
 

 

 

The role of innovations in secondary school
performance - Evidence from a conditional efficiency
model
Citation for published version (APA):

Haelermans, C., & De Witte, K. (2012). The role of innovations in secondary school performance -
Evidence from a conditional efficiency model. European Journal of Operational Research, 223(2), 541-
549. https://doi.org/10.1016/j.ejor.2012.06.030

Document status and date:
Published: 01/12/2012

DOI:
10.1016/j.ejor.2012.06.030

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 27 Apr. 2024

https://doi.org/10.1016/j.ejor.2012.06.030
https://doi.org/10.1016/j.ejor.2012.06.030
https://cris.maastrichtuniversity.nl/en/publications/e16babb6-2ef0-48e5-be41-60b7ce91beb3


European Journal of Operational Research 223 (2012) 541–549
Contents lists available at SciVerse ScienceDirect

European Journal of Operational Research

journal homepage: www.elsevier .com/locate /e jor
Innovative Applications of O.R.

The role of innovations in secondary school performance – Evidence from a
conditional efficiency model

Carla Haelermans a,b,⇑, Kristof De Witte a,c

a Maastricht University, TIER, Faculty of Humanities and Sciences, PO Box 616, 6200MD Maastricht, The Netherlands
b Centre for Innovations and Public Sector Efficiency Studies, Delft University of Technology, The Netherlands
c Katholieke Universiteit Leuven (KULeuven), Faculty of Business and Economics, Naamsestraat 69, 3000 Leuven, Belgium
a r t i c l e i n f o

Article history:
Received 22 November 2011
Accepted 19 June 2012
Available online 1 July 2012

Keywords:
Education
Conditional efficiency
Innovations
Nonparametric estimation
0377-2217/$ - see front matter � 2012 Elsevier B.V. A
http://dx.doi.org/10.1016/j.ejor.2012.06.030

⇑ Corresponding author at: Maastricht University,
and Sciences, PO Box 616, 6200MD Maastricht,
433884458.

E-mail addresses: carla.haelermans@maastrichtun
k.dewitte@maastrichtuniversity.nl, Kristof.dewitte@
Witte).
a b s t r a c t

This paper studies the influence of educational innovations on school performance. We apply a tailored,
fully nonparametric conditional efficiency model to study secondary school efficiency in the Netherlands.
The application uses official school data and a self-collected questionnaire on recent innovations in
schools. In the nonparametric model, it is assumed that schools aim to maximize educational attainments
of students under a budget constraint. The results suggest that innovations are positively related to effi-
ciency. We find that profiling, pedagogic, process and education chain innovations are significantly
related to school efficiency, whereas innovations in the professionalization of teachers are insignificantly
related to school efficiency. Furthermore, the number of locations per school and the number of schools
per governing body are negatively and significantly related to school efficiency. School type and region
significantly influence school efficiency, whereas share of disadvantaged students, degree of urbanization
and student/teacher ratio do not have significant influence.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Under tightening budget constraints, governments and schools
are reducing the resources for educational innovations. Innova-
tions correspond to a broad concept, which is defined here as:
‘an idea, process or product that is new for an organization at the time
it is introduced’ (cfr. Dosi, 2000; Rogers, 2003; Stoneman, 2001).
Practical examples in the context of schools are, e.g., the change
in teaching style, teaching facilities and teacher professionaliza-
tion. Despite the attention to educational innovations and despite
the attention to evidence-based education research, little is known
on the relationship between school efficiency and innovations. Do
innovations foster educational attainments if one accounts for bud-
get constraints and characteristics of the school and the students?

This paper contributes to the literature in two ways. First, from
an empirical point of view, it defines various categories of innova-
tions and examines which of those innovation categories signifi-
cantly correlate with school performance. School performance is
measured as a ratio of student’s educational achievements to
school resources. School resources and innovations have never
ll rights reserved.
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been considered simultaneously. Moreover, to allow for causal
interpretations, previous literature paid significant attention to
the influence of introducing single innovations, and largely ignored
the (existing) mix of innovations. Illustrative are studies on the use
of information technology in schools (e.g. Angrist and Lavy, 2002;
Leuven et al., 2007); on smoothing the transition between schools
(e.g. Valentine et al., 2009); or on teacher professionalization (e.g.
Clotfelter et al., 2007; Miller et al., 2008; Rivkin et al., 2005). Study-
ing the mix of innovations, compared to one single innovation at a
time represents better the reality of the learning environment in
the school, and with this, its effects on student performance.

Estimating the influence of innovations might be intricate to
endogeneity issues. The endogeneity can arise from three sources.
First, there might be omitted variable bias in that schools with
more resources innovate more, but also produce and attract better
students (Berg van der, 2008; Hedges et al., 1994; Vignoles et al.,
2000). We capture this source of endogeneity by including the
school budget in the efficiency estimation. Also parental back-
ground may influence both variables (Houtenville and Smith Con-
way, 2008; Preston et al., 2011). More involved parents may insist
on educational innovations, and may simultaneously have higher
ability children. By controlling for urbanisation and disadvanta-
geous neighborhood, we account for this.

Endogeneity can also arise from measurement errors. This is un-
likely in the current application. On the one hand, the data are reli-
able. The self-reported data on innovations are representative and
have been carefully checked for measurement errors (see
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Haelermans (2010) for an extensive discussion). Furthermore, the
non-innovation data are nationally collected by the Ministry of
Education. On the other hand, the applied methodology mitigates
the influence of a typical observations (e.g., arising from small
and undetected measurement errors in the data). We therefore
ignore this potential source of endogeneity.

Third, endogeneity can be due to reverse causality: innovative
schools attract higher ability students. Previous literature indi-
cated that this is not the case (Reynolds et al., 2000). It has been
argued that not student ability but competition (Lubienski,
2003), teacher attitudes (Ghaith and Yaghi, 1997) and teacher be-
liefs (Hermans et al., 2008) can be considered as determinants of
innovations.

