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Abstract

In our knowledge society, where universities are key players, the assessment of higher
education institutions should meet the new demands of the present complex environment.
This calls for the use of techniques that are able to manage this complexity. In this paper,
we propose a novel combination of methodologies, jointly using a multi-criteria reference
point scheme and the data envelopment analysis (DEA) for the assessment of universi-
ties. This combination allows us to take into account all the aspects regarded as relevant to
assess university performance, and use them as outputs in the efficiency analysis. Our find-
ings highlight the convenience to assess the university performance by using both compen-
satory and non-compensatory schemes. This way, the information provided allows to detect
the actions needed to improve the performances of the universities, rather than just giv-
ing an overall performance measure. Furthermore, combining the use of composite indica-
tors with the DEA analysis provides a more complete picture of the institutions assessed,
allowing universities to check their efficiency and to detect their weaknesses and strengths
accordingly. The approach is illustrated using data of 47 Spanish public universities for the
academic year, 2016-2017.

Keywords Multiple criteria analysis - Composite indicators - Compensation - Data
envelopment analysis - Higher education system

Introduction

The evaluation of universities’ performance has become indispensable, due to their vital
role in the economic growth and social development of our society. Higher education insti-
tutions are key drivers of growth of performance, prosperity and competitiveness, at both
the national and international levels and as a result, university rankings, an outcome of the
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competitiveness boosted by globalization, have put pressure on the universities to adapt to
market forces without compromising quality (Heitor & Horta, 2013). However, most of the
existing rankings operate under the concept of “the higher the value for all the indicators,
the higher the performance achieved” (Gonzalez-Garay et al., 2019). Hence, they assign
certain performance measures to universities, regardless of whether they make an efficient
use of their resources or not.

An increasing pressure on public finances is giving rise to the need to operate public
universities with a higher degree of efficiency (Abbott & Doucouliagos, 2003). Since the
pioneering works (Charnes et al., 1978, 1981), the comparative analysis of the efficiency in
education has been brought into the focus of public and policy interest (De Witte & Lopez-
Torres, 2017). There is no doubt that this topic will continue to dominate headlines in the
field of higher education, where a university is regarded as efficient if it produces the high-
est output levels by using the lowest input levels (Visbal-Cadavid et al., 2017). Specifically,
following the economic recession in 2008, the general trend in reducing public funds for
Spanish universities has led to define the allocation of resources in an efficient way as a
priority for the Spanish public higher education sector (de la Torre et al., 2017a; Martinez-
Campillo & Fernandez-Santos, 2020).

Data envelopment analysis (DEA) and its variations have been the most frequently used
methodologies for measuring the efficiency in the context of higher education. Empirical
research on the higher education efficiency using DEA models is becoming increasingly
important at the international level (e.g. Abbott & Doucouliagos, 2003; Agasisti et al.,
2019; Johnes, 2006). In Spain, according to Martinez-Campillo & Fernandez-Santos
(2020), there has been limited research on the technical efficiency of the public universi-
ties (Berbegal-Mirabent et al., 2013; Berbegal-Mirabent, 2018; de la Torre et al., 2017a,
2017b; de Jorge Moreno et al., 2019; Martinez-Campillo & Fernandez-Santos, 2020; Salas-
Velasco, 2020a, 2020b).

This approach is suitable in this context for several reasons: (a) it can handle multi-
ple inputs and multiple outputs in a simple manner, (b) it does not assume any underlying
functional relationships between inputs and outputs and (c) it determines the weights of
inputs and outputs in an endogenous manner, looking for those that evaluate each unit in
the best possible way, as compared to all the units (Abbott & Doucouliagos, 2003).How-
ever, the suitable number of inputs and outputs in relation to the number of units included
in the analysis is still debatable (Akbari et al., 2020). Some authors claim that the num-
ber of units has to be at least twice the number of inputs and outputs to be used (Dyson
et al., 2001), while others suggest that the number of units has to be three times higher. In
fact, problems of discrimination between efficient and inefficient units often arise when
there is a relatively large number of variables, as compared to the number of units (Charles
et al., 2019) and thus, the greater the number of inputs and outputs to be used in relation
to the number of units, the lower the discrimination in assessing relative efficiency (de
Jorge Moreno et al., 2019). It is worth highlighting some existing approaches on variable
(indicator) aggregation before DEA, such us principal component analysis (Adler & Yaz-
hemsky, 2010), where the main applying components replace the original variables. It has
also been suggested to set weights to the original variables, using information about prices
(Nguyen & Zelenyuk, 2021), or value judgments via analytic hierarchical process (Meng
et al., 2008), or applying a variant of DEA which offers the summarized variable from
variable subsets defined by experts (Charles et al., 2019). In our case, the output variables
in the DEA model will be composite indicators that summarize information on multiple
aspects of the units’ performance, in order to analyze whether better performance is jointed
with an efficient use of available resources.
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In the particular case of universities, most of the papers that use DEA combine labor
and capital inputs to produce two main outputs: human capital (teaching) and scientific
knowledge (research). Few studies, such as those by Berbegal-Mirabent et al. (2013) and
de la Torre et al. (2017a) consider the technology transfer as a separated mission from the
traditional ones of the university (teaching and research). We follow this focus in this paper.
Interestingly, the number of outputs considered in the previously referenced papers ranges
from two to four, being the number of graduate students and the number of publications
the most frequently used ones. Nevertheless, the higher education system is quite diverse
and multi-faceted, and therefore, it is difficult to condense the diversified activity going
on within universities into few variables as outputs proxies (Gonzéalez-Garay et al., 2019).
For this reason, it is necessary to introduce new metrics that allow us to combine a greater
variety of aspects and avoid, at the same time, the use of an excessive number of variables,
which could make the DEA model reduce its discriminatory power. Besides, in today’s
globalized and highly competitive environment, the higher education system should have a
powerful tool to detect improvement areas, rather than just ranking the universities. Conse-
quently, the evaluation of the university system requires the use of techniques that are able
to manage all this complexity (Attardi et al., 2017).

In recent years, the measurement of such multidimensional frameworks has received
special attention. Within this context, the use of composite indicators is highly suitable.
They enable aggregation of many single indicators into one measure, making it possible to
compare many units (Molinos-Senante, 2018). This way, they integrate large amounts of
information in a clear and understandable way that is easy for decision makers to interpret
(Szuwarzynski, 2018). The use of composite indicators greatly simplifies the comparison
among higher education institutions, helping them to benchmark their performance against
each other in a straightforward manner (Gonzalez-Garay et al., 2019).

Few initiatives have tackled the evaluation of university performance without using com-
posite indicators, such as the U-Multirank, which considers the scores of universities on
individual indicators and place these in five performance groups (“very good” through to
“weak’”). Oppositely, a general widespread trend towards the construction of composite indi-
cators has been established in the field. Most of the existing rankings have developed com-
posite indicators to provide rankings of higher education institutions or countries (the ARWU
; the Times Higher Education World University Ranking (THE); the QS World University
Ranking (QS); the U-Ranking project of the BBVA Foundation and the IVIE! (Aguillo et al.,
2008; Alasehir et al., 2014; Giannoulis & Ishizaka, 2010; Torres-Salinas et al., 2011).

