchers to find a positive relationship between the
explanatory factor and pupil outcomes, where none really exists.
There is also considerable evidence that a lot of the research in this field is affected by
the closely related problem of ‘aggregation bias’ (Summers and Wolfe, 1977; Betts, 1995;
Hanushek et al, 1996; Heckman et al, 1996a; Grogger, 1996). Although ideally researchers
need to know the actual school resourcing experienced by the child, they have often had to
rely on very aggregated measures of school quality, e.g. state level data in the US, which has
led to biased estimates10 . Hanushek’s surveys (1996 and 1997a) show that studies that use
aggregated data are more likely to show a significant relationship between school quality and
outcomes. For example, of the 77 estimates that measure the impact of pupil-teacher ratios
using classroom level 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 positive effect on
outcomes. The reason for this so called aggregation bias is that as the level of data
aggregation increases, so too does the effect of bias from omitted variables. As has been
discussed, many studies necessarily omit key variables, such as those measuring the
community environment (Hanushek et al, 1996), which generates biased results. Although
when many relevant variables 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 variable (e.g. state average data are used when state level factors are left out), any
bias must worsen.’’ (Hanushek et al, 1996, p.88).
In summary, an ideal research programme in this field would take account of
clustering within classes, schools and LEAs by using a multi-level approach - or other
appropriate econometric methods that allow for higher level effects - and would also use
pupil level data on the outcomes of interest11 .
1.1.2b Functional form
Another issue relating to model specification arises because the regression models applied in
most studies assume a linear (or log linear) functional form. This linearity assumption
implies that the effect of an additional unit of school inputs is the same both at very low and
at very high initial levels of school inputs. Yet this linear functional form has been
statistically rejected by the data in some instances (Figlio, 1999), suggesting it is overly
restrictive because it fails to allow for non-linear effects. Indeed, Figlio (1999), using a
translog functional form, and Eide and Showalter (1999), using quantile regression
techniques, found evidence of non-linearity. It is difficult to determine whether functional
form is a major issue, in terms of the wider empirical findings in the literature. Figlio (1999)
for example, rejects the assumption of linearity in the effects of school inputs but equally
finds that any positive effects from school inputs are still very small. However, high quality
research in the future would clearly benefit from more rigorous statistical testing of the
functional forms used.
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Indeed 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 data is widely seen as far superior for this kind of analysis.
11
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 endogeneity difficulties, in conjunction
with the value added approach, is to estimate more saturated models, specifically 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 value-added approach,
which tries to ‘level the playing field’ at time of school entry. It also stresses that researchers
need to take into account important interactions between the school inputs and other
variables. Certainly much of the empirical work in this field has assumed that school
resources have the same effect on learning outcomes for all students, regardless of the family
background or initial ability of the pupil. Yet studies that have examined the impact of
school resources fails to take account of differing levels of ability or of differing socioeconomic background have often found some significant 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 questions such as, do smaller class sizes benefit lower or higher ability
children?
Once again it should be noted that clear theoretical guidance as to the possible
interactions between different inputs is sorely lacking. Production function theory provides a
useful framework, but further work is needed to develop and test educational theories12 that
might point to important interactions between resources and other inputs. For example, how
does pupil aptitude interact with the quality of instruction to impact on outcomes (Carroll,
1963). Such theories, and the implied interactions between the various inputs, might then be
systematically tested on different data sets. Only then will more definitive answers in this
field be attainable.
1.1.4 Dirty data and errors in measurement 13
Errors in measurement of the school quality variables may bias results downward (Behrman
and Birdsall, 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 aggregation under these circumstances may be helpful and reduce the bias
from errors in measurement. However, the fact that measurement error will tend to bias
estimates of the effect of school inputs downwards reinforces the message that good quality
data are essential.
1.1.5 Cohort issues
There may also 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 fallen.
Hence a positive relationship between school inputs and outputs may only be observed for
earlier cohorts (born prior to the 1950s). Indeed Hanushek (1997a) and others have
suggested that if there is a positive but diminishing ‘return’ to school quality measures, this
may mean that the large increases in school resourcing over this century have ensured that we
are on the flat peak of the education production function. Thus further increases in school
resourcing would be unlikely to have a positive impact on outcomes. Research from
developing countries, where educational expenditure per pupil is considerably lower, may
shed light on this issue.

13
13

See Reezigt et al., (1999) for a summary.
Obviously these data problems apply to the frontier estimation techniques discussed below.
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1.2 Educational production frontier models
Having highlighted some general problems that relate to this literature as a whole
(endogeneity issues, dirty data etc.), and some limitations that pertain specifically to
regression models, the discussion now moves on to frontier models. As has already been
mentioned, frontier models do not avoid many of the problems discussed in Section 1.1,
particularly those relating to the lack of theoretical models and the need for good quality data.
However no attempt is made to repeat the arguments made above in this section.
In fact the distinction between the regression method and frontier models is somewhat
misleading. There are a number of different ways of estimating the educational production
frontier, including parametric techniques (stochastic frontier regression) and non-parametric
methods (Data Envelopment Analysis)14 . Various studies have compared the different
frontier methodologies and some have found that the different methods yield similar results.
Some have argued that frontier methods can be considered superior to standard OLS
regression 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 approach tries to identify the performance of individual schools in
relation to the educational production frontier, represented by equation (1.4):
F ( x, y) = C

(1.4)

where y is a vector of educational outputs, and x a vector of inputs. C is a constant.
At first glance, frontier methods have a number of desirable features. First, by
defining a technically efficient school (or set of schools) they may identify best practice
behaviour (i.e. schools on the frontier). If measured accurately, this may be more useful to
policy-makers than identifying differences from the mean, as in the standard regression
approach. Furthermore, the frontier approach, by emphasising best practice, should avoid
expectations being determined by average, rather than best, performance.
The other
attractive feature of frontier methods is that, by and large, the unit of observation is the
school. Specifically, 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 value for money.
Graphically, the difference between the stochastic frontier/DEA techniques and
regression analysis is depicted in Figure 1, in the case where there is a single output and
input, and constant returns to scale is assumed. The segment RR’ is a fitted line through the
data points, as determined by regression analysis, while the distance 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 conceived as the most efficient school, while
School Z, which is farthest from OA is the least efficient school.

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: Regression analysis and stochastic frontier/DEA
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Having briefly considered the overall advantages of such methods, the drawbacks of
each frontier estimation method are discussed separately, starting with stochastic frontier
regression.
1.2.1 Stochastic frontier regression
A good example of the use of stochastic frontier regression is found in Cooper and Cohn
(1997). Like all single equation regression models, they have to assume just one output (y)
but, unlike standard models, decompose the error term (e) into two components (v i and ui).
Algebraically,
y = F (x, β ) + ε

(1.5)

εi = υi + ui

(1.5.1)

where

Once again y and x are vectors of outputs and inputs respectively, and ß is a vector of
parameter estimates. Intuitively, v i captures the stochastic noise term, which allows the
frontier to shift between different schools for external reasons, thus yielding a stochastic
frontier, while ui is a non-positive error term that measures the technical inefficiency of the
school, i.e. the distance from the frontier. In this specification, it is theoretically impossible
for schools to perform above the educational production frontier, and hence ui must be a nonpositive term. Econometrically, Cooper and Cohn (1997) estimate a stochastic frontier by
including the parameter ?, and estimate the equation using log likelihood. ? is given by

λ=

σu
σV

(1.6)
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The larger ?, the more dominant the inefficiency error term ( σ u ), as compared to the noise
error term.
An advantage of this form of frontier estimation is that it gives easily interpretable
results, in the same way as the standard regression approach. Hence the frontier estimation
results in Cooper and Cohn (1997) are contrasted with standard OLS results. The other
advantage is that it is possible to test the statistical significance of the parameter values of
various explanatory variables, which is obviously important in determining relations between
the relevant variables, for example, whether class size significantly 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 also
shares the problems associated with standard regression models. In particular, restrictive
assumptions about the functional form of the model and the error terms are needed
(Ruggiero, 1996). Perhaps as importantly, the method does not easily allow multiple outputs.
1.2.2 Data envelopment analysis
Data Envelopment Analysis has been used more extensively than stochastic frontier
estimation in the education field.15 It is a non-parametric method of estimating the
educational production frontier. The unit of analysis in DEA models tends to be schools or
school districts. In simple terms, DEA estimates the performance of schools, relative to the
educational 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 level of output, or
conversely maximise their output for a given level of inputs. Hence DEA singles out the
‘efficient’ schools operating on the frontier and then measures how far all the other schools
are from that frontier.
A mathematical representation of the optimisation problem based on the Kirjavainen
and Loikkanen (1998) study, is as follows. Assume that there are n schools. School j
produces the amount yrj of output r, using amount xij of input i. Assume that both the inputs
used and the outputs produced by each school are non-negative and that each school uses at
least one input to produce one output. Assume the input weights are given by v i (i=1..m) and
output weights by ur (r=1..s). In this simple case, the objective is to maximise the sum of the
weighted outputs of school 0, subject to the sum of its weighted inputs being equal to 1.
Thus,
5

max wo = ∑ u r y r 0

(1.7)

r =1

m

s.t.∑ vi x oi = 1

(1.7.1)

i =1

The optimisation problem is subject to the constraint that the sum of the weighted outputs of
all the schools minus the weighted inputs of all the schools is less than or equal to zero, such
that all schools are operating on or below the production frontier.
5

∑u
r =1

5

r

y rj −∑ v r x rj ≤ 0

(1.8)

i =1

j = 1...n : r = 1...s : i = 1...m : u r , v r ≥ ε

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 allows each school to have its own weights, in terms of its inputs and
outputs, and yields an efficiency score for school 0 of between 0 and 116 .
DEA therefore provides an efficiency score or index, sometimes called a Farrell
efficiency index, for each school. Note that (1) the technique, by definition uses data
aggregated to the level of the decision-making unit (generally the school or school district),
and (2) the choice of inputs has varied from study to study, although some researchers have
included measures of student intake, including socio-economic status, school characteristics,
such as school size, school inputs, such as expenditure per pupil, and teacher inputs and
characteristics, such as teacher education.
DEA analysis itself may highlight efficient and less efficient schools and also give an
estimate of the efficiency gains if all schools were as efficient as the best performers in the
sample. However, policy-makers are also 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 studies (Bradley et al, 1999; Kirjavainen and Loikkanen, 1998) also
explore the determinants of school efficiency in a second stage regression analysis. In this
second stage the schools’ efficiency scores are regressed17 against a number of factors that
might explain the variation in efficiency between schools, e.g. the extent of competition
between schools in the area, local environment and, of course, school resources. These
second stage regressions can then provide evidence on the effect of specific inputs, in
conjunction with the DEA analysis which gives guidance on the relative performance of
schools.
The key advantage of the DEA method is that it can handle multiple inputs and
outputs, as well as a value-added formulation.18 Furthermore, the model does not require the
researcher to have information on the price of any inputs. In a public sector context, and
particularly in education, decision-making units tend to generate multiple outputs and use
multiple unpriced inputs. For instance, schools might produce both academic learning
(measured by exam results) and citizenship (measured by propensity to vote) or socialised
behaviour (turning up on time to school). They also use multiple inputs (teacher time and
teacher quality), some of which are not easily priced. Furthermore, DEA is a non-parametric
method that does not require restrictive assumptions about the functional form of the model,
as is the case with the regression techniques used in the literature. Also, as has already been
discussed, DEA identifies best practice or beacon schools (Mayston and Jesson, DfEE, 1999).
Hence by estimating the relative efficiency of each school, it can help researchers answer
questions such as: what would be the total gain in output if all schools were operating on the
educational production frontier?
There are however a number of clear disadvantages with DEA. The first is a
conceptual one. The DEA technique provides researchers and policy-makers with a measure
of the relative efficiency of each school. However, this is merely a measure of the
performance of that school relative to the best school in the data, rather than relative to any
objective standard of technical efficiency. It is important that the results of DEA are
therefore reported responsibly, without giving the impression that DEA provides an
indication of the absolute efficiency of schools. It is also true that noisy data (i.e. that
contaminated by measurement error), or a lack of detailed enough input variables, may cause
misclassification errors in the school reported to be most efficient. In this regard regression
modelling of the average (or use of quantile regressions that pick out specific percentiles of

16

The particular formulation described here assumes constant returns to scale. If 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 Loikkanen, 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.
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the distribution, but not the single highest value corresponding to maximum efficiency) may
well be preferable.
Furthermore, from a technical perspective, the non-parametric nature of the estimation
technique is also a serious disadvantage. DEA does not allow researchers to make statements
about the statistical significance of the relationship between certain inputs and outputs, e.g.
the effect of class size. When the two-stage approach is adopted where technical efficiency
from the first stage is regressed on various characteristics, the possible drawbacks of the
regression approach re-emerge. Moreover, there is a serious identification issue to do with
this two-stage approach, namely that characteristics used to explain relative efficiency in the
second stage are not allowed to enter the first stage. In most cases this is an unrealistic
assumption to adopt.
Furthermore, Ruggiero (1996) suggests that, since DEA is non-stochastic, it is
particularly sensitive to measurement error and variable selection. The former issue is likely
to be a particular problem in relation to the measurement of educational expenditure. The
latter point about variable selection is even more important. Although DEA may not impose
a particular functional form on the model, it does require the researcher to choose the relevant
inputs, and to decide at which stage of the analysis each input belongs (i.e. in the DEA or the
second stage regressions). There is clear evidence that the results of any DEA analysis are
sensitive to the timing of inclusion, given the inability to statistically test the model in the
initial stage and the lack of coherent theoretical guidance to inform the choice of inputs used.
A last technical problem is that there is some empirical evidence that suggests that the
results of DEA are sensitive to assumptions made about the returns to scale in education
production (Kirjavainen and Loikkanen, 1998)19 . As the DEA method is non-parametric,
there are no statistical tests available to test such assumptions, and hence it is crucial that
work in this area checks the robustness of the efficiency rankings generated by DEA to
assumptions made about returns to scale, and, in the light of comments about measurement
error, to outliers in 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 already made a persuasive case
for a national database that would enable better links to be made between educational
resourcing and performance. The methodological points raised here need to inform the final
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 studies examining the wider international
evidence have been undertaken over this period. It is therefore timely to re-evaluate more
recent empirical contributions to gauge whether the wider body of recent international
research has obtained more positive results, and if so, which inputs have been shown to have
the greatest impacts on student achievement.
There are two further motivations for
examining contributions in the broader international literature. First, much of the survey
work reviewed below concentrates exclusively on the US, whilst this review is primarily
concerned with obtaining insights into the impact of education inputs on student outcomes in
the UK. Given the considerably different institutional structures and input mixes between the
two countries, examining a wider range of international studies provides a broader canvas
from which to draw inferences. Second, and more importantly in light of the review’s
methodological focus, the examination of a wide range of high quality work can illuminate
potential research strategies for future applied work in the UK. This point is particularly
19