As a second contribution, we measure school performance in a
fully nonparametric framework, which implies that we do not im-
pose any a priori specification on the functional form of the produc-
tion technology. Previous literature indicated that information on
the functional form is largely absent (Rothstein, 2010; Yatchew,
1998) leading to a specification bias. In particular, we estimate rel-
ative school performance by a model rooted in the popular Data
Envelopment Analysis (DEA) literature (Charnes et al., 1978; Dep-
rins et al., 1984). The model follows the robust order-m technique
of Cazals et al. (2002) which mitigates the influence of outlying
observations. This is convenient in the setting at hand, as some
schools might be rather atypical (e.g., due to different student
characteristics). To test the influence of innovations on school per-
formance, the model is further adapted to a conditional efficiency
framework. This allows us to include background variables (e.g.,
innovations, school size, region) in the efficiency estimations (Dar-
aio and Simar, 2005, 2007; De Witte and Kortelainen, 2013). As a
major advantage, the conditional efficiency model avoids the sep-
arability condition, which assumes that the background variables
do not influence the input or output mix. Obviously, in the setting
at hand, the use of innovations is expected (though not necessarily)
to influence the educational attainments (i.e., the output of
schools). Previous research often applies a two-stage model in
which the background variables are regressed on the efficiency
scores.1 It is clear that in such a two-stage model, the innovations
can only explain the efficiency score, but not influence it. As innova-
tions are endogenous and, therefore, do influence efficiency, this is
not desirable. The conditional efficiency model avoids this pitfall.

As a disadvantage, the conditional efficiency approach is
descriptive and does not allow for causal interpretations. These
would require (quasi-)experimental settings, which are barely
exploited by efficiency tools. As a practical disadvantage, the com-
putational burden to compute the bandwidths for the nonparamet-
ric model is large (see also De Witte and Kortelainen, 2013).

This paper focuses on innovation in Dutch secondary schools,
for which we have a rich data set on educational attainments,
school resources and student characteristics. From a representative
questionnaire we set out to secondary schools, we distinguish five
innovation clusters: (1) profiling, (2) pedagogic, (3) process, (4)
teacher professionalization and (5) education chain innovations.
The impact of each innovation cluster on school efficiency is exam-
ined. In doing so, we account for various differences between
schools (e.g., size of the school, student teacher ratio, school type
and region).

The remainder of this paper is structured as follows: Section 2
provides a literature review on the effect of innovations in educa-
tion. Section 3 describes the empirical methodology and Section 4
1 Simar and Wilson (2010) extensively criticize the two-step method and present
three arguments for this critique: First, the allocative efficiency estimates are
artificially bounded by 1. Second, the efficiency estimates are correlated with inputs
and outputs in a complex way. Third, there often is a systematic correlation across the
efficiency estimates.
explains the institutional setting and the data. Section 5 presents
the results and relates them to the literature. The paper ends with
some concluding remarks in Section 6.
2. Literature review on innovations in education

Schools innovate in various ways. Some innovations are visible
to prospective parents. Illustrative are laptops for all students or a
digital white board. Other innovations are invisible to outsiders.
One can think of new didactical approaches or another system
for teacher pay. There is an extensive body of literature on school
innovations, but so far, most studies only cover one particular
innovation, without taking into account the presence of the other
innovations that the school might be working on. An advantage
of studying only one innovation is that causal effects can be stud-
ied. However, ignoring other innovations might over- or underesti-
mate this causal effect. This study includes all recent innovations at
the school simultaneously. These innovations are clustered along
five types: (1) profiling, (2) pedagogic, (3) process, (4) teacher pro-
fessionalization and (5) education chain innovations. The cluster-
ing is similar to recent policy documents with respect to
innovations in education (see e.g. Onderwijsraad, 2006b). This sec-
tion discusses previous literature per cluster.

The profiling innovations cluster contains innovations with re-
spect to curriculum changes (e.g., new courses) and the profiling
of the school. Dutch secondary schools have a relatively large free-
dom in the design and organization of courses such that they can
profile themselves towards a specific target group, like culture
schools, sports schools or schools for high ability students. Several
studies exist with respect to curriculum changes. A few examples
of these come from Choudhury et al. (2008) and Niedermier et al.
(2010). The latter observe that a curriculum change results in
above-average and sustained improved performance by the stu-
dents, whereas the first finds that a structural curriculum change
decreases the length of program completion time. The results of
Choudhury et al. (2008), however, prove to depend on gender,
the school level and education track of the student. All in all, while
the literature mostly argues positive results of curriculum changes
with respect to student performance, the impact of school profiling
is still unclear. To our best knowledge, this paper is the first to con-
sider the influence of profiling on school performance.

The didactic cluster contains innovations that focus on the
didactics of the courses: the way classes are taught and the use
of specific pedagogical services (e.g., a dyslexia specialist). Increas-
ing quality requirements force schools to increase this pedagogical
and didactical focus. Pedagogical changes are, e.g., using different
teaching methods (e.g., peer counseling, only group work or project
based learning) or involving specialists like a remedial teacher or a
speech specialist. There are only few previous studies regarding
the effect of pedagogical changes on educational performance.
The first is published by Nii and Chin (1996), who find that prob-
lem based learning leads to significantly higher grade point aver-
ages than using traditional didactic lecturing. Two more recent
studies are by Fuchs and Woessmann (2007) and Queen (2009).
The former observed that teachers experimenting with pedagogic
approaches obtain higher student achievement with their stu-
dents, while Queen shows that cooperative learning significantly
benefits students more than traditional instruction. Overall, we
can conclude that, although the number of studies on pedagogic
changes in education is low, there seems to be a positive effect
on educational performance.