The construction of composite indicators has been tackled from different angles. One of
the most extended approaches consists of using multiple criteria decision making (MCDM)
methods (see, e.g., El Gibari et al., 2019). Murias et al. (2008) present a composite indicator
for quality assessment in the Spanish public university system using DEA, while Giannoulis
and Ishizaka (2010) adopt ELECTRE III to evaluate the performance of British universities,
reflecting personal preferences. El Gibari et al. (2018) develop composite indicators for differ-
ent compensation degrees for each of the three main missions of universities (research, teach-
ing and technology transfer). To this end, they evaluate the performance of public universities
using a multi-criteria analysis technique, based on the double reference point method (Ruiz
et al., 2011; Wierzbicki, 1980). The use of this technique in the evaluation of university per-
formance has two main advantages. First, the use of reference levels for each indicator makes
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the results obtained easily interpretable in terms of the performance of the university with
respect to these levels. Second, aggregations for different compensation degrees are provided,
and thus, apart from giving an overall performance measure of the universities, they also pro-
vide warning signals that assists the user in strategic decision making for policy purposes.
This method was generalized to the multiple reference point weak-strong composite indicator
(MRP-WSCI) approach, where any number of reference levels and any scale can be used (Ruiz
et al., 2020).

According to Nardo et al. (2005), weighting is a key step in constructing composite indica-
tors. Weights can have a significant effect on the overall composite indicator and the results
obtained. The literature provides a wide range of methodological approaches. Generally,
weights are usually adopted on the basis of expert’s opinions and decisions makers, but the
equal weighting approach is also widely used (Antanasijevic et al., 2017; Blancas et al., 2010;
Langhans et al., 2014; Zhou et al., 2010). Anyway, weighting implies introducing controver-
sial and subjective elements on which there is no general consensus (Huang, 2011; Marginson
& Van der Wende, 2007).

In this paper, we discuss how the combination of the MRP-WSCI approach with the data
envelopment analysis (DEA) can add value to traditional composite indicators, not only in
terms of securing high performance, but also in how to make an appropriate use of resources.
Thus, the contribution of this paper to the current literature is twofold. First, we analyze the
added information provided by the joint consideration of the MRP-WSCI composite indica-
tors and the DEA analysis. Unlike the approach followed in previous studies, we use differ-
ent composite indicators for each mission (teaching, research and technology transfer), which
allow us to take into account a greater variety of aspects regarding the activities of universi-
ties. Besides, we consider two scenarios, depending on whether the compensability among
certain indicators is or not possible, in order to test its influence on the evaluation of the effi-
ciency of universities. Second, the DEA efficiency scores for the Spanish public universities
is carried out in a robust environment, with respect to changes of the weights when construct-
ing the MRP-WSCI composite indicators. The suggested methodology is applied to the case
of the Spanish public universities, but it can be used as a supporting tool in other university
systems, allowing decision makers to detect and improve important factors of the educational
efficiency and effectiveness of universities. In fact, the ultimate goal of the research proposed
in this article is to provide the decision makers of the higher education system with a tool that
allows them to evaluate the performance and efficiency of the universities and make decisions
accordingly, taking into account their preferences.

Following this introduction, “Available system of indicators” gives a short overview of
the data used for the evaluation of the Spanish public universities. “Research methodologies”
describes the MRP-WSCI procedure and its combination with the DEA analysis. The empiri-
cal results for the compensatory and non-compensatory scenarios are presented in “Com-
pensatory scenario” and “Non-compensatory scenario”, while “Discussion” discusses some
remarkable aspects related with the results of this paper, and finally, “Conclusions” presents
some conclusions.

Available system of indicators

The first step of our study consists of analyzing the performance of the Spanish public uni-
versities. To this end, we have used an existing set of indicators that is frequently used by
several Spanish institutions. More precisely, a set of 23 performance indicators is selected,
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taking into account both their relevance to measure the Spanish public universities per-
formance and their availability (for further details about the performance indicators con-
sidered in each mission, see Table 1). All of them are outcome indicators, and some have
been relativized in order to avoid biases due to the size of the university (Alasehir et al.,
2014). We would like to point out that the aim of this research is showing the validity of
the methodology proposed in this field. We do not discuss the suitability of the particular
system of indicators used, which is the system used by Spanish higher education managers.
Our methodology can be applied to any other system of available indicators, should it be
regarded as more suitable by the decision makers.

The research and teaching missions are further broken down into three and two sub-
blocks, respectively, while the technology transfer missions has no sub-blocks. We have
considered that indicators within a sub-block are substitutable, that is, poor performance in
some ones can be offset by good behaviors in other ones. However, the different sub-blocks
belonging to the same mission may be substitutable or not. This issue will lead to two sce-
narios depending on whether the compensability is assumed or not.

Second, we measure the efficiency of the Spanish public universities, where the outputs
considered are the composite indicators provided by the MRP-WSCI approach. Accord-
ing to (Salas-Velasco, 2020b), the “perfect set of inputs” to evaluate university efficiency
does not exist. In fact, the literature of higher education efficiency provides a wide range
of inputs. According to Berbegal-Mirabent et al. (2013) and Anderson et al. (2007), in
the higher education field, the labour force and capital inputs are vital. In particular, it is
important to consider faculty members, as they transmit knowledge to students and carry
out most of the research, while the R &D income provides financial resources necessary to
develop new research and technology transfer outputs. Moreover, certain financial expen-
ditures are key inputs to the development of the activities of each university (Zhong et al.,
2011). In this paper, four inputs are considered: Ratio of faculty members with PhD, R &D
Sfunds per faculty member, Staff expenses per students and Expenses on good and services
per student (similar to, Agasisti & Pérez-Esparrells, 2010; Expoésito-Garcia & Velasco-
Morente, 2018; Yang et al., 2018, these expenses refer mainly to expenditure on academic
staff, expenditure on non-academic staff and running expenses in relation to goods and ser-
vices). The input and output specifications of each DEA analysis performed are displayed
in Table 2.

In summary, the performance indicators and the inputs considered in this paper have
been used by the Spanish Education authorities to evaluate the Spanish universities in dif-
ferent areas, such as access to funding, quality and excellence, internationalization and
results. Our database contains data on research, teaching and technology transfer for 47
Spanish public universities for the academic year 2016-2017 (Table 5 in the Appendix
records the names of such universities and their abbreviations). The data were collected
from two sources: the Spanish University Rectors’ Conference’ (CRUE) and the IUNE
Observatory”.

2 http://www.crue.org/Publicaciones/Paginas/UEC.aspx ?Mobile=0.
3 http://www.iune.es
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Research methodologies

In this paper, we propose a combination of the MRP-WSCI approach (Ruiz et al., 2020)
with the DEA analysis (Charnes et al., 1978) for the evaluation of the Spanish public uni-
versities. This section describes both methodologies. Then, we describe the stages for com-
bining them.