Kirjavainen and Loikkanen find that there are significant changes in the magnitude of their estimates.
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relevant, given the weak methodological basis underlying many existing UK studies (see
Section 3).
This section is sub-divided into four major parts. The first part describes the two
main methodological survey approaches used in evaluating input effects on student outcomes
- vote counting and meta-analysis - and the results obtained by these survey techniques. The
second section examines a set of ‘high quality’ contributions to the literature, post-dating
Hanushek’s most recent review. The ‘high quality’ label refers to papers that have been
published in key journals. Some working papers are also included, but only those by worldrenowned researchers that have made a serious attempt to overcome the methodological
shortcomings highlighted in Section 120 . The third part looks at the evaluation of specific
policy interventions and the final part discusses conclusions.
2.1 Reviewing the reviews
The most well known surveys mapping education inputs to student achievement have been
conducted by Hanushek (1986, and his frequent reappraisals, 1989; 1996; 1997a). Not
surprisingly the stark oft-cited conclusion that "there is no strong systematic relationship
between school expenditures and student performance"21 emphasised in Hanushek’s studies
has provided considerable controversy and has undoubtedly helped to fuel an extensive body
of subsequent research.
Hanushek’s conclusions were ostensibly based on what is described in the metaanalysis literature as vote counting: where the numbers of positive and negative statistically
positive coefficients are summed and a distribution obtained. Re-evaluating Hanushek’s
original work, Hedges, Laine and Greenwald (HLG: 1994) called into question the validity
of Hanushek’s results and survey methodology22 . The HLG critique is two pronged. First,
they point out there are more positive then negative results in Hanushek’s sample. Indeed, if
the chance of being positive or negative were even, the odds of observing so many positive
estimates would be less then one in a million.
The more substantive aspect of the critique uses meta-analysis techniques to formally
evaluate the relationship between education inputs and student outcomes. HLG’s results
provide strong support for a robustly positive relation between student achievement and
various inputs in the educational process. In particular, they found expenditure per pupil to
be a robustly significant factor and that the mean coefficient was sufficiently large to be of
practical importance23 . Of the other factors analysed, teacher experience was found to be the
most consistently significant measured input. Furthermore, pupil-teacher ratios and teacher
salaries gave mixed but generally significant results (although those results differed from
grade to grade) while teachers’ education was ‘incorrectly’ signed throughout.
Hedges et al’s criticism of Hanushek’s findings has received recent affirmation by
Dewey, Husted and Kenny (DHK: 2000). DHK use a more recent sample than that
considered by either Hanushek (1986) or HLG (1994), including 33 papers and 127
regressions24 . DHK argue that the inclusion 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.
21
The initial 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).
23
Specifically, the coefficent value of 0.014 suggested that an increase in expenditure per pupil of US$500
would be associated with a 0.7 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
relationship in previous work25 . To test this hypothesis they sub-divide their sample of
studies into ‘good’ and ‘bad’ estimates on the basis of two criteria. First, ‘good’ studies
include a variable to capture parental input secondly they exclude parental income and other
measures of socio-economic status which DHK argue are at the root of the mis-specification
problem. Hence, those studies that exclude a parental input and include parental income and
other socio-economic status measures are defined as ‘bad’ studies. Of the 127 studies 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 positive and
significant, in contrast to the 15.4% and 19.7% in Hanushek (1986) and Hanushek (1997a)
respectively. While the DHK study is informative, their comparison between ‘good’ and
‘bad’ studies does not universally suggest that ‘good’ studies are more likely to find a
positive relationship between inputs and outcomes. In particular, expenditure per pupil was
positively significant more often in ‘bad’ than in good studies, and the results from pupil
teacher ratios are similar in both sub-samples.
A direct comparison between Hanushek’s work and that of DHK is however
complicated by two factors.
First, DHK include variables not similarly classified by
Hanushek, namely ‘other teacher characteristics’ and ‘school size’. Second, the two samples
differ substantively in the proportion of positive and significant results evaluated. This can
be seen by comparing the proportion of positive and significant 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 positive and significant results, as compared to the
complete (ALL) DHK sample 26 . To account for these differences the DHK analysis is
recalculated by excluding ‘other teacher characteristics’ and ‘school size’, and comparing the
results between the ‘good’ and ‘bad’ specification categories27 . The resulting recalculation
suggests that there is practically no difference between the results of misspecified ‘bad’
studies and those of correctly specified ‘good’ studies, once factors excluded from
Hanushek’s analyses are similarly excluded from the DHK sample28 . In other words,
including parental income does not seem to be the cause of the insignificant and mixed
results that have been found in the literature.

included in the DHK analysis was published in 1996. It is unclear why the authors choose to link their study to
Hanushek’s earlier sample.
25
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.
26
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 analysis:
Dewey, Husted, and Kenny (2000)

comparison between Hanushek (1986, 1997) and

Percent with significantly positive coefficientsa

Expenditure per pupil
Teacher per pupil
Teacher education
Teacher experience
Teacher salary
Other teacher characteristics
School size
TOTAL
TOTAL (excluding ‘school
size’ and ‘other teachers
characteristics’)b

Hanushek
(1986)
13
9
6
33
9

Hanushek
(1997)
27
15
9
29
20

15.4

19.7

Dewey, Husted and Kenny (2000)
All
Good
Bad
51.2
25.8
28.1
45.3
45.4
43.4
22.9
30.2

38.5
29.4
25.0
52.0
00.0
52.6
38.1
41.1

56.6
24.4
28.8
41.5
45.4
40.4
11.3
27.5

37.3

38.5

36.8

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 potential concern about the robustness of
DHK’s findings. First, DHK appear to take no account of ‘aggregation bias’ and, Section
1.1.2.a showed aggregation bias has been consistently identified as a factor spuriously raising
the proportion of positively significant input coefficients29 . In common with other survey
work, most of the methodological difficulties associated with the underlying studies
examined are not considered by DHK 30 . Yet vote counting analyses are generally quite
sensitive to the studies that are included, and the modest number of ‘good’ relative to ‘bad’
studies in the DHK survey may exacerbate the seriousness of this problem. This may be
illustrated by notionally adding an additional positively significant result to an input category.
For example, adding a single positively significant result to ‘teacher experience’ results in an
8% rise in the proportion of positively significant results (from 25% to 33%), while if this
exercise is repeated with the ‘bad’ sub-sample only a 2% increase result (from 17% to
19%)31 .
The meta-analysis 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 seminal work, Hedges et al (1994) attempt to placate their
critics by assessing the potential weaknesses of their data set, acknowledging and mitigating
obvious criticisms. It is instructive to review the points they raised, because (with the
exception of the first) the criticisms apply to the underlying weaknesses of the studies
surveyed and are therefore applicable to both the Hanushek and meta-analyses samples.
1. As Hanushek (1997, p.151) points out "combining test information is best motivated from
taking a series of independent laboratories all providing results from a simple common
experiment." However, the published estimates underlying surveys results are obtained

29

Key references are contained in Section 1.
Hanushek (1997a) does partially address ‘quality’ issues by examining a sub-set of results using value-added
specifications.
31
It 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 a re-assessment of those papers underlying their work. Nor is
it suggested that DHK’s point that mixing demand and supply factors is analytically incorrect.
30
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from studies which have used very different modelling strategies and comparison is
problematic32 .
2. It is widely held that “publication bias” reduces the quantity of published work that
obtains either insignificant results, and/or perverse (‘wrongly’ signed) findings33 . Hedges
et al (1994, p.12) argue that there is no reason to expect that publishers prefer ‘correctly’
signed coefficients, though it is “difficult or impossible to completely rule out selection
effects”. While it is certainly true that proving the existence and direction of “publication
bias” is a difficult task, finding an empirical article published in any journal that has no
significant results is rare. Casual empiricism would also suggest that publication bias is
more likely to bias upwards the proportion of positively significant results. Publication
bias is a concern of both the meta-analysis and vote count approaches as both exclude
unpublished material.
3. Given the extensive time period over which the papers included in most meta-analysis
and vote-count studies are taken (generally over 30 years), it appears likely that the effect
of various inputs on student achievement, and their relative importance, may have
changed.
4. The final, and perhaps most compelling reason for scepticism, is that like all statistical
analyses, the resulting findings are only as valid as the underlying data. Hence the
statistical aggregation of work that is of a low methodological quality is likely to be
uninformative34 .
Taken together, these factors suggest that the ‘positive’ results of some meta-studies
can at best be taken as indicative, rather than conclusive. Rather than utilise either vote
counting or meta-analysis, this review takes the more traditional approach of surveying a
selection of individual studies, each of which has attempted to overcome some, but rarely all,
of the methodological difficulties identified in Section 1. In doing so five of the most
commonly utilised input variables are examined, namely: expenditure per pupil; class size or
pupil-teacher ratio; teacher’s education, experience, and salaries35 . In addition, an assessment
of the effects of a small selection of policy interventions is included.
2.2 Review of the recent international literature by input
In this sub-section recent (post-1997) contributions to the international literature, by input,
are reviewed. For ease of reference two tables are presented for each input considered. The
first table gives a basic summary of each paper, while the second highlights the
methodological ‘soundness’ of each paper, against 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
emphasize the weakness of many measures of socio-economic status in mo dels in this field.
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. This is 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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studies related to each input are then reviewed individually, and the sub-section concludes
with a brief summary.
2.2.1 Expenditure per pupil
Table 2.2 summarises the results of four recent studies that examine expenditure per pupil as
an independent variable.
None of these studies examine expenditure per pupil at a
disaggregated level and hence all are subject to aggregation bias concerns. Indeed, the
apparent 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 studies where the expenditure variable is collected at A-level of aggregation above the
pupil level (aggregation bias)36 .
Of the papers examined perhaps the most convincing is that of Figlio (1997a).
Figlio’s principal interest is in determining if caps on revenue and expenditure in certain
states constrained educational resource allocation in these states, and whether this ‘random’
variation in educational resourcing can explain student achievement. His results indicate that
expenditure reductions were harmful to students’ achievement in mathematics, reading,
science, and social studies.
Furthermore, the impact of reduced expenditure was
quantitatively important, with a revenue and expenditure cap having an impact on student
achievement equivalent to a reduction in family income of US$28,000. However, in addition
to the ‘aggregation criticism’ (although Figlio’s data is aggregated at the district 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 results37 .
Dewey et al (2000) use instrumental variable techniques to infer a causal relationship
between expenditure per pupil and SAT scores, and obtain positive results. However, the
data they examine is highly aggregated (state level), and the sample size is relatively small
(222 observations).
Gupta, Verhoeven and Tiongson (1999) examine the determinants of enrolment rates
in a cross-country framework using instrumental variables. They found that countries that
invest a greater proportion of national income in education have higher enrolment rates.
Apart from the usual ‘aggregation’ criticism, there are a number of additional limitations
associated with cross-country studies, such as measurement error, and omitted variables bias.
It is also unclear if the Gupta et al (1999) results translate 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 districts within a particular county. His premise is that a larger number of
school districts, with more equal shares of the market, will stimulate greater competition in
that county and raise performance. This paper is unusual in that, although it suffers from
aggregation bias, it does address the question of the endogeneity of educational expenditure
by estimating a two-equation model. Marlow first models the determinants of per capita
educational expenditure at 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
results suggest a statistically significant negative relationship between expenditure and
outcomes. He also found that educational spending per capita was higher in counties with the
36

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 districts). This latter result is consistent with the
argument that higher expenditure does not lead to better outcomes because higher
expenditure tends to flow to school districts, administrators, teachers and staff for reasons
unrelated to performance.
Table 2.2: INPUT – Expenditure
Author

Statistical
Technique

Location

Magnitude of key
results – effect of 1%
inc. in expenditure on
outcome

Controls

Dewey et al.
(2000)

OLS, IV

US

OLS: 0.15%
IV: 0.12%

Standard controls
(but excluding
income)

Figlio (1997)

OLS, IV,
Difference-indifference

US

2.5 – 6.4% (at 5% and
10% significance levels)

Student, family,
school controls

Gupta et al.
(1999)

OLS, 2SLS
(output is
enrollment
rates)

Crosscountry

Population,
urbanisation, child
mortality

Marlow (2000)

SUR –
Seemingly
Unrelated
Regression

County
level data

Primary+Secondary/
Total Educational
Expenditure
0.2% a
Educ. Exp./GDP
3.3% a
Primary+Secondary
Educational Expenditure
Ranged from -0.01 to
+0.002

Expenditure equation
– per capita income,
pop density, student
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/ Where results are not significant co-efficient values are not reported.
4/ All outputs are test scores unless otherwise stated
a
Only 2SLS estimates are reported.

Overall, sufficiently significant concerns about the data and methodological tools
employed in the four papers examined suggest that the ‘Hanushek view’ - that increased
expenditure in itself does not raise student achievement - cannot be seriously challenged by
the results of these studies.
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Table 2.3: INPUT – Expenditure
Author

Dewey et
(2000)
Figlio (1997)

al.

Gupta et al.
(1999)
Marlow (2000)

Methodological issue
1.1.2a
1.1.2b
Aggregation
Functional form
r
r

Omitted variable bias
r/4

r
4

r

r
4

r/4

r

4

r

r

r/4

1.1.1
Endogeneity
4

r/4

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

2.2.2 Class size
The issue of class size remains a hotly contested one, by the public, and by professional
educators.
Reviews of this literature have suggested that smaller class sizes do not
systematically lead to improved student achievement (Hanushek, 1997a). However, some
recent and rigorous research findings seem to contradict this. Of the three most convincing
studies considered here, that do find a positive link between smaller classes and student
achievement, two are from the US (Krueger, 1999; Hanushek, Kain, and Rivkin, 1998), and
the third from Israel (Angrist and Lavy, 1999). These positive findings are tempered by four
papers that obtained negative (or insignificant) results (Hoxby, 1998; Cooper and Cohn,
1997; Goldhaber and Brewer, 1997; and Goldhaber, Brewer, and Anderson, 1999). Finally,
Wright, Horn and Sanders (1997) find that smaller class sizes in themselves do not lead to
higher achievement, but that the interaction effects are important. The relative merits of each
of these studies is examined in turn.
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Table 2.4: INPUT – Class Size
Author

Statistical
technique

Location

Magnitude of key
results – effect of
1% dec. in class size
on outcome
5th grade: 3.6%
4th grade: 1.7-1.9%

Controls

Angrist and
Lavy (1999)

Natural
Experiment

Israel

Barro and Lee
(1996)

SUR
(Pupil-teacher
Ratio)
Stochastic
Frontier/ OLS

Crosscountry

2.7%

Cross-country
controls

US
(S.Carolina)

1-4%

Background
characteristics

OLS
Panel
(Pupil-teacher
ratio)
Panel

US

-6.6% to -7.2%

Class, teacher, and
school

US
(Texas)

0.001-0.05%

Hoxby (1999)

Natural
experiment

US
(Connecticut)

Insignificant

Kirjavainen
and Loikkanen
(1998)
Krueger
(1999)

DEA
(Pupil-teacher
ratio)
Experiment
(Panel)

Finland

25% of inefficiency
explained

Fixed effects and
background
characteristics
District level fixed
effects, time
trends, cohort
fixed effects, and
background
characteristics
Background
characteristics

US
(Tennessee)

7-9% level effect
1% growth p.a.

Krueger and
Whitmore
(1999)

Experiment
(Panel)

US
(Tennessee)

20% increased
probability of taking
college entrance test

Cooper and
Cohn (1997)
Goldhaber et
al. (1999)

Hanushek et
al. (1998)

Family
background

Background
characteristics,
school dummies
Fixed effects and
background
characteristics

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

The Krueger (1999) paper analyses the results of a unique random experiment
undertaken in Tennessee between 1985/86 and 1988/89. The central benefit of experimental
data is that, despite some limitations, it by and large ensures that the class size variable is not
endogenously determined (Section 1.1.1d).38 In the Tennessee experiment, children from
kindergarten and into grades 1 to 3 were randomly allocated to large (22-24 pupils) and small
(14-16 pupils) classes. Teachers were also assigned to classes on a random basis. Students’
progress was assessed using a standardised test and, after the first year, children in smaller
classes did significantly better than their peers in larger classes (by about 5-8 percentile
points). The benefits were greater for minority and poorer students. Krueger found that the
most substantial gains occurred in the initial year of class size reduction, with the differential
between children in small and large classes increasing by a single percentage point in
38

Krueger checks for this finds no evidence of “Hawthorne effects”, i.e. systematic changes in teacher
behaviour simply as a result 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 smaller class sizes ‘fade out’ over
time.
A promising subsequent analysis by Krueger and Whitmore (1999) suggests that the
student achievement associated with the STAR experiment had permanent effects. Krueger
and Whitmore test this by examining whether the probability of taking college entrance
exams was higher for children who were previously in small classes. The evidence they
provide indicates that those who were in smaller class sizes were 20% more likely to sit 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 preliminary.
Hanushek, Kain, and Rivkin (1998) provide alternative estimates of class size effects
using the Harvard/UTD Texas Schools Project database. There are two key advantages
associated with this database. First, it is considerably larger then any previous data set used
in educational production function estimation (including 3,000 schools with over 200,000
students per cohort for 4th , 5th and 6th grades), allowing precise coefficient estimation. This
student level dataset is also 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 estimation of value-added fixed effects models that explicitly attempt to
overcome the problems of endogeneity and omitted variable bias. Hanushek et al (1998) find
that class size affects are statistically significant for 4th and 5th formers but not for 6th formers.
However, although significant, the magnitude of the effects are considerably smaller then
those obtained by Krueger (1999), and account for less than 0.1% of the total variation in
student achievement.39 However, Hanushek et al’s results may well underestimate the total
impact of class size on student outcomes, given that the STAR research suggests a one off
level increase in pupil achievement in the initial year of the experiment, and such level gains
are not captured by value-added specifications.
The third study that finds robust gains in student achievement from smaller classes, is
an examination of class size reductions in Israel in the early 1990s by Angrist and Lavy
(1999). As discussed in Section 1.1.1c, Angrist and Lavy cleverly use Maimonides’ rule that class sizes cannot exceed 40 – which was enshrined in Israeli educational policy over the
period examined - to identify an exogenous or random discontinuity that is used to instrument
for class size changes. As ever, there are a number of technical limitations to Angrist and
Lavy’s work40 . However, the prime issue is that the nature of the instrumental variable used
means that Angrist and Lavy primarily consider the effect of class size changes around the
maximum limit of 40. Extrapolating these results to class size changes in OECD countries,
which generally have much lower average class sizes, is problematic.
The problem of comparing estimates from OECD and non-OECD countries also
pertains to a cross-country study undertaken by Barro and Lee (1996). This examined a
sample of 58 countries between 1967 and 1991 and found that class size, proxied by the
pupil-teacher ratio, had a significant impact on student outcomes in international tests.
However, data limitations do not allow Barro and Lee to overcome the majority of potential
methodological difficulties identified in Section 1, as is shown in Table 2.5.
Hoxby (1998) uses two quasi-experimental techniques in a panel framework to
examine the influence of class size on test scores in Connecticut district schools. She finds
there to be no significant impact of class size on student achievement. Hoxby’s work is
noteworthy since, it is extremely methodologically rigorous, and is the only study obtaining
insignificant results which focuses exclusively on the class size issue. In addition, Hoxby
provides a convincing critique of the Angrist and Lavy (1999) paper.
39
40

