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 ABSTRACT  

Government policy in the UK has over time encouraged schools in the state sector to 

become more competitive as an initiative designed to reap savings from increased 

efficiency. In addition, the Government is extending its academies programme with a view 

to gaining benefits from collaboration and sharing of good practice. We use a state-of-the-

art frontier efficiency approach which implements a two-stage double bootstrap procedure 

to test whether competition and collaboration (as well as an array of other factors) lead to 

improved technical efficiency in the UK independent schools sector which has always 

operated in a competitive environment and where collaborative groupings are observed. 

Greater efficiency is associated with higher market share in the independent school sector. 

In addition there is little evidence of a positive effect on efficiency of collaboration; indeed 

there is tentative evidence that cooperation may be detrimental to efficient operation. 

Findings regarding the efficiency of schools in this sector are of interest to both 

independent and state schools. 
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THE EFFECTS OF COMPETITION AND COLLABORATION ON EFFICIENCY IN THE 

UK PRIVATE SCHOOL SECTOR 
 

1. INTRODUCTION 

Introducing competition into state school sectors has long been advocated as a means of 

achieving efficient delivery of compulsory education. In England, for example, the 1988 

Education Reform Act introduced a quasi-market for schools within which parents could 

choose which state school to send their child (Levačić 2004). Similarly, between 1988 and 

1994 the USA introduced its first school choice programme (Hoxby 2003); New Zealand 

introduced competition by removing school zoning during the period 1991 to 2000 thereby 

allowing pupils to attend any public school that would accept them (Harrison and Rouse 

2014); and more recently school vouchers were introduced into the Lombardy region of 

Italy (2000) with other regions of Italy subsequently replicating the system.  

In times of austerity when public funding needs to deliver more for less, competition is still 

seen as a means to greater efficiency: successive UK governments have further encouraged 

competition by, for example, allowing schools to be managed by new providers (such as 

teachers or religious groups), the introduction of the free schools programme, permitting 

the creation of new school places without demonstrating demand, and the encouragement 

of independence and autonomy for teachers (Morris 2013).  

The premise upon which such policies are based is the structure-conduct-performance 

(SCP) paradigm which predicts that increasing competition (i.e. changing the structure of a 

market) will impact on the many aspects of the conduct of firms (schools in this case), and 

that one of these facets will be efficiency. It is therefore somewhat contradictory that 

collaboration amongst schools, which might be viewed as the opposite of competition, is 

also seen as a way of generating more efficiency. In the UK, for example, the Government 

has used its academies and multi-academies trusts programme as a means of sharing of 

good practice. As all schools in the UK are set to become academies (Department for 

Education 2016), collaboration is likely to become an increasingly important tool for 

delivering efficiency savings.  

While limited research exists into analysis of the impact of competition on operational 

efficiency in schools (see, for example, Bradley et al. 2001) investigation of the effect of 

collaboration on school efficiency appears to be unresearched.
1
 The independent (or 

private) schools sector in the UK, which has been in operation since 1394, functions in a 

highly competitive environment. It therefore provides a context in which to investigate the 

effect of competition on efficiency of operation. Many independent schools also operate 

under the umbrella of a coalition. These include schools under common ownership such as 

                                                
1
 Although a recent report from the Education Policy Institute highlights that there are not unambiguous gains 

for multi-academy trusts relative to Local Authorities in terms of school performance (Andrews 2016). 
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the United Church Schools Trust (UCST – 12 schools) and Woodard group (20 

independent schools plus others not in the independent school sector), and looser coalitions 

including the Eton Group (12 schools); the Rugby group (18 schools); Yorkshire Boarding 

Schools Group (YBSG – 16 schools); and Girls Day School Trust (GDST – 26 schools). 

These coalitions can share good practice and may be able to make cost savings, arguably 

similar to the multi-academy trusts which have emerged since the promotion of academies 

in the state sector. Yet coalitions can also be detrimental to competition: the Sevenoaks 

cartel comprised 50 independent schools that, in the early 2000s, were investigated and 

found guilty of operating a fee-fixing cartel. The range of school groups which we observe 

in the independent schools sector therefore provides an ideal opportunity for us to assess 

the impact on operating efficiency of collaboration as well as competition.  

In this paper we apply a state-of-the-art frontier estimation methodology based on a double 

bootstrap procedure (Simar and Wilson 2007) to a unique data set of UK independent 

schools over a 10-year period up to 2012/2013 in order to investigate the impact of a broad 

range of factors, including indicators of competition and collaboration, on the efficiency 

with which schools operate. The focus of the paper is the UK independent, senior school 

sector, and particularly those schools that educate pupils up to the age of approximately 18, 

but clearly the results will be of interest to those operating both in private and state school 

sectors as well as to policy-makers as the state school sector moves into a more competitive 

environment and as collaboration is increasingly encouraged. 

A principal finding is that, contrary to the predictions of the SCP paradigm, greater market 

share leads to higher efficiency. In addition, evidence suggests that there are likely to be 

few benefits for efficiency from collaboration, and that cooperation may in some cases even 

have detrimental effects. Increasing competition and greater collaboration are therefore 

unlikely to increase efficiency in the state school sector. 

This paper is in 6 sections of which this Introduction is the first. We review the relevant 

literature in Section 2 and present our empirical strategy in Section 3. Section 4 presents the 

data and the variables included in both stages of our analysis, while Section 5 reports the 

results. Conclusions are drawn in Section 6. 

 

2. LITERATURE REVIEW 

There is a growing literature which examines aspects of the (UK) independent school 

sector, and in particular the senior independent school sector. These studies focus on factors 

determining demand for an independent school education (Blow et al. 2010; Blundell et al. 

2010; Dearden and Sibieta 2010); the determinants of examination success (Graddy and 

Stevens 2005); the wage benefits of attending an independent school, (Dolton and Vignoles 

2000; Dearden et al. 2002; Naylor et al. 2002; Green et al. 2012); the determinants of 

school fees (Starkie and Wise 2006; Elliott et al. 2016); and details of the Sevenoaks fee-
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setting cartel (Pesaresi et al. 2015; Elliott et al. 2016). To date, however, there is no work 

on determinants of efficiency in the UK independent school sector. 

In contrast, there is an extensive literature considering the state school sector, both in the 

UK and overseas. There are two key strands to this literature: the first focuses on factors 

determining school performance as measured by achievement in examinations or 

graduation rates at the level of pupils, schools or countries (see, for example, Taylor and 

Bradley 1998; Woessmann 2003; Chakrabarti 2008; Agasisti and Murtinu 2012; Dolton et 

al. 2014). Some of this literature focuses specifically on the effect of competition on 

achievement. There is considerable evidence that competition has a positive (and largely 

significant) effect on achievement in tests or graduation rates (Dee 1998; Hoxby 2000; 

Belfield and Levin 2002; Woessmann 2003; Levačić 2004; Millimet and Collier 2008; 

Agasisti 2011a; Ponzo 2011; Agasisti and Murtinu 2012; Misra et al. 2012; Agasisti 2013a; 

Thapa 2013).
2
 Of particular interest is the finding that greater private school activity in a 

region (measured by enrolments or school numbers) seems to have a positive effect on state 

school examination outcomes (Couch et al. 1993; Dee 1998; Hoxby 2003; Chakrabarti 

2008; Agasisti 2011a; 2013a; Thapa 2013).
3
 

The second strand of literature considers efficiency levels in the state school sector and is 

therefore of greater relevance to the research in this paper. School efficiency is distinct 

from school (examination or graduation) performance in that it looks at the outcomes in 

relation to the resources used to produce them. Frontier estimation techniques such as data 

envelopment analysis (DEA) are typically used to estimate efficiency. Early reviews of 

studies which use DEA and other techniques to measure efficiency in the school context 

can be found in Bradley et al. (2001) and Johnes (2004); a more recent review of DEA 

applications can be found in (Thanassoulis et al. 2016).  