MRP-WSCI approach

The MRP-WSCI approach, defined in Ruiz et al. (2020), is an adaptation of the original ref-
erence point method proposed by Wierzbicki (1980) to the construction of composite indi-
cators, which generalizes the double reference point method (Ruiz et al., 2011; Wierzbicki
et al., 2000). In order to construct the MRP-WSCI composite indicators, different aspects
are taken into account:

Reference levels. The performance of the units (J), in our case, 47 Spanish public uni-
versities, is assessed in terms of how far is each indicator (i) from given reference lev-
els. The decision-maker can give any number of reference levels (¢!) for each indicator.
These reference levels can be “absolute” or “relative”. In the first case, the reference
levels are given by one or a group of experts, if they have enough knowledge about the
problem and they wish to do so. In this case, the final composite indicator gives us an
absolute measure of performance, with respect to these values. Alternatively, they can
be set statistically, given a data set. In this case, the composite indicator measures the
relative position of the units with respect to those belonging to the data set.
Achievement functions. Once the reference levels are established, a so-called achieve-
ment function (s;(x;,q;)) measures the deviation between the values of the objective
functions and the reference levels, and at the same time, brings all the indicators down
to a common scale. The achievement function for the “the more, the better” type of
indicators is calculated as follows:

—1 a — (Xt_l —~1 . —1
s =Silg) =a + ——=0;—q; ) ifx; €lgLql), t=1,...,n+1),
q; — 4; (D
where X;i is the value of indicator i (i=1,...,I) for unit j (j=1,...,J), qﬁ
(t=0,...,n+ 1) are the reference levels of indicator i and each a/(t =0,...,n+ 1) is

the value in the common scale.

Weights. Unavoidably, the different indicators used to measure university performance
do have different relative importance, and this has to be taken into account when build-
ing an overall measure. The methodology must be designed in order to clearly identify
these subjective elements, and to allow potential users to include their own weights (u;)
in the process.

Compensation. The MRP-WSCI method allows to construct two different composite
indicators, depending on the compensation degree among the indicators.

First, the weak indicator (WCI) allows for full compensation among the individual
indicators.
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1
WCL = )" s (x;. q,). )

i=1

where y" are the normalized weights, which add up to 1.

Second, the strong indicator (SCI) does not allow for any compensation. Therefore, it
reflects the worst values achieved by an unit, relativized by the weight of the indicator. To
this end, the original achievement functions have to be modified as follows:

a + (Si(x,'j’ qi) - at)//‘;s if Si(xija qi) € (a[_l ,a'l,
5,(x;q) = t=1,...,n+1), 3)
al + (a® - al)y‘i‘, if 5;(x;. ;) = ad.

where g} are the corrected normalized weights. When constructing the SCI, a different nor-
malization of the weights is carried out, where the greatest weight takes value 1. This way,
SCI takes a worse value if the corresponding indicator has a higher weight, and in particu-
lar, it takes the worst possible value if unit j has the worst possible value in the highest
weighted indicator.
Therefore, the SCI takes the form:

SCIJ = 1=n]l,ln,l{§l(xlj’ ql)} )
Summing up, the WCI gives an overall performance measure of the units (universities),
while the SCI provides warning signals that let the user detect improvement areas.

Data envelopment analysis

Data envelopment analysis (DEA) is a non-parametric technique, originally introduced by
Farrell (1957) and extended by Charnes et al. (1978, 1981). It was proposed to analyse
the efficiency problem of complex organizations that produce many outputs (o = 1, ..., 0)
using several inputs (m =1, ..., M) at a time.

In a DEA model, technical efficiency is defined as the relative ability of each decision
making unit (DMU, j=1,...,J) in producing outputs given a certain set of inputs. An
important aspect to emphasize in the DEA model is the choice of a set of weights which
combines several outputs and several inputs. This issue is left to DEA through a linear pro-
gramming technique which chooses the best set of weights for each DMU to maximize the
efficiency ratio (outputs/inputs).

In this paper, we employ an output-oriented model, because our aim with the DEA
model is to analyze whether the performance of a university, measured by MRP-WSCI indi-
cators (outputs), is the best possible one, given its available resources (inputs). Besides, we
use the BCC model (Banker et al., 1984), which assumes variable returns to scale (VRS),
so that each university is compared to others of the same “relative” size. Both hypotheses
are usual in this context (Agasisti & Pérez-Esparrells, 2010; Visbal-Cadavid et al., 2017).
Furthemore, in our case, the BCC model allows us to guarantee that the projected output is
within the common scale used for the composite indicators obtained in the first step.

Given these considerations, the linear program used to obtain the efficiency level of
each DMU (university j) is:
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where 1 < ¢; < 400 indicates the score efficiency for university j. When ¢; = 1, university
Jj attains an efficient (best-practice) performance, in the sense that each of its outputs could
not be improved, remaining the inputs at the same level. Contrariwise, when q‘)j > 1, uni-
versity j is failing to attain best-practice performance. 4, is the intensity vector and ¢ is the
non-Archimedean infinitesimal constant. s* is the output slack vector, while s is the input
slack vector. y,; is the amount of output o from university j and x,,; is the amount of input m
from university j.

Combining the MRP-WSCI approach and the DEA analysis

In order to evaluate the Spanish public universities by combining the MRP-WSCI approach
and the DEA analysis, as can be seen in Fig. 1, the empirical analysis carried out in this
paper follows these steps:

1. Construction of the MRP-WSCI composite indicators for each mission, in a robust envi-
ronment with respect to the indicator weights.

e Normalization. In this paper, in order to compare the Spanish public universities
among themselves, the statistical option for establishing the reference levels has
been chosen. This way, we will obtain a measure of the relative performance of
each university with respect to all the Spanish public universities. Namely, for
each indicator i, apart from the minimum (Min;) and maximum (Max;) values, we
have used two intermediate reference levels: the reservation level (r;, which cor-
responds to the average value between the mean and the Min; value) and the aspi-
ration level (a;, which corresponds to the average value between the mean and
the Max; value). Once the reference levels are given, all the performance indica-
tors are translated to a common default scale from 0 to 3, that is, we set ¢y =0,
a, =1, @ =2 and a3 = 3, which define the performance levels of each indica-
tor i, e.g. poor (0 to 1, the university performs worse than the corresponding r,),
fair (1 to 2, the university performs better than the r; level, but worse than the q;
level), and good (2 to 3, the university performs better than the corresponding
a;). It should be mentioned that an outlier detection, using the interquartile range
(IOR = Q5 — Q,) method was carried out (Tukey, 1977). This test allows to dis-
tinguish among mild outliers (Q;, — 1.5 X IQR, Q5 + 1.5 X IQR) or extreme out-
liers (Q; —3 XIOR, Q5 + 3 X IQR). In our case study, no extreme outliers were
detected, while the mild outliers detected were assigned, on the corresponding
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Fig. 1 Stages for combining the MRP-WSCI approach and the DEA analysis

achievement function, the maximum or minimum value (depending on its relative
position) of the scale.