Krueger uses statistical techniques to adjust for non-random attrition.
See Hoxby (1998) for a detailed discussion.
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Examining the National Educational Longitudinal Study (NLES) of 1988, Goldhaber
and Brewer (1997) found that class size was significant but had the ‘wrong sign’, i.e.
suggesting that larger classes are associated with better student outcomes. In a subsequent
paper using the same data, Goldhaber, Brewer, and Anderson (1999) found a (not
surprisingly) similar result. On the other hand, Cooper and Cohn (1997), using stochastic
frontier estimation, found that smaller class sizes reduce student test scores. The resulting
class size estimates are less robust then those obtained in Goldhaber and Brewer (1997), or
Goldhaber et al (1999), being significant in only 8 of the 12 specifications examined at the
5% significance level. Perhaps the major limitation of all these studies is the lack of attention
paid to the endogeneity issue, a problem shared by much work in this area and which
Goldhaber and Brewer (1997, p.513) explicitly acknowledge. Goldhaber et al also highlights
the low explanatory power of observable student characteristics, finding them to account for a
mere one percentage point of total variation. While the result is disappointing, a clear
limitation of this study is the lack of any underlying structural model to determine the interrelationships between the large number of explanatory variables examined. The work of
Goldhaber and Brewer, Goldhaber et al, and Cooper and Cohn all highlight the need for
using theory to motivate empirical modeling and testing.
Finally, while not explicitly examining a structural model of schooling, a paper by
Wright, Horn and Sanders (1997) does suggest that, although class size in itself may not be
important, the interaction of class size with other input factors does have a significant effect
on student outcomes (Section 1.1.1b). Using the Tennessee Value-Added Assessment
System database in two regional subsamples, and applying panel techniques, the authors
observe that class size per se does not lead to higher achievement. However, allowing for
student heterogeneity (proxied by sub-dividing students into three achievement sub-groups),
and including interactions (such as the interaction of student prior achievement with class
size) produces highly significant effects - in both fixed effects and random effects models.
The findings are particularly interesting in that they provide a perhaps more intuitively
appealing method to analyse class sizes, by operationalising notions commonly stated but
rarely explicitly tested in the literature. In particular, there appears to have been little or no
debate over whether smaller class sizes in themselves provide the opportunity to improve
achievement, or whether the effect of class size on the opportunity to learn is largely
determined by the actions of teachers and other factors exogenous to the classroom41 . The
finding that the nature of the students, school system, and most importantly the class teacher,
all impact on the way smaller classes generate better outcomes is an encouraging one42 .
In summary, while the higher quality evidence, based on more satisfactory
methodological strategies, is supportive of reduced class sizes being a positive influence on
student outcomes, the magnitudes of the effects found do not appear large enough to justify
increased expenditure. Krueger’s analysis suggests that a 1% decrease in class size would
lead to A-level gain of 4% followed by a 1% growth rate per annum, which appears to be an
upper bound on the potential return from reducing class size. In the context of the Tennessee
experiment, Krueger undertakes a relatively simplistic cost-benefit analysis and shows that
the costs of class size reduction are roughly equal to the benefits. By implication, the smaller
41

See Hanushek (1999, p.117) for a clear articulation of the variety of sources through which class size affects
student outcomes.
42
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 size reductions in themselves are not a costeffective means of enhancing student outcomes.
Table 2.5: INPUT - Class Size
Author
1.1.1
Endogeneity

Methodological issue
1.1.2a
1.1.2b
Aggregation
Functional
Bias
form

Omitted variable
bias

4

4

4

4

r
r

r
4

r
r

r/4
r/4

Goldhaber
and
Brewer
(1997)
Goldhaber et al. (1999)
Hanushek et al. (1998)

r
r
4

4
4
4

4
4
4

Hoxby (1999)

4

4

r
r
r/4
4

r
4

r
4

4
4

r/4
4

4

4

4

4

r

4

r

4

Angrist and Lavy (1999)
Barro and Lee (1996)
Cooper and Cohn (1997)

Kirjavainen and Loikkanen
(1998)
Krueger (1999)
Krueger & Whitmore (1999)
Wright, Horn and Sanders
(1997)

4

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

2.2.3 Teacher characteristics
Tuition is a highly labour intensive and expensive process. Indeed, Audit Office estimates
show that teachers’ salaries account for 70% of total school education expenditure in the
UK43 . Perhaps the most disturbing aspect of the literature is therefore the finding that
measurable teacher characteristics appear to have little bearing on achievement.
The
Hanushek (1997a) survey gives the percentage of studies finding significant results for three
of the most commonly included teacher characteristics - teacher’s education (9% positive and
significant), experience (29%), and salary (27%). Consequently the results are far from being
consistently positive and significant. In addition, the least satisfactory performer, teacher
education, had a negative impact in 5% of the studies surveyed. However, a re-examination
of the evidence, using meta-analysis techniques, suggested a positive relationship between
some teacher characteristics (experience) and outcomes (Greenwald et al, 1996).
Similarly recent research by Hanushek, Kain and Rivkin (1998), decomposing the
determinants of student achievement, found not only that schools have a potent impact on
achievement differences, but that teachers appear to be the most important specific factor44 .
We examine each of the three most popularly employed measures of teacher quality, to
ascertain whether other studies support Hanushek et al’s appraisal.

43

Op cit, Mayston and Jesson (1999), pp.17.
Specifically, Hanushek et al find a lower bound of 7.5% of the total variation in student achievement is due to
teachers.
44
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2.2.3a Teacher experience
Hanushek et al (1998) found significant positive effects on achievement for teachers with up
to 2 years experience, as compared to teachers with no experience (with the exception of 4th
and 5th form mathematics). However, they found no effects from greater levels of teacher
experience. The magnitude of the results are considerably greater than the effects of the other
input measures they considered, and were about 20 times larger than class size effects. In
contrast, Krueger (1999) found gains of less then half those obtained by Hanushek et al
(1998), when comparing teachers with no experience with experienced teachers.
Furthermore, using a quadratic model Krueger finds that the positive impact of having greater
experience peaked after 20 years.
Table 2.6: INPUT – Teacher Experience
Author

Statistical
technique

Location

Cooper and Cohn
(1997)

Stochastic
Frontier
estimation
OLS, IV

US
(S.Corolina)

Hanushek et al.
(1998)

Value-Added
(Panel)

US (Texas)

Krueger (1999)

Experiment
(Panel)

US
(Tennessee)

Dewey et al.
(2000)

US

Magnitude of
key results –
effect of 1% inc.
in teacher
experience
Insignificant

Controls

OLS: -0.008% to
0.04%
IV: 0.08%
-7% to -15% a
-4% to –10% b

Background
characteristics

3%

Background
variables, school
dummies

Background
characteristics

Class, teacher, and
school 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/ Where results are not significant co-efficient values are not reported.
a
Maths: Measures negative effect from % of teachers with just one or zero years experience respectively.
b
Reading: Measures negative effect from % of teachers with one or zero years experience respectively.

As summarised in Table 2.6, other studies surveyed in this paper (other then Dewey et
al) all found that teacher experience lacked explanatory power. However, these alternative
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 total
teaching experience.
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Table 2.7: INPUT - Teacher Experience
Author

Cooper and Cohn (1997)
Dewey et al. (2000)

Methodological issue
1.1.1
Endogeneity

1.1.2a
Aggregation

1.1.2b
Functional form

r
T
r

4
Y
4

r
Y
r

4
4

4
4

r
4

Omitted variable
bias
r/4
YU
4

Goldhaber and Brewer (1997)
Hanushek et al. (1998)
Krueger (1999)

4
4

Key: 4Attempt to overcome methodological difficulty; r No attempt to overcome methodological difficulty;
r /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 mathematics has a positive impact on pupils’ mathematics scores.
By contrast however, Hanushek et al (1998) found that 4th form students appear to suffer
through having more highly educated teachers.
Neither study found that, outside
mathematics, there is any discernable relation between teacher education and outcomes - a
result that is consistent with Goldhaber et al’s recent re-examination of the NLES database.
The only paper that appears to have had some success with an ‘aggregate’ teacher education
variable is Cooper and Cohn (1997), however their results are not robust to all the
specifications.
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Table 2.8: INPUT – Teacher Qualifications
Author
Cooper and Cohn
(1997)

Statistical
technique
Stochastic
Frontier
estimation

Location
US

Dewey et al.
(2000)

US

Magnitude of
key results
0.5-2.5% a effect from
Masters degree
Insignificant

Controls

2.3% - effect
from
Certificate in
Math b
0.82% - effect
from
BA Degree in
Math b
Insignificant

Class, teacher, and school
controls

Goldhaber and
Brewer (1997)

OLS
Panel

US

Goldhaber et al.
(1999)
Hanushek et al.
(1998)

OLS
Panel
Value-Added
(Panel)

US
US (Texas)

-4% - effect
from Masters
degree

Krueger (1999)

Experiment
(Panel)

US
(Tennessee)

Insignificant

Background
characteristics
Background
characteristics

Class, teacher, and school
controls
Class, teacher, and school
controls

Background
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/ Where results are not significant co-efficient values are not reported.
a
7 of 12 OLS estimations significant at the 5% level, none are significant in the frontier estimations.
b
Results from Random effects model reported.

Table 2.9: INPUT - Teacher Qualifications
Author

Methodological issue
1.1.2a
1.1.2b
Aggregation
Functional
Bias
form
4
r

r/4

r

r

r/4

r
4

4
4
4

4
4
4

4

4

r
r
r
4

1.1.1
Endogeneity
Cooper and Cohn (1997)
Dewey et al. (2000)
Goldhaber
and
Brewer
(1997)
Goldhaber et al. (1999)
Hanushek et al. (1998)
Krueger (1999)

r
4
4

Omitted variable
bias

4

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

One additional study that is worth mentioning, even though it formally falls outside 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 positively related to students’ performance in some subjects, namely mathematics
and science. He also found evidence that teachers who had taken course work in pedagogy
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had a positive impact on their students’ performance. In general he concluded that teacher
preparation does make a difference. The study is noteworthy because it uses very detailed
data, explores possible non-linear relationships between the input and output variables,
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 systematically positive impact on pupil
performance.
2.2.3c Teacher salaries
A key recent paper examining teacher salaries, Hanushek, Kain and Rivkin (1999), found that
when student fixed effects and teacher mobility is accounted for, higher salaries exert a
positive influence on student achievement. But implausibly, the evidence suggests that
higher salaries have the strongest effects on tenured experienced teachers, and not on young
untenured teachers45 . Dewey et al obtain positive and robust results that relative salary
differentials matter in determining student outcomes. Other analyses, summarised in Table
10, find no significant relationship.
Table 2.10: INPUT – Teacher Salaries
Author

Statistical
technique

Location

Magnitude of
key results –
the effect of a
1% inc. in
teachers’
salaries
Insignificant
Insignificant

Controls

Barro and
and Lee
Lee
Barro
(1996)

SUR
SUR

Cross-country
Cross
Country

Dewey et al.
(2000)

OLS, IV
(seemingly
unrelated
regression)

US

OLS:0.04% a
IV: 0.07%

Background
characteristics

Goldhaber et al.
(1999)
Hanushek et al.
(1999)

OLS
Panel
Value-Added
(Panel)

US

Insignificant

US (Texas)

0.76-1.2%

Class, teacher, and
school
Class, teacher, and
school fixed effects,
and standard controls

Cross-country controls
controls
Cross-country

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.
a
In one of three specifications reported.

45

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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Table 2.11: INPUT - Teache r Salaries
Author
1.1.1
Endogeneity
Barro and Lee (1996)
Dewey et al. (2000)
Goldhaber et al. (1999)
Hanushek et al. (1999)

r
4
r
4

Methodological issue
1.1.2a
1.1.2b
Aggregation
Functional
bias
form

Omitted
variable bias
r/4

r

r

r
4

r
r

r/4
4

4

r

4

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

To sum up, there is some robust evidence that teacher experience and teachers’ salaries have
significant effects but that teachers’ education levels (with the exception of teachers with
qualifications in mathematics) do not. The results also provide considerable support for the
use of more refined measures of these characteristics, such as specifically examining initial
years of teacher experience, and looking at teacher qualifications by subject area.
While education, experience and salaries are the teacher characteristics most
commonly examined in empirical work, reflecting to a large degree the availability of data,
few educators would argue that these are the only relevant factors. With the notable
exception being Goldhaber and Brewer (1997) there appears to have been little work done on
examining alternative factors. Their paper is important because it evaluated 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 simple resource measures. Specifically, teachers who felt well prepared, who
had control over lesson content, who spent less time maintaining order, and who used oral
questions frequently and emphasised problem solving had a positive effect on pupils. The
causality and endogeneity of some of these behavioural variables is questionable, but these
results do suggest that researchers might need to focus more on qualitative aspects of teachers
and schooling inputs.
2.3 Policy interventions
While outside 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 studies
that attempt to overcome methodological and conceptual shortcomings, and hence meet the
reviews ‘high quality’ criteria are included in this Section. The four are centered on the
returns to a number of varied policy interventions in the US: Head Start, Teacher Salary
Incentive Schemes in South Carolina, a similar personal incentive scheme in Dallas, and an
education voucher scheme (the Milwaukee Parental 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 that have examined the returns to
Head Start, the seminal paper in the area comes from Currie and Thomas (1995). They used
comparisons between siblings in the same household (fixed effects models) to evaluate the
educational effects of attending a Head Start pre-school programme46 . The fixed effects
46

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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approach was designed to overcome the bias caused by unobservable factors influencing
sample selection, 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 motivation and ambition) which make some parents more likely to enrol their
children in the program. Briefly, they found a positive effect on test scores from Head Start
for white pupils but no effect for African-American students. Further investigation suggested
that both groups of pupils benefited equally in the early school years from being in Head
Start, but this positive effect had disappeared for African-American students by the age of 10.
The authors found some evidence that this could be due to either lower quality Head Start
programmes for African-Americans, or the disproportionately low quality of schooling
subsequently experienced by this minority group. In a recent paper, Currie and Thomas
(1995) provide evidence that lower post-intervention school quality, in the sense that AfricanAmerican students attended schools with worse test scores, was indeed a factor.
2.3.2 Teacher salary incentive schemes: South Carolina
Using OLS and stochastic frontier techniques, Cooper and Cohn found that two salary
incentive programs, designed to reward teachers and enacted in South Carolina, had a
positive influence on student achievement.
The first plan (Plan 1) identified teacher
performance on the basis of four criteria, namely:
teacher attendance, performance
evaluation according to state criteria, self-improvement through attendance in at least one
‘self-improvement activity’ and their students’ achievement. All teachers selected for an
award received no less than US$2,000 but no more then US$3,000. Under the second plan
(Plan 2) school districts allocated one-third of the teacher bonus to individual 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 methodological short
comings to the study (see Table 2.13 below) the resulting school-level estimates suggest that
both plans significantly enhanced student outcomes, but that the purely individual based plan
(Plan 1) led to relatively greater student achievement. The results were robust in both
stochastic frontier and OLS estimations.
Table 2.12: INPUT- Policy Interventions
Policy
Intervention

Author

Statistical
technique

Magnitude of
key results

Controls

Head Start

Currie and
Thomas (1995)
Cooper and
Cohn (1997)

Panel

7%
(initial gains)
Plan 1:
1.6-3.4%
Plan 2:
0.8-2.9%

Household fixed effects and
background characteristics
Background characteristics

Dallas Incentive
Scheme

Ladd (1999)

Panel

1.0 -1.7%
enhanced pass
rate for TAASa

Time and city dummies;
individual characteristics

Voucher scheme

Rouse (1998)

Panel

1.5-2.3%

Individual fixed effects

Teacher Pay
Incentives
(S.Carolina)

OLS
Stochastic
Frontier
estimation

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.
a
Texas Assessment of Academic School test.
(1995, 1999) is considered here since their work is notable for its careful methodological treatment of the nonrandomised nature of the Program.
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2.3.3 Accountability and incentive scheme: Dallas
Ladd (1999) explored the impacts of the Dallas program implemented in 1991/92. Under that
program personnel at the most effective schools received financial rewards47 . The scheme is
somewhat similar to Plan 2 implemented in South Carolina, in that it rewarded teachers in
successful schools, but was more wide ranging by rewarding other staff members too.
Specifically, principals and teachers typically received US$1,000, while other staff (such as
secretaries, and cleaners) received about US$500, and an additional US$2,000 was allocated
to the school itself.
Using panel techniques, via the inclusion of city, school and time dummies,
interactions of these dummies for both Dallas and four neighboring Texan cities (Fort Worth,
Houston, Ysleta, and El Paso), and controls designed to capture student characteristics,
Ladd’s central finding was that the pass rate of 7th 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
dramatically (from 2.4 to 24.6%) in least effective schools 48 . Ladd tests whether an overall
increase in the level of educational resources available to Dallas schools caused this result,
and whether another (wider) state program targeted at 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 greatest in the initial year of the study, which implies
that the program was only partially successful, since incremental gains in subsequent years
would be expected in a truly successful intervention.
2.3.4 Voucher systems: Milwaukee Parental Choice Program
Rouse (1998) examines the Wisconsin voucher system that was initially implemented in
199049 . Using unsuccessful applicants50 and children enrolled in Milwaukee public schools
as two comparison groups, Rouse undertook two separate analyses, applying panel and
instrumental variable techniques51 . 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 largely unaffected52 . However, in a more recent working paper, Rouse
(1999), alters the interpretation of the earlier results. Rouse examines a different comparison
group in the form of different types of public schools. The comparison suggests that certain
higher quality state schools (“P-5” schools), which have greater funding and lower class sizes
than normal state schools, tended to perform as well as Choice Schools. This suggests that a

