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The interaction between dropout, graduation rates
and quality ratings in universities
Eline Sneyers1* and Kristof De Witte1,2
1Maastricht University, Maastricht, the Netherlands; and 2Katholieke Universiteit Leuven (KU Leuven),
Leuven, Belgium

This paper investigates in a non-parametric framework whether academic programmes maximize their student
graduation rates and programme quality ratings given the first-year student dropout rates. In addition, it explores
what institutional and programme characteristics explain this interaction. The results show a large variation in
how academic programmes are able to deal with the selective nature of first-year dropout. Nevertheless, we can
accurately explain the variation among programmes by programme and institutional characteristics. It seems that
universities can maximize the relation between first-year dropout, graduation rates and quality ratings in several
ways: (1) by improving student programme satisfaction, (2) by better preparing certain groups of students for
higher education, (3) by supporting male students, (4) by supporting ethnic minority students, (5) by attracting
older staff, and (6) by strengthening the selective nature of the first year (ie, increasing the academic dismissal
policy threshold).
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1. Introduction

Higher education institutions are increasingly held accountable
for the quality and efficiency of education they deliver (Archibald
and Feldman, 2008). In order to increase the accountability
of higher education institutions, many governments have
introduced some form of performance-based funding (PBF).
PBF links funding to prescribed performance measures agreed
upon by the government and the institution(s). Most PBF
mechanisms use a number of different indicators (eg, the
number of degrees awarded or the number of research
publications) (Jongbloed and Vossensteyn, 2001).
This paper will focus on three important indicators in many

PBF-mechanisms: student dropout, programme quality ratings
and graduation rates. These indicators are seen as indicators of
institutional excellence and performance (eg, Cave et al, 1991).
Academic programmes (ie, programmes delivered at universities)
with high graduation rates and low dropout rates are often
considered to be more efficient. They also tend to receive higher
quality ratings than academic programmes with high dropout
and low graduation rates (Kokkelenberg et al, 2008; OCW,
2011). Academic quality is often assessed by accreditations in
which higher education institutions obtain quality ratings. The
procedure involves a process of self-evaluation, a peer review

by outside experts and discussion of statistical information and
performance indicators (Van Vught and Westerheijden, 1994;
Van Damme, 2000). The accreditation is normally done by a
national accreditation agency. Consequently, the quality ratings
are measured in a nationwide standardized way and allow for
benchmarking between institutions and even academic pro-
grammes. It should be noted that a high dropout rate should not
necessarily lead to low quality ratings as it can be the result of
selection of the best and most motivated first-year students. By
introducing high grading standards, a high difficulty level,
heavy workloads and time investments in homework, academic
programmes try to select the students who have the highest
chance of graduating within the nominal study time.
This paper explores the interaction between student dropout,

student graduation and programme quality ratings. This is
important for two reasons.
First, PBF systems include agreements between the govern-

ment and the institutions on a (simultaneous) decrease of
student dropout, an increase of graduation rates and high
programme quality ratings (OCW, 2011). Although the litera-
ture lacks empirical evidence on whether it is possible to
observe these three directions simultaneously, the PBF system
pays significant attention to them (eg, in the Netherlands 7% of
the total higher education budget is reserved for performance
agreements which have dropout, completion rates and quality as
main indicators). Therefore, it is important to provide empirical
evidence regarding the relationship between dropout, gradua-
tion rates and quality ratings.

*Correspondence: Eline Sneyers, Faculty of Humanities and Sciences,
Maastricht University; TIER, PO Box 616, Maastricht 6200MD, the
Netherlands.
E-mail: eline.sneyers@maastrichtuniversity.nl

Journal of the Operational Research Society (2016) 1–15 © Operational Research Society Ltd. All rights reserved. 0160-5682/

www.palgrave-journals.com/jors/

Journal of the Operational Research Society (2017) 68(4), 416–430. doi:10.1057/jors.2016.15; 
published online 23 March 2016 

172016

www.palgrave.com/journals

(2017) 68, 416–430



Eline Sneyers and Kristof De Witte—Interaction between dropout, graduation rates and quality ratings in universities 3

Second, we observe in the underlying data that some
academic programmes combine low first-year dropout rates
with high graduation rates (measured as the percentage of
students who successfully passed the first year and graduated
with maximum one year of delay). Other programmes exploit
the selective nature of the first year of higher education
more (ie, high grading standards, high workload, etc) and
combine high dropout rates with high graduation rates. How-
ever, some academic programmes fail in obtaining high
graduation rates independently of their dropout rates. This is
an alarming finding given the increased attention from govern-
ments, higher education institutes, students and parents towards
student success. It can be expected that the observed variation
between dropout and graduation rates is correlated to pro-
gramme and institutional characteristics. Consequently, it can
be interesting to identify programme and institutional char-
acteristics that, for given levels of dropout rates, lead to high
graduation rates.
Using a non-parametric model, we explore the relationship

between student dropout, student graduation and programme
quality ratings. Further, we explain what makes some academic
programmes more efficient than others. In the context of this
study, a more efficient academic programme indicates that, in
comparison to academic programmes with less or equal drop-
out, this programme is able to achieve a higher graduation rate
and quality rating. In particular, we answer the following
research questions: (1) Do programmes maximize their student
graduation rates and programme quality ratings given the first-
year student dropout rates? And (2) what institutional and
programme characteristics explain this relative efficiency?
Besides its research questions, this paper is innovative in

more technical ways. To conceptualize the interaction, we rely
on recent innovations in efficiency models. While this is not the
first article dealing with efficiency in higher education, it is the
first focusing on efficiency with academic programmes as a unit
of analysis. Earlier work used the institution, the academic
department, non-academic or auxiliary units within institutions
as identification level (eg, Jongbloed et al, 2003). Higher order
units of analysis might result in aggregation bias as academic
programmes differ. This paper avoids similar biases. Next, the
paper applies a recently developed fully non-parametric condi-
tional efficiency method with continuous and discrete environ-
mental variables. This method allows us to account for
heterogeneity in performance assessment by evaluating the
impact of environmental variables. Further, this method enables
us to test the significance of the control variables on academic
programmes’ performance. Earlier literature studying higher
education efficiency mainly applied standard regression analy-
sis (eg, Archibald and Feldman, 2008), Stochastic Frontier
Analysis (SFA) (eg, Robst, 2001), traditional Data Envelop-
ment Analysis (DEA) (eg, Archibald and Feldman, 2008) or the
Free Disposal Hull (eg Agasisti, 2011). Each of those meth-
odologies faces one or more of the following disadvantages:
(1) specification biases due to their (semi-)parametric nature;
(2) outlying observations influence the results of deterministic

