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Disclaimer

In keeping with our values of integrity and excellence, Matrix has taken reasonable
professional care in the preparation of this report. Although Matrix has made
reasonable efforts to obtain information from a broad spectrum of sources, we cannot
guarantee absolute accuracy or completeness of information/data submitted, nor do we
accept responsibility for recommendations that may have been omitted due to
particular or exceptional conditions and circumstances.

Confidentiality
This report has been prepared for the client within the terms of our contract, and
contains information which is proprietary to Matrix and confidential to our relationship.
This may not be disclosed to third parties without prior agreement.
Except where permitted under the provisions of confidentiality above, this document
may not be reproduced, retained or stored beyond the period of validity, or transmitted
in whole, or in part, without Matrix Evidence’s prior, written permission.

© Matrix Evidence Ltd, 2009

Any enquiries about this report should be directed to enquiries@matrixknowledge.com
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We conducted a rapid evidence assessment (REA) of the literature on the relation between
educational resourcing and various outcomes. Of nearly 4,000 abstracts assessed, 60 studies
were identified and synthesised using systematic REA methods. Overall, the evidence suggests
that there is a small positive association between educational inputs (such as per-pupil
expenditure) and attainment. There is some evidence for improvements in educational
progression (typically measured as pursuing higher education) and reduction in likely crime-
related behaviour, although fewer studies measured these outcomes. The study concludes that
there might be sufficient grounds for using attainment and educational progression in an
outcomes-based educational resource allocation formula, but a well-developed dataset with
pupil-level data would be required to establish the strength of the relation in the Welsh context.

Economics of education
Educational resources
Educational expenditure
Student-teacher ratio
Class size

Educational grants
Educational outcomes
Attainment
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In the context of considering options for developing and refining funding formulae for schools in
Wales to better reflect desirable educational outcomes, this study set out to review the evidence
for links between school funding and pupil attainment, as well as a range of other pupil
outcomes including university entrance, truancy, criminal behaviour, and future earnings. Key
policy implications arising from the review findings are summarised below:
There is evidence for a link between school funding and outcomes. However, it is most
meaningful to consider this association in relation to pupil progress (i.e., ‘value-added’
attainment);
Evidence shows clearly that pupil attainment is also influenced by individual, social, and
economic factors over which schools have no control. For that reason, value-added
approaches to funding formulae are likely to be more equitable than approaches based
solely on pupil attainment;
Since links between funding and pupil attainment are much less consistent for primary
schools, it may be that different funding formulae would be appropriate for the primary
and secondary sectors;
Given that the evidence suggests the strength of links between funding and pupil
attainment varies across subject areas, consideration should be given as to the
measures of attainment included in an outcome-based funding formula;
The strength of evidence for links between funding and pupil attainment varies across
countries. The development of a funding formulae should be informed by reference to
data from Welsh schools. Following from this, it would be important to establish that the
relevant datasets are fit for purpose;
The rate of progression to higher education might be improved by increased resourcing,
according to the UK evidence;
Truancy appears to be reduced and attendance improved by increased resourcing,
according to a small number of studies;
The likelihood of future involvement in crime-related behaviours, such as juvenile
delinquency, appears to reduce with increased educational resourcing, according to a
small number of studies;
Future wages, occupational or educational aspirations, and social outcomes are not
consistently related to resourcing, according to the few studies reporting such outcomes
that were reviewed here.
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The review described in this report set out to establish the extent to which research evidence
supports the development of a new funding formula for schools in Wales based on various
outcomes. Specifically, the review examines the evidence for links between school funding and
pupil attainment, as well as a range of other pupil outcomes including university entrance,
truancy, criminal behaviour, and future earnings.

The review identified, retrieved, and reviewed studies from the academic literature using an
approach known as rapid evidence assessment (REA). REAs involve transparent and explicit
methods applied in a standardised and systematic way, producing a synthesis of the evidence
that is, as far as possible, accurate and free from bias.

Searching yielded nearly 4,000 studies of possible relevance. The abstracts and titles of these
studies were then assessed on their relevance to the review question, which narrowed the
sample down to 298 studies. The full-text version of these studies were then retrieved and
screened. The final result was a sample of 60 studies produced since 1999 that were deemed
to be both relevant and to have sufficient information to warrant synthesis.

The review team extracted data from these 60 studies including the country in which the study
was conducted, the educational input type and the findings in relation to pupil outcomes. They
then synthesised the extracted information to summarise the results of the studies and the
extent to which we can be confident in the findings. We present a summary of the findings
below.

Before summarising the results, it is important to understand the limitations of this review. Some
of the evidence we have reviewed has been extracted from studies low on methodological
rigour, which inevitably reduce confidence the robustness of their findings. Importantly, many of
the studies in the review are correlational in nature. Such research designs do not allow causal
attributions to be made. In other words, very few of the studies included here allow us to
definitively say that increased educational inputs cause improved outcomes.

More generally, it is important to understand that pupil attainment can is inexorably influenced
by a complex and wide-ranging set of factors, many of which fall outside of the school
environment. Relationships between funding and pupil outcomes will be subject to the influence
by any number of external or mediating factors. For example, Bramley and Watkins (2007)
noted that the best predictor of academic attainment is prior attainment; examining only the link
between funding and attainment without considering students’ previous academic attainment
will lead to an overestimation of the contribution of funding to subsequent attainment. Numerous
other variables, such as the social and economic status of the student, or their belief in their
own academic ability, are also likely to play a role in determining future attainment (Marsh &
O’Mara, 2008) and might also mediate the resource-attainment link.