47

Effectiveness being determined on the basis of two tests: the Texas Assessment of Academic Skills, and the
Iowa Test of Basic Skills. 20% of the Dallas schools received financial rewards.
48
Due to a relative lack of turnover in poor performing schools Ladd interprets this as a positive factor.
49
In a recent study Peterson, Myers, Howell and Mayer (1999) found that a voucher system applied in New
York 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).
50
Those parents who were rejected from the scheme.
51
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 effects and IV models.
52
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 system is only one means to achieve gains in student achievement and provides
indirect evidence that reduced class sizes enhance student outcomes53 .
To conclude; the four policy interventions which have been reviewed are found to
robustly impact on pupil attainment.
Table 2.13: INPUT- Policy Interventions
Author
1.1.1
Endogeneity
Cooper and Cohn (1997)
Currie and Thomas (1995)
Ladd (1999)
Rouse (1998)

r
4
r
4

Methodological issue
1.1.2a
1.1.2b
Aggregation
Functional
bias
form
4
r
4
4

r
4

4

r

Omitted
variable bias
r/4
4
r/4
4

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

2.4 Concluding comments
Taken as a whole, the ‘high quality’ international research findings suggest that some
measurable school inputs do matter. These include class size, teacher experience and teacher
salaries. However, the magnitude of the effects found has been quite small. The evidence on
specific educational interventions is more optimistic, as most schemes considered generated
substantially improved student performance.
Hence the literature as it stands does not imply that simply increasing expenditure on
education would be appropriate in all cases. Recent research, especially Hanushek, Kain, and
Rivkin (1998 and 1999), reinforces the message that examining the magnitude of any school
resource effects found is essential. These results are more positive than Hanushek’s (1997)
original assessment that school-resourcing levels may not have any impact on student
performance. Perhaps the key reason underlying the subtle change in the ‘Hanushek view’, is
that better data have become available, which has allowed more recent studies to use more
credible empirical techniques. This underlines the need for good quality methodological
work in this field. It would be overly optimistic to argue that a limited series of even well
designed empirical studies could lead to definitive conclusions; however, it seems reasonable
to suggest that previous, earlier work in this field, which has often been of poor
methodological quality, may have been somewhat misleading.

3. UK Education Production Function Studies
There is considerable interest in the impact of expenditure on educational performance in
schools in the UK. Current expenditure on primary and secondary schooling in England
alone exceeds £20 billion (DfEE, 2000). Clearly the application of such resources must be
justified and schools, LEAs and central agencies held accountable for their use. Recent
initiatives by Central Government, such as the Local Management of Schools (1990) and the

53

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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Fair Funding arrangements introduced in 199954 , have attempted to increase both
accountability and value for money in education. However, as the review of the literature
presented below shows, even in the UK there is still a paucity of concrete empirical 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 studies.
These are concerned with the relationship between resources and
educational outputs at LEA and school level. Section 4 considers studies that broadly fall
into the category of cost-effectiveness, since they deal with aspects of institutional provision
and seek to compare outputs from that provision with its costs.
The criteria for the selection of UK research for inclusion in this review have been
drawn more widely than for those considered in wider international research, otherwise there
would have been a very small number of UK studies included, and thereby some potentially
useful evidence might have been excluded, as certainly would many illustrations of the
problems of undertaking research in this area. The UK studies included meet all the
following criteria:
1. publication in refereed journals or in reports published by government or nongovernmental departments, including, for very recent research, ESRC final award reports
and papers submitted to journals;
2. use of at least one of the following school output measures: examination attainment,
cognitive test scores, continuation at school, drop out, truancy, attendance, or earnings
(only in studies also including school level educational attainment);
3. inclusion of estimates of the impact on output measures of any of the following
resource/input measures: expenditure per student, pupil-teacher ratio (PTR), class size,
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 qualifications);
4. inclusion of student prior attainment or family background and personal variables as
controls (i.e. a value-added specification);
5. have a clearly identified method of estimation;
6. report the magnitude of the effects of input measures on output variables, including
significance or standard errors.
The only exception to these criteria is the inclusion of some studies in the costeffectiveness Section in which outputs and costs are not directly linked. This exception also
includes OFSTED evidence on school efficiency and value for money that uses a qualitative
framework that meets only criteria 1 to 4.
The UK literature has relatively few methodologically strong studies. It is also patchy
and lacks both depth and breadth of coverage with respect to the different phases of education
and datasets used. The research has been restricted by the lack of suitable and accessible
data, as has been highlighted by Mayston and Jesson (1999). (See Sections 1 and 5 for a
54

Local 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 formula funding. 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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discussion of these data issues.) The limited number of studies and their limited coverage of
important school resourcing variables means that, unlike the international 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 level of aggregation - LEA or school/student level. The first section reviews studies using
LEA-level data for both outputs and inputs.
3.1 LEA-level education production function studies
There are five studies reviewed that utilise both output and input data aggregated at LEAlevel. The studies and their main features are summarised in Table 3.1.1(a) below. The two
linked studies undertaken by the DES55 (1983, 1984) are the earliest education production
function studies in the UK literature reviewed. The third study by Lord (1984) uses OLS as
well as 2SLS regression techniques whereas the fourth (West et al, 1999) reports only partial
correlation coefficients. The last study considered in this section - Jesson et al (1987) differs from the others in applying DEA. The extent to which these five studies attempted to
overcome the main methodological difficulties is indicated in summary form in Table
3.1.1(b).
3.1.1 Regression studies
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
insignificant or barely significant and wrongly signed. 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 results than in the earlier study. The only evidence found
for a positively signed and significant resource input effect was that teacher expenditure per
student 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 level/CSE passes and those with one or more higher O level/CSE
passes. Also the PTR was significantly and positively related to the proportion of school
leavers with no qualifications.
Lord (1984) found that SES status and poor housing were the most important of the
factors explaining educational outcomes (with between 46 to 57% of variance explained). He
found no significant relationship between education spending and outcomes, apart from a
perverse negative impact of spending per pupil on the proportion of pupils leaving school at
the minimum legal age. However, he did find a negative impact of inexperienced teachers on
both measures of examination output. In both cases a three-percentage decrease in teacher
inexperience would increase exam results by one percentage point. The proportion of
graduate teachers also exerted a positive impact on exam performance. A 4% increase in
graduate staff would increase the percentage of school leavers with 5+ O/CSE higher grades
by one percentage point, while the impact on the 1 or more O level/CSE grades indicator was
three times as high. Lord’s findings are consistent with the 1984 DES study, 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 correlated with Standard Spending Assessments (SSA), which in turn depend on
pupil numbers and the Additional Educational Needs indicators. Thus, in this dataset
education expenditure is linked to SES indicators and this gives rise to the usual endogeneity
55

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 statistical methods employed. The authors find that KS1 test results and GCSE
examination results at LEA-level are inversely and strongly correlated with indicators of
social deprivation. Positive and significant partial correlations of 0.3 and 0.41 between
expenditure per pupil and the two GCSE exam result indicators after controlling for SES
variables are also reported. Unfortunately, in the absence of reported multiple regression
estimates and indications of how endogeneity is corrected for, it is difficult to assess these
statistical results. Consequently, no precise conclusions can be drawn from this work of the
impact of expenditure on pupil outcomes.
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Table 3.1.1(a) LEA-level education production function studies (regression): main features

Authors

Output measure

School quality
variables

Controls

Data

Statistical
technique

DES (1983)

Proportion of maintained school
leavers achieving:
1 or more A-level passes;
5 or more higher grade passes at O
level (A-C) or CSE (grade 1);
1 or more higher grade passes at O
level (A-C) or CSE (grade 1);
no graded passes at O level (A-C) or
CSE (grade 1).

Secondary school
expenditure per pupil

Children:
1) born outside UK or non-white;
2) living in household with head unskilled/
semi-skilled manual worker;
3) in households lacking amenities;
4.) living in density > 1.5 per room;
5.) in 1 parent families;
6.) in families with 4 or more children.
LEA-level: free school meals; SES
measure; unemployment; population.

School Leavers Survey
1977/78 to 1980/81
(mixed exam year
cohorts).
1971 population
census.
LEA education
statistics returns.

Stepwise OLS

DES (1984)

As above plus:
6 or more graded results at O
level/CSE;
2. or less graded results at O
level/CSE.

SECONDARY TEACHING

As above.

As above except 1981
census data.

Stepwise OLS

DES variables 1 to 6 above.

As above plus
additional data from
DES (Form 7, teachers’
pension).
Criminal Statistics.

OLS
2SLS

SSAs & LEA
expenditure outturn
1994/5 to 1997/98.
Form 7 1996.
DfEE NC test/ exam
tables.

Partial
correlation, after
controlling for
income support
and AEN
separately.

Lord (1984)

West et al.
(1999)

5 or more higher grade passes at O
level (A-C) or CSE (grade 1)
1 or more higher grade passes at O
level (A-C) or CSE (grade 1)
Proportion not continuing in postcompulsory education
Delinquency rate of under 18s.

% of pupils attaining:
KS1 level 2 plus in 1996;
1+ A*-G GCSE passes 1996, 1997;
5+ A*-C GCSE passes 1996, 1997.

EXPENDITURE PER
PUPIL;
Secondary non-teaching
expenditure per pupil;
PTR for 11-16 age group in
1983;
PTR for 16-18 year olds in
1983.
Secondary teachers with
degree
Teacher experience
Class contact ratio
Pupil-teacher ratio
Expenditure per pupil
Secondary expenditure per
pupil

Total education
expenditure per pupil

Percentage of pupils in LEA attending
independent schools

Percentage of children:
from outside UK, Ireland, USA and Old
Commonwealth;
in lone parent families;
dependent on income support;
with statemented/non-statemented SEN.
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Table 3.1.1(b): LEA-level education production function studies: methodology
Authors

Methodological issue
1.1.1
Endogeneity

1.1.2b
Functional
form

Omitted variable
bias

DES (1983)

r

r

r /4

DES (1984)
Lord (1984)

r
4

r /4
r /4

West et al. (1999)

r
r /4

r
r
None
r/4

Caveats
on
sensitivity of DEA
to
inclusion
of
different variables

Jesson et al. (1987)

r /4

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

3.1.2 Data Envelopment Analysis Study: Jesson, Mayston and Smith (1987)
Using the same data as the 1984 DES study, Jesson et al (1987) apply data envelopment
analysis (DEA) (Section 1.2.2). DEA is a useful antidote to single output education
production functions since it properly treats efficiency as a relative concept. A school’s
efficiency is measured relative 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 at CSE or GCE O
level.
The input variables were:
percentage of children in LEA area whose head of household is a non-manual worker;
percentage of children not from one parent families;
percentage of children born in UK, Ireland, USA or Old Commonwealth 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 using more of at 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 sensitive to the outputs and inputs chosen
for inclusion. Hence they regard the study as illustrative not definitive. However, the use of
DEA in this study is important, since it serves to remind us that if there are two or more LEA
education outputs which are substitutes for each other, then single output-expenditure
measures cannot be used to judge LEA efficiency.
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3.2 School level education production function studies
The school level education production function studies considered fall into three categories.
First, there are studies using student level data, which all derive from the National Child
Development Survey dataset. Second, are studies using data aggregated at school level from
the Annual School Census (Form 7)56 , school examination performance and general
population census datasets. Finally a review of UK class size studies is referred to: there are
few of these large-scale quantitative studies and all 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
utilising National Child Development Survey (NCDS)57 data. The studies reviewed are:
Dearden et al (1997), Dustmann et al (1998), Dolton and Vignoles (1999), and Feinstein and
Symons (1999).
All three studies estimate an education production function equation of the form:
Oi = f (Ti , Fi , S i , Pi , Ei )

(3.1)

where:
Ti = prior attainment of individual i;
Fi = Family background variables,
Si = Schooling inputs or school quality variables;
Pi = Peer group effects;
Ei = local environmental 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 individual level data on
educational outcomes, prior attainment at 7 and 11, family background, and school quality, in
particular type of school attended, its pupil-teacher ratio and the child’s class size at 16 for
maths and English. The NCDS data are supplemented by other data on expenditure and
resourcing at LEA-level (from LEA returns) and by census data on SES variables at LEAlevel.
Outcome variables
All four studies use examination results as a measure of school output, although the exam
measures derived differ, as shown in Table 3.2.1(a). Dolton’s and Vignoles’ maths and
English exam scores, Feinstein’s and Symons’ English attainment measures, and Dustmann
et al’s number of exam grades, correspond directly to the qualifications achieved by pupils at
the age of 16. The other measures of examination attainment combine at least two stages of
schooling, though a single year’s pupil-teacher ratio (PTR) is used as a regressor.
Dearden et al and Dolton and Vignoles also estimate earnings equations as a function
of qualifications (i.e. highest previous educational attainment), family and individual
56

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.
57
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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characteristics and school quality variables (including LEA-level inputs). Dustmann et al
include career choice as a school outcome variable, where the choice is between staying on at
school, training (full- or part-time) or entry into the labour market. Only Feinstein and
Symons include peer group effects.
Modelling
The studies are also 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 all
attempt to overcome the endogeneity problem via the ‘saturation’ method, which involves
testing a sequence of model specifications. The initial model contains a limited number of
variables. In subsequent models more and more variables are included to show the effects of
controlling for different measures of ability/prior attainment and family background, local
environment and school quality variables. Feinstein and Symons also supplement OLS
estimates with 2SLS and sensitivity analysis which indicates that the endogeneity bias is
unlikely to be serious. Dustmann et al include a simultaneous equation testing of their career
choice model, while Dolton and Vignoles report a test with an instrumental variable.
Dearden et al try an additional functional form. They extend the basic model –
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 3.2.1(d) focus in on the school quality
variables and report coefficients on these variables estimated after including the largest range
of control variables.
The studies confirm the overwhelming importance of prior
attainment/ability and family background variables in determining school educational
attainment.
No significant relationship between school input variables and labour market
outcomes was reported by Dolton and Vignoles, even after trying a variety of specifications
(e.g. including only comprehensive school pupils).
They also sought to overcome
endogeneity by using as an instrumental variable (Section 1.1.1c) the random variation in
educational resourcing levels that followed a change in LEA organisation in 1974. However,
Dearden et al found some school quality variables to be significant and correctly signed in
wage equations (see Table 3.2.1(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 significant and negative effects for men who attended secondary modern schools, and
lower ability women. Thus the Dearden et al study indicates the importance of model
specification and the use of interaction terms (Section 1.1.1b) to probe how resources may be
differentially effective for different types of student.
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Table 3.2.1(a) Student level education production function studies: main features
Authors

Output measure

School quality
variables

Controls

Feinstein and
Symons (1999)

EXAMS
1.English: highest grade
attained in national exams
in English up to age of 21
(has 8 categories).
2. Mathematical ability at
16 measured by NCDS
test.
3. Index of overall exam
performance in all
subjects.

School type (single sex,
private, grammar,
comprehensive,
technical, secondary
modern)

PRIOR ATTAINMENT:
NCDS ‘ability’ tests in maths at 11
FAMILY BACKGROUND:
Parent interest variable;
Father in top or middle SES;
Father and mother stayed on at school;
No of older and younger siblings;
Father plays role in upbringing.
PEER GROUP composite variable made up of:
% of children in class with fathers in non-manual
occupations;
% of children in class only taking GCE exams;
% of children in 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

EXAMS
Number of O level and
CSE grade 1 passes
DESTINATIONS
Career choice (staying on,
full & part-time training,
labour market)

School type

EXAMS
English and maths exam
results at age 16:

School type

Dustmann et al.
(1998)

Dolton
and
Vignoles (1999)

PTR at school level.
Pupil in top stream
Not in top stream of
streamed classes

PTR at school level

English and maths class

PRIOR ATTAINMENT
NCDS ‘ability’ tests in maths and English at 7 &11.
FAMILY BACKGROUND
Family income; parents working;
Parents’ education;
Child has separate room;
No of older and younger siblings;
Parental interest;
Parents want child to sit A-levels / go to university.
ENVIRONMENT
Local unemployment rate;
% of unskilled manual workers
PRIOR ATTAINMENT
NCDS ‘ability’ tests in maths and English at 11.
FAMILY BACKGROUND
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Data

Statistical
technique
OLS and 2SLS

NCDS
General
population
census

NCDS
General
population
census

Monte Carlo
simulations:
sensitivity
analysis to check
effect of low
correlation in
2SLS between
instruments and
endogenous
variables.

OLS (ordered
probit)
Varied
specifications.
2 stage estimates
with instrumental
variables.