Weighting. As previously mentioned, the developed methodology aims to provide
decision makers with a useful tool for decision making. Therefore, the evaluation
of the performance of the universities has to take into account their preferences,
that is, the relative importance they give to the different elements of the system
of indicators used. For this reason, in this study, the weights of the performance
individual indicators and sub-blocks were assessed by a group of experts in the
field of the Spanish universities, integrated by researchers and professionals from
different fields of research and different Spanish public universities (the weights
assigned to each indicator and sub-block are displayed in Table 1 in “Available
system of indicators”). These experts have been chosen according to the cri-
teria of people with great decision-making capacity in the field of the Spanish
public university system. In any case, given the impact of these weights on the
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final results obtained, in “Discussion” a comparison is made with the results that
would be obtained if equal weights were used.

e Robustness analysis. In order to construct the MRP-WSCI composite indicators in
a robust environment with respect to the indicator weights, we have implemented
500 computation rounds, changing randomly +10% the weights of all the indica-
tors (and corresponding sub-blocks) considered for the construction of the MRP-
WSCI approach for each mission. The values of the weights are sampled from a
uniform distribution centered in its actual value, and censored at 0 and 1.

e Aggregation. Finally, the MRP-WSCI composite indicators are calculated in a
robust environment with respect to the indicator weights. In our case, as men-
tioned in “Available system of indicators”, the research and teaching missions
are further broken down into three and two sub-blocks, respectively, while the
technology transfer mission has no sub-blocks (for further details, see Table 1 in
“Available system of indicators™). This way, the aggregation is carried out in two
steps:

— In the first step, since the information provided by the individual indicators
belonging to each sub-block is homogeneous, a full compensation among them
is allowed. That is, bad performances in certain single indicators can be offset by
good performances in other. This way, we get the WCI of each sub-block of the
research and the teaching missions.

— In the second aggregation step, different compensation degrees among the sub-
blocks are provided. First, we construct the WWCI, which allows for a full com-
pensation among the different sub-blocks. This way, the WWCI provides a meas-
ure of overall performance of each Spanish public university in each mission.
Second, the SWCI does not allow for any compensation among the sub-blocks.
Therefore, the use of SWCI is useful to point out the worst sub-block of each
mission, and, to detect possible improvement areas of the Spanish public univer-
sities. In the case of the technology transfer mission, which has no sub-blocks,
the WCI and SCI are obtained directly in the first step (by aggregating the indi-
vidual indicators).

As mentioned before, the construction of the MRP-WSCI composite indicators is
made in a robust environment with respect to the indicator weights. This way, we obtain
500 MRP-WSCI composite indicators for each compensatory scenario (and for each
mission), that is, we construct 500 WWCI and 500 SWCI for each mission, changing
randomly +10% the corresponding weights considered.

2. The MRP-WSCI composite indicators (used later on as outputs in the DEA analysis) are
represented through box-plots for the 500 instances for each Spanish public university
(and for each mission). This way, we can graphically see the variability of the corre-
sponding weak and strong composite indicators across the 500 instances, and analyze
their reliability.

3. Once the performance of the Spanish public universities is analyzed using the MRP-
WSCI approach, the next step consists of calculating the efficiency scores of the Spanish
public universities, considering the composite indicators obtained as outputs. To this
end, we perform two DEA analyses with different outputs. First, the WWCI of each
mission are considered as outputs. Similarly, for each mission, we consider as outputs
the SWCI. As mentioned in “Available system of indicators”, four different inputs are
considered (Ratio of faculty members with PhD, R &D funds per faculty member, Staff
expenses per students and Expenses on good and services per student). As previously
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mentioned, all the composite indicators obtained are on a scale from O to 3, and since
we use the BCC model (5), we have

J

by < D Ao <3,
k=1

that is, the projected output is in the same scale as the composite indicators. It must

be noticed that a DEA analysis is carried out for each one of the 500 instances, and the
robustness of the results is also analyzed.

4. Finally, the input and output levels and the efficiency scores are represented through bar
charts for each Spanish public university.

Application to the Spanish public higher education system

In this section, we show and analyze the results obtained. To this end, the combination
of the MRP-WSCI approach and DEA analysis developed in “Combining the MRP-WSCI
approach and the DEA analysis” is applied to the data of the 47 Spanish public universi-
ties. As previously mentioned, different DEA analyses with different outputs are performed
(for further details about the input and output specifications, see Table 2 in “Available sys-
tem of indicators”).

First, we analyze the performance of the Spanish public universities in the compensa-
tory scenario (WWCI of each mission), and we measure the efficiency of the universities in
this scenario. Similarly, we analyze the performance and efficiency of the Spanish public
universities in the non-compensatory scenario (SWCI of each mission). As mentioned in
“Available system of indicators”, the inputs are the same in both analyses. Note that, as
mentioned before, our analysis is made in a robust environment with respect to the perfor-
mance indicator (and sub-blocks) weights.

Compensatory scenario

The results of the 500 instances for the compensatory scenario are shown in Fig. 2, where
each sub-figure presents the box-plot for the 500 values of the WWCI for each Spanish
public university, by changing randomly +10% the weights of all the individual indicators
(and corresponding sub-blocks) considered in each mission. We can observe that the range
of variation in all missions is very small. In general, we can assume that the WWCI of the
Spanish public universities are fairly robust, since the solution proved to be stable for all
missions.

Let us analyze the overall performance of the Spanish public university system in
each mission. As seen in Fig. 2, if we consider the median value of the WWCI for the 500
instances, most universities are in the “fair” performance level for the three missions (1 <
value of the WWCI < 2). That is, most of the Spanish public universities perform better
than the corresponding reservation level, but worse than the aspiration level for all the uni-
versity missions analyzed. Note that the Spanish public universities are compared among
themselves.

Specifically, in the research mission, among the 47 Spanish public universities in the
data set, there is only one university (ULPGC) in the “poor” performance level (median
value of the WWCI = 0.88 < 1), while four universities (UPF, UAB, UAM and UB) are
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in the “good” performance level (median value of the WWCI > 2). The case of UPF is
noteworthy, getting the best WWCI value for the 500 instances (median value of the WWCI
= 2.60). This is because the “intermediate” performance in two individual indicators (par-
ticipation in projects and Official recognition research) is compensated by good results in
the rest of the research performance indicators. In fact, UPF has the best possible value (3),
that is, the best value among all the Spanish universities, in four research indicators, while
the rest of indicators are over the aspiration level. Regarding the teaching mission, in gen-
eral, the overall performance of all the Spanish public universities is quite similar, and only
one university (UV) achieves a median value of the WWCI better than the aspiration level
(median value of the WWCI = 2.08 > 2), while two universities (ULL and US) have the
median value of the WWCI worse than the reservation level (median value of the WWCI <
1). The rest of Spanish public universities are in the “fair” performance level (1 < value of
the WWCI < 2). With respect to the technology transfer mission, a higher number of uni-
versities perform poorly. Specifically, the median values of the WWCI for fourteen Spanish
public universities are worse than the reservation level, while only UPM performs better
than the aspiration level in the technology transfer mission (median value of the WWCI =
2.04 > 2).

Next, we apply DEA to each of the 500 instances. First, it should be pointed out that
the efficiency scores for all the Spanish public universities are also very robust, since the
solution proved to be stable for the 500 instances, specially for the efficient ones (¢; = 1
for the 500 instances in all of them). Second, in order to analyze the DEA results in a more
intuitive way, for each Spanish public university, Fig. 3 shows the input levels (the first
four sub-figures), while the output levels (the fifth sub-figure) and the efficiency scores (the
sixth sub-figure) are represented taking into account the median value of the 500 instances.