Matrix Evidence | 20 January 2011 6
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Summary of findings in relation to educational attainment

Fifty of the studies examined pupil attainment as an outcome. UK studies tend to support a
small, positive association between per-pupil expenditure and attainment. However, both UK
and international research suggests that the impact of funding on attainment may be subject-
dependent. In general, spending has a greater impact on attainment in maths and science than
on English/verbal attainment and general school grades. The evidence also suggests that
although funding increases might benefit secondary-school students, the evidence for primary-
school children is more mixed.

Findings on the impact of class size and attainment are mixed. UK research suggests that
improving the pupil-teacher ratios (PTR) has a positive impact on science and possibly maths
attainment, but not on English attainment. However, research from other countries has
generally not found a significant relationship between PTR and attainment.

Increasing funding for ICT and library facilities might improve attainment, although findings are
mixed. Grant initiatives, in which funding is dedicated to broad improvement programmes,
appear to be associated with small but positive effects on attainment.

More generally, the evidence around how funding might influence pupil attainment needs to be
interpreted with care. Learning and attainment take place in the context of complex social and

individual circumstances. In particular, evidence has shown that pupil attainment is influenced

by prior attainment, by the pupils’ social and economic circumstances and by the quality of the
teaching that they receive.

Summary of findings in relation to other outcomes

Evidence concerning the impact of funding on other pupil outcomes is relatively rare, making it
harder to draw firm conclusions. Four UK studies on educational progression (e.g., continuing to
higher education) suggest that it might be improved by increased resourcing. However, four US
studies failed to find evidence linking improved financial resources to educational progression.

The small number of studies looking at truancy and attendance suggest increased resourcing
can lead to positive pupil outcomes. Similarly, a small number of studies suggest the risk of
committing crime-related behaviours (e.g., juvenile delinquency) might be reduced by increasing
resources—particularly where those resources are used to reduce the pupil-teacher ratio.

Evidence from three studies reviewed found no clear relation between school resourcing and
pupils’ future earnings. Similarly, no conclusions can be drawn regarding the relation between
resourcing and pupils’ aspirations or social outcomes.

How confident can we be that resource inputs cause outcomes?

Causallity in research methods typically refers to the level of confidence in our findings that
differences in an outcome are caused by a particular input (e.g., “increased expenditure causes
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improved pupil outcomes”). Experimental methods, in which individuals are randomly assigned
to a “treated” group or “untreated” group, are the strongest designs for evaluating the causal
effect of an input on an outcome. Very few of the studies in this review employed experimental
research methods. Most of the studies examined associations between resourcing and
attainment over time (i.e., longitudinal modelling). Such methods make it difficult to claim
confidently any causal relationship between inputs and outcomes because longitudinal research
designs cannot fully take into account initial differences between individuals, or other variables
that might influence the relation between input and outcome. As such, the findings presented
herein generally do not verify a causal relation, but rather suggest that there may be an
association between these variables over time that appear to have some causal ordering (that
is, prior inputs can predict future outcomes).

Implications for developing an outcomes-based funding formula

The review has found sufficient evidence to support the view that levels of educational funding
can influence pupil attainment; it also found that funding might have an impact on educational
progression and crime-related behaviours, although the pool of evidence on these outcomes is
smaller. However, when determining the viability of a funding formula based on this evidence,
the Welsh Assembly Government needs to be aware that the relationship between funding and
attainment is inevitably influenced by pupil characteristics, staff quality and programmes
available at the school (such as Reading Recovery literacy programmes or special educational
needs units).

Key to predicting the impact of spending on attainment is considering how funding is spent once
it is obtained. The Welsh system is quite devolved, in that schools have a high degree of
autonomy over what they do with their funds. Should an outcomes-based formula be
introduced, it might be useful to offer guidance to schools on the types of initiatives that they
could implement to maximise the effectiveness of their additional resources. A review of the
literature on successful educational intervention might be useful in developing such advice.

Furthermore, although we have established that there appears to be some evidence of a
relation between resourcing and certain outcomes (attainment, educational progression and
crime-related behaviours), we have not established the strength of this relation. This could be
confirmed for Welsh students through the statistical analysis of large-scale databases (e.qg.,
PLASC - Pupil Level Annual School Census) and possibly supplemented with quantitative meta-
analysis. In other words, to implement an outcomes based school funding model it would need
to be established how much additional funding per pupil with a given level of disadvantage is
needed in order to get their attainment to a defined level. Bramley and Watkins (2007) produced
a strong report that takes us closer to this goal®.

! This report is very strong and uses appropriate multilevel model analyses. However, they acknowledge that the
unavailability of some data (e.g., school capacity and capital stock) could be a limitation of the analyses. As such, some
updating of the analyses may be required when such data are available and adequate.
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This report summarises the evidence produced since 1999 on the relationship between
educational resources for primary and secondary students and various outcomes”. The
objective of the study was to provide context for the possible future development of a new
outcomes-based resource allocation formula for the Welsh Assembly Government, by
establishing whether resources are sufficiently linked to outcomes. The report does not seek to
determine the how much additional spending is required to obtain a desired improvement in
student outcomes, which could be better achieved through sophisticated statistical modelling
such as in Bramley and Watkins (2007).

The Welsh Assembly Government provides funding to local authorities for pre-16 provision in
schools in Wales, mainly through the local government revenue settlement (Revenue Support
Grant). The other main sources of funding for local authority education budgets are council tax
income and non-domestic rates income.® A 2006 report of the National Assembly for

Wales School Funding Committee® recommended that funding through the local government
revenue settlement be reviewed. This led to the commissioning of a report that investigated
alternative methodologies that could be used to predict relative demand/need for local
government services, particularly education, with an emphasis on the importance of outcomes-
based distribution formulas.® Therefore, the present report aims to determine the link between
resource distribution and outcomes (such as cognitive attainmenta) to best inform the new
student finance delivery formula.