NCDS
LEA education

OLS
(ordered logit)

Dearden et al.
(1997)

1 = no qualifications in E
or M;
2 = unclassified grade;
3 = CSE grade 3 or 4;
4 = O level grade D or E;
5 = O level C or CSE 1;
6 = O level grade A or B
WAGES
Log of gross hourly pay at
age 33 for employed
males.

sizes (at 16);
Square of class size;
PTR at school level;
School size;
% students staying on;
LEA expenditure per
pupil;
Teachers’ salaries per
pupil;
PTR at LEA -level;
Child setted or streamed.

Gender; race; social class;
Home ownership;
Number of. siblings;
Father present;
Parental attitude to staying on at school.

EXAMS
Highest qualification
obtained at school (Alevel, 5+O-level A-C or
CSE 1, 1+ O level A-C or
CSE 1, CSE 2-5, none).
Highest educational
qualification obtained at
age 23 or 33.
WAGES
Wages at 23 and 33:
hourly real gross wage rate
in 1995 prices (of those in
employment in 1981 and
1991)

School type

PRIOR ATTAINMENT
NCDS ‘ability’ tests at 7 in verbal and maths
ability.
FAMILY BACKGROUND
Parental interest;
Father’s social class;
Father’s and mother’s education;
In receipt of FSM;
Family financial 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.

PTR at child’s school at
11 & 16
LEA expenditure per
pupil
LEA average teacher
salaries in primary and
secondary schools in
1969 and 1974

statistics
Varied
specifications.

PEER GROUP
Attended school where:
<20% pupils non-manual;
>80% pupils non-manual.

44

NCDS
LEA education
statistics
General
population
census

OLS
(ordered probit)
Varied
specifications,
including
interaction terms
between PTR and
school type; and
PTR and ability.

Table 3.2.1(b): Student level education production function studies: methodology
Authors

Feinstein and
Symons (1999)
Dustmann et al.
(1998)
Dolton and
Vignoles (1999)
Dearden et al.
(1997)

1.1.1
Endogen
eity

Methodological issue
1.1.2a
1.1.2b
Aggregation
Functional
Bias
form

4
4

4
4

r
r

4
4

4
4

4
4

r
4

4
4

Omitted variable
bias

Key: 4Attempt to overcome methodological difficulty; r No attempt to overcome
methodological difficulty; r /4 Some attempt to overcome methodological difficulty.
Table 3.2.1(c): Summary of findings of student level studies on effect of resource
variables on exam results
Feinstein and
Symons (1999)

Dustmann et al.
(1998)

Dolton and
Vignoles (1999)

Dearden et al.
(1997)

Significant but
positively signed.
Square of class size
significant
negatively signed.
Significant:
Maths score
coefficient
= -0.091;
English score
coefficient = -0.068
Insignificant
Insignificant

Not included.

Maths/English :
coefficients
compared to
comprehensive:
private = 1.168(M):
0.882(E)
grammar =
0.585(M): 0.886 (E)
secondary modern
= -0.076(M):
-0.193(E)

Men: grammar and
private school
attendance at 16 has
significant and
positive effect,
secondary modern
negative effect.
Women: girls school
had significant
positive effect.

Class size

Not included

Not included

School
PTR

Insignificant

Significant when
school type not
included.
Insignificant once
school type included.

LEA PTR
LEA exp.
per pupil
School
type

Not included
Not included

Not included
Not included

Compared to
comprehensive,
coefficients for all
exams is:
grammar = 7.56
sec. mod. = -2.32
private is insignificant.
Peer group = 10.29
Top stream = 7.57
Not top stream = -5.42

Significant. Compared
to secondary modern
coefficient on exam
score is:
Private = 2.087
Grammar = 1.916
Technical = 1.137
Comprehensive = 0.69
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Not significant
except for negative
effect on men
attending secondary
moderns and lower
ability women.
Not included
Insignificant

Table 3.2.1 (d): Summary of findings of student level studies on effect of resource
variables on other outputs 58
OUTPUT

Dustman et al. (1998)
CAREER CHOICE

Dolton & Vignoles (1999)
WAGES AT 33

Dearden et al. (1997)
WAGES AT 23 & 33

Class size
School PTR

Not included
Significant. decrease in
PTR by 1 st. dev. (2.3)
increases probability of
staying on at school by 6-7
percentage points.
Not included
Not included

Insignificant in full specification
Not significant once control for
ability, qualifications, personal
factors and experience.

Not included
Negative and significant effect on
wages at 33 for women attending
grammar schools.

Insignificant
Insignificant

Grammar/private school
increases staying on by
16/19 percentage points.

Significant.

Not included
10% inc in average secondary
teachers’ salary per pupil leads to
10% higher male wages at 23.
10% increase in LEA secondary
school expenditure per pupil leads
to 3.1% higher female wages at 23.
Private school has 9% impact on
male wages at 33. Has positive
impact on female wages at 33.

LEA PTR
LEA
spending per
pupil

School type

Dustmann et al also report significant effects on career choice of the school level PTR
after controlling for school type. They find that a lower PTR increases the probability of a
student deciding to stay on at school after 16. The PTR also has a significant effect on exam
results, though this becomes insignificant 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
half the impact on exams than does school type, indicating omitted variables, such as peer
group effects and teacher quality.
Dolton and Vignoles report that the PTR is significant and negatively signed in their
exam equations, which include school type, while Feinstein and Symons find it insignificant.
However, the measures of attainment used by Dolton and Vignoles are a more valid construct
for school output than those of Feinstein and Symons; the former use English and Maths
exam results and all subject exam results taken at 16, whereas the latter use the NCDS test of
maths and measures of highest attained qualification from school.
Only Dolton and Vignoles include class size as a regressor in school attainment
equations, where it was significant but positive, probably because of its association with pupil
ability.
(It became insignificant when class size squared was added to the model).
Feinstein’s and Symons’ study is useful in indicating the importance of the peer group in
explaining attainment at school. None of the studies explored the relationship between peer
group and class size.
In summary, three of the studies provide evidence of the effects of school resource
variables on school attainment and one of them of effects on wages. By progressively adding
in more variables these studies go some way in controlling for endogeneity. Fewer school
quality variables are reported as significant when a larger number of explanatory variables
are controlled for, indicating the likelihood of omitted variables bias in other studies which
use only a few control variables. The NCDS studies have also tackled the endogeneity
problem by means of instrumental variables. Inclusion of interaction terms enables the
differential effects of resources for different types of student to be explored. Consequently,
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Note that Feinstein and Symons only use exam scores as their output. Consequently they are not included in
this table.
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some positive effects of school quality variables on educational outcomes are now being
discovered using UK data.
3.2.2 Studies using data aggregated at school level
Another small group of studies utilises input and output data at school level. The one most
pertinent to this review is Bradley and Taylor (1998). The main features of the study are
summarised in Table 3.2.2.
Table 3.2.2: School level study (Bradley and Taylor): main features
Output measures

Proportion of a school’s students aged 15 in the year prior to taking
GCSEs who obtained 5 or more GCSE grades A* to C

School quality variables

% of students taking Advanced level courses;
% of students taking vocational courses;
% of teachers with formal teaching qualifications;
part time/full time teacher ratio;
school type (LEA or GM; single sex);
number of pupils in the school.

Controls

% of school’s students:
% entitled to free school meals;
% with special needs;
% from non-white backgrounds.

Data

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

Statistical technique

OLS estimates of ordered logit equations of exam results estimated
separately for 11-16 and 11-18 schools in 1992 and 1996.
Endogeneity of the FSM variable is checked for by use of
instrumental variables.

Not surprisingly, the strongest relationship found was between exam results and free school
meals. Other persistently strong and positive effects for all schools were:
•
•
•
•

being a voluntary aided school;
being a girls only school
the proportion of part-time teachers
school size (number of students) (positive coefficient on number of pupils, negative on
number of pupils squared).

There were positive significant 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 internal school resource variable which was significantly and positively related to
exam performance was the proportion of part-time teachers, possibly because this indicates
greater staffing flexibility and better matching of teacher strengths to curriculum
requirements. The pupil-teacher ratio was insignificant, except in 1992 for 11-18 schools,
where the sign on the coefficient was positive (i.e. opposite to that expected). The authors
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explain this finding as due to lower PTRs being associated with higher proportions of low
ability students (endogeneity). School size exerted a positive effect on exam performance.
From the estimated coefficients the optimal size of school was modelled. Exam performance
was maximised at the size of 1200 for 11-16 and at 1500 for 11-18 schools. In comparison,
in 1996 the actual mean size 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 study involving Bradley et al (1999), utilising the same database with
additional census data and measures of proximity of other schools, is a DEA study in which
free school meals and the proportion of unqualified teachers are treated as the only two inputs
in the education production function for estimating 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 that given in Bradley and Taylor (1998).
3.2.3 UK class size studies review
The most recent review of UK class size research found is Blatchford and Mortimore, (1994).
Blatchford’s and Mortimore’s review of UK class size studies is quite brief as it is part of a
wider ranging article. Four of the studies they review (Morris, 1959; Wiseman, 1967; Davie
et al, 1972; and Little et al, 1973) are correlational and large scale, being described as well
designed and well carried out. These studies tested for associations between class size and
pupil attainment. In general they found that pupils in larger classes did better than those in
smaller classes. Attempts were made to control for endogeneity by including variables such
as parental occupation (Wiseman), parental interest and occupation (Davie’s study using
NCDS data) but the advantage of larger classes remained. ORACLE (Galton and Simon,
1980), a ‘large scale’ study using classroom 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 study 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 greater progress for 8 year olds in mathematics and noncognitive development.
Blatchford and Mortimore note that no UK studies have used experimental methods.
They conclude, having also reviewed international research, that there is now firm evidence
of a link between lower class size and higher educational attainment but only in the early
years, particularly for socially disadvantaged children and only for classes smaller than 20.
This conclusion, however, rests almost entirely on the international evidence. The reviewers
also comment on the lack of recent research on class size in the UK. Currently Blatchford
and Goldstein are undertaking a large-scale study using MLM but they have not yet produced
published findings.
3.2.4 Conclusion
Education production function research in the UK has been severely hampered by the lack of
good quality data. Apart from the NCDS studies, all the others suffer from the aggregation
problem since they use LEA or school level data. Furthermore, LEA studies have not proved
a particularly fruitful line of inquiry for the education production function because of the
endogeneity problem (Section 1.1.1). The data are also simply at too high A-level of
aggregation for testing the important relationships between school level variables and
outcomes. Where any positive impacts of resources on outputs have been found in LEA and
school aggregate level studies, these concern teacher quality variables and not overall
expenditure per pupil or PTR.
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More recent studies utilising student level data from the NCDS, together with school
and LEA-level 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
studies to make progress in reducing omitted variables and endogeneity bias. They have also
used more sophisticated and varied model specifications. These studies have produced some
evidence of school quality variables impacting positively on non-exam outcomes. However,
these studies have not always utilised measures of school output with high construct validity
and have had recourse to only limited data for school level resource utilisation and for
instruments for controlling for the endogeneity of the school resource variables.
The
interaction effects in Dearden et al are indicative of the potential importance of differential
resource effects for students according to gender and ability, which studies utilising school
level data would miss.

4. UK Cost Effectiveness Studies of School Provision
As well as the application of statistical techniques to analyse the relationship between
expenditure and school performance, other methodologies have also been applied to explore
links between resource inputs and performance outputs59 . This section describes the
application of some of these techniques in a UK context. The studies included fall into three
groups:
i)
ii)
iii)

comparative analysis of course costs and performance on an inter-organisational
basis. This work is largely restricted to costing provision for 16-19 year olds.
The evaluation of specific programmed education interventions, comparing their costs
and their effects on pupil performance.
The application of the OFSTED inspection framework to provide comparative,
judgemental evaluations of schools’ use of resources to deliver pupil performance.

4.1 The cost-effectiveness of A/AS level provision
Analysis of A-level provision has been a promising line for researchers to pursue because of
the availability of student level prior attainment data, namely GCSE results. The research on
A-level cost effectiveness falls into two types. The first is a set of related academic studies of
the cost-effectiveness of A-level courses in 12 institutions representing a range of providers.
The second set consists of studies sponsored by governmental bodies (Audit Commission,
OFSTED, DfEE), either on value-added A-level analysis or on the cost-analysis of A-level
provision in different institutions.
4.1.1 Fielding and Thomas: cost-effectiveness of A-level provision in 12 institutions
Two important studies of the cost-effectiveness of A-level provision were undertaken by
Fielding (1995 and 1998), utilising data collected by Thomas from primary sources (Thomas,
1990).
The Fielding studies reanalysed Thomas’ data using multi-level modelling.
Fielding’s 1998 study was concerned with institutional costs, whereas the 1995 study also
reported cost-effectiveness estimates by institution type for social costs (institutional plus
students’ private costs of approximate earnings foregone). The two studies reached broadly
59

In addition to the material reviewed here, there is huge body of literature relating to school effectiveness,
which has also looked at cost effectiveness issues. 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 cost-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 students in 12 institutions (6 school sixth forms (SF), 3 sixth
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.
Costs were allocated to each teaching group by A-level subject. These consisted of:
•
•

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

The dependent variable was the cost-effectiveness ratio obtained by dividing the
student subject A-level score by the cost per student. Because there were only 12 institutions,
the main model reported was fitted at two levels (student and teaching group) with each of
the 12 institutions represented by a dummy variable. The individual students’ O-level score
was used as a fixed control variable at level 1 and the mean teaching group O-level score as a
fixed variable at level 2. Additional variables included were number of teachers who taught
the group, number of candidates in the group and dummy variables for 7 types of A-level
subject.
83% of the explained variation in the cost-effectiveness ratio (Fielding, 1998) was
accounted for at the student level and 17% at the teaching group level. Six of the seven
subject dummies were significant. O-level score was highly significant. The number of
candidates (reflecting class size) was positive and significant, indicating, that larger classes at
A-level are more cost-effective.
All except two of the institutional dummy variables were significant. The institutional
dummies were interpreted as indicating a ranking in institutional types, with sixth 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 costeffectiveness was significantly and negatively related to the teaching group’s mean O-level
score. This may well be due to endogeneity, in that school sixth forms have higher average
prior attainment but smaller teaching groups than FE colleges.
The small number of institutions included in these studies, clearly limits their general
applicability. Larger and more comprehensive data sets have since become available and will
enable more extensive research to be carried out on these issues. Future research based on
these larger data sets should be more generalisable.
4.1.2 Officially sponsored reports on A-level cost-effectiveness
The DfEE, Audit Commission and OFSTED have commissioned and undertaken a number of
research studies into the cost-effectiveness of A-level provision in different institutions.
Some draw on national data sets and others utilise fieldwork data from a relatively small
sample of institutions. The studies included are summarised in Table 4.1.2(a).
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Table 4.1.2(a): Officially sponsored reports on A-level cost-effectiveness
Study

Type of study

Data source

Main input variables

Main relevant findings

Unfinished Business (Audit
Commission and OFSTED,
1993)

Costs and value added
A-level results

Field work: 42 schools and
colleges in England and
Wales, 1991.

GCSE
Unit cost of A-level
courses (teaching and nonteaching costs).

No relationship between A-level value added
and unit costs.

Effective Sixth Forms
(OFSTED, 1996)

Costs and HMI
judgement of quality of
provision

Field work in 92 school
sixth forms in 30 LEAs,
1993/94.Case studies of 18
6th forms, 1994/95.

Cost of sixth form in
comparison with budget
received for 6th form.

About two thirds of sixth forms were cost
effective. Difficult for small sixth forms to be
cost-effective without consortia.

Two B’s or Not (Audit
Commission, 1993)

Value added: A-level
points score.
OLS and 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 difference for type of
institution attended.

Value Added for 16-18 Year
Olds in England
(O’Donoughue et al., 1997)

Value added: A-level
points score.
MLM.

Student level. Bath
examinations data for 3
cohorts, 1993-95.
504680 candidates in 2824
institutions.

GCSE, gender, institution,
institution type

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

Public Funding Costs of
Education and Training of 1619 Year Olds (DfEE, 1998b).
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
completion of 2 and 3 Alevel packages by
institution type.