Of particular relevance to us in this literature are studies that consider the impact of 

competition on state school efficiency in the UK and elsewhere (Bradley et al. 2001; 

Grosskopf et al. 2001; Bradley and Taylor 2002; Agasisti 2011b; 2013b; Harrison and 

Rouse 2014). All but one of these studies find unambiguously that the greater the number 

of schools in close proximity (or in the local region), the higher the schools’ technical 

efficiency. Agasisti (2011b; 2013b) particularly finds that having both public and private 

schools in a region is beneficial to state school efficiency. The remaining study (Grosskopf 

et al. 2001) finds no significant relationship between technical efficiency and competition 

where the latter is measured using (respectively) a 4-firm concentration ratio and a 

Herfindahl index. 

                                                
2
 Although a number of studies find no significant evidence of such a relationship (Geller et al. 2006; Zimmer 

and Buddin 2009; Kamienski 2011; Caldas and Bernier 2012); and Rothstein (2007) disputes the finding by 

Hoxby (2000; 2007). 
3
 Although some studies suggest that competition from private schools has no significant effect on state 

school outcomes (Jepsen 2002; Geller et al. 2006; Caldas and Bernier 2012). 
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Clearly the literature on competition and efficiency even in the state school context is 

limited, and in the independent school context is non-existent. Much of this literature 

employs truncated regression or Tobit analysis in the second stage. However, because the 

true efficiencies in the second stage are unobserved and estimated efficiencies are used, 

such methods produce inconsistent estimates (Simar and Wilson 2011). We therefore build 

on the existing literature in this area by employing a long panel data set (over 10 years) 

covering both the pre- and post-financial crisis period, and employing a double bootstrap 

truncated regression approach (Simar and Wilson 2007) to establish the factors which affect 

efficiency in private schools. We use a range of variables in the second stage and focus on 

the effect on efficiency of both competition and collaboration amongst schools – the effect 

of the latter on efficiency has not previously been explored in either the state or 

independent school sectors. We finish the study by performing the analysis on pre-crisis 

and post-crisis samples separately. 

 

3. METHODOLOGY 

In the context of schools, educational outputs can be seen to be a function of different 

inputs involved in the educational production process (Hanushek 1986; 2003). Many 

previous studies of efficiency in the school context have used DEA to estimate first-stage 

efficiencies followed by a Tobit regression in the second stage (based on the premise that 

the dependent variable is a censored variable) to explore the factors which affect efficiency 

(Ray 1991; Kirjavainen and Loikkanen 1998; Mancebón and Mar Molinero 2000; Bradley 

et al. 2001; Al-Enezi et al. 2010; Agasisti 2013b; Burney et al. 2013). Recent studies have 

shown that there are no circumstances under which such Tobit regressions would produce 

consistent estimates in the second stage (Simar and Wilson 2011). Two alternative 

approaches are instead suggested, the ordinary least squares (OLS) approach of Banker and 

Natarajan (2008), and the double bootstrap truncated regression procedure of Simar and 

Wilson (2007). The first involves applying OLS to first stage DEA efficiencies and drawing 

inference using conventional OLS standard error estimates. However, Simar and Wilson 

(2011) have pointed out that this approach is valid only when a series of restrictive 

assumptions hold, and that violation of any one of these assumptions can lead to 

inconsistent estimates. Our method of choice is therefore the double bootstrap truncated 

regression procedure (Simar and Wilson 2007) which provides consistent second stage 

regression estimates and performs well in Monte Carlo experiments for even moderate 

sample sizes.  

We use output-oriented DEA with variables returns to scale (VRS) as there is a wide range 

of school sizes in our data set. The double bootstrap is implemented using the free software 

R (http://www.r-project.org/) with 100 and 2,000 replications in the respective 

bootstrapping procedures, the number of replications having been determined on the basis 

of the arguments in Simar and Wilson (2007). 

http://www.r-project.org/
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Our second stage variables reflect not only competition and collaboration in the 

independent schools sector, but also an array of other school characteristics which have 

previously been found to be associated with efficiency. Accordingly, it is necessary to 

control for these other characteristics when examining the association between efficiency 

and competition and collaboration. The complete list of variables is detailed in the next 

section.  

We end the second stage analysis by checking for differences in the relationship between 

efficiency and its determinants pre- and post-financial crisis allowing us to consider 

whether the impact of factors including the extent of competition and cooperation changes 

once schools operate in a more challenging economic climate. 

 

4. DATA AND VARIABLES 

In 2015 there were 1,267 independent schools in the UK
4
, educating over half a million 

pupils in that year. With average fees in 2015 for boarders of £29,685, and for day pupils of 

£14,001, independent schools face competition from within their own sector and also from 

schools in the state sector, where comparable fees are essentially zero, and competition is 

on the basis of (perceived) quality of education. Since the financial crisis (2007/2008) 

independent schools have faced a particularly tough environment and pupil numbers 

declined in the aftermath of the crisis between 2009 and 2011. There are now signs of 

buoyancy: pupil numbers are on the increase again, and are now higher than in 2009. In 

addition, the 3.5% increase in fees in 2015 was the lowest rise since 1994 (Independent 

Schools Council 2015).  

Pupil composition in independent schools is diverse on a number of dimensions. Pupils 

coming from ethnic minority backgrounds, for example, have been on the increase: while 

23% of pupils were from this group in 2009, this has risen to 29% in 2015, and this varies 

by region as in the UK population as a whole. Independent schools also attract pupils from 

across the social spectrum with around 1% on full bursaries, and a further 7% on some kind 

of means tested subsidy. The vast majority of pupils (86%) attend their independent school 

on a daily basis, and most (74%) are in coeducational schools. Independent schools have an 

international dimension not typically found in the state sector with 5% of pupils coming 

from overseas (Independent Schools Council 2015).  

To put the UK independent school sector into perspective, the state school sector in 

England (in particular, state-funded primary and secondary schools) is considerably bigger 

with 7.7 million pupils and over 20,000 schools. Some 20% of pupils are from ethnic 

minorities and 13% are eligible for and claim free school meals – an indicator of socio-

economic status (Department for Education 2015). 

                                                
4
 Of these 1267 schools, 616 are junior schools (up to age 11), 231 senior schools (from age 11) and 420 are 

mixed age schools.   
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The data used in this study cover 10 academic years (from 2003/2004 to 2012/2013) 

relating to the UK independent schools sector and are drawn from three main sources: The 

Independent Schools Council (ISC), The Good Schools Guide (GSG) and The Financial 

Times (FT) Independent Schools Guide. The sample of schools was determined by schools 

common to all three data sources, as variables from each of the data sources were required. 

While most data were provided by The ISC, The GSG also provides data on annual day and 

boarding fees, the numbers of pupils, 6th form pupils,
5
 boarding pupils, any religious 

affiliation of the school and specialist arts (dance, drama, music) schools where 

appropriate. Similar data are provided in The ISC and also The FT Independent Schools 

Guide, so data were compared across these publications to confirm consistency. The FT 

Guide was required as it contains the most comprehensive data on average pupil General 

Certificate of Secondary Education (GCSE) and A-Level public examination performance.
6
 

Our unit of analysis is the school rather than the student. Although we are aware of the 

consequences of aggregation, we consider that school level data is more appropriate for our 

purpose, namely the focus on factors determining school efficiency levels. Our aim is to 

identify the effect of school level characteristics – with particular emphasis on the 

competitive environment and collaborative opportunities – on the efficiency of schools.
7
  

We collect data points for 2,792 independent schools in the UK over ten years. However, 

our panel is unbalanced since not all schools provide information over the 10 year period. 