As can be seen in Fig. 3, on the one hand, 18 Spanish public universities are efficient
in the compensatory scenario (colored in red in the bottom part of Fig. 3). That is, when
a total compensation is allowed among the individual indicators (and the corresponding
sub-blocks), the DEA analysis point towards the presence of a group of 18 Spanish univer-
sities that make an efficient use of their resources. The rest of the universities are not effi-
cient (colored in blue). It must be taken into account that the level of inefficiency increases
as the DEA inefficiency score grows. For example, a DEA score of 1.42 means that this
university would have to significantly increase (42%) its level of outputs (WWCI of each
mission), given its available inputs. For some of the most inefficient universities, it can be
observed in Fig. 3 that, despite having high values of the inputs considered (topmost part
of the figure), they do not manage to perform well in any of the three missions analyzed
(middle part of the figure, research in blue, teaching in red and transfer in yellow).

Furthermore, our analysis shows that, in addition to the Spanish public universities
that are always present in the most prestigious university rankings (e.g. UPF, UAB,
UAM and UB), other Spanish public universities, occupying the lowest positions in
some missions in the previous analysis, are among the efficient ones. Let us analyse,
for example the case of ULPGC, which in Fig. 2, has the worst median value of the
WWCI for the research mission (0.88) and the second worst median value of the WWCI
for the technology transfer mission (0.51), while in the teaching mission, it performs
better (1.48). However, the result of the DEA analysis (Fig. 3) points to an efficient use
of its resources. It should be noted that ULPGC has the lowest value of R &D funds
per faculty member. In other words, taking into account that the inputs available are
quite modest, the performances are, comparatively, good enough. On the other hand, it
is noteworthy the case of UV, which is among the efficient Spanish public universities.
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This university, despite having one of the lowest Staff expenses per students, was the
only university with a median value of the WWCI for the teaching mission better than
the aspiration level, and it has one of the best performances in the “fair” level for the
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research mission (median value of the WWCI = 1.76), while it performs poorly in the
technology transfer mission (median value of the WWCI = 0.92).

Therefore, these findings highlight the need to complement the use of composite indi-
cators and university rankings with other analytic tools, such as the DEA analysis. Over-
all, according to Gonzalez-Garay et al. (2019), DEA provides further insight into the
assessment of universities, allowing institutions to better understand their weaknesses and
strengths.

Non-compensatory scenario

Next, we will analyze the performance and efficiency of the Spanish public university sys-
tem in the non-compensatory scenario (SWCI of each mission).

Similarly to the previous analysis, the results of the 500 instances for the non-compen-
satory scenario are shown in Fig. 4, where each sub-figure presents the box-plot for the
500 values of the SWCI for each Spanish public university, by changing randomly +10%
the weights of all the individual indicators (and corresponding sub-blocks) considered in
each mission. First, comparing Figs. 2 and 4, we can notice that, to some extent, due to its
compensatory nature, results for WWCT are more robust than results for SWCI. Anyway, the
results are still robust enough to be analyzed and used in the DEA analysis.

In this case, most of the Spanish public universities are in the “fair” performance level
for the research and teaching missions (1 < values of the SWCI < 2), meaning that all their
sub-blocks perform better than the reservation level. However, in the technology transfer
mission, most universities are in the “poor” performance level (values of the SCI < 1). That
is, most Spanish public universities perform worse than the corresponding reservation level
for at least one indicator (given that there are no sub-blocks in this mission).

Let us analyze the results of the SWCI for the research mission (Fig. 4, first sub-fig-
ure). Let us point out the case of UPF, which is the only Spanish public university in the
“good” performance level (median value of the SWCI = 2.43 > 2, that is, with all the
sub-blocks performing better than the aspiration level), and the one with a widest vari-
ability range compared to the rest of universities. First, UPF has the best possible value
(3) in all the individual indicators for the publications sub-block, which has the highest
weight in the research mission (0.425). This way, the median value of the WCI of the pub-
lications sub-block is 3. On the other hand, the median values of the WCI of the projects
sub-block and the other research activities sub-block are 2.53 and 2.01, respectively (the
sub-block weights are 0.345 and 0.23, respectively). The median value of the SWCI of the
research mission is 2.43. However, the SWCI value for many experiments is worse than
this median value (wider variability), which is mainly due to its worse performance in the
other research activities sub-block (in the previous analysis, we have mentioned that this
university has two individual indicators in the “intermediate” performance level, partici-
pation in projects and Official recognition research, which both correspond to the other
research activities sub-block). As a result, when the weight of this sub-block is increased,
the SWCI gets a worse value. This allows decision makers at UPF learn that a special atten-
tion should be paid to these indicators.

With respect to the technology transfer mission, which has no sub-blocks, the SCI is
obtained directly by aggregating the individual indicators. Only 8 Spanish public universities
are in the “fair” performance level, being the SCI value for UPC the best one for the 500
instances (median value of the SCI = 1.88). This is because, all the individual indicators of
this university are better than the corresponding reservation level (values of its achievement
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Fig.4 Robustness analysis on weights: effect on SWCI of each mission

functions > 1). In fact, its worst indicators correspond to the PCT extensions per doctor
and Spin-offs per doctor (1.85 and 1.86, respectively). These two indicators are the lowest
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weighted ones in the technology transfer mission (0.23 and 0.19, respectively). This way, its
SCI is not so bad, since its worse performance corresponds to the lowest weighted indicator.

The rest of universities are in the “poor” performance level. Let us analyze, for instance,
the case of ULPGC. This university has the worst possible value (0), that is, the worst value
among all the Spanish universities, in the highest weighted indicator (National patents per
doctor, 0.287). This way, for most instances, its SCI takes the worst possible value (0).

Regarding the efficiency analysis in the non-compensatory scenario, 17 Spanish public uni-
versities are efficient (colored in red in Fig. 5). Once again, the efficiency scores for all the
Spanish public universities proved to be stable for the 500 instances, specially for the efficient
ones. The differences in the efficiency assignments under the two scenarios are discussed in
further detail in “Discussion”.

Comparing Figs. 3 and 5, we can observe that four Spanish public universities (UAB, UAM,
USAL and UJAEN) are efficient in the compensatory scenario (Fig. 3), while in the non-com-
pensatory one they are inefficient (Fig. 5). First, it can be noticed that the median DEA effi-
ciency scores of UAB, UAM, USAL and UJAEN are 1.02, 1.01, 1.01 and 1.07, respectively.
This suggests that in response to a small proportional increase (only 2%, 1% and 7%, respec-
tively) of their level of outputs (SWCI of each mission, that is, concentrating this increase in
the indicators or sub-blocks with the worst behaviors). Note that additional reductions in some
inputs and/or increases in some outputs may be necessary.

All these universities perform worse than the reservation level of the technology transfer
mission (“poor” performance level). Specifically, in the case of UAB, our analysis shows that,
despite having one of the best SWCI in the research mission, the value of its SCI for the tech-
nology transfer mission has still much room for improvement. This university performs poorly
in the highest weighted technology transfer indicator (median value of its SCI in the National
patents per doctor is 0.22). Similarly, UAM has one of the best SWCI in the research and
teaching missions. However, its SCI for the technology transfer mission is in the “poor” per-
formance level. Therefore, these universities should not neglect any of the higher education
missions, and pay special attention to the technology transfer mission, since our results reveal
that they have a good performance in the teaching and research missions, but they perform
poorly the technology transfer one.