Unit cost ranking from highest cost:
GM schools;
LEA schools;
6th form colleges;
FE general colleges.
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Unfinished Business (Audit Commission and OFSTED, 1993) is the only report of
those reviewed which directly compared the cost of A-level provision at institutional level
with value-added A-level scores. To estimate the unit costs of A-level provision at
institutional level, four A-level courses at each of the 42 institutions studied were costed.
The methodology for costing teacher staffing required data on the number of course hours a
week taught by teachers. This was put on an annual basis and multiplied by the cost of an
hour’s teaching60 and divided by student numbers on the course. Non-teaching recurrent
costs61 were apportioned according to course teaching hours. Unit course costs per A-level
completion at each institution were compared with value-added A-level subject scores: no
significant correlation between the two variables was found.
The Audit Commission’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
institution as consistently more effective at A-level than the others, when full account was
taken of differences in examination qualifications of their intakes at 16 plus. They all ‘added
value’ to GCSE in roughly equal measure.
OFSTED’s (1996) study of Effective Sixth Forms did not cost courses directly.
Instead, it compared the percentage of staffing allocated 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 students, then the sixth form was deemed cost-effective. Using 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 A-level
courses at institutional level with unit costs of the courses, gathered data by fieldwork in a
relatively small sample of institutions. Some later work, reviewed below, used larger datasets
and reported findings on the comparative educational effectiveness of institutions or on
comparative funding.
Three interrelated studies (DfEE 1998a, 1998b and O’Donoghue et al 1997) were
jointly commissioned by the DfEE. The first two studies were concerned with costing the
funding of post-16 qualifications provided by the different types of institution, while
O’Donoghue et al was a supporting multi-level analysis of A-level results. Though not able
to bring A-level output and cost measures into a single regression, the three studies together
provide evidence on the cost-effectiveness of different types of provider.
The DfEE (1998a and 1998b) studies calculated the public funding costs per
qualification package of the different sectors providing equivalent post-16 qualifications.
The studies made clear that the public funding costs of completed 2 and 3 A-level 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 calibrated by course and translated into cash according to an
exchange rate called the Average Level of Funding (ALF) that still differs by FE college. FE
costs of provision 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 qualifications by
institution). Youth Cohort Survey data were used to provide an estimate of drop out and
retention rates for each sector. Unit costs were calculated for qualifications completed, while
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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,
consumables and equipment, maintenance, administration and other costs.
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funding was related to students enrolled.
4.1.2(b).

The resulting calculations are shown in Table

Table 4.1.2(b): Public funding costs of 2 and 3 A-level packages: 1996-97
SECTOR
LEA maintained
schools
GM schools
General FE colleges
Sixth form colleges

3 A-LEVELS
Cost £
Cost index
7380
100
7630
6250
5910

103
85
80

2 A-LEVELS
Cost £
Cost index
4410
100
4560
2980
3270

104
68
74

Source: DfEE (1998b), pp.6 and 10.
Evidence on the value-added outputs of different types of institution for A-levels was
provided by O’Donoghue et al (1997). This study utilised a database of over 50,000 A-level
candidates (see Table 4.1.2(a)) and various model specifications. It found that students in
grammar and GM schools and sixth form colleges made similar progress. Students in LEA
comprehensive schools made on average three-quarters of an A-level point less progress and
students in general FE colleges made 2.5 less A-level points progress than those in sixth form
colleges. However, the measure of FE output was biased downwards because it did not take
account of vocational qualifications.
A further finding of O’Donoghue et al was that there was a small compositional
effect. In particular A-level progress was positively related to the average prior attainment of
an institution’s students and negatively related to the percentage of students entitled to free
school meals. Hence slower progress in comprehensive schools and FE colleges was in some
part due to peer group effects. The study also estimated that larger group size was associated
with a small increase in progress and that changing institution between GCSE and A-level
had a very small, almost negligible, negative effect on performance. On the basis of the
costing data and findings of O’Donoghue et al it was concluded that:
"It is not possible on current evidence to draw firm conclusions about the links
between value added and funding" (DfEE, 1998a, p.15).
4.1.3 Summary
To summarise, the overall conclusions regarding the relative cost-effectiveness for A-levels
of the different types of institution are still somewhat inconclusive. While general FE sector
provision is cheaper than the schools sector, its relative cost-effectiveness in terms of value
added compared to the other types of provision has not been fully demonstrated. Differences
in unit cost at A-level are largely explained by differences in teaching group size and there is
no evidence that increasing group size within the usual size range of 20 or below reduces
student progress. Thus the evidence suggests that improving the overall cost-effectiveness of
A-level provision depends on structural decisions about rationalising the number of
providers, in particular closing small sixth forms and hence increasing the average size of Alevel teaching groups.
The methodologies used to investigate A-level cost-effectiveness have been limited by
the available data and by the relatively small sample sizes used in most studies. Many studies
have therefore not been able to fully address key methodological 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. Certainly the A-level costeffectiveness studies do not provide support for the view that higher resource levels will
automatically generate better outcomes.
4.2 Educational interventions
A number of policies and interventions have been devised with the aim of improving
performance amongst target sets of pupils. The evidence on two types of intervention – early
literacy programmes and special needs provision – is described below. These include two
different early literacy projects and one review of a project focusing on children with mild
learning difficulties. Many of the interventions have been of an experimental or quasiexperimental nature. Cost-effectiveness approaches have been used to evaluate a number of
these interventions.
4.2.1 Reading recovery and phonological intervention
Reading Recovery and alternative Phonological Intervention was a project aimed at
improving the reading skills of children who had made a slow start in reading (Qualifications
and Curriculum Authority, 1998). It involved 390 six year-old children from 63 schools in
London. In September 1992 the children were placed in three groups, matched for initial
reading ability for the two terms spanning 1992 and 1993:
• 95 received the Reading Recovery (RR) programme;
• 97 received Phonological Intervention (PI);
• a control group (CG) of 198 children was established, half in the same schools as the RR
and PI children and the rest at 18 control schools with no RR or PI programmes.
Reading Recovery was the most resource intensive option as it involved a daily 30
minutes individual session with a RR teacher for about 20 weeks (i.e. about 50 hours teacher
time per child). Phonological intervention comprised 40 ten-minute sessions over 2 terms (6
hours 40 minutes teacher time per child)62 . The control group children had their normal
programme63 .
The children were pre-tested in September 199264 . Post-tests were administered in
the summer of 1993 (post-test 1) and in the summer of 1994 (post-test 2). There was a
further follow up test in autumn 1996 when 342 children were still in the study. In addition,
reading test and other data were collected in 1996 from 1398 classmates of the original cohort
children.65
The effects of RR and PI were estimated using multiple regression to control for the
slightly higher initial reading ability of the control group children. Initially the Reading
Recovery (RR) children made significantly greater progress than the control group. After one
year the RR children were not significantly ahead of the control group in their own school,
but were ahead of children in control group schools (those without any RR or PI
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 statistically significant. In
contrast, the immediate post-intervention gains from PI were confined to phonological
awareness and had no impact on reading. But by the end of second year, the PI children’s
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It should be noted that PI was delivered by the research team, so this is a self-assessed intervention.
This often included some support.
64
The tests were the British Ability Scale Word Reading Test and Neale Analysis of Reading Ability, Clay’s
Diagnostic Survey, and the Oddities test for phonological awareness.
65
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.
63
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reading and spelling improved significantly. After four years the effect of PI on reading just
missed statistical significance, but there was a lasting impact on spelling for all children
included in the project, except for children unable to read at 6.
Table 4.2.1(a) shows the coefficients and effect sizes from a model that compares
children who experienced the intervention (RR or PI) 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 sizes. Where a significant
effect size is found, this suggests that the children who experienced the educational
intervention (RR or PI) did significantly better than those that did not. The magnitude of the
effect size is given in standard deviations. Thus a positive significant effect size of 0.4
suggests that those children who experienced the intervention, achieved 0.4 of a standard
deviation better results than those children who did not. Table 4.2.1(a) demonstrates that the
programme is effective for two sub-groups of children; those entitled to free school meals and
those unable to read at six.
Table 4.2.1(a): Sub-sample of children taking FSM: reading and spelling skills at third
follow-up (Autumn 1996)
Original sample
Reading Recovery
Within-school
comparison (n=45)
Between-school
comparison (n=89)
Phonological
Intervention
Within-school
comparison (n=56)
Between-school
comparison (n=79)

Reading/comprehension
Coefficient
Effect size
-7

-.10

Spelling
Coefficient
Effect size
0

Negligible

30

.41*

.26

.24

31

.38

.38

.30

40

.48**

.49

.38*

Notes:
* = significant at 0.05 level; ** = significant at 0.01 level
Effect sizes were estimated from regressions controlling for initial scores on word reading
test and diagnostic survey.
Within-school comparison: between RR or PI and control group in the same school.
Between-school comparison: between RR or PI and control groups in schools without RR or
PI.
Source: QCA (1998) Table 4.10.
Cost data were collected by adding, to the RR and PI time per child, any additional
help with reading provided to the child. The time data were converted into money costs,
taking into account the actual salary costs of RR teachers and those giving PI. Otherwise, an
annual teacher salary 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. Obviously these costs must
be combined with the estimated benefits of the interventions, to provide any guidance as to
the cost-effectiveness of RR or PI, but they are interesting nonetheless.
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Table 4.2.1(b): Estimated costs of RR and PI reading interventions compared to control
group children
1992/93*

1993/94

1994/95
(estimate)

1995/96
(estimate)

1996/97

1992-97
annual
average

Reading
Recovery
schools:
RR children
Control children

£890
£120

£133
£133

£173
£133

£215
£158

£244
£158

£331
£140

Phonological
schools:
PI children
Control children

£345
£95

£227
£267

£240
N/A

£272
N/A

£287
£86

£276
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) Table 4.21
Costs are averaged over the five years in Table 4.2.1(b)66 . This indicates that RR was
£37 more costly per year than normal provision (in the control schools), whereas PI was £18
cheaper than normal provision. However, staff training costs were not included67 .
The researchers attempted to compare LEA costs of SEN provision for children not
being offered RR or PI, with the costs of RR and PI. Phonological intervention, followed by
routine school provision, were the most cost effective options - producing significantly better
spellers and marginally better readers at lower cost. For children who were still non-readers
at six, RR was significantly better at marginally higher cost.
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). This consisted of five key steps:
•
•
•
•
•

an initial 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;
a support plan was developed in steps for the target children;
appropriate teaching methods were selected and implemented;
each child’s progress at each step was evaluated and recorded.

The study involved fewer children and a shorter time scale than the QCA study. IAT
was implemented by two teacher-researchers recruited for the project, who used the IAT
manual to design training for small groups of children in the four schools selected for the
66

No present value calculations were made.
The cost of training a RR teacher was about £1000 in 1995 and £300 for a PI teacher. The RR programme
also requires maintenance and monitoring costs incurred by the RR national network and the LEA. The costs to
each LEA involved of employing a RR tutor, professional development and management of the programme
were estimated at £35,900 in 1995.
67
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project. All children in Year 1 classes in the four schools were screened for reading
performance, using WORD (Wechsler Objective Reading Dimension) reading and spelling
tests. A trial group of sixty-four children were selected, aged between 5.5 and 6.5 years.
These were the 16 children in each of four classes, in the four schools with the lowest reading
performance, who also had a WORD reading standard score of 94 or less. A control group of
40 children was selected using the same criteria but from a different class in the same school,
or from a different school of similar social composition if there were not enough children in
the trial school. Control and experimental 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 applying reading and spelling tests;
teacher planning time (not quantified);
teacher time spent on ongoing assessment and record keeping.

The post-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 experimental and control groups) from two-way ANOVA, with F
statistic for p<0.01 given as significant. The effect sizes were measured in two ways: by
reading/spelling score and by the age equivalent of these scores, as shown in Table 4.2.2.
The authors state that the mean effect size of 1.71 for the experimental group, compared to
1.04 for the control group, is in line with that established in Reading Recovery.
Table 4.2.2: Mean effect sizes
Group

Experimental
Control

Reading
standardised
score
0.94

Spelling
standardised
score
0.95

Reading: age
equivalent

Spelling: age
equivalent

1.71

1.24

-0.53

0.24

1.04

0.48

Note: standardised score takes account of normal expected improvement (in chronological
months) and so is less than non-standard score.
The authors claim a similar effect size (at immediate post-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 claim that IAT is much
more cost effective than RR. However, they have not tested its effects over time.
4.2.3 Special educational needs (moderate learning difficulties)
Special Educational Needs expenditure has been estimated by the Audit Commission to
account for around 10% of education spending. There is a substantial US literature on
effective special needs provision for pupils with moderate learning difficulties but almost
none for the UK. The DfEE commissioned a study, Crowther et al (1998), of the costs and
outcomes for MLD pupils in special and mainstream schools. This reviewed available
literature and also reported on a small 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 mainstream provision compared to special units/schools, but
better mainstream outcomes depend on appropriate resourcing;
• full time placements in mainstream classrooms tend to be more effective than mainstream
plus pull-out programmes;
• programmes which aim to provide structured interventions and support within the
mainstream classroom appear to produce better outcomes than pull out with support
outside the classroom.
Affective outcomes:
• academic self-concept is higher in special settings, but global self-esteem is less affected
by type of placement;
• some evidence that mainstream students with moderate learning difficulties become more
socially 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 special) in 8 LEAs. Sixty SEN professionals were involved in
describing and categorising types of MLD student in order to produce six agreed categories.
Schools and LEAs were then asked to provide information on the different resources they
allocated to these 6 types of MLD. The study thus developed a useful costing methodology
which may be replicated in future studies. The costs included were:
•
•
•
•

costs of teaching and support staff in the classroom for the full week’s timetable;
staff costs of institutional support outside the classroom (SENCOs, pastoral support);
external services (mainly from LEA);
transport costs.

The data indicated very considerable variations in unit costs, even within mainstream
schools, 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
mainstream secondary schools. This variation was partly due to differences in the funding of
mainstream pupils in the different LEAs but was also, more interestingly, due to the different
ways in which schools deployed teaching and learning support assistants (LSAs). This staff
deployment accounted for two thirds of the cost of SEN provision. In the main, resources
were allocated 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 study was unable to collect systematic data on outcomes. The researchers
concluded that the allocation of resources to students with MLD was neither equitable
(because resources did not consistently increase with severity of need) nor efficient, because
schools and LEAs had no way of tracking the link between the resources deployed and
outcomes achieved68 .
The study made a number of well-argued recommendations, in particular a shift in
decision-making with respect to MLD students from need to outcomes. Resourcing should
be tied to a specification of desirable outcomes and resource usage and subsequent outcomes
should be systematically monitored. To assist this a national framework of outcomes for
68

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 pupils with a lower degree of special educational need.
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MLD pupils should be established so that schools and LEAs can collect and analyse
consistent outcome data and relate them to resource allocation data. The authors considered
that much of the data needed already exist but need to be analysed at the appropriate level
(individual, teaching group, cohort, school) and outcome and resource input data linked.
4.2.4 Summary
The findings of the small amount of UK experimental research on the cost-effectiveness of
early literacy programmes, supplemented by the findings from the international research on
specific 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 special education resource allocation and special educational
needs highlights the fact that there is a lack of systematic data and procedures by which
researchers and practitioners can assess the cost-effectiveness of the thousands of
interventions that go on daily in our schools.
4.3 OFSTED’s qualitative assessment of schools’ efficiency69
OFTED inspections make a qualitative judgement of a school using a common set of
published criteria, which have been developed out of many years of HMI inspection.
Consequently they are another important source of data and judgements about the efficiency
and value for money of schools. In this section some of the evidence arising from this
inspection process is summarised. The purpose of this section is to highlight another
potential source of information on the issue of resource allocation and school performance.
No attempt is made however to provide a systematic evaluation of the robustness or validity
of the OFSTED approach. The focus is on the old OFSTED inspection 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 yet the new framework has
only produced a small amount of data70
4.3.1 Criteria for the efficiency of the school71
OFSTED defined efficiency in the standard way:
An efficient school makes good use of all its available resources to achieve the
best possible educational outcomes for all its pupils – and in doing so provides
excellent value for money. This section calls for a summative judgement on
the basis of the findings on all aspects of the school’s work.
(OFSTED, 1995b, p.121).
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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.
70
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 be found in OFSTED (1999a; 1999b).
71
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 inspectors were required to use for assessing the efficiency of a school were qualitative.
These were:
Criterion 1
Criterion 2
Criterion 3
Criterion 4

educational developments are supported through careful financial planning;
effective use is made of staff, accommodation and learning resources;
efficient financial control and school administration;
the school provides value for money in terms of the educational standards
achieved and the quality of education provided in relation to its context and
income. (OFSTED, 1995a and OFSTED, 1995b, p.120).

Hence judgements were made about:
1.

the aggregate relationship 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 quality of decision making – whether the school set appropriate priorities for the
educational achievement of its pupils and allocated its available resources in the best
way to meet these priorities (criterion 1);

4.

the extent to which financial control and school administration were efficient
(criterion 3).