The sample ranges from 206 to 319 observations per year, with greater numbers of schools 

in later years of the dataset. 

 

4.1 Variables in the first stage efficiency analysis 

Table 1 contains the definition of inputs and outputs we use in the first stage VRS DEA 

model. Following the literature about efficiency in education (for example, Ray 1991; 

Agasisti 2011a; 2013b; Brennan et al. 2013) we use the results from national level tests that 

are homogeneous for all students as outputs (Y). While test results may not capture the full 

skill set provided by school education, they are used by policy-makers and parents as key 

measures of schools’ output performance (Hoxby 2000). In fact most studies of school 

efficiency use test or examination scores to reflect output; just three exceptions use 

alternative measures (based on pupil destination after leaving school or attendance rates) in 

addition to the traditional examination performance (Norman and Stoker 1991; 

Thanassoulis and Dunstan 1994; Bradley et al. 2001). As our unit of analysis is the school, 

we take at two education levels the arithmetic mean of students’ grades multiplied by the 

                                                
5
 The 6

th
 form is an alternative term used to indicate pupils in years 12 and 13 of full-time school education. 

Pupils are typically aged 16-18. 
6
 GCSEs are typically taken by pupils at the end of year 11 of full-time school education, around age 16. A-

levels are typically taken by pupils two years later. 
7
 Individual pupil level data also are not available. 
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number of pupils at that level. The levels are GCSE (typically taken at the end of 

compulsory education) and A-Levels (typically taken at age 18); thus we have two 

variables (denoted by GCSE and A-levels) representing total educational output at key 

points in secondary education. 

Table 1: Definitions of efficiency variables 

Category Label Definition Source 

Input 

Pupils Number of pupils at a school (day and boarding students). GSG 

Teachers Number of full time equivalent (FTE) teachers. ISC 

FeeIncome 
Incomes from fees (day fees * day students + boarding fees * 

boarding students). 
ISC 

Output 
GCSE Average points of pupils in GCSEs * number of year 11 pupils. FT 

A-Levels Average points of pupils in A-Levels * number of year 13 pupils. FT 

 

In terms of inputs, the vast literature analysing the determinants of educational outcomes 

distinguishes two main sources. The first focuses primarily on the role of the students’ 

family background, including socioeconomic status (SES), family structure, family 

resources and parental involvement (Sirin 2005). The second covers factors related to 

school variables and teaching practices. In this paper, we do not have data on the former 

characteristics (a problem which is discussed further below) and concentrate instead on 

school resources that are directly involved with student learning. We include three inputs 

namely Pupils, Teachers and FeeIncome. The variable Pupils represents the ‘raw material’ 

input into schools. Teachers represent labour input i.e. the number of academic staff 

working in the school. The literature reveals that the number of personnel employed is a 

good proxy for human capital in education institutions (Haelermans et al. 2012; Thieme et 

al. 2012; Brennan et al. 2013). Finally, FeeIncome represents the total income from fees 

(day and boarding fees) and acts as a proxy for capital input into the school. A higher level 

of fee income (i.e. resource) is expected to lead to better outcomes (Brennan et al. 2013; 

Agasisti 2014). A potential weakness of our DEA model is the omission of variables 

relating to family background and to quality of inputs. The latter is a problem with previous 

studies of state school efficiency (Bradley et al. 2001; Agasisti 2011b; 2013b). We counter 

this with the argument that it is likely the case that pupils at independent schools represent a 

more homogeneous set (in terms of family background) than might be the case for the state 

school sector. Moreover, almost all independent schools have an entrance examination by 

which they select their pupils, many schools adopting the same common entrance 

examinations of the Independent Schools Examinations Board for pupils’ entrance at 11 or 

13 (www.iseb.co.uk).  

Table 2 reports the main descriptive statistics for the input and output variables included in 

our first stage DEA.  



9 
 

 

Table 2: Descriptive statistics for efficiency variables 

Variable  2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Pupils 
Mean 

St. Dev 

590.204 

269.367 

595.849 

268.849 

595.296 

267.021 

591.823 

263.686 

608.421 

277.416 

615.221 

273.939 

635.085 

307.611 

630.611 

311.958 

647.611 

314.267 

647.611 

314.267 

Teachers 
Mean 

St. Dev 

60.005 

24.908 

61.004 

24.571 

60.635 

24.715 

61.650 

24.670 

63.958 

26.005 

65.667 

28.524 

67.144 

29.401 

66.693 

29.311 

67.845 

29.753 

69.123 

30.826 

FeeIncome 
Mean 

St. Dev 

7,231,778 

4,000,235 

7,527,317 

4,003,155 

7,597,129 

4,051,390 

7,425,049 

3,915,784 

8,062,218 

4,128,477 

8,611,580 

4,546,387 

8,845,187 

4,665,681 

8,861,018 

4,766,691 

8,955,357 

4,665,987 

8,955,819 

4,665,684 

GCSE 
Mean 

St. Dev 

41,087.96 

21,462.38 

41,760.59 

21,276.05 

42,204.18 

21,399.35 

41,912.7 

21,485.39 

44,219.75 

24,056.44 

42,647.28 

22,507.73 

44,565.77 

25,816.34 

43,738.04 

25,127.81 

45,916.13 

27,200.77 

46,197.74 

27,291.82 

A-Levels 
Mean 

St. Dev 

32,581.5 

19,053.55 

34,160.39 

19,519.39 

34,089.97 

19,592.75 

34,136.3 

19,848.11 

30,413.41 

17619.77 

30,815.97 

17,186.02 

30,785.75 

17,289.16 

31,020.82 

17,149.94 

31,309.77 

17,464.04 

30,950.14 

17,216.37 

 N 206 232 260 260 283 294 306 319 316 316 
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As can be seen, the numbers of pupils and teachers follow a positive trend over time, but 

the ratio of average student numbers to average teacher numbers is always lower than 10. In 

addition, total fees have followed the same trend during the period of analysis. However, 

grades tend to exhibit more stability over the 10-year study period. An examination of 

Spearman’s correlations indicates the expected significantly positive relationship between 

inputs and outputs, supporting their inclusion in the performance model.
8
 

 

4.2 Variables in the second stage analysis 

 

Table 3 summarises the definition of each exploratory variable we consider. 

a) Competitive environment 

We introduce several variables to indicate potential aspects of competition. First, we 

include two variables relating to the market share of each school. Both measures are 

calculated by dividing the number of pupils in each school by the number of pupils in the 

relevant county. The first measure (LnIndepMarketShare) includes pupil numbers by 

county only from independent schools and hence explores competition only between 

private schools.  The second measure (LnMarketShare) includes the total number of pupils 

in the county from both independent and state schools and is intended to capture possible 

competition both from other independent schools and also state schools since previous 

work has found that competition from both public and private schools affects state school 

efficiency (Agasisti 2011b; 2013b). It should be noted that both variables are in logarithms 

as we hypothesise that any possible relationship is likely to be non-linear. 