On the other hand, UNICAN is a medium size university, which is inefficient in the com-
pensatory scenario (Fig. 3), while in Fig. 5, it manages to make an efficient use of its resources
(Fig. 5). This university has one of the lowest value of Faculty members with PhD, and is
among the Spanish public universities with the best SWCI performance in the research and
technology transfer missions. In fact, as mentioned in the previous analysis, only 8 Spanish
public universities are in the “fair” performance level, being UNICAN among them (median
value of its SCI = 1.37 > reservation level = 1).

Summing up, our analysis highlights the convenience of assessing the university perfor-
mance by using both compensatory scenario (WCI) and non-compensatory one (SCI), where
the WCI gives an overall performance measure of the universities, while the SCI helps to
detect the actions needed to improve the performances of the universities. Furthermore, com-
bining the MRP-WSCI composite indicators with the DEA analysis gives us a more complete
picture of the institutions under assessment, allowing universities to better understand their
weaknesses and strengths.
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Discussion

In this section, we will discuss certain relevant aspects related methodology proposed for
the assessment of universities. First, we report the results of a robustness analysis on the
reference levels used. Second, the impact of the weights used is discussed, and results
obtained with equal weights are reported and commented. Third, we discuss and compare
the results obtained for the compensatory and non-compensatory scenarios. Finally, we
give some hints about how this methodology can be used to make improvement decisions
for a given university.

Robustness analysis on reference levels

With respect to the MRP-WSCI composite indicators, logically, the results obtained depend
on the reference levels chosen, which must be set taking into account the aim of the analy-
sis. According to the experts opinions, in this paper, the reference levels have been set by
considering the 47 Spanish public universities, and this way, they are compared among
themselves. In order to test how a change of the reference levels would affect the MRP-
WSCI composite indicators, a robustness analysis, with respect to changes of the reference
levels has been carried out. To this end, similarly to the case of the weights, we have imple-
mented 500 computation rounds for each option analyzed in “Application to the Span-
ish public higher education system”, changing randomly +10% the Spanish universities
reference levels (Fig. 7 in the Appendix shows the results of the 500 instances for both
MRP-WSCI composite indicators for each mission). First, we can conclude that, in general
terms, a high stability can be detected in both MRP-WSCI composite indicators for each
mission. Second, in general, results with respect to changes of the reference levels are even
more robust than results with respect to changes of the weights.

An analysis of the overall results changing the weights

In this paper, given that the purpose is to provide university managers with tools to support
their decisions, it has been decided to use weights assigned by experts recognized as such
by the decision-making centers. Anyway, as mentioned in “Introduction”, weights do have
an important impact on the overall composite indicator and the results obtained. For this
reason, an analysis of the performance and efficiency of the Spanish public university sys-
tem has been carried out, considering slight modifications (random changes +10%) of the
weights given by the experts. In any case, in this section we want to go a step further and
discuss the results that would be obtained using a totally different weighting scheme: equal
weights for both simple indicators and sub-blocks. In this way, we can clarify the impact of
the weights on the solutions obtained.

The comparison of the results obtained can be seen in Fig. 8 of the Appendix. Note that,
in the case of equal weights, only one problem has been solved, so the statistical values
refer to the values obtained for the different universities. On the other hand, the statistical
values of the experts’ weights case refer to the values obtained in the 500 instances, for the
different universities. In the compensatory scenario (WWCI), it can be seen that the median
and mean values of the research and teaching missions improve when considering equal
weights, while there is a decrease in the range of values due to a decrease in the maximum
values. On the other hand, the results worsen in general in the technology transfer mis-
sion, which suggests that the universities present worse behaviors in indicators to which
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the experts assigned greater weights. These variations cause greater homogeneity among
the universities studied, so the efficiency scores improve. As a result, in the case of equal
weights, one more efficient university appear, apart from the 18 that were efficient with the
experts’ weights.

In the non-compensatory scenario (SWCI), the worsening of the performance measures
when using equal weights is generalized in the three missions and especially significant in
the technology transfer one. This is because a bad behavior in any indicator is regarded as
equally bad when building the composite indicator. Once again, the result of this general
decline is that efficiency scores improve. As a result, in the case of equal weights, up to 6
more efficient universities appear, apart from the 17 that were efficient with the weights of
the experts. Therefore, it can be concluded that the use of equal weights is less demand-
ing when establishing efficient universities. The experts’ weights place more demand
on certain indicators and sub-blocks, which translates into the existence of less efficient
universities.

A comparison of the compensatory and non-compensatory scenarios

As mentioned in “Combining the MRP-WSCI approach and the DEA analysis”, in the first
aggregation step, a full compensation among the individual indicators is allowed, while in
the second step, depending on the compensation degree allowed among the different sub-
blocks, two different composite indicators are provided (WWCI and SWCI). On the one
hand, the WWCI allows to analyse the overall performance of the universities, and on the
other hand, the SWCI offers alert signs which let the decision-maker detect improvement
areas. This way, due to the philosophy behind their construction, there are obvious differ-
ences among the results obtained in both scenarios. In order to allow a more direct inter-
pretation of the results obtained, in this section the weights assigned by the experts are
used directly, without taking into account the previously described robustness analysis.
Figure 6 shows the levels of efficiency for each university in both scenarios. Each uni-
versity is represented by a dot, whose horizontal component is its DEA score in the com-
pensatory scenario, and whose vertical component is its DEA score in the non-compen-
satory scenario. Among the 47 Spanish public universities in the data set, 18 are efficient
in both scenarios, and thus, they share the dot placed in (1,1). Their names are colored in
red in the figure. There are two other universities placed on the vertical line x = 1, which
means that they are efficient in the compensatory scenario, but not in the non-compensa-
tory one (colored in green). This means that they perform efficiently in an overall fashion,
but some sub-block (or indicator for the technology transfer mission) is performing inef-
ficiently, given the inputs available. Conversely, there are two universities in the horizontal
line y = 1, colored in blue, which are efficient under the non-compensatory scenario, but
they are inefficient in the compensatory scenario. This means that no single sub-block per-
forms in a too poor way given the available inputs, but the overall performance is not good
enough to reach efficiency. The rest of the universities are inefficient in both scenarios,
with the inefficiency growing as they are placed more to the left and the bottom of the
figure. The results show that, on average, the scores among the Spanish public universi-
ties are quite similar in both analyses (1.11 and 1.12, respectively). This indicates that,
given their available inputs, Spanish universities should expand, on average, their outputs
by 11% in the compensatory scenario and 12% in the non-compensatory one, in order to
operate efficiently. If we look at the bisector line drawn in Fig. 6, we can see that most of
these inefficient universities (17) are below the line, meaning that their inefficiency in the
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Fig. 6 Efficiency scores for the Spanish public universities in the compensatory and non-compensatory sce-
narios considering the weights giving by the experts

non-compensatory scenario is greater than that of the compensatory scenario. This most
common case happens when at least one sub-block is performing significantly worse than
the rest, which gives hints to decision makers about fields of improvement. Finally, there
are 8 universities above the line, which means that many sub-blocks or indicators are per-
forming in an inefficient way, although none of them is significantly worse that the rest. In
our opinion, these findings show the usefulness of simultaneously considering both sce-
narios for the DEA efficiency analysis.