The latter observation might be explained in two ways. First,
one could argue that the implementation of a change suffices for
student performance to increase, simply because of the change
(so-called Hawthorne effect). If this is true it does not matter what
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type of innovation a school invests in, as long as changes are imple-
mented on a regular basis. Especially with respect to the pedagogic
innovations, this might be the case. However, it does not matter
whether the pedagogic change causes the positive change in stu-
dent performance, or simply the fact that the teaching method
and environment changed, as the argument about the positive ef-
fect of (pedagogic) innovations on school performance still holds.
Second, and more likely than the existence of the Hawthorne effect
in this context, the positive effects in the literature might be ex-
plained by ‘publication bias’ in which only studies with positive
and significant results are published.

The cluster on process innovations consists of innovations
which facilitate the learning process of students. Examples consist
of IT changes, organizational changes at the school level and major
building changes. Triggered by an increasingly digital world,
schools introduce more extensive IT use, digital learning materials,
laptops for all students or digital white boards (see for example
Beauchamp, 2004). Furthermore, some schools are constructing a
new building where they incorporate novel pedagogical strategies
(e.g., by replacing all class rooms by group and discussion rooms).
Even though schools make significant investments in process inno-
vations, the evidence of the influence of IT use on educational per-
formance is mixed and therefore, inconsistent results are found in
the literature. Both positive, negative and zero effects are observed
in previous literature. With respect to the latter, Goolsbee and Gur-
yan (2006) studied the impact of home internet connections on
student performance whereas Rouse and Krueger (2004) studied
the relation between the use of a specific instructional computer
program and student performance. Neither of these studies find a
significant result. In contrast, a large part of the studies on IT use
in education find positive effects. For example, Machin et al.
(2007) use an instrumental variable approach to identify the causal
impact of IT expenditures on performance of students. They ob-
serve a significant positive relationship. Punie et al. (2006) also find
a positive relationship and conclude that there is evidence that IT
use improves educational performance, although IT use at home
counts for a major part of that relation. Lastly, Sosin et al. (2004)
conclude that IT has a small but positive effect on the performance
of students. A negative relationship has been observed by, for
example, Leuven et al. (2007) who look at the effect of computer
subsidies on performance. Furthermore, Angrist and Lavy (2002)
also find a negative relation between IT and school performance.

Unfortunately, little is known on the effects of creating new
school buildings. However, studies on group work, with computers
and discussion tasks compared to traditional classroom teaching
show positive effects (e.g. Sullivan and Pratt, 1996). Overall, the
evidence on the effects of process innovations in education seems
mixed.

The fourth innovation cluster contains all innovations that are
related to teachers. Due to the teacher shortage in some western
countries (European Trade Union Committee for Education,
2011), such as the Netherlands (Ministry of Education, 2011b)
and Germany and the UK (e.g., King, 2009; Lipsett, 2008; Santiago,
2002), governments are attempting to increase the attractiveness
of the teaching occupation. Schools add to this by introducing spe-
cific innovations for teachers. Previous literature considered the
relation between an innovative approach for teacher pay, teacher
quality or teacher training and student performance. These studies
mainly find positive relations. For example, Atkinson et al. (2009),
Kingdon and Teal (2007) and Lavy (2009) all conclude that a per-
formance related pay scheme increases test scores and value
added, although this does not necessarily hold for all types of
schools. Furthermore, some studies use teacher professionalization
innovations and relate these to school and student performance
(e.g. Clotfelter et al., 2007; Miller et al., 2008; Rivkin et al., 2005).
Of these studies, Rivkin et al. (2005) focus on the effect of teacher
quality, experience of teachers and the education of teachers on
student performance and conclude that teachers have powerful ef-
fects on student performance, whereas Miller et al. (2008) study
the effect of teacher absence and find that teacher absence signif-
icantly decreases the study achievement of students. Next, Clotfel-
ter et al. (2007) find that teacher experience, teacher test scores
and regular licensure of teachers have a positive effect on both
reading and math scores of students. Croninger et al. (2007) find
a positive effect of teachers degree type and experience on reading
scores of students. Based on these studies, it seems that profession-
alization of the teacher positively contributes to educational
performance.

Finally, education chain innovations denote, on the one hand,
the relationship between the various levels of education (i.e., pri-
mary, secondary and tertiary education) and, on the other hand,
the relationship with the community. The former consists of, e.g.,
primary school students who take introductory classes at the sec-
ondary school, students in graduation year of secondary education
who take some lectures at university, and upper secondary educa-
tion students that find an internship at the business that the school
has arrangements with. The latter is represented by, for example,
community schools and extracurricular activities. Literature indi-
cates that extracurricular activities positively contribute to school
performance and social aspects (e.g. Mahoney, 2000; Story et al.,
2003). Studies on the effect of community schools are scarce and
underdeveloped, but many studies exist on the relationship be-
tween the various levels of education and most of the above de-
scribed relationships can be found in literature. With respect to
the transition from primary to secondary education, Yadav
(2010) studied the effect of mentoring on the transition to second-
ary school for at-risk children and finds positive changes in the
output. For the transition from secondary to tertiary education,
Bragg and Ruud (2007) studied the impact of specific career and
technical education transition programs on student outcomes
and find a positive effect of the transition program on a reading
test, but no evidence was found for the math test. Lastly, a study
by the US Department of Education (2010 a summary of findings
from two literature reviews) concludes that most experiments in
this field find positive effects but are carried out poorly. The US
Department of Education calls for better evidence based research
in this respect. Based on present literature, the relation between
education chain innovations and educational performance seems
to be positive.