Judgements were summarised on a scale of 1 (very favourable) to 7 (very
unfavourable), with 4 being satisfactory. These numbers were not published in the inspection
reports.
4.3.2 Judgements about the summary relationship between aggregate level of expenditure
and school outcomes
Criterion 4, the value for money judgement, was reached by following a sequence of
judgements, drawn from the full range of the inspection evidence for the school. The
summary value for money judgement sequence is shown below in Table 4.3.2. Given its
inclusion of contextual factors, outcomes, processes, and expenditure, the value for money
judgement was, in effect, a qualitative interpretation of an education production function.
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Table 4.3.2: Criteria for reaching summary value for money judgement

CONTEXTUAL FACTORS
Socio-economic circumstances
of pupils
Attainment on entry
OUTCOMES
Pupils’ attainment in relation to
national averages or
expectations
Pupils’ progress
Pupils’ attitudes, behaviour and
personal development
PROVISION
Quality of education,
particularly teaching
EXPENDITURE
Unit cost for the type of school
VALUE FOR MONEY
JUDGEMENT

JUDGEMENT RECORDING GRADE
1
2
3
4
5
6

7

Source: (OFSTED, 1995a) and OFSTED (1995b, p.125)
The value for money judgement was based on a combination of school level and
external national data. The type of data used and the balance between school level inspection
data and external data differed between criteria.
Contextual factors were socio-economic variables taken from the population census
of wards near the school and data on the proportion of pupils known to be eligible for free
school meals. 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 inspection and raw test and examination results. QCA benchmarking data
(published in PANDAs) was used, which compared the school’s at KS1 to KS4 results, with
the inter-quartile ranges of ‘similar’ schools (i.e. those falling within the same range of FSM
eligibility). Schools’ own value added data on pupil progress, when available, were also
used.
The quality of provision was judged using the inspection evidence with particular
emphasis on the quality of teaching.
Expenditure per pupil, was calculated from the information given on the
Headteacher’s Form as the total expenditure from all sources divided by the pupil roll.
Inspectors were given further information about the proportion of local schools budget
delegated by LEAs and allowance was made for additional GM/foundation school funding.
Unit costs were then compared to the inter-quartile ranges for all schools that completed
Headteacher Forms in last full year of available data. Unit costs were not differentiated by
size of school, or degree of social disadvantage, though these are both factors associated with
higher unit cost72 .
72

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 decision making
Criteria 1 and 2 were particularly important for assessing the efficiency of resource allocation
within a school73 , which was judged in terms of the quality of decision-making about
resource use and of the deployment of resources. Inspectors made use of external data to
provide performance indicators of key cost ratios (e.g. percentage of budget spent on
teachers, support staff, administrative staff, learning resources).
The Inspection schedule stated that:
Inspectors should examine the use of the funding for different purposes,
including provision for teaching staff, curriculum development, learning
resources and premises. Some comparison of costs per pupil and the
percentage of income spent on different items can be derived from the
PICSI 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 also differ, particularly in relation to teaching
staff and premises costs.
(OFSTED, 1995a and OFSTED, 1995b, p.122.)
Criterion 2, the effective use of staff, accommodation and learning resources, was
assessed in relation to:
•
•
•
•

the number, qualifications and experience of teachers and class room staff relative to the
demands of the curriculum;
induction, appraisal 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, quality and quantity for
the curriculum and range of pupils and how well these resources were deployed.

Particular importance was given to criterion 1 – namely whether the school could
demonstrate to inspectors that its educational priorities were well chosen in relation to the
strengths and weaknesses of the school as assessed by the inspectors, that its resource
allocation was rationally planned in relation to addressing these priorities and that plans were
well implemented, monitored and reviewed. A school’s efficiency was not judged in relation
to a common set of cost ratios or input-output measures, i.e. it was contingent on the specific
circumstances of each school.
4.3.4 Assessment of efficiency and value for money achieved by schools nationally
OFSTED’s Annual Reports on the quality of schools’ educational provision included a
statistical summary of the findings concerning school efficiency, reproduced in Table 4.3.4.
This shows that 50% of primary schools, compared with 57% of secondary schools, were
judged to be providing good value for money in 1998/99 – an increase compared with
1996/97. 8% of both primary and secondary schools were judged to be providing poor value
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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 application of the OFSTED framework provided an annually updated summary
assessment of the distribution of schools in terms of their relative internal efficiency in
allocating resources to produce educational outputs. Given the nature of the criteria used and
the data available, OFSTED inspection 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 educational outputs of schools.
Table 4.3.4: The efficiency of schools in England 1998/99 and 1997/98 (in parentheses

PRIMARY SCHOOLS
Efficiency1
Financial planning (criterion 1)
Use of teaching and support
staff (criterion 2)
Use of learning resources and
accommodation (criterion 2)
Efficiency of financial control &
administration (criterion 3)
Value for money (criterion 4)
SECONDARY SCHOOLS
Efficiency1
Financial planning (criterion 1)
Use of teaching and support
staff (criterion 2)
Use of learning resources and
accommodation (criterion 2)
Efficiency of financial control &
administration (criterion 3)
Value for money (criterion 4)

Good %

Satisfactory %

Unsatisfactory %

63 (52)
60 (50)
59 (51)

33 (41)
30 (34)
36 (41)

4 (7)
10 (16)
6 (9)

57 (51)

40 (45)

3 (5)

78 (71)

20 (25)

2 (4)

50 (39)

43 (52)

8 (8)

65 (61)
62 (59)
57 (55)

29 (32)
26 (25)
33 (35)

6 (7)
11 (16)
10 (10)

60 (58)

37 (36)

3 (6)

85 (82)

13 (15)

2 (3)

57 (52)

35 (41)

8 (7)

Note 1: Efficiency is a composite rating for inspection 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-effectiveness research: conclusions
The UK research literature illustrates well the important points made in Section 1 that theory,
model specification, data, statistical method and the quality of the resulting empirical
evidence are intertwined.
The evidence in favour of a positive impact of resources on educational outcomes
from UK education production function studies can be summarised quite briefly. The overall
level of spending per student was found to be significantly and positively related to
educational outcomes in only one of the studies reviewed – for female wages (Dearden et al)
Indicators of spending on teachers have fared better. Secondary teachers’ salaries per pupil
were significant and positive for male wages at 23 (Dearden et al). The pupil-teacher ratio
was found significant and correctly signed for staying on at school (Dustmann et al), and for
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exam results by Dolton and Vignoles and Dearden et al74 . There is almost no UK evidence
from quantitative research that smaller class size leads to better outcomes. However, a proxy
for teacher quality was found significant by Lord (proportion of graduate and equivalent
teachers) and by Bradley and Taylor (proportion of part-time staff). There is some limited
evidence that school size is positively related to exam performance (e.g. Bradley and Taylor
for GCSE and O’Donoghue et al for A-level).
School type appears significant in explaining examination performance in all the
NCDS studies, as well 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
quality in grammar, independent and single sex schools.
The evidence on the cost-effectiveness of A-level provision also indicates
considerable differences by institution, largely due to differences in group size. Whether the
higher cost of school sixth forms compared to the FE colleges is compensated for by greater
value-added is still not clear because of data problems in reaching an equivalent costeffectiveness measure.
Studies using the NCDS dataset have also begun to hint at the importance of process
variables and the differential impact of resources on different types of student (e.g. the
significance of peer group effects in Feinstein and Symons and O’Donoghue, and of
interaction effects in Dearden et al) Findings such as these suggest that over-simplistic model
specification may conceal the impact of resources on outcomes or fail to allow sufficiently
for the complexities of classroom interactions on student outcomes.
The limited evidence on early literacy interventions suggests that particular ways of
utilising resources are more cost-effective than others. The study of the effects of different
resource mixes in schools is almost uncharted territory in UK research. Crowther et al’s
study is useful in highlighting the absence of systematic ways of evaluating different resource
mixes, which result in inefficient resource allocation practices. Schools and LEAs are
collecting and recording data on student outcomes and on resource use but these are not
brought together on a consistent basis to enable meaningful analysis to take place. This is
strongly reiterated in Mayston and Jesson (1999).
An alternative approach is the qualitative framework adopted by OFSTED. This
allows structured judgements to be made on how well 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 differentially efficient (see Table 4.3.4).
OFSTED’s study of effective sixth forms (OFSTED, 1996) and the Audit Commission’s
1993 study also provide evidence of differential efficiency. So do Crowther et al who
conclude that schools’ resource allocation practices with respect to SEN are not efficient.
School effectiveness research provides additional indicative evidence.75
If schools are
differentially effective in producing educational outcomes and are similarly resourced this
implies differential efficiency. This assumption is realistic for schools from the same LEA,
which applies to some of the UK school effectiveness studies.
In summary, despite the conviction of educators and most parents that more resources
are required to achieve higher educational outcomes, and hence that unequal resource
distribution between schools with equivalent needs is inequitable, UK research has failed to
come up with unequivocal support for this belief.
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For men attending secondary modern schools, for lower ability women and for women’s wages at 33.
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. The Ideal Research Project
This Section draws on the previous arguments presented in the review to provide guidance to
policy-makers about a future high quality programme of research in this field. The section
begins by highlighting some of the major theoretical and empirical difficulties in this field, as
outlined earlier in the report. This gives some motivation for an ‘ideal’ research project.
Section 5.2 then discusses specific methodological considerations before focusing on the key
variables required and highlighting the main data issues. Finally the Section ends by
discussing how the VFM Unit’s GM Schools Database76 and other DfEE databases might be
suitable sources of data for an ideal research project. Whilst the main limitations of existing
data are highlighted, a comprehensive and systematic evaluation of the quality of each data
set is not provided as this is outside the remit of this review. Furthermore, time and space
constraints do not permit a fully specified research design to be drawn up, however the main
requirements of a high quality but realistic study 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 fails to acknowledge that the amount of
expenditure will not have a determinate impact on student 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 additional complication is that the teacherpupil and pupil-pupil interactions in the classroom that affect learning are dependent on
personal and organisational characteristics, which may bear little relation to the physical
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 variables.
Theoretical foundations should suggest not only what variables should be included in
an estimated model, but also the mathematical formulation of relationships between the
variables. Perhaps it is the lack of theoretical foundations in this field that has lead to almost
all research assuming that the relationship between inputs and outputs is linear or log linear,
that it remains proportional as resources increase, and that resources have the same impact on
all students and contexts. These are assumptions that need more rigorous testing.
The UK literature specifically also has a number of additional problems. Many
studies have used data aggregated at the LEA or school level, and are therefore vulnerable to
aggregation bias. Studies that have used student level data all draw from the NCDS.
Consequently, they are focused on the individual rather than on the individual 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 model is
a simultaneous equations model, with the resources which a pupil receives in part dependent
on his/her family background and prior attainment. However, only relatively few studies
have actually attempted to tackle this endogeneity problem.
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Formerly the Funding Agency for Schools (FAS) database.
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5.2 Methodological considerations
The methodological issues discussed above and in Section 1 therefore suggest the following
broad guidelines for future research in this field.
1) Future empirical research should be more closely linked to educational theory.
Educational theories, such as those of Carroll (1963) or others outlined in Teddlie and
Reynolds (2000), can help researchers to identify more clearly the ways in which
students’ learning outcomes might be affected by how the various inputs enter into the
educational process, and indeed by the way in which these inputs are processed through
the system. In particular, education production function models need to relate to theories
of school organisation, teaching and learning. A better understanding of how resource
levels and mixes relate to the creation of effective learning environments is needed. This
requires interdisciplinary work between economists and educational researchers, in
particular those researching teaching and learning and school effectiveness.
Future
empirical work needs to rigorously test the implications of these various educational
theories. In fact simply identifying clear and testable hypotheses from educational theory
will tend to provide greater coherence to future research in this field. Greater use of
educational theory will also help draw together strands from two generally separate
literatures, namely the School Effectiveness research field (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 educational theory should also reduce
the probability of any new research project simply repeating previous empirical work.
2) There is a clear need for more methodological work in this field, both in terms of
improving and combining existing techniques and developing new evaluation
methodologies. For example, more work is needed to further develop the application of
statistical techniques needed to overcome the potential endogeneity problem in this
literature (also see point 5 below). Equally, data collection methods in this field need to
be determined by systematic evaluation methodologies rather than be conducted on an ad
hoc basis (Section 4.3).
3) Future studies need to more rigorously assess the empirical implications of using different
techniques, such as OLS regression 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 regression 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 that a future research project
should obtain pupil level and school level data, and use both standard regression analysis
(on pupil level data) and DEA (on the school level data), and compare the results from the
two approaches. Only when further systematic research has been carried out, using a
range of techniques, will this question be fully answered.
4) The most major specific methodological problem is the potential endogeneity of school
resourcing levels. Future research could take a three-pronged approach to tackling this
issue. First, researchers need to identify potential instrumental variables. In addition to
using instrumental variable estimation within a conventional regression framework to
overcome the endogeneity problem, IV methods might also be combined with other
techniques, such as multi-level modelling.77 Another possible way to overcome the
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There appears to be no research that has combined IV methods with a multi-level modelling approach.
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endogeneity problem is to estimate structural simultaneous equation models. In the UK,
these models might use factors, such as government spending criteria (SSAs and LEA
funding formulae), that influence expenditure per pupil, for example, but do not directly
affect learning outcomes. Finally, policy-makers need to consider the use of randomised
experiments, particularly in the context of evaluating specific educational interventions
such as Literacy Programmes.
5.3 Key variables required for a high quality research programme
It has already been argued that an ideal research project should use student level data, with a
value-added formulation. The research should be based on testable hypotheses, rooted in
educational theory, and researchers need to rigorously test the sensitivity of results to
different methodological approaches. However, these are quite general guidelines. This
section identifies the important variables required to carry out such a research project, starting
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, particularly in a UK context are
highlighted.
Main research questions
1. Does the level of resourcing (expenditure per pupil) affect pupil outcomes?
2. Does the 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 LSAs improve pupil outcomes? Can LSA
substitute for teacher time?
What is the trade-off between non-contact time for teachers and larger class size?
What effect does investment in ICT have on pupil outcomes? Can ICT substitute for
teacher time? Can ICT improve teacher productivity?
3. How does the quantity and mix of resources affect educational outcomes for pupils with
special educational needs?
4. How do pupil variables interact with resource variables and affect pupil outcomes?
Subsidiary questions: what is the importance of compositional/peer group effects on
pupil outcomes?
Do resources impact differentially on pupils with different characteristics?
5. Are schools differentially efficient and to what extent?
6. What distinguishes resource management in more efficient from less efficient schools?
5.3.1 Output variables
This section considers the main output variables of interest in relation to questions asked
above. Most of the studies that have been reviewed have used standardised test results, years
of schooling or examination results as outputs. The value 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 analysis of teacher or school performance. Furthermore,
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since the use of these outputs is common in the literature, this allows researchers to compare
their results with previous work in the field.
Future work in this field should therefore continue to focus on these primary output
variables, although where educational theory dictates, other output variables might also be
considered. 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 classroom. In general we conclude that cognitive, affective and life chance outcomes
(destinations) should be measured, as well as intermediate outputs such as attendance and
exclusion.
Measures of cognitive outputs are available from national tests78 and
examinations and are available from existing data sets. In this respect the UK is fortunate in
having national examinations and tests at different stages of schooling which provide
reasonably consistent national data on cognitive outputs in the major domains. These have
better construct validity for what is taught in schools than standardised cognitive tests.
However, there are problems such as devising a common scale for A/AS and vocational
qualifications (DfEE, 1998b) which have, for example, impeded reaching conclusions about
the cost-effectiveness of different forms of post-16 provision. Affective outcomes would
need special instruments to be administered in a sample of schools.
A number of important caveats apply here. First, caution needs to be applied when
using newly developed test and examination results that have not yet been validated, in terms
of standards. For example, the newly introduced 16-19 qualifications need to be validated 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 always be used cautiously for policy
purposes. If a particular outcome (Grades A-C at 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 at the extreme top and bottom
of the academic distribution. For this reason sensitive application of targets or output
objectives is crucial.
Finally, it should be remembered that the direct economic effects of education are
generated via their impact on labour market outcomes. Focusing purely on the relationship
between education inputs and pupil outcomes therefore provides only a partial picture of the
efficiency of the school system. 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 extremely limited body of high quality UK evidence to
draw inferences on what are the most valuable measurable resource input variables in the
education process.
While raising expenditure per pupil may be beneficial, in the absence of
methodologically sound evidence, it is not possible to make a definitive claim and therefore
further work investigating this input is needed. In particular an ideal study needs information
on total funding per pupil per year (from all sources), as well as disaggregated expenditure on
teaching staff, classroom support staff, administration (staff, services, non-staff items), costs
of providing physical environment (maintenance, utilities etc), educational resources,
professional development, value of centrally retained services and annualised value of capital
assets.
The evidence suggests that reducing class sizes does not in itself appear to be a costeffective means of raising student outcomes. However, investigating how smaller class sizes
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and other real resources, in a variety of different settings, might or might not improve
outcomes is still a useful avenue for future research. For example, the use of smaller classes
for less and more able students or the use of smaller classes with different types of teaching
techniques (whole class versus group work) could be investigated. Specific variables of
interest here would be those measuring the real resources used at 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 specialist
provision.
Investigating teacher inputs (teacher characteristics and behaviour) provides one
of the most promising avenues for future research. This research will also have important
implications for resource use in schools (e.g. are more experienced/educated and hence more
costly teachers substantially more effective). It will also have implications for the cost
effectiveness of any particular policy designed to raise teacher and school performance (e.g.
performance related pay). Key teacher inputs of great interest would be qualifications,
experience, posts of responsibility, professional development record, cognitive ability test
scores and assessment of teaching effectiveness.
Lastly, in the UK context, further information on LEA inputs would be needed. For
example, data on the external services provided via LEA retained expenditure, the overall
level of funding at LEA-level and details of the formula for devolving individual school
funds. Information on the Local Schools Budget retained and its allocation (e.g. special
educational needs) would also be useful.
In general the research reviewed here suggests that richer data will be able to give a
more illuminating view of the importance of various school inputs. Hence an ideal study
would need to consider the following.
•

•
•

The use of more refined measures of inputs, such as specifically examining initial years
of teacher experience, and looking at teacher qualifications by subject area, rather then
simply examining the total number of years a teacher has spent in the profession.
Greater investigation of the impact of measurement error is required, particularly as it
pertains to the measurement of expenditure information.
Other factors that have been rarely employed in the literature, such as teacher behaviour
and techniques, may also provide useful information (see Section 2.2.3 and Goldhaber
and Brewer, 1997).