Analyzing particular universities: how to move towards efficiency

In what follows, we will use the results obtained by two universities (UDC and UAB), to
illustrate the information provided by combining the MRP-WSCI approach and DEA analy-
sis and its usefulness for decision making purposes. As mentioned in “Available system of
indicators”, in this paper, two DEA analyses with different outputs are performed, while
the inputs are the same in both analyses (Ratio of faculty members with PhD, R &D funds
per faculty member, Staff expenses per students and Expenses on good and services per
student). Our analysis shows that UAB is efficient in the compensatory scenario, while
UDC is efficient in the non-compensatory one.

The achievement functions of the individual indicators, the WCI of each sub-block and
the WWCI and SWCI of each mission are provided in Table 3. First, using the MRP-WSCI
approach, the performance of both universities is analyzed in Table 3a. The scores below
1 appear in red (values worse than the reservation, “poor” performance level); the scores
between 1 and 2 are in yellow (values better than the reservation level, but worse than the
aspiration level, “fair” performance level); and the scores over 2 are highlighted in green
(values better than the aspiration level, “good” performance level). Then, the inputs and
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Table 3 The combination of the MRP-WSCI and DEA approaches for UDC and UAB

MRP-WSCI WCI of each sub- Achievement
Mission |Composite| ~ UDC uAB Sub-block block Individual indicators functions
indicators ubc UAB ubc UAB
ubcatons Publications per docior (0.31) 114 257
043 1.00 257 Citations per doctor (0.31) 0.76 264
wwel 1.00 223 - a1 per doctor (0.38) 1.08 252
International collaboration (0.24) 149 207
Research Other research activities |, . Theses deferended per doctor (0.16) 1.18 268
Participation in projects (0.36) 124 130
Official recognition research (0.24) 1.04 197
swal 1.18 193 Projects Training grants and contracts per doctor (0.23) 077 2.07
(055 111 205 National projects assigned per doctor (0.38) 159 206
European projects assigned per doctor (0.38) 0.83 202
’ Ratio of poslgraduated student (0.18) 161 220
Th:::::a:vnsc' Results Success rate (0.22) 1.09 204
@ wwel 133 163 058 1.14 187 Assessment rate (0.18) 0.85 183
Graduation rate (0.22) 0.86 216
. Drop-out rate (0.18) 1.38 1.02
Teaching International atiractiveness (0.43) 145 1.08
Extornal projoction National students in an Erasmus program (0.19) 125 122
swel 1.14 145 P 156 133 Foreign students in an Erasmus program (0.23) 1.48 1.40
- Master degrees in a foreign language (or bilingual) | o 205
©.15)
wol s e National patents per doctor (0.29) 129 022
Technology| R8D contracts and services rended per doctor (0.29) | 1.2 158
transfer PCT extensions per doclor (0.23) 0.80 147
s 084 022 Spin-offs per doctor (0.19) 1.10 131
Analysis performed Outputs UDC UAB Inputs UDC UAB
WWCT of the research mission 1.09 223 Staff expenses per students 535125 5320.15
The DEA The compensatory scenario WWCI of the teaching mission 133 163 Expenses on good and services per student 928.00 | 122270
Traiyere WCI of the technology transfer mission | 1.15 1.04 R8D Funds per faculty member 7909.42|  22580.46
SWC of the research mission 1.18 193 Ratio of faculty members with PhD 079 1.01
(b) The non-compensatory scenario SWCI of the teaching mission 114 145
SCl of the technology transfer mission | 0.84 022

outputs levels for both compensatory and non-compensatory scenarios are provided in
Table 3b.

As can be observed in Table 3a, UAB is one of the Spanish public universities with the
lowest value of the SCI in the technology transfer mission. Note that this mission has no
sub-blocks. Then, the construction of the MRP-WSCI is made in one step, where the SCI
reflects the worst value achieved by the Spanish universities in the individual indicators
of the technology transfer mission, relativized by the weight of the indicator. UAB per-
forms poorly in the highest weighted technology transfer indicator (value of its SCI in the
National patents per doctor is 0.22).

On the other hand, UDC also has its SCI value worse than the reservation level in the
technology transfer mission. However, its SCI value is much better than this of UAB (0.84
and 0.22, respectively). Specifically, only 13 Spanish public universities manage to have a
better SCI value in the above mentioned mission. Besides, UDC is performing worse in the
indicator PCT extensions per doctor, whose weight is less than the National patents per
doctor.

Furthermore, the worst values achieved by UDC in the research and teaching missions
are better than the corresponding reservation level but worse than the aspiration level
(“fair” performance level). With respect to the research mission, UAB has a better SCI
value than UDC (1.93 and 1.18, respectively). This is because, the worst performance of
UAB takes place in the other research activities sub-block, which is the lowest weighted
sub-block of the research mission, while in the publications and projects sub-blocks, UAB
has a good performance (among all the Spanish public universities, it has the second best
performance, just worse than UPF).

Regarding the compensatory scenario, UAB compensates its unfavorable performance in
the National patents per doctor with a better value in the rest of technology transfer indica-
tors, and its WCI in the technology transfer is in the “fair” performance level (WCI = 1.04),
although this of UDC is still better (WCI = 1.15). This is because, as commented before,
while UAB performs poorly in the highest weighted indicator, UDC performs poorly in a
less weighted indicator, being its value in the PCT extensions per doctor indicator one of
the best among all the Spanish public universites. Therefore, UDC manages to compen-
sate better than UAB in the technology transfer mission. However, UAB performs much
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Table 4 Improvement simulations for UDC

DEA Scores| 1,131 7
(WWCI) _[inefficient| _Efficient
WWCI Values WCI of each sub-block
Mission Sub-block Individual indicators
Original | Improvement Original | Improvement Original| Improvement | Original| Improvement
results | simulations results | simulations results | simulations | data | simulations
Publications per doctor (0.31) 14 0.716
P”Tgf:;‘)""s Y ki Citations per doctor (0.31) 076 1.305
(+14.32%) QT publications per doctor (0.38 1.08 46 0,351 | 0481
Other International collaboration (0.24) 149 0,438
Rescarch | 199 124 research | 124 1,39 Theses deferended per doctor (0.16) 118 146
activities Participation in projects (0.36 124 o4 433 | 0635
(0.23) GA1.62%) Offcial recognition research (0.24) 1.04 109
' Training grants and contracts per doctor (0.23) 0.77 010
P{g‘;;;s Uil | 12 National projects assigned per doctor (0.38) 1,59 0,036
13.11%) - (-12.96%) European projects assigned per doctor (038 0,83 20 0,002 | 0,004
Ratio of postgraduated student (0.18) 161 0,209
" Success rate (0.22) 09 835
R(Sz’;‘f ik (22 Tate (0.18) 85 733 842 0891
. . rate (0.22) 86 125 703 | 0753
Teaching | " 1527%) Drop-out rate (0.18) 38 188
o infernational atiractiveness (0.43) 45 T8 | 0003 | 0,006
ponrten | 158 174 National students in an Erasmus program (0.19) 25 025
) Foreign students in an Erasmus program (0.23) 148 0,032
13.11%) CAT1T%) Master degrees in a foreign language (or bilingual) (0.15)| 2,38 0.451
National patents per doctor (0.20) 129 0,009
Technology| 115 130 R&D contracts and services rended per doctor (0.29) | 1.32 4263
transfer PCT extensions per doctor (023) 0,60 Tag 0,002 | 0,006
C3.11%) Spin-offs per doctor (0.19) 1,10 0,001