models; (3) the influence of the control variables is required to
be monotone; (4) whether the control variables serve as an input
or output has to be chosen a priori; (5) it is often not possible to
include multiple control variables; and (6) a separability condi-
tion needs to be imposed if one wants to take the operational
environment into account (De Witte and Kortelainen, 2013).
The non-parametric conditional efficiency model as described
by Cazals et al (2002) and Daraio and Simar (2005) does not
suffer from these drawbacks and allows us to test for the
direction of the influence of continuous institutional and
programme characteristics. Although Bonaccorsi and Daraio
(2008) were the first to apply a conditional efficiency model
to higher education institutions, their approach was still
unable to estimate direction of the influence of discrete control
variables and to test the significance of the control variables on
study programmes’ performance. Using recent extensions by
De Witte and Kortelainen (2013), this paper will do so.
This paper focuses on Dutch universities for which we

obtained a rich data set on the universe of study programmes.
It includes various programme and institutional characteris-
tics such as student satisfaction and student-teacher ratios.
The data on dropout, graduation, student satisfaction and
quality rating are measured in a nation-wide standardized
way. The latter avoids endogeneity issues arising from
measurement errors. Despite its focus on the Netherlands,
our study is of interest to an international audience. PBF
mechanisms are also implemented in many other European
and non-European countries. The mechanisms have in com-
mon that they aim for high graduation rates and low dropout
rates (Benneworth et al, 2011).
The remainder of the paper unfolds as follows. The next

section presents a literature review on graduation rates and
quality ratings and on the applied methodologies for measuring
efficiency in higher education. Section 3 outlines the empirical
model. Section 4 presents the Dutch setting and discusses the
data. Section 5 presents the results, while Section 6 points to
endogeneity issues and presents a robustness test. Section 7
includes a conclusion and policy implications.

2. Literature review

Despite the multiproduct nature of higher education institutions,
that is, they have to do both research, teaching and provide
public services, we focus on the educational outcomes of higher
education institutions (see De Witte et al, 2013a,b for more
discussion concerning the teaching-research nexus of higher
education institutions). Particularly our focus on first-year
dropout, student graduation rates and programme quality
ratings assure that concentrating on a single-product (ie, educa-
tion) is still valid, as the former three variables are less (or not)
influenced by the research capacities of institutions.
There is an increasing attention towards the concepts of first-

year dropout, student graduation and programme quality rat-
ings. although higher education institutions are able to tightly
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manage dropout rates by organizational factors, graduation rates
and quality ratings are less controllable. Therefore, this paper
provides a framework to examine how student graduation
and quality ratings can be increased for given levels of
student dropout. We start by summarizing earlier literature that
investigates the influence of programme and institutional
characteristics on graduation rates and quality ratings. Given
that we rely on frameworks from the efficiency literature, we
discuss in section 2.2 earlier applied efficiency models in higher
education.

2.1. Graduation rates and quality ratings

By following the incentives provided in the allocation of
resources, universities are increasingly focusing on student
graduation rates (Huisman and Currie, 2004). Indeed, in the
academic year 1998–1999 countries such as Australia,
Germany, Japan, the Netherlands and the US allocated part
of their PBF budget based on graduation rates (Jongbloed,
2001). In order to receive funding, universities were required

to focus more on obtaining high graduation rates. Simulta-
neously, increased attention towards quality emerged in the
European higher education sector due to the Bologna Pro-
cess. This process stimulated international benchmarking to
enable comparison between study programmes in Europe.
Hence, many European countries implemented an accredita-
tion system because it leads to independent quality ratings of
academic programmes or institutions (De Corte, 2014;
Teichler, 2007). While in 1998 only six out of 20 countries
participating in the Bologna Scheme had an accreditation
scheme implemented, 18 out of 20 countries had an accred-
itation mechanism in place in 2003. Note that accreditation
systems had already been in place in the US since the 1980s
(Schwartz and Westerheijden, 2004).
Given those trends, it is important for higher education

institutions to know what programme and institutional charac-
teristics influence graduation and quality ratings. The earlier
literature is summarized in Figure 1, which makes a distinc-
tion between the influence on programme quality and student
graduation.

Figure 1 Influence of programme and institutional characteristics on student graduation rates and programme quality ratings observed in
previous literature.
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First consider the characteristics that influence student gra-
duation.1 A first variable is student satisfaction. Hall (1999)
observed that students who took more than four years to
graduate indicated that this was due to dissatisfaction with the
teacher and decided to drop the course. Studies often point
towards a positive relationship between graduation and satisfac-
tion (eg, Suhre et al., 2007) because of a sense of belonging at
and loyalty to the institution derives from student satisfaction
(Tinto, 1993).2

Next, there is no consensus regarding the influence of an
academic dismissal (AD) policy (see section 4.2 for more
information regarding AD polices). Some studies (eg, Gijbels
et al, 2004; Task force Studiesucces, 2009; Sneyers and De
Witte, 2015) point towards a positive influence of an AD policy
on graduation rates. This may indicate that an academic
dismissal policy is an effective tool for the selection of well-
performing students. Other studies (eg, Arnold and Van de
Brink, 2010; Stegers-Jager et al, 2011) found no significant
correlation of academic dismissal policies with first-year
completion rates.
Previous studies that investigated teacher experience found a

positive influence on course graduation rates (eg, De Paola,
2009).
Next, a study by the Education Inspectorate (2009) found

that student graduation rates differ significantly across faculties
and subjects (eg, ICT and Law). These differences may be due
to variations in teaching across various academic disciplines
(eg, Neumann, 2001).
The literature is inconclusive concerning the influence of the

percentage of first-year female students. Porter (2000) and Scott
et al (2006) showed that institutions with a higher ratio of female
students have higher six-year graduation rates. These gender
differences in degree performance may, for example, be due to
differences (i) in characteristics that are correlated with attain-
ment (eg, family background), and (ii) in psychological and/or
biological factors (Mellanby et al, 2000; McNabb et al, 2002).
Reason (2003), however, found no significant relationship of the
percentage of female students on student performance. Bailey
et al (2006) observed a negative relationship between the
percentage of female students and the graduation rate.
Further, a high share of ethnic minority students has a

negative influence on student graduation (eg Bailey et al,
2006). This can be explained by the fact that various racial
groups have different educational experiences (Reason, 2009).
Also, institutional size has a negative relationship with

earning a degree (eg, Calcagno et al, 2008). If the institution
increases in size, the amount of students increases faster than
the number of facilities. Consequently, the ratio of people to

facilities increases and, in turn, academic and social support
suffers (Chickering and Reisser, 1993).
Finally, a low student-teacher ratio correlates to high gradua-

tion rates (Bound et al, 2010). Owing to a low student-teacher
ratio, there will be frequent interaction between students and
teachers which, in turn, will act as a key factor in promoting
student academic integration and persistence (Tinto, 2002).
Second, consider the characteristics that influence pro-

gramme quality. Sweitzer and Volkwein (2009) showed that
quality ratings, measured by reputational scores, are positively
influenced by a combination of institutional size and student
admission selectivity (see Figure 1 for a definition of student
admission selectivity). In the same line, Astin and Solmon
(1981) concluded that large, highly selective institutions have
substantive correlations with overall quality of undergraduate
education. Note, however, that while selectivity in itself has a
positive relationship to quality ratings, institutional size in itself
has a negative relationship to quality ratings. We also observe
that the student-staff ratio is negatively associated with quality
measures (Drennan and Beck, 2001).