Overall, we find that most studies on single innovations, corre-
sponding with the innovations present in our innovation clusters,
find positive effects. The only exception is the cluster of process
innovations, where evidence from the literature is mixed.
3. Empirical methodology

Performance of schools is estimated against a frontier consisting
of best practice observations. In this sense, performance estimation
is a relative concept in line with seminal work of Farrell (1957). We
apply an efficiency model which is based on the Free Disposal Hull
(FDH) methodology (Deprins et al., 1984). The model is well-suited
to the setting at hand because of three reasons. First, it is a fully
nonparametric methodology which does not require any informa-
tion on the production process. This is convenient as information
on the relationship between the resources and the produced out-
puts is often unavailable to researchers (e.g. Yatchew, 1998). As
parametric models assume a priori a functional form on this rela-
tionship, they might be wrongly specified which leads to biased
estimation results (Hjalmarsson et al., 1996). Second, given its
linear programming nature, the FDH model does not rely on
price information (Deprins et al., 1984). This is convenient for



2 Cazals et al. (2002) also suggested a perfectly equal integral formulation of this
bootstrap. Given its computational efficiency, the R code underlying our analysis uses
this integral formulation.

3 Various alternative techniques to capture heterogeneity exist. In contrast to
alternatives, the robust conditional efficiency model assumes that the exogenous
variables Z directly influence the shape of the best practice frontier (i.e., the
conditional FDH model does not assume a separability condition). Efficiency
estimates are thus determined by both the inputs, outputs and exogenous variables
(see Fried et al., 2008, for an extensive discussion).
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educational settings as information on output prices is unavailable
(e.g., there is no price for educational attainments). Third, we use a
recent extension of the traditional FDH model which mitigates the
influence of outlying observations (e.g., arising from measurement
errors or atypical observations; so-called ‘robust FDH’; Cazals et al.,
2002) and exogenous variables (heterogeneity across schools;
so-called ‘robust conditional FDH’; Daraio and Simar, 2005). The
robust estimates have been shown to posses attractive properties:
i.e., they are consistent (i.e., estimate the ‘true’ inefficiency) and
have a fast rate of convergence (see Jeong et al., 2010). We briefly
present the model in three steps: (step 1) the basic FDH model,
(step 2) the robust FDH model and (step 3) the robust and condi-
tional FDH model. For an in depth discussion, we refer to Daraio
and Simar (2007) and Fried et al. (2008).

3.1. The Free Disposal Hull model

Consider a set v of n schools, which is characterized at the level
of the school by p heterogeneous and non-negative inputs x
(x1 . . .xp) and q heterogeneous and non-negative outputs y
(y1 . . .yq). The sample v is then denoted by v = {(Xi,Yi} = 1, . . . ,n}.
The FDH model assumes that the input–output combinations are
certainly feasible and that the inputs and outputs are freely dispos-
able. Free disposability means that it should be possible to produce
the output y also with more inputs and to produce less outputs
with a given input set x. Formally: "(x,y) 2W , if x P x and y 6 y
then (x,y) 2W [where W denotes the production technology set:
W ¼ fðx; yÞjx 2 Rp

þ; y 2 Rq
þ; ðx; yÞ is feasible}]. The best practice pro-

duction set is defined as a free disposable hull of undominated in-
put–output combinations:

WFDHfðx; yÞ 2 Rpþq
þ jx 6 Xi; y 6 Yi 2 vg ð1Þ

In the study at hand, we evaluate efficiency from an output-ori-
ented perspective: with the given resources, what is the output
shortfall for a school if it would produce as efficient as the obser-
vations on the best practice frontier? The output-oriented ineffi-
ciency estimates, k(xo,yo), measure the distance to the best
practice frontier (see Fried et al., 2008, for further details):

kðxo; yoÞ ¼ supfkjðxo; kyoÞ 2 WFDHg ð2Þ

As an efficient observation is located on the best practice fron-
tier, it obtains an efficiency score k equal to 1. An inefficient obser-
vation obtains an efficiency score k higher than 1. The inefficiency
(1 � k) indicates the potential percentage increase in output if the
observation would produce as efficient as its reference partner.

3.2. The robust FDH model

The FDH model in Eq. (2) is deterministic and may be problem-
atic in presence of outlying observations as these heavily influence
the best practice frontier. Outlying observations might arise be-
cause of measurement error or atypical observations (although
we already argued in the introduction that the data are relatively
clean from measurement errors, some small and undetected errors
could still be present). Cazals et al. (2002) suggested to mitigate
the impact of outlying observations in the FDH model, by drawing
with replacement subsamples of size m < n among those observa-
tions with fewer inputs than the evaluated observation (i.e., among
those Yi such that xo P Xi). Cazals et al. (2002) have shown that the
convergence rate of this order-m estimator is comparable to para-
metric estimators. Therefore, this estimator avoids the curse of
dimensionality problem. Performance is assessed relative to this
smaller sample. Following Daraio and Simar (2005), the partial
sample size is determined as the value for which the number of
super-efficient observations (i.e., k > 1) is relatively constant. In
the setting at hand, m corresponds to 50, although alternative val-
ues delivered similar outcomes.

After repeating the sampling and efficiency evaluation B times,
where B is sufficiently large (larger than 2000), the robust effi-
ciency scores km(xo,yo) are obtained by taking the arithmetic aver-
age of the B inefficiencies.2

Thanks to the smaller sample size, an outlying observation will
not constitute the reference sample in every draw. This will miti-
gate the impact of outlying observations. In case the evaluated
observation (xo, yo) does not constitute its own reference set in
every of the B drawings, the efficiency score km will be larger than
1. This so-called super-efficiency indicates that the evaluated
observation is performing better than the average m observations
in its reference sample (Daraio and Simar, 2007).

3.3. The robust and conditional FDH model

The robust FDH scores can be easily adapted to include hetero-
geneity among schools (Daraio and Simar, 2005). Denote the exog-
enous variables, which can – at least in the short run – not be
influenced by the school management, by z (z1 . . .zr).3 As a major
benefit, the approach accounts for environmental factors in effi-
ciency estimation without assuming the separability condition.