better than UDC in the research and teaching missions (WWCI = 2.23 and 1.64, 1.63 and
1.33, respectively). Furthermore, combining these results with the DEA analysis, where as
can be seen in Table 3b, despite being the inputs levels of UAB higher than this of UDC,
with the exception of the Staff expenses per students, UDC makes an efficient use of its
resources in the non-compensatory scenario, while in the compensatory one, UDC is inef-
ficient, being UAB efficient.

Summing up, when the overall performance (WWCI) is analyzed, UAB is in the “fair”
performance level for the teaching and technology transfer missions (1 < WWCI < 2), and
in the “good” performance level for the research mission (WWCI > 2), while UDC is in
the “fair” performance level for all the three missions. Specifically, the non-compensatory
analysis shows that UAB has still much room for improvement in the technology transfer
mission. Thus, these findings should encourage UAB to pay greater attention to the tech-
nology transfer mission. Moreover, UDC does not perform poorly in any sub-block, since
its worst performance is not that bad, but given its input levels, UDC should improve its
overall performance.

Based on the information obtained in the previous analysis, decision makers can be
provided with a tool to simulate improvements in certain indicators and see their impact
on the values of the composite indicators and on the efficiency scores. As an example,
we will now make a proposal for UDC. As previously mentioned, this university is inef-
ficient for the compensatory indicator, with an efficiency score of 1.131. This implies that
it must experience an improvement of about 13.1% in the WWCI of each of the missions
to achieve efficiency (if there is no slack in any of the inputs). Table 4 shows a sensible
proposal on how this improvement could be achieved. In the table, the indicators that have
been improved in the simulation have been highlighted and for them the improved value is
shown next to the current one. In addition, the impact (absolute and in percentage) of these
improvements in the composite indicators of the sub-blocks and missions can be seen. The
strategy followed has been to improve indicators with worse behavior and those with good
behavior and with high weights. Among them, those that are estimated to be most immedi-
ately improvable have been chosen. As a result of the improvements in the chosen indica-
tors, a fairly homogeneous improvement has been achieved in all the sub-blocks, and just
the desired one in each of the three missions. Obviously, this is a hypothetical proposal and
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the real one would have to be implemented by the university authorities, but this simulation
shows the potential usefulness of the tool provided by this methodology.

For the case of the UAB, which is inefficient in the non-compensatory scenario, the sim-
ulation should be based more on improving the indicators and sub-blocks with the worst
performance. Finally, a university that is inefficient in both scenarios should combine both
strategies to improve its scores. As a conclusion, we can say that the combination of the
MRP-WSCI composite indicators and DEA analysis provides a rich amount of informa-
tion. First, the joint consideration of the compensatory and non-compensatory scenarios
is highly suitable, where the former gives an overall measure of the universities, while
the latter helps to detect the actions needed to improve the performances of the universi-
ties. Second, combining both scenarios with the DEA analysis allows universities to better
understand their weaknesses and strengths and provides a valuable tool for decision mak-
ing purposes.

Conclusions

The evaluation of multidimensional frameworks, such as the higher education field, is a
complex decision making problem which involves multiple criteria. Within this context,
multiple criteria decision making provides a set of tools and techniques that can support
such complex decision making processes. In this paper, we propose a combination, in a
robust environment, of the MRP-WSCI approach with the DEA analysis, where all the
aspects regarded as relevant to assess university performance are included as outputs.

Specifically, in order to illustrate the information provided by combining both
approaches in such complex decision-making process, we have used the data of 47
Spanish public universities for the academic year 2016-2017. It is important to point
out that the main emphasis of this paper is on the methodological contribution, while
the evaluation of the Spanish public university system serves as an illustration of the
combination proposed. Anyway, in order to detect and improve important factors of the
educational efficiency and effectiveness of universities, the approach proposed can be
used as a supporting tool for decision making, allowing the decision makers to select
appropriate solutions and identify weaknesses and strengths of the universities ana-
lyzed, using multiple criteria.

From the practical point of view, our results highlight the need to assess the univer-
sity performance by using both compensatory and non-compensatory scenarios, where the
overall performance measure is given by the former, while the latter allows the decision
maker to detect improvement areas. Furthermore, combining the use of composite indi-
cators with the DEA analysis gives us a more complete picture of the universities under
assessment, allowing us to consider the inherently multi-faceted academic quality in higher
education.

As further research lines, we would like to extend this analysis to a dynamic scheme,
in order to study the evolution of the universities along a given period, either by using
fixed reference levels for the whole period, or even changing these levels according to new
requirements established by the academic authorities. Besides, it would also be interesting
to make a wider comparison among universities from different countries, where the results
will give an idea of the relative position of each Spanish university with respect to all inter-
national universities.
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Appendix

Table 5 List of universities analyzed and their abbreviations

University Abbreviation
U. de Cérdoba uco

U. de Almeria UAL

U. de Cadiz UCA

U. de Granada UGR

U. de Huelva UHU

U. de Jaén UJAEN
U. de Malaga UMA

U. de Sevilla usS

U. Pablo de Olavide UPO

U. de Zaragoza UNIZAR
U. de La Laguna ULL

U. de Las Palmas de Gran Canaria ULPGC
U. de Cantabria UNICAN
U. de Castilla-La Mancha UCLM
U. Auténoma de Barcelona UAB

U. de Barcelona UB

U. de Girona UDG

U. de Lleida UDL

U. Politécnica de Catalunya UPC

U. Pompeu Fabra UPF

U. Rovira i Virgili URV

U. de Extremadura UNEX
U. de A Coruiia UDC

U. de Santiago de Compostela USC

U. de Vigo UVIGO
U. de la Rioja UNIRIOJA
U. de les Illes Balears UIB

U. del Pais Vasco EHU

U. de Burgos UBU

U. de Le6n UNILEON
U. de Salamanca USAL

U. de Valladolid UVA

U. Auténoma de Madrid UAM

U. Carlos IIT de Madrid UC3M
U. Complutense de Madrid UCM

U. Alcala de Henares UAH

U. Politécnica de Madrid UPM

U. Rey Juan Carlos URJC

U. Publica de Navarra UNAVARRA
U. de Alicante UA

U. Miguel Hernandez de Elche UMHE
U. de Valencia uv

U. Jaume I de Castell6n uJIC

U. Politécnica de Valencia UPV
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Abbreviation
UNIOVI
UPCT

UMU

University

U. de Oviedo

U. Politécnica de Cartagena

U. de Murcia
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Equal weights versus experts' weights
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