2.2. Applied methodologies for measuring efficiency in
higher education

One possible way to focus on the relationship between student
dropout, student graduation rates and quality ratings is by using
an efficiency framework (see next section). Although this is the
first paper to connect the three variables, it is not the first to
apply efficiency models to higher education settings. There
exist various techniques, which lead to different insights.
Regression analysis was the first methodology applied to

study university efficiency. Johnes and Taylor (1990) showed
that variations in a small number of input variables determine
large inter-university variations in output measures (eg, student
completion rates and labour market success of graduates).
Furthermore, it became clear that rankings of universities based
on raw output measures differ from those based on input
variables. Johnes (2006a) concluded that although some informa-
tion on performance can be derived from applying regression
analysis, the construction of performance indicators by regression
analysis is not recommended. Indeed, those performance indica-
tors are derived from a production function which is an average
line through the data rather than a frontier around the data.
Frontier methods such as SFA and DEA address the above

problem and are both widely used in the context of higher
education (see Salerno, 2003 for an excellent summary of
efficiency studies in six countries using SFA and DEA).
However, the production process of universities is largely
unknown. Nevertheless, SFA requires a parametric specifica-
tion and assumptions on how efficiency is distributed. Incorrect
assumptions concerning the functional form will invariably lead
to biased and inconsistent estimators (Salerno, 2003).
The non-parametric DEA effectively deals with this limita-

tion. As efficiency estimates in DEA are based on the behaviour
of the other observations, no assumptions about efficiency have

1Note that graduation rates and quality ratings are often not measured in a
consistent way. We incorporated the used definitions/measurements in
Tables A1 and A2 in Appendix A.
2However, few studies have investigated the direct relationship between
satisfaction and graduation rates.
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to be made a priori. Furthermore, due to the inclusion of
distance functions in DEA it is also possible to examine
multiple inputs and multiple outputs (Athanassopoulos and
Shale, 1997; Salerno, 2003; Johnes, 2006b). Not surprisingly,
DEA is widely applied to universities. Examples exist for
the United States (eg, Kokkelenberg et al, 2008), the United
Kingdom (eg, Stevens, 2001), Australia (eg, Abbott and
Doucouliagos, 2003), Canada (McMillan and Datta, 1998),
and the Netherlands (eg, Jongbloed et al, 2003).
Efficiency estimations that do not account for the operational

environment only have a limited value. Consequently, tradi-
tional nonparametric methods to estimate efficiency, such as
DEA, are being directed towards the inclusion of exogenous
covariates. Indeed, it is possible that some of the observations in
the same sample are operating in different environments. For
example, in measuring the grade averages of higher education
institutions it is needed to consider the type of higher education
institution. Failure to account for this external factor may well
discriminate the efficiency results in favour of the higher
education institutions which are private. Private institutions
select their students better and students in private institutions
are often from more educated families. Hence, we can expect
that these institutions reach a higher average grade. Failure to
account for environmental factors is bound to confound results
and may lead to unreliable economic decisions (Avkiran and
Rowlands, 2008). The literature discusses various approaches
(eg, one-stage approach, frontier separation approach, two stage
approach) to take external control variables into account in
nonparametric efficiency analysis. The conditional efficiency
approach seems to be the most promising method to include
exogenous control variables into nonparametric frontier models
(see for a discussion De Witte and Kortelainen, 2013). Not
surprisingly, the conditional efficiency approach is increasingly
used in research questions, including studies concerning the
productivity of universities (eg, Bonaccorsi et al, 2007;
Bonaccorsi and Daraio, 2008; De Witte and Hudrlikova, 2013).

3. A non-parametric technique to estimate the interaction

University programmes can choose to exploit the selective
nature of the first year in order to increase completion rates
and quality ratings. Some university programmes allow most
students to enrol in the second year. Other programmes select
during the first year only the best students, who can continue to
the second year. Consequently, this choice will influence the
first-to-second-year dropout rate. This in turn will influence the
quality and graduation rate of the programmes.
From a conceptual point of view, this interaction resembles a

production process where university programmes are character-
ized by a set of inputs ðx 2 Rp

+ ; in our case dropout rates) and
outputs y ðy 2 Rq

+ ; in our case completion rates and quality
ratings). All feasible combinations of the relationship are char-
acterized by Ψ ¼ fðx; yÞ 2 Rp + q

+ j x can produce yg:3 Within
this interaction, we can identify programmes which obtain for

a given dropout rate (x) the highest completion rates and quality
ratings (y). Vice versa, there are programmes that do obtain the
highest possible graduation rate and quality rating given their
dropout level. By combining these ‘best practice’ observations
we obtain a ‘trade-off line’, which represents the maximum
trade-off between dropout, completion and quality.4 Indeed,
observations on this trade-off line are non-dominated observa-
tions in the sense that they are the academic programmes which
reach the highest completion rates and quality ratings for a
given dropout rate. Vice versa, observations below the trade-off
line could increase their completion and quality rates for a given
level of dropout. The radial increase in completion rates and
quality ratings can be estimated by λ:

λ x; yð Þ ¼ sup fλ j x; λyð Þ 2 Ψg; (1)

where λ(x,y)⩾ 1 is the proportionate increase of outputs,
which the academic programme operating at level (x,y) should
attain to operate at the efficient combination of dropout,
completion and quality rate (ie, λ(x,y)= 1).
We can operationalize the estimation of λ by imposing a

free disposability assumption. It is defined as: 8ðx; yÞ 2
Ψ; if ~x⩾ x and 0⩽~y⩽ y thenð~x; ~yÞ 2 Ψ: The production possi-
bility set is then estimated as:

Ψ̂FDH ¼ f x; yð Þ 2 Rp + q
+ j y⩽ yi;x⩾ xi; xi; yið Þ 2 xng; (2)

where xn represents the sample set. Equation (2) resembles
the Free Disposal Hull model by Deprins et al (1984). The
estimated shortfall in completion rates and quality ratings, for a
given dropout level, is then measured by:

λ x; yð Þ ¼ sup λ j x; λyð Þ 2 Ψ̂
n o

;

This non-parametric model has two major drawbacks: (1) it is
deterministic, and (2) it does not take heterogeneity among
programmes into account. We start by discussing the first issue.
The deterministic nature of the estimator arises from the fact
that all n programmes in the sample xn are considered to be
potential best practices: Prob((x,y)∈Ψ)= 1. Consequently, out-
liers and atypical observations heavily affect the trade-off line
and thus potential increase in outputs for given inputs.
We follow Cazals et al (2002) in estimating Equation (1)
relatively to a partial frontier. This partial frontier depends on a
random set of m< n programmes. These observations are
repeatedly drawn (B times) with replacement among the
population of academic programmes which use less inputs than
the level of x. By considering the expected value of this less
extreme benchmark, the robust efficiency estimate λm(x,y) is
obtained. A robust estimate λm(x,y) can acquire a ‘super-
efficiency’ score (ie, an output-efficiency score of λm(x,y)< 1)
when it is on average performing superior than its m randomly