A 2000 review of the UK literature by Vignoles et al. indicated that some educational resources
seem to have an impact on outcomes.’ That report cited a positive relationship between the
school-level pupil-teacher ratio and attainment, but noted that there is almost no UK evidence
that smaller class sizes lead to better outcomes. This review now requires updating, as recent

2 Outcomes in this review include pupil cognitive attainment, educational progression, and future wages. We also
include some outcomes that can be seen as both mediating variables and outcomes in their own right, such as school
climate and educational aspirations. However, we do not include “throughputs”—variables that have little intrinsic value
on their own, but rather have value from the way in which they mediate or moderate outcomes. A key example of such a
throughput is teacher quality.

3 Welsh Assembly Government website. School funding. Accessible at
http://playlearngrowwales.gov.uk/topics/educationandskills/learningproviders/schools/schoolfunding

The School Funding Committee report can be found on the National Assembly for Wales website, see:
http://www.assemblywales.org/NO000000000000000000000000045329.pdf

> Bramley, G., and Watkins, D. (2007). Alternative resource allocation models for local services in Wales. Final report for
the Welsh Assembly Government.

® Attainment in this study is used to refer to cognitive attainment unless otherwise specified, and is typically
operationalised in the included studies as school grades or standardised academic test results. This is distinct from
other forms of attainment measured in pupils such as affective attainment. It is also distinct from academic achievement,
which often refers to educational progression—typically operationalised by measures such as high school completion or
higher education enrolment. However, there is some inconsistency in the literature regarding the use of the term
achievement. Where academic achievement is used in the included studies to denote school grades or test results as
opposed to educational progression, it will be referred to as attainment in the present review to avoid confusion.

! Vignoles, A., Levaci¢, R., Walker, J., Machin, S. and Reynolds, D. (2000). The relationship between resource
allocation and pupil attainment: A review (DfEE Research Report 228). London: DfEE.
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moves towards cost-effective education has prompted a surge in studies looking at the
association between school funding and educational outcomes.

Figure 1 shows the process model within which this report is couched. The model posits that
policy and funding decisions determine the allocation of funds. This in turn leads to an
investment in resources (e.g., reduced class sizes, better facilities, better trained teachers) or
investment in educational interventions (e.g., ICT training, reading interventions). It is then
hypothesised that these resources or interventions lead to an improvement in outcomes, such
as improved student attainment or decreased poverty. Some research projects test only the link
between policy decisions or allocation of resources and outcomes; these links are represented
by dotted lines in Figure 1 as they are considered to be indirect effects® on the outcomes.

The present report focuses on the white boxes in Figure 1°, although the various other paths will
be occasionally referred to throughout the report. As such, the key aims of this research are to:
Establish the evidence base for the effect of increased resource allocation on improved
outcomes (e.g., attainment).
Relate the findings from other educational systems to the Welsh context, and evaluate
their relevance.
Establish the most important outcomes through which an outcomes-based resource
distribution formula could be developed.

- Y | ~
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-
- General
\; =7 resource < > Qutcomes
Policy/ funding e L initiatives
decision (e.g., _ Allocation of ‘< ~ \
“narrowing the funds
” E heN (" School-devel & )
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Figure 1. Process model of funding and outcomes within which the present report is
situated.

Note. Dotted lines represent hypothetical relationships that were not examined in this review. Grey boxes
indicate factors that were not included in the evidence review.

8 Indirect effects are those effects on a variable by another that are mediated by other (third) variables. For example,
school funding is likely to have an effect on achievement indirectly through the equipment or staffing improvements that
the additional money can buy, rather than as a direct effect of the money itself.

o Although they have been discussed in similar reviews on the topic (notably Vignoles et al., 2000), educational
interventions such as Reading Recovery programmes, will not be reviewed in this report. In the Welsh system, decisions
to conduct such interventions lie within the school, in contrast to inputs such as per pupil expenditure that are largely
under the remit of the Welsh Assembly Government. We have limited the review to those inputs that are more clearly
under the influence of the WAG to enhance conceptual clarity and due to limitations of time; however, we do
acknowledge the importance of educational interventions in broader debates about improving student outcomes.
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The unit of analysis used in quantitative studies in this field of research is an important
consideration. Educational systems can be thought of as multilevel models, in which students
are nested within classes, classes within schools, schools within local education authorities
(LEASs), and LEAs within counties or even countries (Hox, 2003). Each level in the system has
different features that can be measured by certain variables. Some variables pertain to the
student level, such as individual attainment or aspirations to attend university. Other variables
are measured at the school level, such as the number of teachers in the school, or the type of
school (e.g., primary school, secondary school). Many studies aggregate (average) data
collected at lower levels in the hierarchy to form higher-level variables. The most common is
attainment: the educational attainment of individual students is commonly aggregated to obtain
estimates of school-level attainment. The problem with this is that aggregating data loses
important information about the variance between students within in a school. As a result, when
school level variables (e.g., the size of the school) are correlated with school-average
attainment, estimates of the relation may be biased. Thus, using aggregated data can reduce
our confidence in the findings of some studies—often referred to as aggregation bias.