As alternative measures of competition we include the Herfindahl index calculated first on 

the basis of only independent schools (IndepHI), and second on the basis of all schools in 

the county (HI). The Herfindahl index is the sum of squares of the market shares of schools 

within a specific area (county in this case) and has been used by Harrison and Rouse 

(2014). A high value of the Herfindahl index denotes high concentration and hence low 

competition. Given that we are exploring the determinants of efficiency, and efficiency 

scores vary by school, our preferred measures of competition are those based on market 

share which also vary by school. Note that the Herfindahl Index measures of competition 

vary only by region and not by school.  

 

 

                                                
8
 Results available on request. 
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Table 3: Definitions of second-stage regression variables 

Category Variable Definition Source 

Competition 

variables  

(C’) 

LnMarketShare 

Logged market share per school: number of pupils in each school 

divided by the number of pupils in the county (from state and 

independent schools). 

ISC, UK 

national 

statistics & own 

calculation 

LnIndepMarketShare 

Logged independent market share per school: number of pupils in 

each school divided by the number of pupils in the county (from 

independent schools). 

ISC & own 

calculation 

HI 
Herfindahl index: sum of the squares of the market shares of schools 

within the county (state and independent schools).  

ISC & own 

calculation 

IndepHI 
Independent Herfindahl index: sum of the squares of the market 

shares of schools within the county (from independent schools). 

ISC & own 

calculation 

Affiliation 

variables 

(A’) 

Sevenoaks 
Dummy variable to indicate whether a school was part of the 

Sevenoaks fee-setting cartel. 
Own calculation 

Coalition 

Dummy variables indicating whether a school belongs to any school 

group coalition (Eton, Rugby, Cognita, Yorkshire Boarding Schools 

Group (YBSG), GEMS, Girls Day School Trust (GDST), United 

Church Schools Trust (UCST), Woodard*. 

Own calculation 

Reputation 

variables 

(R’) 

Reputation1 

Points per core entry: average number of Qualification and 

Curriculum Development Agency (QCDA) A-level points scored per 

core subject entry into year 12 

FT 

Reputation2 
Points per candidate (core examinations): average number of QCDA 

A-Level points scored per pupil entry in core subjects. 
FT 

School 

characteristics 

(E’) 

Prop. Boarders Proportion of boarding students. 
ISC & own 

calculation 

Gender mix 
Dummy variables indicating if the school is only for boys, girls or 

mixed sex. 
GSG 

Religious affiliation 

Classification of schools' religion (Church of England, Roman 

Catholic, Quaker, Jewish, Methodist, United Reformed, Christian, all 

faiths and non-denomination). 

ISC 

Starting age Variable indicating the starting age of pupils. ISC 

Established Year the school was established. ISC 

Fees 
Weighted average fees calculated as: (Day fees * Day pupils + 

Boarding fees * Boarders) / Total pupils. 

ISC & own 

calculation 

Teacherstvratio 
Teachers' turnover ratio, calculated as: teacher turnover (full time 

teachers turnover (going from + coming to)) / number of teachers. 

ISC & own 

calculation 

Specialist 
Dummy variable indicating that the school is a specialist arts school 

(music/dance/drama). 
GSG 

Location 

dummies (L’) 
Location Dummy variables for Scotland, Wales, Inner and Outer London. Own calculation 

County 

variables  

(M’) 

Incomes Mean real incomes in the county (logarithm). 
National 

statistics 

Population Number of inhabitants in the county (logarithm). 
National 

statistics 

Notes: * Cognita and GEMS are not considered in the final analysis due to lack of observations. 
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b) Collaborative groups 

We include several dummy variables to reflect information about coalitions or groups of 

schools. The first reflects membership of the Sevenoaks fee-setting cartel which was 

uncovered in 2003. It includes 50 leading independent schools which the Office of Fair 

Trading confirmed in 2005 to have been colluding in the setting of school fees. If schools 

were colluding, they may have been able to share good practice around efficiency, and in 

fact one of their defences for the collusion was that they colluded in an effort to keep fee 

increases low (Taylor et al. 2005). 

Additional dummy variables are included to reflect other school groups where schools are 

under common ownership such as Cognita, GEMS, Woodard and UCST, as well as looser 

school affiliations such as the Eton Group, the Rugby Group, the YBSG, and the GDST.  

c) Other factors 

Geographical location has been found to be an important determinant of efficiency in 

previous studies relating to different countries (Agasisti 2011b; 2013b; Burney et al. 2013). 

We therefore include a set of location dummies. Given the relatively sparse distribution of 

independent schools in Scotland and Wales, and contrastingly, the greater concentration of 

independent schools around London, 4 dummy variables were created to control for these 

features in the geographical distribution of schools (denoted by Scotland, Wales, Inner 

London and Outer London). 

We also include variables to reflect a school’s reputation. The effect of reputation on 

efficiency has not yet been explored, but is expected to be important particularly in the 

highly competitive independent school sector. Parents are able to assess the reputation of 

independent schools using annual rankings produced by, for example, the Financial Times. 

We use two measures of reputation produced by the Financial Times. These are, first, 

points per core entry which is used to measure quality (Reputation1) and second points per 

candidate in core examinations which is used to reflect quantity of work (Reputation2). The 

former is the average number of Qualification and Curriculum Development Agency 

(QCDA) A-level points scored per subject entry in core subjects, and the latter 

encompasses the average number of QCDA A-Level points scored per pupil entry in core 

subjects. These variables can be considered reasonable indicators of school reputation as 

following the publication of A-Level results each summer, a plethora of league tables are 

published across UK newspapers. Hence, any average pupil public examination 

performance at school level is information that is easily accessible by parents.  

We also include a vector of variables relating to characteristics of the schools. These 

variables include the proportion of boarders at a school; dummy variables reflecting 

whether the school is girls only, boys only (relative to mixed which is the baseline); the 

starting age of pupils at a school; the year the school was established; the fee charged by 

the school (calculated as a weighted average of the day and boarding fee where schools 
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take both types of pupils); teachers’ turnover ratio; dummy variables to indicate schools 

sharing the same religious affiliations (Church of England, Roman Catholic, Quaker, 

Jewish, Methodist, United Reformed, Christian and non-denomination with the base group 

being all faiths); and a dummy variable to reflect whether a school is a specialist arts (music 

and/or dance) school.  

There is little previous research on the effect of these variables on school efficiency with 

the exception of gender composition where a higher percentage of girls (or higher 

percentage of boys) in a school has been associated with greater (lower) efficiency (Bradley 

et al. 2001; Agasisti 2013b; Burney et al. 2013), and religious affiliation where Church of 

England affiliation has been found to be positively related to efficiency in primary schools 

(Mancebón and Mar Molinero 2000).  

The effect of the percentage of boarders is difficult to predict: on the one hand, boarding 

schools might have greater resource use than day schools leading to lower efficiency; on 

the other hand, boarding pupils may have an environment more conducive to study than 

pupils doing their homework unsupervised at home leading to greater efficiency. The effect 

of age of school is also debateable: old schools might have greater estates costs (and hence 

lower efficiency) than new ones; alternatively they might have more experience or attract 

higher quality pupils which would make them appear more efficient. A school which 

specialises in arts might have higher costs and hence be less efficient than one which does 

not. 

Schools with pupils with a low starting age may have higher resource use and hence lower 

efficiency. A high teacher turnover might mean that new ideas and good practice are 

continually being introduced into the school and result in greater efficiency, or may result 

in greater teacher instability and less efficiency. With regard to fee level, schools which can 

charge high fees might not feel under pressure to keep costs down and hence would appear 

to be inefficient. 

School data were supplemented with annual population and income data for the county in 

which any school is located, from the Office for National Statistics. Specifically we include 

the logarithm of mean real incomes (Incomes) and the number of inhabitants (Population) 

in the county. Previous research has shown that high-income regions have schools with 

greater efficiency (Rassouli-Currier 2007). Population density has not previously been 

found to be associated with efficiency (Bradley et al. 2001). 