3Note that academic programme, given their dropout, can choose not to
obtain the highest graduation rate and quality rating as possible (ie, the Free
Disposability Assumption). Further in the section, we discuss this more
deeply.
4Note that in the DEA literature, this ‘trade-off line’ is known as the
‘efficient frontier’.
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drawn (with xi⩽ x) reference units. These ‘super-efficient’
observations indicate that the programme produces for a given
input vector x a higher output vector y than the average m
evaluated programmes in the reference set. In other words, the
super-efficient programme is thus doing better than expected
(De Witte and Kortelainen, 2013).
Next, we tackle the issue of heterogeneity. Traditional non-

parametric models assume a separability condition such that the
operational environment does not influence the level of inputs
and outputs. However, in real life this is not realistic as, for
example, the student characteristics influence both the dropout
and completion rates. The conditional efficiency approach,
formulated by Cazals et al (2002) and Daraio and Simar
(2005, 2007), allows us to take the operational environment
into account. While using the robust efficiency estimate, the
idea is to draw the subsample of size m so that similar
programmes have a higher chance of being drawn. The weights
are obtained by estimating a kernel density function around the
control variables:

K
ðz - ziÞ

h

� �
;

where z denotes a vector of continuous and discrete control
variables, K(.) is an appropriate Kernel and h is the band-
width (see De Witte and Kortelainen, 2013 for a discussion
on the appropriate Kernel and bandwidth). More precisely,
the procedure works as follows. For a given x, draw a
subsample of size m with replacement and with a probability
Kððz - ziÞ=hÞ=

Pn
j¼1 Kððz - ziÞ=hÞ among those yi such that

xi⩽ x. Compute for this subsample with only comparable
observations the FDH output-oriented efficiency score. Finally,
repeat this procedure at least 2000 times and take the average of
the 2000 efficiency scores. It should be noted that the integral
formulation as discussed in Daraio and Simar (2007) is faster to
compute. The conditional efficiency estimates λm(x,y|z) com-
pare like with likes (comparable to a matching approach).
De Witte and Kortelainen (2013) present a procedure for

statistical inference regarding the influence of the control vari-
ables. This procedure is implemented by non-parametrically
regressing the control variables on the ratio of the conditional
λm(x,y|z) to the unconditional λm(x,y) model. An increasing
regression line indicates a positive influence, a decreasing line
indicates an average negative influence and a horizontal line
indicates a neutral influence. A positive relationship implies that
the control variable Z acts as an additional free disposal input,
while a negative relationship means that the control variable Z
uses more inputs than expected and thus constraints the produc-
tion like an undesired output (Daraio and Simar, 2007). Finally,
using a non-parametric bootstrap on this non-parametric regres-
sion permits us to obtain statistically inference on the correlation
between the efficiency score and the control variables.

4. The Dutch setting and variables

4.1. Dutch setting

Universities prime students for independent scientific work in
an academic or professional setting. Approximately one-third of
the Dutch higher education students enrol in universities
(Huisman, 2008). Academic education comprises of 17 govern-
mental funded universities. Since secondary education, students
are tracked for continuing education and prepared for specific
disciplines (De Koning et al, 2014). In the Netherlands, there is
an open higher education system in place. Students who hold a
certificate of pre-university education or a first-year certificate
of vocational education can enter universities (Huisman, 2008).
There are no other entry requirements in place.5

In line with the European Credit Transfer System, Dutch
universities offer programmes of 60 study points per year since
2002. Credit points represent the workload or ‘study time’
necessary to complete a course or programme. The workload
consists of the actual hours spend in classes and the hours
needed to prepare for classes, exams and other assessments.
In the Netherlands, as in most European countries, a credit point
represents a workload of 28h, meaning that a programme year
comprises of 1680h.

4.2. The data

The data are provided by the Dutch Ministry of Education
(‘Dienst Uitvoering Onderwijs’, DUO). The data consist of
information at programme-level regarding the number of first-
year students, the dropout rate, the switch rate (ie, students
changing from programme within an institution), the number of
students who re-enrol after the first year, and student success
for Dutch universities for the academic years 2010–11 and
2011–12. All indicators concern bachelor students.
Student dropout and student graduation rates, two programme-

level variables of interest, are defined as follows. Student
dropout is defined as the percentage of full-time bachelor
students that cease their education at the institution during the
first year of enrolment. Note that in order to be included in this
variable, students need to dropout from the institution. Student
dropout can be a voluntary action (ie, dropout due to illness of
mismatch with the programme/institution), or an involuntary
action (ie, because one did not acquire sufficient credits).
Student graduation rates are defined as the share of re-enrolled
full-time bachelor students that complete their degree at the
institution one year after the nominal study time.6 Conse-
quently, in order to be included in the latter indicator, students

5The only exceptions are the numerus fixus programmes in medicine,
dentistry and other areas that have a limited number of student places.
Numerus fixus means that programmes can choose which students they will
accept. Note that only 0.30% of the available places can be filled in by this
practice (Jongbloed, 2003).
6Thus, the student graduation rate is measured conditional on first-year
dropout.
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enrolled in universities need to graduate in 4 years (see Table 1
for the definition of the variables).
Next, we add a quality rating to the data. This latter variable

is based on accreditations of the Dutch-Flemish Accredita-
tion Organization (NVAO). Accreditation by the NVAO is
a precondition to receive funding from the government.
Furthermore, a positive accreditation gives academic pro-
grammes the right to award diplomas and to grant financial
assistance to students. Accreditation thus entails that an aca-
demic programme satisfies certain quality standards. The report
of an external peer-reviewed panel leads to the decision to
accredit. This report, in turn, is based on the NVAO framework
which consists of 30 criteria (Stensaker and Harvey, 2006).
We focus on one of these criteria, that is, the programme-level
variable programme quality ratings. This latter variable ranges
between 0 (insufficient) and 3 (excellent). It is a composite
indicator of three underlying scores: the level of the academic
programme, the orientation of the programme and domain-
specific requirements (see Table 1 for an overview of
this variable and its definition). The level of the academic
programme represents the degree to which the achieved
qualifications correspond to general, internationally accepted
descriptions of the qualifications of a Bachelor. Next, the
accreditation domain-specific requirements is linked to the
extent to which the programme fulfils the requirement for
similar (foreign) programmes. The accreditation orientation
reflects (i) whether holders of university Bachelor’s degrees
have obtained the qualifications to allow admission to at least
one subsequent university course at the Master’s level and/or to
allow access to the labour market, and (ii) whether the achieved
qualifications are derived from the requirements of scientific
disciplines, international scientific practice and relevant practice
in the occupational field.
The data are further enriched by information at the

programme-level obtained from the annual national question-
naire on student satisfaction (‘nationale studentenenquête’,
NSE), which is annually carried out by the organization