The most appropriate method for dealing with aggregation bias is to use multilevel modelling,
which does not use aggregated data. Rather, multilevel modelling estimates the amount of
variance both within and between schools (i.e., taking into account variation between students
and schools), which allows for more accurate estimation of relationships (Goldstein, 2005). The
educational resourcing literature is rife with analyses based on aggregated data that do not use
this multilevel modelling approach (see Vignoles et al., 2000, for a review), and therefore need
to be interpreted with some caution. However, this is typically due to the way in which large-
scale datasets are created. Often only school- or district-level datasets are available, making
this problem difficult to overcome.

A further problem in this literature is the issue of endogeneity. In simple terms, this refers to the
problem stemming from the way in which resources are distributed to schools; i.e., resources
are likely to be distributed non-randomly across the school system. For example, Jenkins et al.
(2006) noted that, “In the English school system this [endogeneity] could arise through the
compensatory funding mechanism whereby the per pupil funding received by a school is related
to indices of social deprivation such as free school meals (FSM) status, which are in turn
inversely related to pupil attainment” (p. 4). In other words, factors beyond the inputs and
outcomes under examination might be fundamentally interlinked with this relationship.

Endogeneity can be partly resolved by including additional explanatory variables in the model of
the effect of inputs on outcomes. For example, including student socioeconomic status (SES) in
the model can help to explain the non-random distribution of resources associated with
additional funding for low performing schools. Thus, studies that include various background
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variables (such as SES, community poverty, etc.) will generally allow greater confidence in the
findings relating inputs to outcomes.

Linked to this is the notion of value-added models, which look at incremental improvements in
attainment over time. Failing to statistically control for students prior attainment can lead to
inflated estimates of the influence of resourcing on subsequent attainment. Although many of
the studies in this review do include a measure of prior attainment in their models (particularly
the more recent ones), not all studies in this field take this into account.

Finally, it is important to note that many studies in this field of research implicitly adopt a
unidirectional approach, with the assumption that resourcing inputs lead to changes in pupil
outcomes. However, as Figure 1 suggests, it is possible that outcomes might drive the resource
allocation in such a way that outcomes lead to changes in the inputs. For example, low
achieving schools are often given financial boosters based on their low performance on
standardised tests. It is likely that a reciprocal effects model, in which resources affect
subsequent outcomes, which in turn affect future resource allocations, is likely to exist (see the
causal loop in Figure 1). Levaci¢ (2007) refers to this as two-way causalitylo.

Matrix Evidence has used rapid evidence assessment (REA) methods to search for and analyse
data on educational resourcing. The REA process consisted of four stages:

Searching using electronic databases and other sources of literature;

Screening the literature identified in the search stage for relevance, using inclusion
criteria that are clearly defined and set in advance of screening;

Assessing the literature for methodological quality and extracting data using
standardised forms; and

Synthesizing the data to provide an overview of research findings.

The REA method meets the research needs as it is less biased, more thorough and more
transparent than a traditional literature review. The emphasis on transparency and replicability
in the reporting process minimises threats of bias often associated with traditional reviews, and
therefore builds greater confidence in the research findings.

A guide to conducting REAs can be found on the UK Government Civil Service website (Civil
Service, 2009). Below is an overview of the methods employed by Matrix Evidence (see Figure
2). For full technical details related to this report, please see the Appendices.

10 Levacic, R. (2007). The relationship between pupil attainment and school resources. In T. Townsend (ed.), The
International Handbook on School Effectiveness and Improvement (Chapter 22, 395-410). Dordrecht: Springer.
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From the broader aims described above, the main research questions explored in this report

are'™:

1. What evidence is there that resources have a positive effect on outcomes such as
student attainment levels?
2. From this, what outcomes might be useful for consideration for inclusion in resource
funding formulae?

3. How relevant is the international evidence to the Welsh context?

We searched 10 electronic databases using three main clusters of search terms. A list of the
databases and other sources searched can be found in Section A.1 of Appendix A. The clusters
contained terms relating to

Schools and education

11 N
Taken from the tender specification document.
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Funding or resources Systematic searching
maximises the

Outcomes likelihood of locating

relevant evidence. It

Further restrictions were placed on the searches where possible. These also helps to ensure
were: that the sample of

studies is

Date restriction “1999 — Current” to maximise the relevancy of the .
representative of the

evidence wider population of
Restriction to English language and Welsh language abstracts studies that could be
included in a
The initial draft of the search strategy was constructed at King’s College, particular review.

London in consultation with Matrix Evidence and Professor Rosalind
Levaci¢ of the Institute of Education. A brief scoping review of the topic area was conducted and
the strategy was further developed into a preparatory working draft. Relevant officials from the
Welsh Assembly Government were consulted on this draft and their suggestions were
incorporated into the strategy.

This draft was tested across a couple of days, first to ensure that the relevant material was
being tracked and secondly, to assess the volume of returns that the project could anticipate.
This volume was initially large, which is understandable given that broad, popular terms such as
“funding” and “attainment” were included in the strategy. We reviewed the strategy further,
looking at the thesauruses in the Education Resources Information Centre (ERIC) and the
British Education Index (BEI) again to track our terms. In addition, we looked to localise terms
within clusters as well as rooting phrases using speech marks.

The final strategy was again reviewed by Levaci¢ and the client before searching commenced.
The searching started towards the end of September 2009 using a selection of resources
selected by the Centre for Evidence and Policy in consultation with Matrix and our experts. It
was necessary to run a shorter version of the strategy in some databases that not permit longer
search syntax. The searching was completed by the middle of October 2009.