Daraio and Simar (2005) suggested to draw the subsamples of
size m by a given probability, which is determined by a Kernel
function around the continuous exogenous variables z. Observa-
tions (X,Y) with similar exogenous characteristics are drawn with
a higher probability than observations which are less similar in z.
Similar to before, the robust conditional FDH model draws B times
the reference sample of size m with replacement, but now with a
probability

Kðzo � ZiÞ
h

�Xn

j¼1

Kðzo � ZiÞ
h

among those Yi such that Xi 6 xo; where K(�) denotes a Kernel func-
tion and h the appropriate bandwidth (estimated by cross-valida-
tion) (for more information on bandwidth selection, see Badin
et al., 2010). Finally, the B efficiency evaluations are averaged to ob-
tain the robust conditional efficiency estimates km (xo,yo|zo). The
interpretation of the efficiency scores is similar to the robust FDH
model. The convergence rate of the conditional estimator of Daraio
and Simar (2005) depends on the dimension of Z, implying that the
curse of dimensionality is not completely avoided but may exist for
the continuous variables due to the smoothing in z.

De Witte and Kortelainen (2013) studied the possibility to also
include discrete variables in the model, compared to only continu-
ous environmental variables. They propose a standard multivariate
product kernel for continuous, ordered discrete and unordered dis-
crete variables, in order to smooth these mixed variables. Although
the convergence rate of the conditional efficiency estimator de-
pends on the number of environmental variables, nonparametric
statistics and econometric theory tells us that the convergence rate
of nonparametric estimators for conditional density and distribu-
tion functions involving mixed variables do not depend on the
number of discrete variables but only on the number of continuous
variables (Cazals et al., 2002). The conditional efficiency estimates
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allow us to examine the direction of the influence of the exogenous
variation on school performance. In particular, the ratio of the con-
ditional [i.e., accounting for heterogeneity; km (xo,yo|zo)] to the
unconditional [i.e., ignoring heterogeneity; km (xo,yo)] estimates
can be (nonparametrically) regressed on the exogenous factor Z
(Daraio and Simar, 2005, 2007). Daraio and Simar (2005) use a
smooth nonparametric kernel regression to estimate the regres-
sion model. This approach allows one to detect positive, negative
and neutral effects of the environmental factors on the production
process. However, the marginal coefficient on the median is less
meaningful, since we regress on a ratio. When Z is continuous
and univariate, the visualization is straightforward, as one can
use scatter plots of the ratio of conditional to unconditional effi-
ciency scores against Z, and as a smoothed nonparametric regres-
sion curve can illustrate the effect of Z on the production
process. In an output-oriented efficiency, a horizontal line implies
no effect and an increasing (decreasing) smoothed regression curve
shows that Z is favorable (unfavorable) to the production process.
If Z is multivariate, one can use partial regression plots for the visu-
alization of the effect. This means that only one environmental var-
iable is allowed to change and other variables are kept at a fixed
value.

Based on the work of Li and Racine (2007) and De Witte and
Kortelainen (2013) present a nonparametric bootstrap procedure
to obtain statistical inference on the direction of the influence.
They propose a local linear regression estimation and use recently
developed nonparametric tests and a nonparametric naïve boot-
strap procedure to estimate the finite-sample distribution and a
critical value of the nonparametric test statistics. Standard errors
and p-values of the significance of the influence of Z on km can
be obtained. This model does not suffer from similar inference
problems as two-stage models with the traditional and determin-
istic FDH and DEA models. We assess the influence of innovation
on school performance by using this procedure.
4. Institutional setting and data

The empirical application exploits a dataset of 119 Dutch sec-
ondary education schools in 2007. These schools teach about
204,000 students, which is around 22% of the total amount of stu-
dents in secondary education in 2007. The 119 schools comprise
around 20% of the Dutch secondary schools. The data arise from
the Ministry of Education which yearly collects data on expenses
(on personnel and material use), size (number of students and per-
sonnel) and school characteristics (number of locations, school
type and share of students from disadvantaged neighborhoods).4

Schools are facing a budget constraint that is based on the num-
ber of students, the education track and the student characteristics.
The summary statistics, presented in Table 1, reveal that the ex-
penses per student significantly vary among schools. Average ex-
penses amount to 7150 euro per student in 2007, however
variation among schools exists because schools have different
types of students and receive different amounts of money for these
types. Furthermore, school may decide to spend more or less in a
certain year, compared to other schools. However, this figure
ranges from about 5250 to about 16,400 euro per student. The ex-
penses per student depict the financial possibilities of a school. It
serves in the analysis as an input (denoted before by x).
4 After removing some obvious measurement errors arising from questionnaire
data, we think that it is empirically more sound to keep the sample of observations
instead of reducing it by removing ‘outlying’ observations. Outlying detection
procedures are to a large extent unstable as different outcomes are obtained for
different procedures (see De Witte and Marques (2010) for an example and solution).
To avoid existing differences among the observations, the robust order-m procedure
is used. This mitigates the influence of the existing differences.
Studying performance in Dutch secondary schools is attractive
as there are two official performance measures for schools. More-
over, the measures are perfectly comparable across schools (they
are measured by the education inspectorate). A first outcome is
student achievement, which compares the educational track of a
student in a given year with the education track predicted for a
student at the end of primary education (i.e., the outcome of the
ability tracking). If a student has never repeated a year and attends
the same level in year 3 as was recommended in primary educa-
tion, the student achievement of the first 3 years of secondary edu-
cation is equal to 1.5 Student achievement in upper secondary
education is the percentage of students that has finished without
repeating a year. We average the student achievement of the first
3 years and the student achievement of upper secondary education
to one number. In a sense, this output variable corresponds to previ-
ously mentioned work of Choudhury et al. (2008).

Second, there is information on attainments (so-called ‘national
examination grade’). This is based on a nationwide test for all the
subjects students undertake in the graduation year, for example,
Dutch, English, Math, et cetera. Students write exams on about
8–10 subjects. The exams are graded in a double blind way such
that neither the school nor the personal teacher can directly influ-
ence the outcome of the exams. The average national examination
grade is measured on a 10 point scale, where a 5.5 suffices to pass
the subject.