Studiekeuze123. The survey includes data on the opinion of
students about the higher educational programme they are
taking. The data also contain programme features and institu-
tional information (see Table 1 for an overview of the variables
and their definition). In particular, we are interested in the
following programme characteristics. Programme satisfaction
of students (measured by the following question ‘give your
overall judgment about the programme’) that gives qualitative
information at programme-level about student satisfaction and
which is proxied by a variable between 1 (very dissatisfied) and
5 (very satisfied). Further, we include the variables percentage
of first-year female students (ie, the percentage of first-year
female students enrolled in the academic programme), percen-
tage of first-year ethnic minority students (ie, the percentage of
first-year foreign students) and AD policy threshold (ie, the
threshold of the academic dismissal policy). The latter variable
serves as a proxy of selectivity. The academic dismissal policy
is grounded on the number of credits. Students who do not earn
sufficient credits after the first year are dismissed from the
programme and from the institution. The higher the AD policy
threshold of an academic programme, the higher the degree of
selectivity since students have to earn more credits to enrol in
the second year. The variable Academic programme denotes the
subject of the academic programme (eg, math, ICT or law).
Including it in the analysis allows us to capture the unobserved
heterogeneity at subject level which could arise, for example,
from the different nature of the academic curriculum.
As institutional characteristics we include: the number of

students as a proxy of institutional size, the student-teacher
ratio, and the percentage of staff older than 50 years. This latter
variable measures the percentage of staff older than 50 years
employed at the institution. The former variable measures the
number of students per teacher employed at the institution.
Although the dropout rate deals with the students that

started in 2010–2011 or 2011–2012, student graduation con-
cerns students that graduated in 2010–2011 and 2011–2012.
The underlying assumption is that the trend of the dropout

Table 1 Overview of the definition of the variables

Variables Definition

Student dropout The percentage of full-time bachelor students that cease their education at the institution during the
first year of enrolment. These students will not enrol in the second year.

Graduation rate The share of re-enrolled full-time bachelor students that complete their degree at the institution one year
after the nominal study time. The student graduation rate is measured conditional on first-year dropout.

Quality ratings A composite indicator of three underlying scores: the level of the academic programme, the
orientation of the programme and domain-specific requirements. It is measured by an independent
organization NVAO.

Student programme satisfaction Measured by the following question ‘give your overall judgment about the programme’.
First-year female students (%) The percentage of first-year female students enrolled in the academic programme.
First-year ethnic minority students (%) The percentage of first-year foreign students enrolled in the academic programme.
AD-policy threshold (credit points) The threshold of the academic dismissal policy in place at the academic programme. This variable

serves as a proxy of selectivity.
Academic programme Denotes the subject of the academic programme (eg, math, ICT or law).
Number of students The number of students enrolled at the institution.
Student-teacher ratio The number of students per teacher employed at the institution.
Staff > 50 years (%) The percentage of staff older than 50 years employed at the institution.
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rates between different years, and thus between different
cohorts of students, is comparable. This seems very likely given
observations by the Dutch association of universities (VSNU,
2012) that showed that the trend of the first-year dropout rate
remained stable between the academic years 2005–2006 and
2010–2011.
Given the different nature of the Open University, which

focuses on distance learning, and three religious universities,
which prepare students for religious duties (eg, priest), we leave
them aside in the analysis even though they are state-funded
institutions. The sample is further restricted to bachelor pro-
grammes since the data only contain information on bachelor
programmes. Next, we eliminate programmes for which the
student success or student dropout rate is zero or 100%. Such
atypical rates can influence our analysis and are probably linked
to programmes that have just started or that are going to be
terminated. The final sample includes 420 higher educational
programmes (ie, an average of 210 study programmes per year)
at 13 universities. For the academic year 2010–2011 we have a
sample size of 200, while we have a sample size of 220 for the
academic year 2011–2012.7

4.3. Descriptive statistics of the interaction

Given the dropout level in the first year, academic programmes
have to maximize completion rates and quality ratings. Dropout
is an appropriate input variable given the Dutch open higher
education system. In the Netherlands, students with the right
qualifications can enter the study programmes of their choice.
Therefore we expect that the student body of academic
programmes is fairly homogenous and that differences in
dropout level are due to choices of the programmes themselves

(ie, guidance of students, grading standards, workload). Note,
that the combination of the output variables (ie, graduation rates
and quality ratings) can be interpreted as a quality corrected
graduation rate.
Although this paper is innovative in the way it deals with

the relationship between student dropout, graduation rates and
programme quality ratings, those variables have been used in
earlier efficiency literature. Avkiran (2001) conducted an
efficiency analysis of 36 Australian universities in which the
student retention rate has been included in the analysis.
Completion and graduation rates have been used as outputs
before by, for example, Johnes (1996, 2006a), Johnes and
Taylor (1990), and Kokkelenberg et al (2008). As argued by
Johnes (2006a), the advantage of such degree measures is that
they capture an element of both quantity and quality of teaching
output.
Some descriptive statistics at programme-level are presented

in Table 2. We observe that academic programmes have an
average first-year student dropout of 20%. This suggests that,
on average, 20% of the full-time bachelor students cease their
education at the institution after the first year of enrolment.
However, while some programmes have an extremely low
dropout rate (ie, 2%), other programmes have to deal with an
extremely high dropout rate (ie, 52.2%). Moreover, it appears
that medical programmes (such as a dentistry programme) have
on average the lowest dropout rate. Artistic programmes (such
as music science) often have high dropout rates. Academic
programmes have, on average, a student graduation rate of
61.4%. This means that, on average, 61.4% of the students
who re-enrolled after the first year complete their degree in
maximum 4 years. Again we observe that some programmes
achieve a high student graduation rate (ie, 93.8%), while others
achieve very low graduation rates (ie, 8.3%). We observe
that study programmes of liberal arts colleges and Medical
programmes have, on average, the highest graduation rate.
More technical study programmes appear to have, on average,
the lowest graduation rate. Next, we see that the average
programme achieves a quality rating of 1.2 (ie, sufficient).

Table 2 Descriptive statistics at programme-level

Minimum Median Mean Maximum St. Dev.