Through the searching process, we identified 3,752 hits. Screening was
conducted on the titles and abstracts of these hits by assessing each Applying consistent

; ; : o inclusion criteria to
record against the inclusion criteria, below. .
each piece of

_ o evidence reduces the
Inclusion criteria potential for bias that

1. The study is available in English or Welsh language. is asspci_ated With
2. The study refers to the use or allocation of resources or funding. hand-picking’ studies
. . e . to include in a review.
3. The study refers to educational settings—specifically, primary
and/or secondary schools (i.e., educational institutions covering
students that were within the age range 4-16 years at the time of attending). Note that
this does not mean that the participants are limited to those age ranges, but rather that
the resource allocation referred to in (2) had to occur while the students were in schools
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for 4-16 year olds. Thus, any resource allocation to universities, for example, would fail
this criterion.

4. The study includes the measurement of outcomes such as attainment, drop-out, school
exclusion, post-school participation in education/training.

5. The study provides quantitative or qualitative data on the outcomes mentioned in (4), or
is a systematic review (or meta-analysis) of the relevant literature. Non-systematic
literature reviews, “think pieces”, or policy pieces should not be included.

6. The study was published in 1999 or after.

7. The study was carried out in a context that ensures some level of transferability. Those
studies that, for example, are concerned with expanding the coverage of compulsory
education should be excluded. Studies from developing countries should also be
excluded.

The studies were data-extracted by two researchers. Piloting of the tool

_ ) Using a data
ensured a good level of inter-rater agreement. We used a standardised data extraction tool
extraction tool for each study to facilitate comparisons across different ensures that similar
studies (see tool in Appendix D). The tool included information is

extracted from each

. . . study. This facilitates
Contextual data relating to the services provided, the sample and comparisons across

population, and other relevant background information; studies.
Data relating to the outcomes;

Methodological data on the aims and design of the study; and
Information on the methodological quality of the primary research and report.

We brought together findings from the studies in a synthesis report. This involved grouping the
findings by outcomes. Within outcomes, the studies are presented by input type. UK studies
received higher precedence in the synthesis than international literature. The order of
presentation is summarised in Figure 3, below.

There are some limitations to the literature presented in this report that should be taken into
account. A methodological note regarding problems more generally with quantitative evidence
in the field of educational resourcing research can be found in Section C.2 of Appendix C. A
brief annotated bibliography of each of the included studies can be found in Section C.3 of
Appendix C. These should be considered when assessing the strength of the conclusions of this
report.
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Attainment, educational
progression,
truancy/attendance,
wages/employment, etc

Outcome

Per pupil expenditure,
student-teacher ratio,
class size, teacher quality,
etc.

Input type

UK data International data

Confidence: high to low Confidence: high to low

Figure 3. The structure of the research synthesis in the present report

Note. The studies in the report are not given a quantitative “confidence” ranking. Rather, the
methodologically stronger studies (“high” confidence) are presented towards the start of each section,
while weaker studies (“low” confidence) are presented at the end of the section.

In summary, the method used involved searching, screening, data extraction, and synthesising
the research evidence. The methods are detailed in Appendix A, which enhances transparency
about the decision to include some evidence but not others. The emphasis in the synthesis on
confidence in the research findings and transferability to the Welsh context help to ensure that
the evidence reported herein is useful for its intended purpose.

The searches identified 3,736 documents, to which 16 references provided by the experts were
added. A diagram setting out the flow of literature through the review can be found in Appendix
B. After applying the exclusion criteria, we were left with 60 primary studies. Details on the
inclusion and exclusion figures broken down by each database can be found in Appendix A.
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This section summarises the characteristics of the 60 primary studies on educational resourcing
that were included in the REA. A summary of each study is presented in Appendix E, and a note
on their methods are available in Section C.3 of Appendix C.

Searches were limited to literature published since 1999. Within this time frame, references
tended to be fairly recent, with more than half concentrated on the last five years (n = 32).
Regarding the country of study, most references came from the US (n = 30), followed by the UK
(n = 25). Four studies contained Welsh-specific data. Nine studies were carried out in urban
settings, and one in a rural setting. The rest of the studies were either a combination of rural
and urban sites or did not specify the type of location.

Educational inputs were mainly operationalised in the form of per-pupil expenditure, pupil-
teacher ratio, and grant fundinglz. Educational outcomes included attainment (e.g., test scores),
educational progression (e.g., access to higher education), and truancy/attendance. Non-
educational outcomes tackled in the included studies covered future wages, aspirations and
crime-related behaviour.

Fifty-three of the 60 studies included in this review included some measure of student
attainment. This could either be in the form of school grades or performance on a standardised
test. Below, we provide a brief summary of each study included in the review, organised by the
resource type. Within each subsection of the review of attainment evidence, the studies are
roughly presented in descending order of methodological quality (i.e., the strongest studies are
presented first). Table 1 provides a summary of the age range (e.g., primary school students)
and level of data (e.g., pupil-level data) for the 39 studies the included specific resource
allocations in this review; the remaining 14 studies are discussed later.