In the analysis, we use both the average national examination
grades per school and the average student achievement per school
as output variables. Table 1 indicates that the average national
examination grade in 2007 was 6.4 and the average student
achievement was 0.86. The student achievement is considerably
below 1 because grade repetition is quite common in upper sec-
ondary education (Education Inspectorate, 2011). There is signifi-
cant variation among schools.

Data on innovations are not centrally collected and have been
brought together by a questionnaire. To collect information on
innovations, an electronic questionnaire was sent to all secondary
education schools in the Netherlands. The questionnaire consists of
132 listed innovations and some general questions, and is based on
literature on educational innovations and interviews with school
management. School directors were asked to fill out whether and
when the school introduced a specific innovation. In this study,
we use the innovation data of 2007. About one school in five filled
out the questionnaire, which left us with a representative sample
(see Haelermans, 2010, for an extensive discussion).

For a proper interpretation of the results, this study categorizes
the individual innovations. The 132 individual innovations are di-
vided over five clusters of innovations,6 based on the content of
the innovations. We explicitly did not choose to use, for example,
a factor analysis because the manual division over the clusters
makes it possible to completely take into account the content and
nature of the individual innovations and interpret the value of the
clusters in a straightforward way. We did also carry out a factor anal-
ysis, which gave similar results. These clusters are related to educa-
tional policy subjects that have been important over recent years.
Examples of these are the focus of publications of the Education
Council on teachers and teacher development (e.g. Onderwijsraad,
2006b; Onderwijsraad, 2007, 2009, 2011), on IT (Onderwijsraad,
2008); on better educational content (Onderwijsraad, 2006a); and
on the transition between, for example, secondary and tertiary edu-
cation (Onderwijsraad, 2005). Furthermore, there is the focus of the
5 Note that this value can exceed 1 if a student performs better than primary school
recommendation. This might be the case if the student is enrolled in a higher
education track than predicted.

6 A full overview of the 132 single innovations and the clusters to which they
belong is available upon request.



Table 1
Descriptive statistics 2007 (n = 119 schools).

Average St. dev Min Max

Inputs
Expenses per student (in €) 7156.87 1610.07 5245.84 16415.15

Outputs
Average national examination grades 6.41 0.21 5.94 7.13
Average student achievement 0.86 0.05 0.73 0.99

Operational environment
Profiling innovations 5.23 2.81 0 12
Pedagogic innovations 14.6 4.94 2 26
Process innovations 12.87 4.08 3 23
Professionalization of the teacher innovations 7.2 2.87 0 14
Education chain innovations 4.39 2.15 0 10

Total number of students 1729 1032 265 5971
Locations 2.06 1.55 1 8
Schools per governing body 5.63 7.9 1 31
Degree of urbanization (in percent) 45 33 0 97
Student/teacher ratio 13.62 2.77 7.9 29.48
Percentage students from disadvantaged neighborhoods (in percent) 2.7 3.7 0 19.6
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Ministry of Education on main topics such as innovation and IT in
education (Ministry of Education, 2011a). This paper distinguishes
the following five clusters of innovations. Note that the maximum
number of innovations belonging to a cluster is mentioned in
parentheses.

– New courses/profiling (29).
– Pedagogical/didactical (40).
– Process (35).
– Professionalization of teachers (16).
– Education chain (12).

Innovations in the new courses/profiling cluster are related to
the introduction of new courses, such as new mathematics
courses; to language innovations, such as bilingual education;
and to the profile of school, for example a sports school or a culture
school. Pedagogical/didactical innovations are innovations which
are mainly associated with the content of the courses and the
way classes are taught. The pedagogical/didactical innovations also
include the services a school makes use of (e.g. psychologist, dys-
lexia specialist), projects and pupil innovations, such as pupils as
coaches or development plans for pupils. Process innovations are,
for example, IT, infrastructural (e.g. a totally new building) and
organizational innovations. Innovations with respect to the profes-
sionalization of the teacher include all innovations that are related
to the teaching staff. Lastly, education chain innovations mainly re-
fer to innovations arising from collaborations between the second-
ary school and, for example, elementary schools, universities, or
business companies.

The value of a cluster is determined by the total number of
innovations present at a school belonging to that cluster in a cer-
tain year. The value in the next year is the number of newly intro-
duced innovations during that year added to the value of the
previous year. Table 1 shows that, on average, most innovations
are pedagogic, followed by process innovations.

Schools mutually differ on various other aspects. In a sense, the
innovations are even dependent on these background characteris-
tics. In order to study the relationship between innovations and
school performance, it is important to take into account the heter-
ogeneity between schools. Including exogenous variables in the
analysis also reduces the omitted variable bias, which could create
a source of endogeneity.

Various sources of heterogeneity have been taken into account.
First, school size (see for example Chakraborty et al., 2000; Flegg
et al., 2004; Johnes, 2006), which is represented by the number
of students, but also by the number of locations per school and
the number of schools per governing body. Schools with several
locations often have more students or offer more types of educa-
tion, which they separate by location. The number of locations also
reflects the geographical spread of a school over different sites.
This might lead, on the one hand, to additional costs due to extra
travel time (for teachers), or on the other hand, to scale economies
(e.g., in management). A governing body is a coordinating organ,
consisting of a group of managers that determines the ‘school of
thought’ of its represented schools. This determination of the
course can be very strict, up to the way of teaching, or can be very
loose, in which the individual schools basically make their own
decisions. The number of schools per governing body may, on the
one hand, reflect scale economies thanks to participation in a
schools’ network and shared services; on the other hand, it cap-
tures the harms of a centralized bureaucracy. Literature on bureau-
cracy in education has shown that schools with more
administrators and teachers have more bureaucracy (Marlow,
2001) and that bureaucracy has a negative influence (Bohte,
2001), but also that the relation between bureaucracy and school
performance depends on the way performance is measured (e.g.,
test scores give a negative relation whereas attendance gives a po-
sitive relation) (Smith and Larimer, 2004). Table 1 shows that in
2007 Dutch schools had an average of two locations and belonged
to a governing body with on average five schools.