Finally we include a set of year dummies with 2003/2004 as the base year to allow for 

changes in efficiency over time. These might reflect technological changes in the 

production frontier or changes in market conditions. We know that the financial crisis led to 

a particularly difficult environment for independent schools in the UK and this might lead 

to greater efficiency following 2007. 

Descriptive statistics for the selected second-stage variables are detailed in Table 4.  
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Table 4: Descriptive statistics for second-stage regression variables 

Variable 

 
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

LnMarketShare 
Mean -5.235 -5.248 -5.232 -5.233 -5.153 -5.163 -5.104 -5.114 -5.103 -5.110 

St. Dev. 1.058 1.044 1.025 0.992 1.040 1.017 1.034 1.043 1.037 1.038 

LnIndepMarketShare 
Mean -1.851 -1.854 -1.934 -1.937 -2.003 -2.023 -2.088 -2.124 -2.127 -2.126 

St. Dev. 0.920 0.907 0.921 0.910 0.896 0.897 0.913 0.928 0.928 0.930 

HI 
Mean 0.003 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 

St. Dev. 0.032 0.024 0.023 0.023 0.022 0.021 0.020 0.020 0.020 0.019 

IndepHI 
Mean 0.232 0.221 0.206 0.205 0.200 0.198 0.184 0.178 0.179 0.180 

St. Dev. 0.207 0.203 0.203 0.199 0.201 0.197 0.182 0.184 0.183 0.183 

Sevenoaks 
Mean 0.189 0.172 0.150 0.154 0.145 0.156 0.157 0.150 0.155 0.155 

St. Dev. 0.393 0.379 0.358 0.361 0.353 0.364 0.364 0.358 0.363 0.363 

Coalition* (GDST) 
Mean 0.073 0.073 0.077 0.077 0.067 0.065 0.062 0.060 0.063 0.063 

St. Dev. 0.260 0.261 0.267 0.267 0.251 0.246 0.242 0.237 0.244 0.244 

Reputation1 
Mean 98.539 98.741 99.385 99.400 102.693 103.551 103.916 107.529 108.228 108.228 

St. Dev. 9.008 8.785 8.760 8.687 8.284 7.765 7.708 9.363 9.506 9.506 

Reputation2 
Mean 344.218 365.017 368.273 369.704 320.283 327.365 323.324 334.689 334.988 334.988 

St. Dev. 50.796 56.761 58.267 58.944 50.117 43.303 53.844 59.085 60.831 60.831 

Prop. Boarders 
Mean 0.338 0.313 0.296 0.294 0.289 0.295 0.289 0.290 0.283 0.283 

St. Dev. 0.357 0.343 0.340 0.335 0.331 0.333 0.330 0.330 0.326 0.326 

Gender mix* (Girls) 
Mean 0.427 0.414 0.400 0.385 0.350 0.340 0.324 0.323 0.326 0.326 

St. Dev. 0.496 0.494 0.491 0.487 0.478 0.475 0.469 0.468 0.469 0.469 

Religious affiliation* 

(Church of England) 

Mean 0.553 0.526 0.500 0.500 0.481 0.483 0.471 0.473 0.484 0.484 

St. Dev. 0.498 0.500 0.501 0.501 0.501 0.501 0.500 0.500 0.501 0.501 

Starting age 
Mean 8.092 7.927 7.942 7.904 7.774 7.844 7.650 7.408 7.405 7.263 

St. Dev. 3.929 3.940 3.947 4.023 4.013 4.042 4.169 4.177 4.204 4.237 

Established 
Mean 1,777 1,777 1,778 1,776 1,768 1,775 1,776 1,779 1,774 1,774 

St. Dev. 179.112 189.455 199.131 205.346 214.687 211.984 209.420 206.851 207.638 207.638 
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Table 4: Descriptive statistics for second-stage regression variables (continued) 

Variable 
 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Fees 
Mean 12,967.350 13,347.060 13,448.700 13,226.140 14,021.150 14,686.350 14,765.110 14,845.700 14,603.430 14,604.440 

St. Dev. 5,103.125 5,248.821 5,218.572 5,108.814 5,443.785 5,651.264 5,662.469 5,654.935 5,543.305 5,543.258 

Teacherstvratio 
Mean 0.251 0.249 0.260 0.267 0.254 0.275 0.290 0.249 0.257 0.250 

St. Dev. 0.134 0.144 0.162 0.156 0.137 0.172 0.156 0.151 0.137 0.163 

Specialist 
Mean 0.024 0.022 0.027 0.023 0.021 0.020 0.020 0.022 0.022 0.022 

St. Dev. 0.154 0.146 0.162 0.150 0.144 0.142 0.139 0.147 0.147 0.147 

Location* 

(Inner London) 

Mean 0.029 0.030 0.027 0.031 0.028 0.034 0.033 0.031 0.028 0.028 

St. Dev. 0.169 0.171 0.162 0.173 0.166 0.182 0.178 0.175 0.167 0.167 

Incomes 
Mean 24,467.800 25,056.430 25,790.060 26,046.070 26,047.130 26,240.070 25,922.930 25,066.590 24,196.890 23,499.750 

St. Dev. 4,940.875 4,965.736 5,177.202 5,383.672 5,645.320 5,842.506 5,169.952 4,792.633 5,199.371 4,723.266 

Population  
Mean 6.945 7.006 7.011 6.991 7.020 7.034 7.080 7.098 7.086 7.093 

St. Dev. 1.041 1.055 1.071 1.059 1.076 1.064 1.088 1.091 1.105 1.107 

 

N 206 232 260 260 283 294 306 319 316 316 

Note: * indicates one example of values for an illustrative dummy variable in a set of dummy variables. 

 

 

 

 

 

 

 



16 
 

As can be seen the evolution of competition variables is relatively stable over time. 

However, it is worth noting some trends. First, on average, LnMarketShare tends to grow 

from 2007 onwards, an indication of increased market power of independent schools across 

the school sector (independent and state schools). Second, and in contrast to the trend in 

LnMarketShare, LnIndepMarketShare falls over time, although the average values are 

considerably higher than the former. Note that this drop in independent sector market 

power may partially reflect the increasing number of independent schools in the unbalanced 

panel over time. Thirdly, HI, a county level variable, is quite stable during the period under 

analysis. The lack of variability in this measure constitutes another reason why we prefer to 

use market share as our measure of competition. Lastly, IndepHI follows a similar trend 

displayed by LnIndepMarketShare, again partly explainable by the increasing number of 

independent schools in the dataset over time. IndepHI is considerably higher than HI as it 

only includes independent schools in the county. 

 

5. RESULTS AND DISCUSSION 

Table 5 reports the efficiency scores calculated using the pooled panel. Here we display 

efficiency estimates for each year in the sample.  

Table 5: Efficiency scores over time 

Period Efficiency score St. Dev. 
Lower 

bound 

Upper 

bound 
N 

2003/2004 1.226 0.131 1.208 1.241 206 

2004/2005 1.208 0.119 1.191 1.223 232 

2005/2006 1.199 0.119 1.183 1.214 260 

2006/2007 1.196 0.112 1.180 1.211 260 

2007/2008 1.211 0.114 1.194 1.227 283 

2008/2009 1.259 0.139 1.241 1.276 294 

2009/2010 1.255 0.138 1.236 1.274 306 

2010/2011 1.262 0.234 1.241 1.282 319 

2011/2012 1.255 0.239 1.236 1.275 316 

2012/2013 1.257 0.296 1.237 1.276 316 

Total 1.235 0.184 1.217 1.253 2,792 

Notes: These are bias-corrected efficiency scores following the second loop of the bootstrap procedure 

(Simar and Wilson 2007). Where appropriate, values in columns are averages for the given year.  