Input Student dropout (%) 2.00 19.05 19.96 52.20 8.94

Output Student graduation rates (%) 8.30 62.50 61.42 93.80 16.53
Programme quality ratings (0= insufficient; 1= sufficient;
2= good; 3= excellent)

1.00 1.00 1.23 3.00 0.45

Control variables Student programme satisfaction 3.42 4.01 4.01 4.67 0.19
First-year female students (%) 2.04 52.38 49.29 100.00 24.68
First-year ethnic minority students (%) 2.12 19.05 23.19 96.43 14.25
AD-policy threshold (credit points) 24.00 40.00 41.31 60.00 5.27
Number of students 6456 20763 21590 32739 7277
Student-teacher ratio 14.46 32.04 29.21 43.11 6.35
Staff > 50 years (%) 13.85 29.34 29.16 66.01 8.01

7Note that these sample sizes differ because we only included programmes
which have information on all the control variables. Programmes with missing
values are thus removed. There are more academic programmes with missing
values in the academic year 2010–2011 compared with 2011–2012. This is
not surprising since the data gathering of Studiekeuze123 is improving
every year.
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A limited number of linguistic academic programmes achieved
an excellent rating. Concerning programme satisfaction, the
summary statistics show that students rate their academic
programmes on average 4.1. This means that students are, on
average, satisfied with their study programme. Furthermore, we
observe that the first-year student population of academic
programmes consists on average of 49.3% female students and
23.2% minority students. Academic programmes with an AD
policy have on average a threshold of 41.3 credit points.
Finally, the average programme is part of an institution with
21590 students enrolled, a student-staff ratio of 29.2 and a staff
that consists of 29.2% of people older than 50 years.
The optimal size of the partial frontierm is selected following

Daraio and Simar (2005). They suggested to use the value
of m for which the percentage of super-efficient observations
(ie, λmFDH<1) stabilizes. In the sample under study, m corre-
sponds to 100. Finally, for statistical inference, we use 2000
bootstrap replications.8

5. Results

5.1. Relationship between the input and the output variables

We start by correlating the input and output variables in order to
obtain some intuitive information on the data. The results are
presented in Table 3. We observe a significant negative
relationship between student dropout and student graduation
for the academic year 2010–2011 and a negative insignificant
correlation for the academic year 2011–2012. These findings
suggest that a lower dropout rate often leads to a higher
graduation rate. This is in line with, for example, Hosch
(2008) and Lau (2003). However, the relatively weak negative
correlation also indicates that programmes with a high dropout
rate do not necessarily succeed in obtaining high graduation
rates. This is surprising since a high dropout rate after the first
year is not necessarily a bad thing in the open higher education
system in place in the Netherlands. Moreover, a high dropout
rate can be an indication of selection in the first year for
retaining the best and most motivated students while rejecting
the ‘worst’ students (eg, based on the accumulated study
points). If this is the case, a high dropout rate should enable a

high graduation rate. Since this is not observed for all pro-
grammes, it is interesting to identify the characteristics that
enable programmes to obtain a higher graduation rate.
In a similar vein, we regress programme quality ratings (ie,

the second output variable) on student dropout. The results in
the third and fourth column of Table 2 indicate an insignificant
negative relationship between quality ratings and student drop-
out for the academic year 2010–2011 and a significant negative
relationship for the academic year 2011–2012. This suggests
that programmes that obtain higher quality ratings suffer less
from student dropout in comparison to programmes that
achieved lower quality ratings. This finding is in line with
studies that imply that retention is a relevant measure of
academic quality improvement9 (eg, Lee and Buckthorpe,
2008).

5.2. Student graduation rates and programme quality
ratings for given dropout rates

We estimate the extent to which programmes are able to exploit
student dropout in order to acquire higher quality ratings and
graduation rates. The results of this interaction are presented
in Table 4. In column 1, we summarize the results of the
robust order-m estimations (ie, the unconditional efficiency).
We obtain an average score of 1.37. This indicates that, on
average and for a given first-year dropout level, Dutch academic
programmes can increase their quality adjusted graduation rates

Table 3 Correlation of the input variable (dropout) on the output variables (graduation rates and quality ratings)

Independent variable Graduation rates Graduation rates Quality ratings Quality ratings

student dropout − 0.369*** − 0.020 − 0.001 − 0.007*
(0.132) (0.117) (0.003) (0.004)

Year 2010–2011 2011–2012 2010–2011 2011–2012
R2 0.038 0.0001 0.0003 0.02
N 200 220 200 220

Note: The regression includes a constant. Standard error between brackets. *** and * denote significance at 1% level and 10% level respectively.

Table 4 Efficiency scores that exclude (unconditional) and include
(conditional) the programme and institutional characteristics

Unconditional (robust FHD) Conditional

Model 1 Model 2

Average 1.371 1.002 1.004
St. Dev. 0.354 0.024 0.040
Min 0.821 1.000 1.000
Max 2.766 1.490 1.562

The efficiency scores denote the proportionate increase of completion rates
and quality ratings, which an academic programme with a given dropout level
could achieve if it would operate as efficient as the best practice observation.

8The number of bootstrap replications only matters for the statistical
inference. The conditional order-m model has been estimated in R by using
the integral formulation, as this procedure is more time efficient and precise.

9Note that when we combine the two years in one data set and we do the
above analyses again we find similar results. Moreover, we find a significant
negative correlation between the graduation and dropout rate and an insignif-
icant negative relation between graduation rate and the quality ratings.
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by approximately 37% if they would operate as good as the best
practices (ie, those academic programmes that are obtaining the
highest student graduation rates and quality ratings for a given
student dropout). However, there is a significant variation in the
performance across academic programmes, as can be seen from
the sizeable standard deviation around the mean. We observe
that technical programmes are, on average, the least efficient.
Furthermore, some academic programmes have an efficiency
score below 1. These ‘super-efficient’ programmes (mostly
medical study programmes) are performing better than the
average m (m= 100) academic programmes in their reference
sample. Concerning linguistic studies we find mixed results.
Some linguistic programmes obtain a very low efficiency rating
while others are ‘super-efficient’.
To examine how this relationship is influenced by institu-

tional and academic programme characteristics, we apply the
conditional efficiency model with a mix of eight discrete and
continuous control variables.10 Our previous findings change in
two important ways. First, we can accurately explain the
variation among programmes. After including the control
variables, the average efficiency score no longer significantly
deviates from 1. Taking all exogenous variables into account,
the conditional efficiency scores reduce to 1.002 (Model 1).
By excluding the percentage of staff older than 50 years as
exogenous variable, the conditional efficiency reduces to 1.004
(Model 2). Now, the least efficient academic programmes are
the technical academic programmes. In both models there are
also no ‘super-efficient’ units anymore. Second, the standard
deviation around the average reduces significantly in both
models.
These results show that a large part of the initial variation in

programme efficiency can be explained by the control variables.
Consequently, we are able to determine the variables which
explain why some programmes do not succeed in obtaining
high student graduation rates and programme quality ratings for
a given dropout level.
We examine the direction of the influence (ie, favourable or

unfavourable) of the programme and institutional characteristics
by non-parametrically regressing the control variables on the
ratio of the conditional to the unconditional efficiency scores.
After examining the significance tests and the partial regression
plots for the discrete and continuous variables, we observe that
the programme characteristics have a significant influence on
the efficiency scores. In other words, programme characteristics
matter for the degree to which completion rates and quality
ratings can improve, for given dropout rates. For institutional
characteristics we only find a significant influence for the
variable percentage of staff older than 50 years (see Table 5).