Second, we control for region where the school is located (Ains-
worth, 2002) and the degree of urbanization (Naper, 2010; Oliveira
and Santos, 2005), which have been indicated to play a role in edu-
cational performance. The degree of urbanization is used as proxy
for population density. It is measured by Statistics Netherlands as
the percentage of large and very large urbanized squared kilome-
ters within one area; it ranges from 0 till 97%. Following common
practice in the Netherlands (Education Inspectorate, 2011), school
location is proxied by the four large Dutch regions: the North, West
(‘‘Randstad’’), South and East region of the Netherlands. Regions in
the Netherlands are very different with respect to the amount of
rural and urban areas, the population density and also the charac-
teristics of the population, the labor market and the competition
among schools. As region is a categorical variable, it is not pre-
sented in Table 1. The combination of including degree of urbani-
zation and region corrects for different regional characteristics,
competition among schools and population density. This allows
us to correct for characteristics that the school cannot influence,
but will influence the performance of the school.

Third, class size can influence student performance (Krueger,
2003; Lubienski et al., 2008; Nye et al., 2000). The student teacher
ratio often serves a proxy for class size. The student teacher ratio
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represents the number of students per teacher and is on average
13.6.

Finally, we account for the observation that disadvantaged stu-
dents obtain lower educational attainments (Becker and Luthar,
2002; Gaziel, 1997) and for the existence of different school types
(Lubienski et al., 2008; Silva Portela and Thanassoulis, 2001). Ta-
ble 1 shows that the share of disadvantaged students in 2007
was on average 2.7%, but ranges from 0 to about 20%. The share
of disadvantaged students represents students from a disadvan-
taged neighborhood, with high unemployment and low incomes.
Unfortunately, we do not know the education or income level of
the parents, which would have given us more specific information
on the background of the students.

We observe eight different school types, which range from cat-
egorical schools for either the highest or the lowest level of educa-
tion, to comprehensive schools that offer (almost) all types of
education. In particular, there are four main school types (i.e., prac-
tical prevocational, theoretical prevocational, higher general and
pre-academic education) and some combinations of them (e.g.,
practical prevocational and theoretical prevocational education to-
gether; both prevocational types and general higher education to-
gether). Schools with different school types (and thereby different
levels of education) attract different types of students. Therefore, it
is important to take the school type into account. As school type is
a categorical variable, it is not presented in Table 1.
5. Results

The results are summarized in Table 2. The first column pre-
sents the efficiency results when we do not account for heteroge-
neity among schools (the so-called ‘unconditional’ efficiency) and
only take into account the expenses per student and the two out-
put variables. We observe an average efficiency score of 71.4%. In
other words, with a given budget, Dutch secondary schools can in-
crease their student performance by 28.6% if they would perform
equally efficient as the best practices. However, there is large var-
iation in the performance of secondary education schools, as can be
seen from the sizeable standard deviation of 0.226 around this
average efficiency. Furthermore, some schools have an efficiency
score significantly larger than 1 (i.e. hm (x,y) < 1) such that some
observations can be viewed as super-efficient: they perform better
than the average m observations in their reference sample.

Three alternative conditional efficiency models have been
developed. These models include stepwise additional information
on the innovation clusters and the heterogeneity variables. In Mod-
el 1, we examine the influence of the amount of innovations in all
the five innovation clusters, by analyzing their correlation with the
efficiency score via a nonparametric bootstrap procedure (see
above). Model 2 adds school type, region, the percentage of disad-
vantaged students and the degree of urbanization to this baseline
model, in order to check whether a different school type indeed
leads to difference in school performance and to check the influ-
ence of region. The percentage disadvantaged students is a proxy
for student quality and the degree of urbanization is a further con-
trol for regional difference, apart from the region variable. In model
Table 2
Order-m efficiency scores.

Unconditional (robust FDH) Model 1 Model 2 Model 3

Average 0.714 0.770 0.988 0.997
St. dev. 0.227 0.225 0.050 0.012
Min 0.192 0.200 0.642 0.915
Max 1.088 1.000 1.000 1.000
3 we also include the student teacher ratio and the number of
schools per governing body and number of locations.

Table 3 presents the influence of the innovations and heteroge-
neity variables on the efficiency scores. We present the median
influence of these variables, rather than the mean, as the former
is less influenced by extreme values. The median value is obtained
from the nonparametric regression coefficient. The p-values are
obtained from 500 bootstrap samples (see De Witte and Kortelai-
nen, 2013). Note that, due to the structure of the nonparametric
bootstrap, we only present whether the exogenous variable is sig-
nificantly (un)favorable correlated with efficiency. The marginal
coefficient on the median is less meaningful.7

Model 1 includes the five innovation clusters. The average effi-
ciency score in model 1 does not dramatically change compared to
the unconditional model. Average efficiency amounts to 77% with a
large dispersion among schools. This indicates that only including
information on innovations does not account for all the heteroge-
neity among schools. In model 1 all five innovation clusters are
favorable and significant. The finding on profiling, pedagogic and
education chain innovations is similar to findings from previous re-
search using the same data set (Haelermans and Blank, 2012).
However, our study is very different from the study of Haelermans
and Blank (2012), because they use a parametric model and panel
data, whereas we use a nonparametric model and 1 year of data.
The results indicate a positive and significant relation between
process innovations (IT-innovations) and school efficiency. As ar-
gued in the literature there is little consensus on the effect of IT-
innovations in education. Our results confirm the positive effect.
The positive findings on the influence of the pedagogic innovations
and teacher professionalization innovations are in line with previ-
ous literature.