Note that efficiency rises (shown by a decrease in efficiency scores) at first, then from 2007 

efficiency seems to be on the decline (as efficiency scores generally rise). This seems to be 

contrary to expectation given the increasingly competitive nature of the environment 

following the financial crisis. We discuss this further in the context of the second stage 

results. The results of the second-stage are displayed in Table 6.  
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Table 6: Second stage results 

  (In) Efficiency score 

  Model 1 Model 2 Model 3 

Competition 

variables 

LnMarketShare -0.014**  -0.012** 

LnIndepMarketShare -0.002  -0.005 

HI  -0.485 -0.222 

IndepHI  0.004 0.018 

Affiliation 

variables 

Sevenoaks 0.001** -0.008 0.000 

Coalition (GDST) -0.027** -0.033** -0.026** 

Coalition (ETON) 0.008 0.004 0.008 

Coalition (Rugby) 0.010 0.007 0.009 

Coalition (YBSG) 0.074** 0.076** 0.075** 

Coalition (UCST) 0.030 0.040 0.030 

Coalition (Woodard) 0.018 0.025 0.018 

Reputation 

variables 

Reputation1 -0.011 -0.011 -0.010 

Reputation2 -0.001 -0.002 -0.001 

School 

characteristics 

Prop. Boarders -0.099** -0.084** -0.097** 

Gender mix (Girls) -0.023** -0.022 -0.022 

Gender mix (Boys) -0.004 -0.001 -0.005 

Church of England -0.023 -0.025 -0.022 

Roman Catholic -0.026** -0.026** -0.026** 

Quaker -0.038** -0.036 -0.036 

Jewish 0.037** 0.056 0.040 

Methodist -0.069** -0.071** -0.070** 

United Reformed 0.034** 0.023 0.033 

Christian -0.046 -0.054 -0.046 

Non denomination -0.054 -0.054 -0.053 

Starting age 0.003** 0.003** 0.003** 

Established 0.0000 0.000 0.000 

Fees 0.0000 0.000 0.000 

Teacherstvratio 0.060** 0.063** 0.060** 

Specialist 0.065** 0.076** 0.062** 

Location 

variables 

Inner London 0.155** 0.135** 0.148** 

Outer London 0.088 0.067 0.082 

Scotland -0.056 -0.039 -0.055 

Wales -0.023 0.002 -0.022 

County 

variables 

Incomes 0.000 0.000 0.000 

Population  0.002 0.004 0.004 

Year dummies 

2004/2005 -0.009** -0.006 -0.009 

2005/2006 -0.018 -0.018 -0.017 

2006/2007 -0.014 -0.014 -0.014 

2007/2008 -0.034 -0.034 -0.034 

2008/2009 0.073** 0.074** 0.070** 

2009/2010 0.054** 0.055** 0.051** 

2010/2011 0.103** 0.105** 0.099** 

2011/2012 0.098** 0.100** 0.094** 

2012/2013 0.098** 0.100** 0.094** 

 R
2
 0.3998 0.3884 0.3952 

 N 2,792 2,792 2,792 
Notes: (1) The reference year is 2003/2004. (2) The reference category in gender mix is mixed schools. (3) The reference category in 

religious affiliation is all faiths. (4) ***, **, and *: Below the 1%, 5% and 10% statistical significance thresholds, respectively. 
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It should be remembered that the dependent variable (efficiency score) is low when 

efficiency is high (and vice versa). Thus a negative (positive) sign on a coefficient 

represents a positive (negative) relationship between that variable and efficiency. We report 

three separate equations: the first uses the market share variables to reflect competition, the 

second uses the measures based on the Herfindahl index, and the third uses both sets of 

competition variables. 

Overall, these findings support the proposition that a higher market share (calculated across 

both state and independent sectors) is associated with higher levels of efficiency in 

independent schools. This result is striking as previous empirical papers for state schools 

have suggested a positive relationship between competition and efficiency (Bradley et al. 

2001; Agasisti 2011b; 2013b).
9
 It should be noted that in these previous papers competition 

is measured by number of schools in radii of varying sizes.  

However, in the context of the current analysis such measures of competition are not ideal 

as the maximum number of competing independent schools in, for example, a 1 mile radius 

across the sample is 4, with a mean below 1. In addition the number does not vary much 

over the period of analysis. An interesting finding is that it is the measure of market share 

based on all schools (state and private) which is found to have a significant effect on 

independent school efficiency, suggesting that when considering competition in the 

independent school sector, it is appropriate to consider competition from both independent 

and state schools. This mirrors results from the state sector where it is competition from 

both sectors which is important (Agasisti 2011b; 2013b). When competition is measured by 

the Herfindahl index, there is no significant effect on efficiency. This variable, however, 

only varies by region and not by school within region, and this might partially explain its 

lack of association with efficiency which varies by school. 

There is some evidence that coalitions have an effect on efficiency. Specifically, 

membership of the Sevenoaks cartel and YBSG coalitions appears to be detrimental to 

efficiency while membership of the GDST has a positive relationship with efficiency. Thus 

the evidence in support of a positive effect of collaboration on efficiency is certainly not 

clear-cut, and coalitions may even have a negative effect on efficient school operation. 

Policy-makers should take note in light of the encouragement of networks of academies in 

the state school sector. 

With regard to the other explanatory variables there are several significant results to note. 

Higher teacher turnover has a negative relationship with efficiency as does location in Inner 

London. Specialist schools are significantly less efficient than others (as expected) while 

(perhaps surprisingly) a higher pupil starting age for a school is also related to inefficiency. 

                                                
9
 However, it is consistent with some findings for Italian universities: a U-shaped quadratic relationship 

between inefficiency and market share for the North-Western region of Italy with a turning point at a market 

share of around 0.29 means that most universities are on the downward sloping part of the curve (Agasisti et 

al. 2016). . 
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Church affiliation has mixed effects: Roman Catholic, Methodist and possibly Quaker 

schools are all more efficient than the reference category (all-faith schools), while Jewish 

and United Reformed affiliations exhibit the converse relationship. A higher proportion of 

boarders is related to higher efficiency as is being a girls-only school (although the latter is 

not consistent across all estimations).  

Further analysis reveals that independent schools have apparently become increasingly 

inefficient from 2008/2009 (compared to 2003/2004). Closer inspection of our first stage 

DEA model provides a possible explanation of this puzzling result. We have used fee 

income (essentially calculated as fees multiplied by number of pupils) as a measure of 

capital input. We know that while fees have risen over the period, the size of the increase 

has become smaller over time. In addition, we know anecdotally that schools have 

increased their bursaries in the period since the financial crisis, and schools which were part 

of the Sevenoaks cartel have had to provide more generous bursary schemes from 2007 

onwards. The ticket price (fee) is therefore likely to be higher than the price received, in 

which case our measure of fee income will be overestimating the resources actually 

available to schools, and increasingly so since the crisis. This means that, in calculating 

efficiency, schools seem to have higher resources (in terms of fee income) than is really the 

case, and so it is not surprising if output has dropped relative to the measured inputs in this 

period. 