We start by discussing the relationship of the programme
characteristics. The favourable influence of programme satis-
faction indicates that, for a given dropout level, programmes
with a high level of student programme satisfaction succeed in
obtaining higher quality adjusted graduation rates in compar-
ison to programmes with a low level of student programme
satisfaction. Next, we observe a favourable significant influence
of the percentage of first-year female students. This indicates
that, for a given dropout rate, a high percentage of first-year
female students is a characteristic of programmes with high
student graduation rates and high quality ratings. For first-year
ethnic minority students we found a significant unfavourable
influence. Thus, for a given level of student dropout, the
presence of a high share of ethnic minority students will result
in low graduation rates and low quality ratings. For the vari-
able academic dismissal policy threshold we observe a favour-
able significant influence on student graduation and programme
quality ratings (for given dropout rates). We further observe that
there are significant differences between subjects.
Although we did not find a significant relationship for all the

different institutional characteristics, we discuss the results of
all variables for completeness. First, we observe a significant
positive influence of the percentage of staff older than 50 years.
Thus, for a given dropout level, programmes with high-quality
adjusted graduation rates are characterized by a high percentage
of staff older than 50 years. The next two institutional variables,
number of students enrolled and student-teacher ratio, have an
unfavourable insignificant relationship on student graduation
and programme quality ratings (for given dropout rates). The

Table 5 Influence and significance of programme and institutional
characteristics that influence the relationship between dropout,

graduation rates and quality ratings

Model 1 Model 2

Student programme satisfaction Favourable Favourable
(<2E-16)*** (<2E-16)***

First-year female students (%) Favourable Favourable
(0.004)*** (0.022)**

First-year ethnic minority students (%) Unfavourable Unfavourable
(<2E-16)*** (<2E-16)***

AD-policy threshold Favourable Favourable
(<2E-16)*** (<2E-16)***

Academic programme Favourable Favourable
(<2E-16)*** (0.022)**

Number of students Unfavourable Unfavourable
(1.000) (1.000)

Student-staff ratio Unfavourable Unfavourable
(1.000) (1.000)

Staff> 50 years (%) Favourable
(<2E-16)***

Note: Bootstrapped p-values between brackets; ***, **, * denote significance
at 1, 5 and 10% level.
Where ‘favourable’ (‘unfavourable’) denotes that the variable has a positive
(negative) influence on the proportionate increase of completion rates and
quality ratings, which an academic programme with a given dropout level
could achieve if it would operate as efficient as the best practice observation.

10In line with Jongbloed et al (1994, 2003), we divided the academic
programmes into an arts, a sciences and a medical cluster and reran the
analyses. The results of the arts cluster are robust with the current findings.
The results of the sciences cluster showed differences concerning the
influence of the control variables. Owing to insignificant power we did not
find results for the medical cluster.
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former indicates that student graduation and quality ratings
(for given dropout rates) is harmed when more students are
enrolled. Finally, a low student-staff ratio is a significant
characteristic of programmes with high graduation rates and
high quality ratings (for a given dropout rate).
Although the non-parametric technique does not allow

us to directly examine whether the control variables are more
influential for one output or another, we run some correlations
to investigate this. We observe that the satisfaction of the
students has a larger favourable influence on quality ratings
than on the graduation rate. The opposite is found for the
variables academic dismissal policy and percentage of first-year
female students. The level of the academic dismissal policy and
the percentage of female students have a larger favourable
influence on graduation rates compared with the influence on
quality ratings. We also found that the percentage of ethnic
minority students and the percentage of staff older than 50 years
have a similar influence on both output variables.

6. Self-selection of students and a robustness test

The results might be prone to endogeneity, due to self-selection
of students in study programmes. The presented results assume
that students do not choose a study programme on the basis of
the selection criteria. We expect that this assumption holds as all
students, with the necessary certifications, can start in a study
programme in the Netherlands (ie, there is little or no selection
at the gate). Consequently, study programmes have a fairly
homogenous student population.
However, recently, selection after the gate became possible.

The AD policy selection tool only allows students to enrol in
the second year when they have earned a sufficient number of
credits. Study programmes decide on the credit norm that
students have to pass. In this context, it is possible that students
base their choice of study programme on the presence and size
of the AD policy. Students who are talented and motivated will
attend study programmes with a high AD policy threshold.
Students with less motivation and talent will probably attend
study programmes without or with a low AD policy threshold.
As a result, the student population of study programmes
becomes more heterogeneous and endogenous.
To account for this possibility, we make a robustness check

with the AD policy threshold as input (ie, a proxy for
selectivity). The size of the AD policy might be a good input
since study programmes decide upon the level of the AD policy
threshold. The output and control variables remain unchanged.
This robustness check delivers similar outcomes as the previous
models (see section 5.2) (detailed results presented in Appendix
B). Moreover, we find that, for a given AD policy threshold,
programmes with a high student satisfaction succeed in
obtaining higher graduation rates and high quality ratings. The
percentage of female first-year students and the percentage of
staff older than 50 years also have a significant positive
influence. In contrast to our previous results, we find that the

percentage of ethnic minority students has a significant positive
influence. This indicates that a high percentage of ethnic
minority students is a characteristic of programmes with a high
graduation rate and quality rating. We can conclude that our
results are fairly robust.
In a next step, we examine which programme characteristic

has the largest influence on the efficiency model. We do not
focus on the institutional information since these variables were
not significantly different from 0 (see section 5.2). The ques-
tion is examined by rerunning model 1 and by removing the
significant variables one by one. The results show that student
satisfaction influences the conditional efficiency estimates the
most. Removing this variable from the model results in a
decrease of 5% of the R2. Furthermore, it leads to an increase
in variation in performance of the programmes (ie, the standard
deviation increased to 0.0031). The average performance of the
programmes, however, remains fairly stable (ie, 1.003) (detailed
results presented in Appendix C).
We would like to remark that the influence of the variable

average programme satisfaction on the conditional model is
larger than the other variables, but not much. Removing the
other variables from the model specification results in decreases
of the R2 as well. This indicates that each single variable has no
major influence on the conditional model. This implies that
institutions should focus on multiple characteristics in order to
improve their performance. Efficiency cannot be improved by,
for example, only improving student satisfaction or by becom-
ing more selective.