From model 2 onwards, the exogenous characteristics seem to
capture all differences in initial inefficiency. In contrast to the pre-
vious model, which did not include disadvantaged students, urban-
ization, school type, and region, the average efficiency score no
longer significantly deviates from 1. The standard deviation around
the mean efficiency of 0.988 reduces significantly to 0.05. Both the
efficiency score and the standard deviation indicate that a large
part of the variation in inefficiency observed in the unconditional
efficiency estimates is related to the innovations and to heteroge-
neity between schools. The school type is insignificantly related to
efficiency. Furthermore, model 2 includes the share of disadvan-
taged students, the degree of urbanization and the region. The first
two variables are unfavorable and insignificant, which corresponds
to previous findings (Becker and Luthar, 2002; Naper, 2010).
Urbanization has an insignificant sign, indicating that, controlled
for the other sources of heterogeneity, schools located in urban
or rural areas have about the same performance.

Finally, in addition to previous variables, model 3 includes the
number of locations, the schools per governing body and the student
teacher ratio. Similar to model 2, the variables absorb the ineffi-
ciency. In other words, the high efficiency score (0.99) and low stan-
dard deviation (0.01) imply that most heterogeneity between
schools has been accounted for. The number of schools per govern-
ing body is significant and negatively related to school efficiency. As
argued in the literature, the latter variable can capture scale econo-
mies and bureaucracy. Our finding is in line with the latter idea (e.g.
Marlow, 2001), but not with the literature on scale (e.g. Chakraborty
et al., 2000). In the model, the number of locations is significant but
negatively related to school efficiency. Multiple locations mainly
represent the scale of the school, as schools are only allowed to open
an extra location if this is necessary considering the amount of
7 Whether a variable has a favorable or unfavorable influence relies on underlying
nonparametric visualizations (see De Witte and Kortelainen, 2013), which are
available upon request.



Table 3
Influence of innovation clusters and control variables on educational performance.

Model 1 Model 2 Model 3

Innovation clusters
Profiling innovations Favorable (0.042)** Favorable (0.106) Favorable (<2e�16) ***

Pedagogic innovations Favorable (0.038)** Favorable (<2e�16) *** Favorable (<2e�16) ***

Process innovations Favorable (0.032)** Favorable (<2e�16)*** Favorable (0.002)***

Professionalization of the teacher innovations Favorable (0.032)** Favorable (<2e�16) *** Favorable (0.240)
Education chain innovations Favorable (0.048)** Favorable (<2e�16) *** Favorable (0.012)**

Control variables
Number of locations per school Unfavorable (0.008) ***

Number of schools per governing body Unfavorable (<2e�16) ***

School type (eight categories) (0.240) (0.032)**

Region (four categories) (0.004) *** (<2e�16)***

Percentage students from disadvantaged neighborhood Unfavorable (0.432) Unfavorable (1.000)
Degree of urbanization Unfavorable (0.996) Unfavorable (1.000)
Student/teacher ratio Favorable (1.000)

Note: n = 119; bootstrapped p-values between brackets (500 bootstraps).
� Significance at 10% level.

** Significance at 5% level.
*** Significance at 1% level.
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students at the school. This contrasts previous literature on scale
economies (Chakraborty et al., 2000; Johnes, 2006) as commonly po-
sitive scale effects are observed. Nevertheless, it is intuitive as an
additional location may require teachers to travel from one location
to the other on 1 day, leaving less time to actually teach, which
might decrease the efficiency of the school (i.e., for a given budget,
lower educational attainments are obtained). Next, we see that the
student teacher ratio is negative but insignificant. The negative rela-
tionship implies that if the student teacher ratio is smaller (i.e., less
students per teacher) the efficiency is higher. Although insignificant,
this negative finding is in line with the literature (e.g. Nye et al.,
2000). Finally, we observe that, by including these extra heterogene-
ity variables, the school type variable has become significant. This
last result is also observed in the literature (e.g. Lubienski et al.,
2008).

6. Conclusion and further research

This paper developed a tailored, fully nonparametric condi-
tional efficiency model to study secondary school efficiency in
the Netherlands. The specific setting of the model allows for study-
ing the complex production process of education, without a priori
information on the production function. The model is based on
the work of Cazals et al. (2002), Daraio and Simar (2005, 2007)
and De Witte and Kortelainen (2013). Nonparametric bootstrap-
based significance tests have been applied to examine the statisti-
cal significance of the control variables.

In the nonparametric model, it is assumed that schools aim to
maximize educational attainments of students under a given bud-
get. We use data on the Netherlands, as educational attainments
can be rigorously compared across schools and as school budget
can be relatively freely allocated within the school. The efficiency
scores are linked to a questionnaire on the innovation mix in
schools. We distinguish five innovation clusters. The results indi-
cate that innovation is positively related to efficiency. Profiling,
pedagogic, process and education chain innovations are all signifi-
cantly related to school efficiency. Furthermore, we find that tea-
cher professionalization innovations are positively but not
significantly related to school efficiency. The latter contrasts previ-
ous literature. Next, we find that school type and region are signif-
icantly related to efficiency. Our results show that efficiency scores
are significantly different for the four different regions and for the
different school types. Furthermore, the number of locations per
school and the number of schools per governing body are signifi-
cantly and negatively related to school efficiency.
The findings suggest that the effort of governments to stimulate
innovations in education, and the effort of schools to implement
these innovations, is not in vain. Innovations seem to positively
influence school performance, taking into factors influencing per-
formance. This positive relationship confirms the assumptions
made on innovations in education and can be the basis for further
development and stimulation of innovations in schools and re-
search on this. Note that this paper does not allow for a causal
interpretation of the results. Causal effects still need to be studied,
but this paper provides some indications for future studies on the
relationship between innovations and school performance, and the
direction of this relationship.
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