We undertake our analysis separately for the pre- and post-financial crisis samples (2003 to 

2007 and 2008 to 2012).
10

 We focus in our discussion on the competition and coalition 

variables. We find that the effect of competition in the market is robust to period of 

estimation – thus increasing market share (based on private and state sectors) is positively 

related to efficiency both pre- and post-crisis. The results surrounding coalitions though are 

less robust to period of estimation. While the YBSG coalition is consistently more 

inefficient than other schools both pre- and post-crisis, the relationship between GDST and 

efficiency switches: thus pre-crisis, GDST has a negative relationship with efficiency and it 

is only post-crisis that there is a significant positive relationship. We hypothesise that the 

statistically significant reversal in coefficient sign on the GDST dummy variable between 

the pre- and post-financial crisis period reflects the day school nature of the schools in the 

coalition. There is substantial evidence that UK boarding schools are increasingly appealing 

to international families (Espinoza 2015). This has ensured buoyant demand for boarding 

school places even since the financial crisis. However, schools only offering day provision 

have been unable to benefit from this increased international demand and may have been 

under more pressure to increase their efficiency. 

 

 

                                                
10

 Results available on request. 
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6. CONCLUSIONS 

This paper offers an early attempt to identify the factors determining UK independent 

schools’ efficiency levels. As such the paper contributes to the growing literature 

considering factors determining efficiency in different parts of the education sector, 

including in schools, further and higher education. We believe the analysis is the first to use 

the double bootstrap truncated regression procedure for estimating factors impacting upon 

schools’ operational efficiency levels.  

Of particular note is the result that schools with a greater market share enjoy higher 

efficiency, and this is true both pre- and post-crisis. This result has implications beyond the 

independent school sector. In recent years governments around the world (including the 

UK) have introduced measures to increase competition between schools in the state 

education sector. Results in this paper suggest that there are benefits from teaching a 

greater proportion of pupils in a county.  

Results suggest that collaboration does not generally lead to greater efficiency, and indeed 

it may lead to lower efficiency. But the results surrounding coalitions are less robust to the 

period over which the estimation is performed and must therefore be interpreted with 

caution. Again, this result has implications beyond the independent school sector as 

successive UK governments have encouraged greater cooperation between state schools in 

recent years.  

Finally, the results suggest that for schools in the independent school sector, when 

considering factors that impact upon a school’s operational efficiency, the relevant measure 

of competition encompasses both independent and state schools. As such independent 

schools should take care to ensure that they remain vigilant of developments in their local 

state education sector.  

 

 

ACKNOWLEDGEMENTS: Many thanks for helpful comments to Tommaso Agasisti, 

Geraint Johnes, Rebecca Johnes and participants at: the University of Huddersfield 

Business School Research Conference 14
th

 – 15
th

 January 2016; and the Workshop in 

Education Economics in Maastricht University, The Netherlands, 23
rd

 – 24
th

 March 2016. 

Also thanks to the Independent Schools Council, Judith Pizer and The Office of Fair 

Trading for their help with data collection. 

 

 

FUNDING: The authors also acknowledge the financial support of the Spanish Ministry of 

Education (FPU Grant number 12/01341). 

 



21 
 

REFERENCES  

 

 

Agasisti, T. (2011a). 'Does competition affect schools' performance? Evidence from Italy 

through OECD‐PISA data.' European Journal of Education 46(4): 549-565. 

Agasisti, T. (2011b). 'How competition affects schools' performances: does specification 

matter?' Economics letters 110(3): 259-261. 

Agasisti, T. (2013a). 'Competition among Italian junior‐secondary schools: A variance‐
decomposition empirical analysis.' Annals of Public and Cooperative Economics 

84(1): 17-42. 

Agasisti, T. (2013b). 'The efficiency of Italian secondary schools and the potential role of 

competition: A data envelopment analsyis using OECD-PISA2006 data.' Education 

Economics 21(5): 520-544. 

Agasisti, T. (2014). 'The efficiency of public spending on education: An empirical 

comparison of EU countries.' European Journal of Education 49(4): 543-557. 

Agasisti, T., C. Barra and R. Zotti (2016). 'Evaluating the efficiency of Italian public 

universities (2008–2011) in presence of (unobserved) heterogeneity.' Socio-

Economic Planning Sciences 55: 47-58. 

Agasisti, T. and S. Murtinu (2012). '‘Perceived’ competition and performance in Italian 

secondary schools: New evidence from OECD—PISA 2006.' British Educational 

Research Journal 38(5): 841-858. 

Al-Enezi, M., N. A. Burney, J. Johnes and M. Al-Musallam (2010). 'An assessment of 

efficiency of public schools in Kuwait using data envelopment approach (DEA) and 

Tobit regression.' Journal of Development and Economic Policies 12(2): 5-33. 

Andrews, J. (2016). School performance in multi-academiy trusts and local authorities. 

London, Education Policy Institute. 

Banker, R. D. and R. Natarajan (2008). 'Evaluating Contextual Variables Affecting 

Productivity Using Data Envelopment Analysis.' Operations Research 56(1): 48-58. 

Belfield, C. R. and H. M. Levin (2002). 'The effects of competition between schools on 

educational outcomes: A review for the United States.' Review of Educational 

Research 72(2): 279-341. 

Blow, L., R. Blundell and S. Machin (2010). 'The demand for private schooling in the UK: 

The role of income and inequality.' Institute for Fisacl Studies, Mimeo. 

Blundell, R., L. Dearden and L. Sibieta (2010). 'The demand for private schooling in 

England: the impact of price and quality.'  Institute for Fiscal Studies, Working 

Paper 10/21. 

Bradley, S., G. Johnes and J. Millington (2001). 'The effect of competition on the efficiency 

of secondary schools in England.' European Journal of Operational Research 

135(3): 545-568. 

Bradley, S. and J. Taylor (2002). 'The effect of the quasi-market on the efficiency-equity 

trade-off in the secondary school sector.' Bulletin of Economic Research 54(3): 295-

314. 

Brennan, S., C. Haelermans and J. Ruggiero (2013). 'Nonparametric estimation of 

education productivity incorporating nondiscretionary inputs with an application to 

Dutch schools.' European Journal of Operational Research 234(3): 809. 



22 
 

Burney, N. A., J. Johnes, M. Al-Enezi and M. Al-Musallam (2013). 'The efficiency of 

public schools: The case of Kuwait.' Education Economics 21(4): 360-379. 

Caldas, S. J. and S. Bernier (2012). 'The effects of competition from private schooling on 

French public school districts in the province of Québec.' The Journal of 

Educational Research 105(5): 353-365. 

Chakrabarti, R. (2008). 'Can increasing private school participation and monetary loss in a 

voucher program affect public school performance? Evidence from Milwaukee.' 

Journal of Public Economics 92(5): 1371-1393. 

Couch, J., W. Shugart and A. Williams (1993). 'Private school enrolment and public school 

performance.' Public Choise 76: 301-312. 

Dearden, L., J. Ferri and C. Meghir (2002). 'The effect of school quality on educational 

attainment and wages.' The Review of Economics and Statistics 84(1): 1-20. 

Dearden, L. and L. Sibieta (2010). 'What determines private school choice? Evidence from 

the British Household Panel Survey.'  Institute for Fiscal Studies, Mimeo. 

Dee, T. S. (1998). 'Competition and the quality of public schools.' Economics of Education 

Review 17(4): 419-427. 

Department for Education (2015). Schools, pupils and their characteristics: January 2015. 

London, Department for Education. 

Department for Education (2016). The importance of partnerships for a world-class 

education system. Speech given by Education Scretary Nicky Morgan to 

Leicestershire Academies Group Spring Conference, Leicester University, 4th 

February. 