5.3.3

Explanatory variables

A ‘standard’ list of explanatory variables would include:
•

pupil characteristics (gender, age, ethnicity, family background variables79 to allow for
the quantity and quality of parental inputs – particularly parental education and any
proxies for the time that the parent spends with the child on learning activities, pupil
achievement on entry into school80 or at the start of particular educational intervention81 ).
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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 also 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 proxies instead.
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•

neighbourhood variables (socio-economic profile of the local area to allow for peer
effects).

•

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

Such variables are typically viewed as controls from a policy perspective since they
are factors that are not directly influenced by professional educators and therefore cannot be
used as policy instruments. As has been emphasised in the literature however, such factors
are clearly important, and the omission of such variables is likely to cause spurious results.
Pupil achievement at the beginning of the educational intervention is perhaps the most
important of the control variables for value-added models. In the UK, the absence of a
national common set of prior attainment measures has restricted education (and school
effectiveness) research. National data sets linking prior attainment to outcomes at student
level exist so far only for GCSE to A-level, or Key Stage 3 to GCSE. (The latter has the
disadvantage of measuring progress within the school from a baseline achieved within the
school.) School effectiveness research at Key Stage 1 to GCSE has been done only for LEA
datasets or by commercially provided value added services to schools (for example,
University of Durham). The paucity of accessible student level achievement and prior
attainment data sets has forced researchers to use school level examination data with the
proportion of students eligible for free school meals as a proxy for prior attainment, with the
attendant omitted variables and aggregation bias problems.
5.3.4 Interactions
It is also important to reiterate that there may be interdependencies between the explanatory
variables and school input/resource variables, and indeed between the different resource input
variables. For example, more effective teachers may set homework that also raises the value
of time spent 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 educational inputs then more privileged students. Viewing the explanatory
variables listed in the previous section as mere controls may seriously underestimate the
complexity of the education process and a thorough examination of the important possible
interactions suggested by educational theories may yield valuable policy inferences. A
profitable avenue for research would therefore entail a shift away from examining individual
inputs in isolation and looking at how best to combine resources effectively. While previous
researchers have sometimes explicitly or implicitly emphasised the importance of the
interactions of resource inputs, far fewer have actually tested systematically 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. Testing the commonly held, but largely untested propositions, that the interaction of
different resource inputs potentially provides larger gains. For example asking questions
like: does putting a more experienced and motivated teacher in a larger class lead to an
equivalent student outcome to placing a less experienced and motivated teacher in a
smaller class? Do the differing characteristics of students between and within schools,
such as a higher proportion of lower achieving students, mean that hiring more qualified
teachers leads to better student outcomes?
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2. Can researchers determine ‘optimal’ mixes of inputs to maximise educational gains. For
example, is there an optimal mix of teacher experience, class sizes, and expenditure for
schools in the UK?
In addition, the bulk of the work reviewed concentrates exclusively on the benefits of
certain inputs. Most studies make little attempt to examine the cost of interventions with
respect to input variables. The lack of such cost-benefit analysis is a severe limitation in the
literature.
5.4 Data issues
A recurring theme throughout this review has been the need for high quality, student level,
data. This problem has certainly undermined some of the existing evidence on the effects of
school resourcing, particularly in the UK. Whilst there is no need to repeat the comments
made in Mayston and Jesson (1999), regarding the need for a National Pupil Database it is
useful to re-iterate the key data problems in this field and these issues certainly strengthen the
case they made for the NPD.
There are a number of key data issues.
1) Many studies suffer from bias due to the aggregated nature of their data and because they
do not use a value-added formulation. An ideal research project therefore needs student
level data, in addition to more aggregated measures of school resourcing, as well as
information on students’ prior attainment.
2) In the UK good use has been made of longitudinal studies, like the NCDS, which contain
data on students’ prior achievement and student level data on school resource inputs.
However, since these longitudinal surveys were not designed to specifically look at the
effect of educational interventions, they lack the necessary detail. Hence, the surveys can
only be used to look at a few key inputs (pupil-teacher ratio), ignoring other inputs
relating to the school environment that may also be important, and leading to omitted
variable bias.
3) At the other end of the spectrum, the administrative databases (such as Form 7 and
OFSTED data) generally provide very detailed information about school inputs, both
qualitative and quantitative. Yet these data sets are not linked to student level data, so
researchers are unable to obtain information on students’ prior achievement levels and
other background characteristics. Without such links, UK research in this field will be
limited by the need for researchers to obtain primary data themselves, a costly process.
This is the reason that data collection and evaluation issues have already been given the
highest priority by the Centre for the Economics of Education (Vignoles, Desai, and
Montado, 2000).
4) School resource data for education production function research are currently very limited
despite a decade of local management of schools. The only national sources utilised by
education production function studies are the Annual School Census (Form 7) and LEA
returns (CIPFA’s Education Statistics: Estimates and Actuals). Otherwise researchers
have had to gather data through fieldwork, which limits sample size (e.g. Thomas, 1990;
Audit Commission, 1993). The lack of a usable dataset of expenditures and resources at
school level has severely restricted 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 it stands, official DfEE sources of data, including the VFM database82 , need some further
development in order to meet the demanding data requirements of the ‘ideal’ high quality
research programme outlined in this section. This is because no one data set contains the
following basic data required to carry out such a research programme; a) student level
achievement records with baseline achievement levels, b) basic information on each pupil’s
socio-economic background, c) data on each pupil’s school (e.g. school size, gender mix,
average funding level, socio-economic profile of students) and d) the resources applied to that
particular pupil (e.g. their mathematics class size, or the education level of their English
teacher). Furthermore, at the moment it is not possible to merge different data sets in order to
create such a data source.
More positively however, there are a number of sources of very rich high quality data
that are available. For example, the VFM database provides very comprehensive school level
data. This database is particularly useful because it contains both Form 7 information and
some school level performance data. Since it also contains the school name, DfEE number
and LEA number, these data could be easily merged with additional data, such as that held by
OFSTED. Nonetheless, the VFM database, like others held by the DfEE, is crucially limited
for the purposes of research by the fact that it does not contain any pupil level background
information.
The development of National Pupil Database that will link pupil level GSE/SAT
scores with pupil level annual School Census data, will be a major advance for researchers.
This is because it will allow pupils’ performance 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
still need to be linked to school resourcing data if full scale research into the relationship
between school inputs and pupil outcomes is to be carried out. The closure of the Funding
Agency for Schools means that detailed resourcing data at school level are now only
collected by OFSTED. Although it should be relatively easy to merge these data with the
NPD, OFSTED only inspect 25% of schools within a single year limiting the generalisability
of any findings. Consequently it is essential to do more to develop a financial reporting
framework for all schools which will provide consistent, comprehensive and detailed
breakdowns of school expenditure if a fully rigorous research programme is to be carried out.
Although discussions are still ongoing it looks as though in its initial phase the NPD
will also only provide limited information on teachers. This is because a) current information
from the DfEE suggests that it will not be possible to identify each individual pupil’s teachers
from the records in the NPD and b) even if it is possible to link pupils and teachers, the NPD
will not contain sufficient detail 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 financial data can be combined with
the NPD.
There are, however, ways in which the teacher quality 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 individual teachers. These records also have a school identifier. It should
therefore be possible to widen the range of teacher quality variables available at the school
level. It is clear though that this merging would be resource intensive, given the current
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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 Contextual data from Form 7. Data are held from the 1993/4 financial year
onwards.

72

format of the DTR. Updating the Schools Staffing and Curriculum Survey and merging it
with the NPD data would perhaps be an easier 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 variables 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 also be linked to other data sets to provide additional information on
the family background of pupils, and on their neighbourhood and local environment. For
example, NPD records might be merged with data such as NOMIS or Census information on
the basis of school postcodes (or ideally pupil postcodes if available). However, obtaining
information on pupil’s family background is likely to prove more difficult unless basic
information such as gender, age, ethnicity and parental occupation or education level is
included in individual student records.
5.4.2 Ways forward 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) First the current piloting of the pupil-level Annual School Census could be used to obtain
more comprehensive information from a subset of schools. These data could then be
linked to pupil-level GCSE/SAT data currently collected for the Autumn Package.
Where financial data are available these could be linked in too.
2) Alternatively, a high quality longitudinal survey of a sample of pupils, teachers and
schools, representing as wide a range as possible of per pupil expenditure for given SES
levels could be constructed. This survey would need to be carried out over a period of 23 years. Such a survey would of course be relatively resource intensive, but would
certainly be the method most likely to generate all the necessary information within a
short time period. The survey could also be supplemented with data from various
secondary sources, including OFSTED, in order to minimise the size of the survey and its
cost. This research design, since it would involve data collection from individual schools,
could also help to pilot further developments in software applications for more efficient
data collection and reporting in schools.
3) A final alternative would be an experimental research project. An experimental research
design would go a long way to solve the endogeneity problem, by assigning schools to
two random groups and introducing changes for one group and not the other. An
experimental design is particularly well suited to finding out whether specific educational
interventions will have an impact in this way on pupil outcomes. For example, it could be
applied to investigate the impact of learning support assistants within an education
production framework. This could explore not only whether employing more LSAs is
effective and efficient, but also the most cost-effective ways of using and training LSAs.
It should be noted that such an experimental study would still need to gather some data on
pupil characteristics and school and class level variables, but in a trial and control setting.
Another, more controversial, possibility is to fund some schools an additional amount and
not others and investigate whether there are differences in pupil outcomes as a
consequence.
Finally it should be emphasised that, if the findings of a research programme are to
have the maximum impact on improving the efficiency of resource allocation 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 their decisionmaking. 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 practitioners in the choices that they make.

6. Conclusion and Implications for Policy
This review started with an assessment of the methodological difficulties involved in
measuring school efficiency and concluded that:
a) future empirical research should be more closely linked to educational theory;
b) there is a clear need for more methodological work in this field, both in terms of
improving and combining existing techniques and developing new evaluation
methodologies;
c) data quality is a pressing issue, particularly in the UK;
d) there needs to be more work on comparing different techniques, such as OLS regression
versus DEA and other methodological approaches;
e) the most major methodological problem that still needs to be overcome is that of the
potential endogeneity of school resourcing levels. The use of IV methods, simultaneous
equation modelling and random experiments needs to be considered further in this context
to overcome the endogeneity issue.
With these methodological difficulties in mind, recent ‘high quality’ international
research in this area has been reviewed. Taken as a whole, the international literature
suggests that some measurable school inputs do matter: potentially class size, teacher
experience and teacher salaries. However, the magnitude of the reported associations has
been quite small. The evidence on specific educational interventions is more optimistic; most
schemes considered generated substantially 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 level factors
(Teddlie and Reynolds (2000). The overall level of spending per student was found to be
significantly and positively related to educational outcomes in only one of the UK studies
reviewed. The overall pupil-teacher ratio of schools was found to be significant and correctly
signed in several studies. However, there is almost no UK evidence that smaller class size
leads to better outcomes. Although school type appears 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 quality in the different types of schools. The UK literature
review also hinted that ignoring interactions between resources and other inputs may conceal
the impact of resources on outcomes or fail to allow sufficiently for the complexities of
classroom interactions on student outcomes.
Finally, guidance has been included in this review for future research into School
efficiency. The most important conclusion was that the available data is insufficient to carry
out a high quality study that would overcome most of the methodological problems identified
in this review. Once the National Pupil Database comes fully on line, it will meet a number
of the methodological criteria that have been identified. A separate exercise would still need
to be implemented to ensure that sound and consistent financial data are available. The
National Pupil Database also needs to have the facility to link effectively into the available
teacher databases and other sources of information on pupils’ neighbourhoods and local
environments. The need for the National Pupil Database to eventually contain important
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basic background information on each pupil (gender, age, ethnicity, and parental
education/social class) has also been highlighted.
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7. Glossary of Key Terms 83
Correlation – a statistical measure of the closeness of the relationship between two variables.
A high correlation suggests a very close relationship between the variations in the value of
one variable and the variations in the values of the other.
Data envelopment analysis – sometimes called Farrell frontier methodology. It is a nonparametric technique used to estimate the production frontier, i.e. to estimate the relationship
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 mathematical
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 technical relationship,
which describes the set of efficient transformations between inputs and outputs, for a given
technology.
Endogenous variable/endogeneity – a variable whose value is determined by the other
variables within a system. For example, school quality may be endogenous if it is determined
by other variables (e.g. family background) in the system.
Error term – sometimes called 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 relationship that governs the
behaviour of two or more variables. The precise mathematical description of this relationship
is termed its functional form.
Instrumental variables – a technique often used to overcome the problem of an endogenous
explanatory variable. An instrumental variable is used as a proxy for the explanatory variable
that is correlated with the error term. The proxy variable to be used as an instrument must be
correlated with the explanatory variable in question but not with the error term in the model.
Log-linear model – sometimes called a semi-log model.
A log-linear model is a
mathematical function, which traces the proportional change in the dependent variable for a
given absolute change in the value of the independent variable.
Linear model – a mathematical function, which traces a straight line on a graph.
Measurement error/errors in measurement – the problem of dependent or independent
variables that are measured with error. If the problem is errors of measurement in the
dependent variable, an OLS regression will still give an unbiased estimate of the parameters,
although the estimated variances will be larger than without measurement error. This will
generate large confidence intervals.
If the problem is errors of measurement in the
independent variable, the OLS estimators will be biased and inconsistent (i.e. biased even in
large samples).
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Sources include Bannock et al (1992) and Gujarati (1995).
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Multi-level model – a model that explicitly takes into account the hierarchical structure of
data. For example, a multi-level model can take into account that children are clustered in
classes, classes are clustered within schools and schools are clustered within LEAs. The
model allows random variation between the different levels in the data by including random
variables at each level. The fixed or non-random part of the model can also contain
explanatory variables measured at each level.
Non-parametric – a technique that does not assume a particular functional form for the
underlying model.
Omitted variable bias – the bias to a parameter estimate caused by omitting a variable from
the model that should have been included. In multivariate analysis the direction of this bias
may not be determined.
Optimum/Optimisation – an optimum is a position in which the primary objective of any
economic unit (e.g. to maximise revenue) is being served as effectively as it possibly can,
within the constraints applying. Individuals and organisations are generally assumed to be
rational in economic theory and therefore exhibit optimising behaviour.
Ordinary least squares – a statistical technique for estimating the relationship between a
dependent variable and independent variables. Imagine a two-dimensional example, i.e. with
just one independent variable. The relationship between these two variables can be plotted
on an X-Y scatter plot. The least squares regression technique finds the relationship between
the variables such that the difference between the actual observations and those traced by a
best fit line between the two variables is at a minimum.
Parameter – the values in a mathematical function which remain constant against
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 functional form for the underlying model
being estimated.
Proxy method – an alternative to Instrumental Variables, which attempts to overcome the
endogeneity problem. This strategy assumes that the endogeneity problem arises because of
omitted variables, i.e. because variables measuring individuals’ characteristics (background,
attitudes etc.) are missing from the model. The proxy method therefore suggests saturating
the model with as many explanatory variables as appropriate, in order to control as far as
possible for unobserved heteregeneity (i.e. differences between individuals).
If these
explanatory variables do not adequately proxy the unobserved characteristics of individuals
then estimates using this technique will remain biased.
Random experiment – an experiment whereby individuals are randomly assigned to a
treatment and a non-treatment group. The effects of a particular treatment can be better
evaluated with a random experiment since individuals do not get the opportunity to choose
whether they undergo the treatment.
Hence random experiments should reduce the
endogeneity problem.
Regression – a mathematical technique for estimating the parameters of an equation which
describes the relationship between the independent and dependent variables.
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Returns to scale – the proportionate increase in output resulting from proportionate increases
in all inputs. If the inputs are doubled and output less than doubles, the situation is one of
decreasing returns to scale. If the inputs are doubled and so is the output, the situation is one
of constant returns to scale. If the inputs are doubled and output more than doubles, the
situation is one of increasing returns to scale.
Simultaneous equation model – a multi-equation model where there is a two-way or
simultaneous relationship between the dependent variable and some of the independent
variables. These models have one equation per jointly dependent or endogenous variable.
Stochastic error term – random variable taking positive or negative values.
Stochastic frontier – a random function or frontier (see also educational production
function).
Stochastic noise term – see stochastic error term.
Structural model – the underlying hypothesised relationship between all the variables. It is
not always possible to estimate a structural model due to data limitations.
Technical efficiency – this term refers to the efficient production of any product or products,
i.e. a production process is technically efficient when it is impossible to use less of one input
(without using more of another input) to produce a given level of output.
Variance – the variance measures the distribution or spread of the values of a variable
around its expected (mean) value.
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