12 . L . .
Grant funding refers to general grants and funding initiatives that are not measured by a specific variable (such as
PTR); rather they measured student attainment before and after a new funding policy or initiative was introduced.
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Table 1

REA: Educational resources and outcomes

Country, school age of pupils, and data level for the 39 studies examining specific resourcing

variables with attainment

Citation Country School age of pupils Data level
Addonizio (2009) USA primary school level
Babcock & Betts (2009) USA primary school level
Betts & Morell (1999) USA secondary school level
Betts et al. (2003) USA primary, middle, and pupil level

secondary

Blatchford et al (2002) UK - England primary pupil level
Blatchford et al (2004) UK - England primary pupil level
Blatchford et al (2007) UK - England primary pupil level
Darling-Hammond USA secondary district level
(2004)
Dustmann et al. (2003) UK - England and secondary pupil level

Wales
Fuchs & Wdlkmann 31 countries secondary pupil level
(2007)
Graddy & Stevens UK private secondary school level
(2005)
Greene et al. (2007) USA secondary school level
Grubb (2008) USA secondary school level
Haimson (2000) USA primary school level
Holmlund et al. (2008) UK - England primary pupil level
Hoxby (2004) USA primary and secondary  district level
lacovou (2002) UK primary pupil level
llon & Normore (2006) USA primary school level
Jacob (2003) USA primary school level
Jenkins et al. (2006) UK - England secondary schools school level
Koshal et al. (2004) USA high school district level
Leuven et al. (2007) the Netherlands primary pupil level
Levacic & Hardman UK - England and primary and secondary  school level
(1999) Wales
Levacic & Marsh (2007) UK - England secondary pupil level
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Citation Country School age of pupils Data level
Levacic et al. (2005) UK - England secondary pupil level
Loubert (2008) USA elementary school level
Machin et al. (2006) UK - England primary and secondary  district level
Michie (2009) USA elementary and school level

secondary
Miller-Whitehead (2003) USA elementary unclear
Muijs & Reynolds UK - England primary school level
(2003)
Payne & Biddle (1999) USA secondary district level
Pugh et al. (2008) UK - England secondary school level
Ram (2004) USA elementary and state level
secondary
Richmond (2008) USA middle school level
Steele et al. (2007) UK secondary pupil level
Waldfogel & Zhai (2008) 7 countries preschool and primary  pupil level
West et al. (2001) UK - England secondary district level
Wilson et al. (2002) UK - Scotland primary school level
WoéRmann (2001) 39 countries secondary pupil level
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Expenditure per pupil

Of the 54 studies reporting student attainment as an outcome, 23 examined
per-pupil expenditure as a predictor. Of these, eight reported on UK data.
Overall, the eight UK studies indicated that expenditure had a small but
positive association with attainment. The remaining 15 studies were based
on international data (mostly from the US). The international findings were
more mixed than the UK literature, with some studies even reporting small
(albeit generally non-significant) negative relations with attainment. In
general, across all 23 studies, the effects tended to be more positive for
maths and science attainment than for English/verbal attainment or general
school grades. Details of the studies are below

UK studies
Eight studies reported data from UK students. In general, these showed a
positive relation between per-pupil expenditure and attainment.

In one of the better quality studies, Levacic et al. (2005) examined the
relation between educational inputs and students’ attainment at Key Stage 3
in English secondary schools. They found that higher levels of expenditure
per pupil were associated with higher test scores in maths and science, but
not in English; these effects were small. This finding was echoed by Steele
et al. (2007); they reported a small but statistically significant increase in
mathematics and science attainment with increased expenditure per pupil in
UK secondary schools, while expenditure had a slightly negative effect (yet
significant) relation with English attainment.

In general, the
relation between per
pupil spending is
more positive for
maths and science
achievement than
English/verbal
achievement and
general school
grades.

UK studies tend to
support a small,
positive association
between per-pupil
expenditure and
attainment—
depending on the
subject. However,
one study found a
small, significantly
negative relation with
overall grades.

In combination, these two high-quality studies suggest that maths and science attainment could
be significantly affected by increased expenditure, whereas English might not be linked to
funding. Looking at final school grades more generally (rather than subject-specific attainment),
Jenkins et al. (2006) investigated the impact of additional school resources on pupil attainment
in the GCSE scores. They used data from the 2003 National Pupil Database, and found that

small gains in attainment were associated with higher per-pupil spending.

Levaci¢ and colleagues have examined the expenditure issue in relation to specific school
types. Levaci¢ and Marsh (2007) focused on secondary modern schools in England. They used
a national data set at the pupil level for GCSEs sat in 2001. They found that modern secondary
schools, which typically had lower per-pupil expenditure than comprehensive or grammar
schools, had lower average attainment. This follows the general trend of the Jenkins et al.
(2006) study, but it is difficult to isolate the effects of the school type from the effects of
additional funding. In contrast, Levaci¢ and Hardman (1999) compared the performance from
1991 to 1996 of grant-maintained (GM) and local educational authority (LEA) primary and
secondary schools in England and Wales. They reported that the average real school budget

per pupil had a significant negative effect on GCSE scores, for both GM and LEA schools. The
authors suggested that this counterintuitive finding might be the result of greater funding being

Matrix Evidence | 20 January 2011 20



REA: Educational resources and outcomes W “

allocated to schools with a greater proportion of special educational needs students or more
free school meals, whose students tend to also be academically disadvantaged. However, this
study did not have pupil level data and did not sufficiently control for pupil background effects.

Holmlund et al. (2008) reported a positive and significant effect of school expenditure on
English, maths, and science attainment at Key Stage 2. However, school and pupil deprivation
influenced this relation. Increases in funding have a greater effect on English in deprived
schools, while the opposite is true for science attainment.

Graddy and Stevens (2005) differed from most of the other studies in the review by focusing on
UK independent schools. They found that capital spending per pupil had a statistically
significant positive effect on the proportion of A-grades that a school received. In another study
focusing on the proportion of certain GCSE grades attained, this time in state schools, West et
al. (2001) analysed data on 96 LEAs in England. Spending per pupil was positively associated
with national test and examination performance after statistically controlling for poverty. This
relationship was not statistically significant for Key Stage 1 results but was a significant
predictor of the number of students with five or more A*-C grades at Key Stage 4 (GCSE) level.
Pugh et al. (2008) analysed school-level performance at GCSE in England. They found a small
but significant positive effect of per-pupil spending on both the average points score and the
number of GSCE grades at A*-C level. They observed that the estimated effect of expenditure
in specialist schools was lower than in non-specialist schools.