Dolton, P., O. Marcenaro Gutiérrez and A. Still (2014). The Efficiency Index: Which 

Education SYstems deliver the Best Value for Money. London, GEMS Education 

Systems. 

Dolton, P. and A. Vignoles (2000). 'The incidence and effects of overeducation in the UK 

graduate labour market.' Economics of Education Review 19(2): 179-198. 

Elliott, C., P. Konara and Y. Wei (2016). 'Competition, cooperation and regulatory 

intervention impacts on independent school fees.' International Journal of the 

Economics of Business forthcoming. 

Espinoza, J. (2015). 'Record numbers of foreign pupils at UK schools'. The Telegraph 16th 

May  

Geller, C. R., D. L. Sjoquist and M. B. Walker (2006). 'The effect of private school 

Competition on public school performance in Georgia.' Public Finance Review 

34(1): 4-32. 

Graddy, K. and M. Stevens (2005). 'The impact of school recources on student 

performance: A study of private schools in the United Kingdom.' Industrial and 

Labor Relations Review 58(3): 435-451. 

Green, F., S. Machin, R. Murphy and Y. Zhu (2012). 'The changing economic advantage 

from private schools.' Economica 79(316): 658-679. 

Grosskopf, S., K. J. Hayes, L. L. Taylor and W. L. Weber (2001). 'On the determinants of 

school district efficiency: competition and monitoring.' Journal of Urban 

Economics 49: 453-478. 

Haelermans, C., K. De Witte and J. L. T. Blank (2012). 'On the allocation of resources for 

secondary schools.' Economics of Education Review 31: 575-586. 

Hanushek, E. A. (1986). 'The economics of schooling: Production and efficency in public 

schools.' Journal of Economic Literature 24(3): 1141-1177. 



23 
 

Hanushek, E. A. (2003). 'The failure of input-based schooling policies.' Economic Journal 

113: F64-98. 

Harrison, J. and P. Rouse (2014). 'Competition and public high school performance.' Socio-

Economic Planning Sciences 48(1): 10. 

Hoxby, C. M. (2000). 'Does competition among public schools benefit students and 

taxpayers?' The American Economic Review 90(5): 1209-1238. 

Hoxby, C. M. (2003). 'School choice and school competition: Evidence from the United 

States.' Swedish economic policy review 10(2): 9-65. 

Hoxby, C. M. (2007). 'Does competition among public schools benefit students and 

taxpayers?: reply.' The American economic review 97(5): 2038-2055. 

Independent Schools Council (2015). ISC Census 2015. London, Independent Schools 

Council. 

Jepsen, C. (2002). 'The role of aggregation in estimating the effects of private school 

competition on student achievement.' Journal of Urban Economics 52(3): 477-500. 

Johnes, J. (2004). 'Efficiency measurement'. International Handbook on the Economics of 

Education. G. Johnes and J. Johnes (ed). Cheltenham, Edward Elgar: pp613-742. 

Kamienski, A. (2011). 'Competition: Charter and public elementary schools in Chicago.' 

Journal of School Choice 5(2): 161-181. 

Kirjavainen, T. and H. A. Loikkanen (1998). 'Efficiency differences of Finnish senior 

secondary schools: An application of DEA and Tobit analysis.' Economics of 

Education Review 17(4): 377-394. 

Levačić, R. (2004). 'Competition and the performance of english secondary schools: 

Further evidence.' Education Economics 12(2): 177-193. 

Mancebón, M.-J. and C. Mar Molinero (2000). 'Performance in primary schools.' Journal of 

the Operational Research Society 51(7): 843-854. 

Millimet, D. L. and T. Collier (2008). 'Efficiency in public schools: Does competition 

matter?' Journal of Econometrics 145(1): 134-157. 

Misra, K., P. W. Grimes and K. E. Rogers (2012). 'Does competition improve public school 

efficiency? A spatial analysis.' Economics of Education Review 31: 1177-1190. 

Morris, E. (2013). 'Competition will do very little to improve schools'. The Guardian 

Naylor, R., J. P. Smith and A. McKnight (2002). 'Why is there a graduate earnings 

premium for students from independent schools.' Bulletin of Economic Research 

54(4): 315-339. 

Norman, M. and B. Stoker (1991). Data Envelopment Performance: The Assessment of 

Performance. New York, USA, John Wiley and Sons. 

Pesaresi, E., C. Flanagan, D. Scott and P. Tregear (2015). 'Evaluating the Office of Fair 

Trading's 'fee-paying schools' intervention'.' European Journal of Law and 

Economics 40(3): 413-429. 

Ponzo, M. (2011). 'The effects of school competition on the achievement of Italian 

students.' Managerial and Decision Economics 32(1): 53-61. 

Rassouli-Currier, S. (2007). 'Assessing the efficiency of Oklahoma public schools: A data 

envelopment analysis.' Southwestern Economic Review 34(1): 131-144. 

Ray, S. C. (1991). 'Resource-use efficiency in public schools: A study of Connecticut data.' 

Management Science 37(12): 1620-1628. 

Rothstein, J. (2007). 'Does competition among public schools benefit students and 

taxpayers?: Comment.' The American economic review 97(5): 2026-2037. 



24 
 

Simar, L. and P. W. Wilson (2007). 'Estimation and inference in two-stage, semi-

parametric models of production processes.' Journal of Econometrics 136(1): 31-64. 

Simar, L. and P. W. Wilson (2011). 'Two-stage DEA: caveat emptor.' Journal of 

Productivity Analysis 36(2): 205-218. 

Sirin, S. R. (2005). 'Socioeconomic status and academic achievement: A meta-analytic 

review of research.' Review of Educational Research 75(3): 417-453. 

Starkie, D. and T. Wise (2006). 'price setting and concentration in not-for-profit 

organisations: The case of independent schools in England and Wales.' The 

Business Economist 37(3): 33-48. 

Taylor, J. and S. Bradley (1998). 'The effect of school size on exam performance in 

secondary schools.' Oxford Bulletin of Economics and Statistics 60(3): 291-324. 

Taylor, M., R. Evans and R. Smithers (2005). 'Top 50 independent schools found guilty of 

price-fixing to push up fees'. The Guardian Retrieved from 

http://www.guardian.co.uk/money/2005/nov/10/consumernews.publicschools/print 

accessed 22nd February 2016. 

Thanassoulis, E., K. De Witte, J. Johnes, G. Johnes, G. Karagiannis and M. C. Portela 

(2016). 'Applications of Data Envelopment Analysis in Education'. Data 

Envelopment Analysis: A Handbook of Empirical Studies and Applications. J. Zhu 

(ed). New York, Spinger-Verlag. 

Thanassoulis, E. and P. Dunstan (1994). 'Guiding schools to improved performance using 

data envelopment analysis: An illustration with data from a local education 

authority.' Journal of the Operational Research Society 45(11): 1247-1262. 

Thapa, A. (2013). 'Does private school competition improve public school performance? 

The case of Nepal.' International Journal of Educational Development 33(4): 358. 

Thieme, C., V. Giménez and D. Prior (2012). 'A comparative analysis of the efficiency of 

national education systems.' Asia Pacific Education Review 13(1): 1-15. 

Woessmann, L. (2003). 'Schooling resources, educational institutions and student 

performance: The international evidence.' Oxford Bulletin of Economics and 

Statistics 65(2): 117-170. 

Zimmer, R. and R. Buddin (2009). 'Is charter school competition in California improving 

the performance of traditional public schools?' Public Administration Review 69(5): 

831-845. 

 

http://www.guardian.co.uk/money/2005/nov/10/consumernews.publicschools/print