7. Conclusions, policy implications and further research

This paper models the interaction between student dropout,
programme quality ratings and graduation rates. Using data
from Dutch universities, we examine the heterogeneity in the
interaction between the three variables, and the programme and
institutional characteristics that influence it.
The results suggest large variation in how academic pro-

grammes are able to use the selective nature of first-year
dropout to increase student graduation and programme quality
ratings. Although some programmes could increase their
quality ratings and graduation rates if they would learn from
best practice observations, other programmes have higher than
expected quality ratings and success rates. Our findings indicate
that programme characteristics can significantly influence the
relationship between student graduation and programme quality
ratings (for given dropout rates). Institutional characteristics, on
the other hand, have a limited impact on the relationship
between dropout, graduation and programme quality ratings.
Moreover, we observe the following characteristics of pro-
grammes that succeed in obtaining high graduation rates and
high quality ratings: (i) high student programme satisfaction,
(ii) high percentage of first-year female students, (iii) low
percentage of first-year ethnic minority students, (iv) the
presence of an academic dismissal policy, and (v) high
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percentage of staff older than 50 years. Finally, we found that
the student success and programme quality (for given dropout
rates) differ between subjects (eg, ICT, math, economics) of
academic programmes.
This paper yields some insightful policy advice. The results

indicate that not all academic programmes effectively exploit
first-year dropout to increase programme quality ratings and
graduation rates. By making this relation more explicit, policy-
makers can increase the efficiency of higher education. More-
over, the results indicate certain programme and institutional
characteristics that explain the variation in outcomes among
study programmes. In this respect, policymakers can introduce
some measures to improve programme satisfaction. High satis-
faction can lead to high rates of performance due to a sense of
belonging and loyalty to the institution (eg, Tinto, 1993).
Further, we show that a lower share of male students and
minority students lead to higher student success. Therefore, a
policy implication for society is to better prepare male students
and ethnic minority students for higher education. This is in line
with recommendations by Bradley et al (2010) in vocational and
further education. On the other hand, policymakers of academic
programmes can try to improve the support services for these
groups of students at risk. Next, academic programmes should
increase the academic dismissal policy threshold. Owing to the
increase in the academic dismissal policy threshold, the selec-
tivity of the first year will increase, such that there will arise a
better match between students and the academic programme
(Sneyers and De Witte, 2015). Lastly, one can opt to attract
older staff. However, the mechanism on why older staff can
influence the efficiency of programmes is not clear yet. Older
teachers may have, for example, more experience which may
lead to a higher student’s performance. Finally, our results show
an insignificant influence of the student-staff ratio on the
efficiency of study programmes. This has an important policy
implication since higher education institutions often try to
improve graduation rates and quality ratings by focusing on
the student-staff ratio.
This paper provides several lines for further research. First,

due to data constraints, student graduation and student dropout
does not deal with the same cohort of students. Consequently,
our results may capture some changes related to different
cohorts of students. Further research can replicate our method
using data from similar cohorts of students. Second, the study
used a sample of Dutch academic programmes. The extent to
which the results are generalizable to academic programmes in
other countries is unknown. Future research should explore the
external validity of our findings. To facilitate further applica-
tions, the R-code underlying the empirical application is
available upon request.
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Appendix A

Definitions used in earlier literature

Table A1 Definitions in earlier literature of ‘graduation rates’

Author(s) Definition/measurement

Gijbels et al (2004), Stegers-Jager et al (2011) Percentage of students who complete the first-year
Sneyers and De Witte (2015) Percentage of students who graduate from the institutions one year after the nominal study

time. In order to be included students at university programmes need to graduate within 4
years, students at higher vocational programmes need to graduate within 5 years

De Paola (2009) The percentage of students who complete the course
Inspectie van het onderwijs (2009) The percentage of students who graduate within the nominal study time
Porter (2000); Scott et al (2006) The percentage of students who graduate within 6 years
Bailey et al (2006) The percentage of students who graduate within 150% of the normal study time
Calcagno et al (2008) Number of students who earn a degree (no time limit)
Bound et al (2010) The proportion of students who attend college within 2 years of cohort high school

graduation and obtain a BA within 8 years of cohort high school graduation

Table A2 Definitions in earlier literature of ‘quality ratings’

Author(s) Definition/measurement

Sweitzer and Volkwein (2009) Measured by reputation surveys filled in by deans and senior faculty members in each discipline on each
campus. Each survey respondent judges the overall ‘academic quality of programmes’ in their field on a
scale from 1 (‘marginal’) to 5 (‘outstanding’).

Astin and Solmon (1981) Measured as the mean rating on six quality criteria (ie ‘scholarly and professional accomplishment of the
institution’, ‘preparation of students for graduate or professional school’, ‘preparation of students for
employment after college’, ‘overall quality of undergraduate education’, ‘faculty commitment to
undergraduate teaching’, and ‘innovativeness of curriculum and pedagogy’)

Drennan and Beck (2001) Total Quality Assessments obtained from institutional or departmental self-assessment, the production of a
self-assessment document and a visit by a team of academic peers. The ratings are graded on a 24-point scale
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Appendix B

Robustness test: the AD policy as input variable

Appendix C

Which programme characteristics have the largest influence on the efficiency model?
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Table B1 Efficiency scores that exclude (unconditional) and
include (conditional) the programme and institutional characteristics

Unconditional (robust FHD) Conditional

Model 1 Model 2

Average 1.312 1.004 1.008
St. Dev. 0.331 0.038 0.048
Min 0.740 1.000 1.000
Max 2.631 1.741 1.793

The efficiency scores denote the proportionate increase of completion rates
and quality ratings, which an academic programme with a given dropout level
could achieve if it would operate as efficient as the best practice observation.

Table B2 Influence and significance of programme and
institutional characteristics that influence the relationship between

dropout, graduation rates and quality ratings

Model 1 Model 2

Student programme satisfaction Favourable Favourable
(<2E-16)*** (<2E-16)***

First-year female students (%) Favourable Favourable
(0.004)*** (<2E-16)***

First-year ethnic minority students (%) Favourable Favourable
(<2E-16)*** (<2E-16)***

Academic programme Unfavourable Favourable
(1.000) (0.994)

Number of students Favourable Unfavourable
(1.000) (1.000)

Student-staff ratio Unfavourable Favourable
(0.986) (1.000)

Staff> 50 years (%) Favourable
(<2E-16)***

Note: Bootstrapped p-values between brackets; ***, **, * denote significance
at 1, 5 and 10% level.

Table C1 Average efficiency scores when some variables are ignored

Conditional
Model 1 Model 2 (Model 1

without variable
staff> 50 years)

Model 3
(Model 1 without
variable average
satisfaction)

Model 4
(Model 1 without variable
% of first year female

students)

Model 5
(Model 1 without

variable% of first year
ethnic minority students)

Model 6
(Model 1 without
variable AD

policy)

Average 1.004 1.004 1.002 1.022 1.013 1.003
St. Dev. 0.038 0.040 0.031 0.091 0.066 0.0267
Min 1.000 1.000 1.000 1.000 1.000 1.000
Max 1.741 1.562 1.617 1.989 1.814 1.516
R2 0.989 0.985 0.948 0.984 0.987 0.993

The efficiency scores denote the proportionate increase of completion rates and quality ratings, which an academic programme with a given dropout level could
achieve if it would operate as efficient as the best practice observation.
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