In summary, UK evidence suggests that maths and science attainment, and the proportion of
students receiving A*-C levels at GCSE, are positively related with per-pupil expenditure.
English attainment does not appear to be related to expenditure.

International studies
Fifteen studies were located that used non-UK data. Overall, these also

supported the positive link between expenditure and attainment. The international
literature also
indicates that the
positive association
between per-pupil

The strongest international studies come from analyses of large international
databases. Fuchs and W6Rmann (2007) conducted an analysis of data from

31 countries using the OECD’s Programme for International Student expenditure and
Assessment (PISA) 2000 dataset of 15-year-old students. They found that attainment might
educational expenditure per student was strongly and positively correlated depend on the

with maths test results, but was not significant for science and reading Suldles,

attainment. In contrast, Wémann'’s (2001) study reported analyses on data

from 39 countries, with the aim of estimating the effects of family background, resources and
institutions on mathematics and science secondary school performance. They concluded that
the estimated relationship between the overall amount of resources and student performance
was not significantly positive. Interestingly, it was observed that school autonomy regarding
purchasing supplies positively predicted student attainment.

Focusing on a younger age group, Waldfogel and Zhai (2008) looked at maths and science
outcomes for students in seven countries. They found that public preschool expenditures have

Matrix Evidence | 20 January 2011 21



REA: Educational resources and outcomes W “

small but statistically significant positive effects on fourth graders’ science scores, while
expenditure in primary education has a smaller but significantly negative effect on subsequent
attainment. These findings indicate that the level of schooling might be important in determining
the impact of expenditure on attainment. Importantly, they also noted that children from low-
resource homes might gain more from increased public preschool expenditures than other
children.

Hoxby (2004) analysed 30 years of national school-level data from the US. They found that test
scores have remained relatively unchanged over that period, but expenditure per-pupil had
doubled. This led Hoxby to argue that educational productivity had decreased, which explains
the absence of improvement despite the injection of funds.

Darling-Hammond (2004) explored disparities in educational access in the US states of South
Carolina™ and Massachusetts. They analysed existing school district data and found that
Massachusetts’ net school funding was not a significant predictor of English results once race,
socioeconomic status, and teacher characteristics were taken into account. In contrast, school
spending was a significant predictor for mathematics attainment. Similarly, Ram (2004)
conducted an analysis of elementary and secondary schools using national data in the US.
Expenditure had a significantly positive relation with maths scores and SAT scores, but a
negligible (non-significant) positive effect on verbal scores. These findings reflect that of the UK
literature; that is, the school subject is an important factor. However, in contrast, Richmond
(2008) did find a positive association between per-pupil expenditure and verbal student
attainment. A significant relation was also found with maths attainment for middle school
students in the US state of Virginia.

Several studies have found a small but positive relation for secondary students in the US.
Koshal et al. (2004) examined data from 576 school districts in Ohio. They found that
expenditure per pupil was linked to small but “practically meaningful” increases in attainment.
Jacob (2003) found that both total expenditures and the fraction spent on instruction are
positively related to student mathematics attainment in Chicago, although the magnitude of the
effects was quite small. Payne and Biddle’s (1999) study aimed to evaluate the relation between
poor school funding, child poverty, and maths attainment for eighth grade students in 32 states
of the US. They found that district-level per-student funding was a significant positive predictor
of maths attainment, even after controlling for child poverty, ethnic minorities, and average level
of curricular instruction.

In opposition, further studies on primary school students in the US are not as promising.
Addonizio (2009) found a significant positive relation between expenditure and attainment for
Grade 5 students but a non-significant relation for Grade 3 students in Minnesota. Similar to the
Waldfogel and Zhai (2008) study above, llon and Normore (2006) found that expenditures per
student are negatively related to attainment in elementary school students (this study was
conducted in Florida).

1 . ) . . . .
3 This variable was not included in the South Carolina models because adequate data were not available.
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Other studies on elementary school students have found small or non-significant findings.
Loubert (2008) analysed the data from a natural quasi-experiment. They examined elementary
school attainment before and after increases in funding occurred in Dallas County, Texas in
1993. They reported that overall school attainment increased slightly with increased funding,
although it was not clear if the results were statistically significant or not. Miller-Whitehead
(2003) reported a study on Grade 5 students in Tennessee. They noted that per-pupil spending
was not a significant predictor of science attainment.

In summary, the international literature generally supports a small positive association between
per-pupil expenditure and student attainment in secondary schools. The relation is weaker—or
even negative—in younger grades. This is perhaps because of the different resource needs of
primary school students™. Also, a difference in subject-specific attainment gains was observed,
in that some studies found no support for improvement in English but did for maths attainment.

Class size

The relation between class size and attainment has received mixed support. o

. . . . . The findings for class
Nine studies reported on the relation between class size and attainment. . :

) ) . size and attainment

Three of these were reviewed for the per-pupil expenditure, above. Fuchs are mixed and
and Wo6Rmann (2007), a relatively high-quality study, reported a positive inconclusive.
relation between class size and attainment in maths and science, but no
relation with reading attainment. That is, as class size increased, so did
attainment in maths and science. Miller-Whitehead (2003), a poorly reported study, found that
class size significantly and positively predicted Grade 5 science attainment. llon and Normore
(2006), a weaker study, reported a negative relation between class size and attainment.

In one of four UK studies on the relation between class size and attainment, Dustmann et al.
(2003) found a significantly negative relation between class size and exam results (O-levels) in
English and Welsh secondary school data. lacovou (2002) found that smaller class size has
positive effect on reading at ages 7 and 11 when school size and type were controlled for, but
found no effect on maths attainment. However, “small” class sizes at the period in which this
study was conducted would be large by today’s standards: approximately 80% of the students
were in classes of more than 30 students.

Blatchford et al. (2002) found positive effects of smaller classes for literacy and numeracy
during the first year of schooling. In an important demonstration of the need to include prior
attainment in the modelling, they reported the strongest effects were found for pupils who had
the lowest baseline scores on school entry. Blatchford et al. (2004), found no effects of smaller
class size on year 4 or 5 maths and literacy attainment, or year 6 science and maths attainment.
However, contrary to expectations, a positive relationship between class size and literacy was
found in year 6.

14 __ . . . . ) . . . . - .
This should be considered in comparison with the UK literature, which found mixed and occasionally positive relation
between resourcing (class size) and attainment.
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Similar to Blatchford et al. (2004), Betts et al. (2003) reported no significant relation between
class size and attainment in high schools in San Diego in the US. In the same study, they also
looked at elementary and middle schools, with different findings. In elementary schools, when
controlling for teacher characteristics, they found a significantly negative relation between class
size and reading attainment, but no relation between class size and maths attainment. For
middle schools, they found a significantly positive effect of class size on maths attainment, but
no significant relation with English attainment. Babcock and Betts (2009) also examined
elementary schools in San Diego. However, they found that there were generally no significant
relations between class size and maths or reading attainment.

The findings for class size are inconsistent, and so firm conclusions cannot be drawn. However,
there appears to be a trend across studies towards higher attainment in smaller classrooms.

Pupil-teacher ratio

Fourteen studies report the relation between pupil-teacher ratio (PTR) and

attainment. Ideally, the relation should be negative. This means that as the
ratio of students to teachers decreases (that is, there are fewer students per
teacher) then attainment increases.

UK studies

Four of the 14 studies report UK data. Overall, the UK data indicate that
lower PTRs might be linked with higher attainment, depending on the
subject.

Graddy and Stevens (2005) found a small negative relation of PTR with
GCSE scores; Steele et al. (2007) reported a negative relation with maths
and science but not English attainment; Jenkins et al. (2006) found a

In the UK, decreases
in the pupil-teacher
ratio (PTR) appear to
be related to
increases in science
and possibly maths
attainment, but not
English attainment. In
the international
literature, research
tends to suggest no
relation between PTR
and attainment.

negative relation between PTR and science but not with maths or English; and Levaci¢ et al.’s
(2005) study mirrored those of Jenkins et al. (2006). In summary, the UK studies seem to
indicate some negative relation between PTR and attainment for science and perhaps maths,

but not English.

International studies

Ten international studies examining the relation between PTR and attainment are included in
the review. These almost unanimously conclude that there is no significant relation between

PTR and the attainment measures considered.

Five of the ten international studies have already been discussed above (Addonizio, 2009;
Darling-Hammond, 2004; Jacob, 2003; Richmond, 2008; WdlRmann, 2001). These five studies
found no or mixed support for the relation between PTR and attainment. The further five

international studies are described below.

Two further international studies found no relation between PTR and attainment. Betts and
Morell (1999) examined the secondary school characteristics that are determinants of college
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grade point average in San Diego. They reported no significant relation between PTR and
subsequent attainment at college. Greene et al. (2007) analysed data from secondary schools
in New Jersey in the US. Class size, student-teacher ratio and student-aide ratio were not
significant predictors of grades in languages, arts or mathematics.

Leuven et al. (2007) compared the effects of two subsidies (more personnel in the school and
more funding for ICT equipment) targeted at schools with large proportions of disadvantaged
pupils on attainment in the Netherlands. They concluded that both resources led to “harmful”
outcomes.

Two studies found some benefits of reduced PTR on attainment, although both of these studies
were quite weak. Grubb (2008) examined the effectiveness of an “improved” school finance
system on secondary school attainment using a United States nationwide dataset. More pupils
per teacher were associated with reduced maths scores; other attainment measures were not
associated with PTR. Haimson (2000) assessed a class-size reduction programme on teacher
perceptions and student performance after one year in New York. Unlike most of the other
studies, Haimson focused on interview data and reported that principals and teachers felt
attainment had improved. However, as this was based on teacher perception as opposed to
actual attainment on tests or school grades, this finding should be viewed very cautiously.

Facilities/books

Three studies examined the effects of improved facilities or library resources
on attainment™®. The results are mixed, but indicate that there might be some The evidence
improvement in attainment with improved ICT or library facilities. suggests that there
might be a positive
effect of improved ICT

Machin et al. (2006) examined English data to test the impact of ICT and library facilities

investments in student attainment at primary and secondary levels. They on achievement,
found that ICT funding led to significant improvements in English and science although findings are
test scores—but not maths—at age 11. In contrast, the Dutch study by mixed.

Leuven et al. (2007) found that funding for improved ICT facilities had no
effect on attainment.

Michie (2009) analysed data from 24 US states to evaluate the Improving Literacy Through
School Libraries programme in 2005. That study suggested that an increase in the number of
books in a school might increase attainment.

15 Other studies were located that focused on ITC or reading training programmes, which are not reviewed here. The
included studies differ in that the main focus was on how increas